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20  Condition Summary and Background
21 Condition Summary

On February »x, 2002, staff of the First Energy Nuclear Qperating Company (FENOC), the
licenses for the Davis-Besse Muclear Plent in Gak Harbor, Ohlo, discovered a cavity in the
reaclor vessel head, adiacent to the number 3 reactor vesse! head penetration (VHP} 25 shown
in Figure 2.1}, This discovery came a5 the plant was shutdown for a refueling outaze during
which the licensee was conduciing inspections for VHE cracking due fo Primary Water Stress
Comagion Cracking (PWSCC) in reaclion to NRG Bulletin 2001-01 {August 20071} [ref]. During
these inspeclions, cracks were dizcovered in several VHPs, including YHP nurmber 3. The
lizenses had contracted wilh the: Framatome Muclear Company to perorm repais of cracked
WHPs, where necessary, by machining away the affectzd porllan of the VHP and
re-estabhshing the pressure boundary By welding the VHF Turther up inta the reactor vessel
head =5 shown in Figure 2.2, Buch repair praclices had been successfully implemented
previously at the Oconee Muclear Station (OMS) and had heen approved by tho NRG.

During the machining process to repalr the nember 3 YHP, the penetration was obzanved to
wobble as the original pressure boundary wald was remeved. Under normal circumstances,
such movemant of the WHP would not have been possible since the VHP is aterally restrained
by over six inches of reactor vease! haad material. The wobble led FENOC to examine the
region adjacent to WVHP number 3 and a cavity of approximately xx square inches was
dlacoverad (Flgure 2.3). Upon further sxamination, the cavity was found 1o extend completely
through the B-144 inch thickness of the carbon steel reactor vessel head down ko a thin Internal
heer of stainless stesl eladding. Hence, immediately prior to the plant shitdawn for refueling,
the stainless steel cladding was acting as {he primary system pressure boundary over the
regian of the cavity. In this case, the cladding contained the primary system pressure (2550 psi
?) over the cavity regien during operation. However, the cladding Is not deaigned to petform
this function, Degradation of a nuclear plant primaty system pressure boundary to this extent
had nat been ohserved previously eifher in the U.S., or Internationally,

The exact mechanlsmis) for the cavity degradalion have not been established [ref - Root Cause
Rpl] However, bonc acid corrosion of the carbon stee! is thought 1o be the primary degradation
mechanism. The primary corrosive attack was hkely caused by leakage fram & through-wall
crack in WHP number 3, but may have been asslisted by VHF flange leskage onto the head

from above,

2.2 Background

The Davis-Besse Wuclear Plant is & 2-loop pressurized water reacter (PWR), This means that
there is & primary reector coolan sys'em (RCS) loop with two steam generators which transfer
hzat from tha RCS to the secondary water. This heat causes the secondary water b boil, and
the resulting sleam is used to turn 8 tubine, which tums an electrica! generator to produce
electricity.

The Davis-Besse RCS fabricalor was the former Babcock & Wilcox (B&W) Company. The
B&VY Company was subsegquantly ecquired by the Framalome Nuzlear Company.

PWWHs utiliza water a5 a primary coolant and a3 & "moderater” b control the nuclear reaetion in
tha reactor vessel In addilion, sush Ight water reactars (L WR=) employ "eontro?™ rods to
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enatble further conlrol of the nuslsar reaction. In a PWR, these condral reds enler lhe reacior
wveesal from atop the reactnr vessel head (Figure 2.4)  The reactar vessel (R} head is
fabricated from carken steel and is attached to the reactor vessel through & balled and flanged
connection {Figure 2.4). The internor of the BV head iz inad with stainless steel cladding 25 a
barrier to general corroslon. The cladding s deposited through 8 welding pracess.  For the
typical BEVY design, there are approximately 62 vessel head penetrations {YHPs) penstrations
of the RV head foar contral rods

The WHPs of commercial U.S, pressurized water reactors (FWRs) are fabricated from Inconel
GO0 {also known 85 Alloy B00) and are approximately 4 inches in diametar and approximalsly 12
inch in wall thickness. Inconel 00 is an a’lay containing primarily nickel, but alzo iran and
chromium. The alloy and associated weld materials (alloys 32 and 182) are highly resislant to
peneral corresion, bul can be susceptible to PYWSCC, The WHFs are shrunkefit and welded into
pre-machined hales In the RV head.  The WHPs are par of the reaclor coclant pressure
boundary, which s one of three pringiplz barders to the release of radisactive Tission produsts.
The VHP nozzles are joined 1o the reactor vesse! haad by J-yronve welds that enly partially
penetrate through the head thickness (see Figure 2.5). PW3SCC of a VHP nozzle or the weld
connecting the nozzle to the vessal head can lead to leakage from the pressdre baundary. I
undetected and uncarrected, this type of degradation could potenlially propagate 1o falure of
the noezzle and result it a small-break lsss-of-coolant accident [LOGCA) for the plapt  Whils this
iz nol a desirable consequence, al cormmmercial nuclear power plants are designed to
accommadate certain postulated failures, including & WHF nazzle fallure. Al plants have
emergency core cooling syelems that will quickly inject coclant into the reacter and mainiain it
in & safe canditlen.

History of WVHPF Cracking

WHP cracking was first observed at the French PWR, Bugey 3, in 1988, This grasking invelvad
axial fand circumfarentialy) through-wall cracking of an alloy 600 VHP due lo PWSLCE which [ed
lo leakage cbserved in a hydretest. Sinca that time, it was known that alloy GO0 VHPS werna
suscaptible to stress comesion cracking that could lead to through-wall lcakage,

In reaction to the French experience, in 1981 the NRC implemented an action plan to address

. PUWSCC of U.5. VHP s fabricated from atloy 800, This action plan included an KRC staff review
i of safety assessments condusted By tha PWR owners groupz (e, Westinghouge Owners
Group, Combustion Enginesring Owners Group and Baboock & Wilcox Caners Group) [refs].
Thase reports addressed WYHP cracking and the potential for consequent boric acid degradation
af RV haacls from leakage through the VHP cracks. The LS. industry rapoeris concluded hat
axial cracking, even | through-wall, vas not highly safaty signlficant, cireumfarential cracking of
VHPs was improbable and boric acid attack of the BV haad, if # ware {o oceur, would be
discoverad thraugh reguired berie acid inapections well before safety margins would be
compramised. In & safety evaluation datad Novamber 19, 1983 [rel], NRC largely agreed with
1hiz assesemant, but decided Lo resarve judgement regarding cireumferential cracking fo 2
taze-hy-case basis, and encouraged the industry o develop enhanced WHP leakage
morilering techniques,

Thre U.5. industry conducted plot inspections of WHPs ot theee U.S. Nuclear plants {Dcange,
D.C. Cook and Paint Baach?) In the mid 19805, These inspections revealed ohly minor axial
partial wall cracking at the Cook planl.  However, in 1997 continued NRC concern with this
izsue led o Bssuatce of GL §7-01 fref] which requesled fcensees 10 inform MRS of their plans
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relathve to VHP inspections. Inspections in reaction to GL-87-01 led to the discovery of
extensive circumterential cracking of B VHP at Ocones Nuzlear Station {ONS) Unit 2 in the
Spring of 2001, Prior lo The discovery at Oconee, cireomfcrontial cracking in VHPs, partisularly
to the exten! observed al Oconee had been considered to be improbable. Ciroumferentiab
cracking in WHPs is more safety significant then axial cracking since it creates the potentlal for
efectlon of the penetration if the cracking is severs enough. In reaction 1o the Qconea cragking,
NEC issued Bulletin 2001-01 [ref] which requesled licenseas to address the potential for similar
cracking at their plants and discuss their plans for VHP inspections & key aspect of
atdressing the potential for cracking was the effectiveness of visual examinations for leakage
oh the RV heads, The EPRNMRP ook 1he lead for the indusiry in "binning” planls by
suscepbbibity relative to Coonee. The binnlng was accomplished through consideration of
operating ime and operaling lemperature. The BEW units (Iike Oconee and Davis-Basse)
operate with the highest BV head femperatures and were all considered ta ba highly
susceplibls to potential for circumnferential cracking. By Movsmber, 2001, all of the BEW units
except Davis-Besse had efther effectively inspected their VHPS, or provided justilication ta MR
! as to why provious inspechtions and plant fableatlon and operational chamactenstics indicated

: that exiensive circumferential cracking at their plants was not Ikely,

Finish with cracking predicted for DB, defamal, discovery of cavity ...

History of Boric Acid Degradations

! - Precursor events {incl. Beznau}
- L &8-05

- EPR| Handboak

- 1992 DS 55 shell degradation
- 1988 DERC 2 degradation

Regulatery Requirements
- GOC'= RCPB leakage

= Tech Spacs
- Commitrmends to GCs
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Figures

21 Cayvily Schematic from Abawe

2.2 Repair Process per Framatame

23  Photo of Cavity Showing Down ta Claddng

2.4 R Head Cross Section Showing Penatrations, Gladding and Bolting
Z4 RY Head Cross Section Showing YVHP and J-Groove Weid

Raferences
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The NRC implamented an aclion plan In 1881 to address primary waler stress corrosfon

“gracking (PWSCG) of LLS. WYHP nozzles fabricated from Alloy 600. This actlan plan included &

gtaff review of salety assessments conducied by the PWR ocwners groups {ie., Weshnghouss
Orwners Group, Combuslion Engineesing Owners Group, and Babgagk & Whlzox Owners
Group). After reviewing these assassments and examining pertinent overseas inspection
findings, the NEC staff concluded, in a safety evaluation {(SE) dated November 19, 1893, thal
PWR VHP nozzle and weld gracking was pol an immediate safety concern. The stafl basad
this conclusion on the following deferminalions: (1) if PWSCC were to oczur in 2 VHP nozzle,
any cracks would ke predominatzly axial in arienlation, (2} the cracks would rasult in leakage
from the nozzia to the reactor vessel head prior to any failure, and (3) the leakage would be
detected during visval examinations perfarmed as part of sunvelllance walkdown Inspections
Eefore significant damiage to the reactor vesse! closure head would coour. Howewver, in Lhe SE|
the NRC staff also slated that it had concems about the potentlal far circumfarandlal cracking to
woedr i hese noxrles  Cihreumferential cracks are of greater coneern because they could lead
Il a separatian of the nozzle fram the reaclor vessel, which ceuld not acour if the cracks were
only oriented axially along the length of tha nozzles. The SE staled thal there was a need for
the industry o develop enhanced leakage monitaring methods for detecting boric acid lezkage
from these nozzles and thal new informalian and events could require the staff to reassess its
conclusions as {0 the safety signifizance of the ssue,

By letler daled March 5, 1985, the Nuzlear Energy Insliute (NEIY submitted a white paper
entitlad "AVay 500 RPY Head Peneatration Primary Stress Corraslon Cracking" the purpose of
which was 1o describe how the PIWR ficensees were managing the issue. On Apdl 1, 1957, the
staff issved Generic Letter (GL) §7-01, "Degradation of Control Rod Drive Mechanism Nozzle
and Other Vesse! Closure Head Penetrations," 1o a1l of Hs PWR-lizensees requesiing thal they
describe the programs they had or planned 10 pot in place 1o monitor and manage eracking
found it WHEF nazzlas and nform the Cammission of thair Intentians, i any, to perfarm
augmened valumetric or surface examinaffons of the WHP nozzles for their nuclear plants.
lszuance of this generds letter was nobiced in pages 17887-178E8 of Volume 52, Federa!
Register, No, 70, dated Friday, April 11, 1997, The NRC encouraged the industry 1o address
thiz 1azte both oh 2 plant-specific basis and an a generic baziz {0 July 1957 the Westinghoaae
Onvners Group, Combustion Engineering Owners Group and Babeack & Wilcox
Cwners Group submitted their generic responses 1o GL 57-01 on behalf of their member
utilitizs.  The generic responses ranked the pedeslial for the VHP nozzlas of lheir member
plants o develop stress eofroslon erasking. Later, In 1998, HEI revised the rankings and
devaloped an integrated program for inspecting the VHP nozzles of LS. PWRs. NEl torwarded
thls program bz the WRC for review by letter daled Becember 11, 1992, In regard to
imptementation of this program, NE! stated that licensees pwring LS. PWRs shauld continue
ko perform required weusl examinations of thelr vessel heads for legkege, and highly
recommended hat plants having 1he mosl susceptble VHP nozzles implernent voluntary eddy
current examinatons of thelr nozzles. NEI also stated that This pragram wiould be modified, as
necessary, based on the results of &) examinations performed on U5, VHP nozzles and any
other pertinert information that could provide a basls for medifyving the progrem. The NRE stafi
found this approach acceptable. The NRG dacernented this in a letler to NEI dafed
March 21, 1984,

On Februzry 18, 2001, with Linit 3 of the Ocones Nuglear Station (Ozanee Unit 3) shut down,
Duke Energy Corparation (Duked performed a visval examinalion ef the outer surface of the




[ Jteile Stargfos... 2-0.wpd

Ty T T T T W PET I T

Page 6

unit's reactor pressure vesasl (RPY) head far Indications of leakage. This visual examination
revealed the presense of leakage in the viginity of ninz of the 6% contrel rod drive mechanism
nozzles {2 type of VHP nozzle). Upan cemmencing with reguired ASME Code Sectlen X1 repair
activities of the affected CROM nczzles, Duke identified 1hat the flaw indicshons {cracks) in fwo
of the nozzles were larger than was originally thovaht and had circumferential odentations to
them. The extent of ihe length of the circumferential partions of the cracks fallowed the weld
profile cartour and were nearly 165@ in lenglh. Duke later reported that a third CRDOM nazzle
at Gconee Uit 3 alzo had a eircumfarantial crack appraximately 45 @ in length,

Similar stress corrosion cracking and reackar coolant pressure boundary leakage have boen
reporfed at the other two reactor unils of the Qcgnes Nuclear Station {ie., at Unil 1 in
Navember 2000, and Linil 2 in Aol 2001) and &t the reactor unit of Arkanszas Nuclear One,

Unit 1 {lLe., ANO Unil 1 in February 2001). Most of tha gracking has been in the axdial drection,
The ciccurmfarential cracking is significani in that it represents the first reported oscurrence of
such cracking in the WHF nozzles of U5, PWRs and ralses concems aboult a potentzlly
risk-significant condiion that could affect some domestie PWRS.

The ciccumferential eracking reported at the Oconee site has promipted the NRC and industry ko
re-gvaluale the validly of some of the previous lechnical assumptions. This re-gwaluation is
consistent with the conclusions of NRC's SE of November 18, 1893, which slated the staff may
need o reassess its conclusions ss {o the safety signlficance of the issue based on new
retevanl information or cracking eventz.  Tha circumferential cracking reported at Coonee afzo
relnforces the importance of examining the upper PWR RPVY head area using lechniques that
are capable of delecling leakage from the WHF nozzles and their associated J-groove welds
and heat-efiected-zanes. Fresenlly, Section X1 of the ASME Boiler and Preseure Vesse! Code
dose not require licensees to remove RPY head insulation prior ko inspecting their reactor
vesse| heatls and VHP nozzlas.

After the imitial finding of ¢ircumfarential eracking sl Goonee Unit 3, the NRC hald & publc
mesting with WEl and the Eleckic Power Research Institute (EPRI|) Materdals Reliability
Pregram {MRP) on April 12, 2001, W discuss ciccumferential cracking issues for UGS VHP
nozzles. Durlng the meeting, the indusing representatives indicaled thal they were develeping &
generic safety assessment, recommendations for revislons of neardem ingpactions, and leng-
term inspectlon and flaw evaluation guidetnes to address this issee. On May 18, 2071, the
NRP submifted the MREP-44, Part 2, report to provide an interim safsty assezzment for PWSCO
of Alloy 00 WHP nuozzles and their associaled J-groove welds, To address ihe axperience at
Cconee Muclear Station, the MRP recommended that plani= congidered to be highly
suaceptible to this form of cracking and having fall 2001 culages ehould padorm a visual
inspeclion of the RPY top head capable of detecting small ameounts of reactor coolant leakage
simllar to thal ohserved at the Ocones units and ANO Unit 1.

Cn June 7, 2001, the NRC held a public meeting at which the MRP provided initial responses ta
guestions on the MRP-44, Par 2, repast that the NRC staff had identfied and transmitied to the
MIRP on May 25, 2001. Tha NRC staff provided additional questions on various aspects of the
MRP-44, Fart 2, repor In & letter to the MRP dated June 22, 2001 In this ketler, the staff
informied the MRP that the staff had two areas of concem wilh the industry's methodology
provided in Topical Report MRP-44, Par 2. With respect to the first area of concem, he staff
informed the MRF that the conclusion that nozzle lesks would be dateclable on all vessel haads
woltld require validation. This concern was addressed in the Bulletin and hegnsae responses ta
the Bulletin. Wwith respact to the second arez of concern, the staff informed the MRP Lhat the

3
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eoncluslon thet the appropriate crack growt® rate for GD-initiated cracking of YHF nozzles was
adequataly represented by crack growth data for Alloy B00 steam generator tubses would slso
~ require validation, This eanzern contnues to be Inveshgated.

Eased on the reviaw of industry repert MRF-44, Part 2, the NRC staff concluded that additisnal
plant-specific information was necessary to assure that lcensees were taking aclions fo
effactively maintain the inteprity of their VHF nozzles. Therefore, en August 3, 2061, the
Commission issugd NRC Bulletin 2001-H, "Circumferentia! Cracking of REeastor Pressure
Vessol Head Penetration Nozzles," to eddress the generic safely implications of the prassure
boundary leakage found al the Ocones Nuslear Station and ANG Unit 1 power plants, In the
Bullelity, the slaf digcussed tha technical aspects of plant designs that could impede the ability
of visual examination methods to detect leskage frem the VHP nozzles of commercial ULE.
PWRs:. The staff emphasized that the ability to detect reactor coolant leakage from 1ha WHP
nozzles could be limited I the visual examination methods for detecting fthe leakage were
incapable of distinguishing between bonc acid residue deposited as a result of VHP npzzlz
lzaks and 1hase previousty deposited &z a result from leakage from olher sources,

v

In the Bulletin,d the sta categorized the WHP nozles for U.S. PWRs Inlo four populations
basad on & plant's suscepthility ranking as given in Appendix E o the MRP-44, Part 2, repart.
For \he population of plants considered as having low suscephibility based upon & suacaptibility
ranking of more than 30 EFEY (effective full pawer yeare) of operation from the Creonee Unit 3
condition, the staff statad thal the Ikeibood of PWSCC degradation at these facilities was low,
and thet enhanced examinations beyond thase required by Seclion X! of the ASME Code wers
not necessary at the praseant time,

For the population of plants consldered as having a maderate susceptbilty (o PWSCC based
upan B susceplbility ranking of meore than & EFPY but less than 30 EFPY of cperation from
Oconee Unil 3, the staff stated that an effectve visual examinalion capable of detecting and
discriminating small amounts of leakage or boric acid deposts fram 100 percent of the VHP
nozzles wou'ld be sufficient o pravide rzascnable confidence that PWSCC degradation would
be identified pror Yo posing an undue fisk. The slaff emphasized that this effective visual
examination should net be compromised by the presence of insulation, exisling deposits on tha
RPY head. or other factors that could inlerfare with the detection of leakage.

For the papulation of plants considered as having a high susceptibility to PWECC based upon &
suscephbilly ranking of kess than 5 EFPY of eperation from the Oconea Uit 2 condifion, the
staff staled that the possibility for leaks to occur from a VHF noezle at ane of these faclltles
wou'd dietate the need 1o vse a qualified vizual examination that would be capable of relizbly
detecling and accurately characterizing leakage fram through-wall cracks in the VHP nezzles.
With reapect to an examination of thi= sorl, the =taff concluded that the gualified visual
examinaton methods should be characterized by the following aspects: {1) that, as a result of
a plant-specific demonstration, any VHP nazzie exhibiting through-wall cracking would be
capable of providing a sufficient Jeakage path to the RPY head surface (based an the 25-built
configuration of the WHPs), and (2) thal the effecliveness of the gqualified visual examination
should not be compromized by the presence of insulation, existing depasits en the RPY head,
or other factors 1hat could interfare with the detectlon of leakage. Ahsant the use of a gualified
visual examinalion, the staff etated that a gualified velumetric or surface examlnation of 100
percent of the WHP nozzles {with a demonstrated capablily to relisbly detect cracking on the
0D of a VHP nozzke} would be appropriate to provide evidence of the structural integrity of the
WVHF nozzles. '
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For the population of planta which had alrearly identified the existenpe of PWECE in the CROM
nozzles (foar exampls, through the delection of boric asid deposits), the staff concluded there
wag a sufficient |kelihood that the cracking of WYHP nozzles will continue to occur as the
facilities continue to operate, and that a qualfied volumetrle examlination of 160 parcent of the
WHP nozzles (with a demonsirated capability to saligbly detect cracking an the OD of the WHP
tiozzle) would be an appropriste method of providing evidence of tha siroctural condition of their
WHF nozzles

In the Bullatin, the staff requesied that licensees inform the NRC of their plans, IF any, to
perdarm augmented examinations of their VHP nozzles and provide their tachnical basis for the
liming and method of inspection. The stalf required addressoes to submil their responses to
NRC BHullefin 200%-01 within 30 days of issuance of fhe Bullelin  Licensae are currently
implementing thair Inspectians plans and additional cracking has bean detecled in soma of the
WHF noezles of Crystal River Unit 3, Three Mide Unit 4, Morth Anna Unit 1 and Unit 2, and Swery
Linit 1. Nene of the cracks in these YHP nozzles wera reported a5 through-wa'l eirclmierential
cracks, althcugh one of the cracks detected at Cryetal River Unil 3 has been reported as &
parial through-wall circumferaniial crack 90™ in length. YWhen cracking i found in these
nozzles, the components are being repaired before the units are returned to servize,

Figure 1. Schematic of Typica! CEDM Mozzle Penetration

&
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34 The NRC and Industry Falled to Assess Operating Exnerience Relevant to Alloy
600 Nozzle Cracking and Baric Acid Corrosion of Garbon Steel Componcnts

" Daspite the large accumulation of data on primary system leakage and baric a2id corrosion of

carbon steel components, timely corrective achioh o eddress baric asid bulldup on the
Davis-Besse reactar pressure vessel head was not taken. Both the NRC and Industry has
ahtained a significant amount of aperaling experience regarding bore acid leakags and
comozion of earban steel companents. For example, sinee 1980 17 MRC generic
commuonications hava boon issued providing examples of cvents involeing either primarny
systemn leakage ar comasion of primary system components  Numerous events contzined in
licensee event reports include leakege from pressurizer instrumentation, pressurizer heater
skeves, reaclor coolan! system instrumentation, confrel red drive mechanism penetrations,
excessive eorrasion of fasteners on valves and the reactor head, reactor coolant syslem
nozzles, pump casings, primary system piping, and miscellanepus component pants cartoded
by boric azid deposite.  In addition ta numardes primary system feaks, thess have been
pressurizer yeesc! base metal wastags events, and reacter pressure veseel head wastags.
The significance of many of these svents were ellher last or forgotten when making an
aszessment of Devis-Besse.

311 Opereting Experience at Domestle Nudear Power Plants

The majority of primary system leakage events and borc acid carroslon events listed in this
report come from domestic operating experence. Alhough there are several events thal bhave
cccurmed 21 foreign plante, detailed informatian at forgign events is generally not available, and
mmost of the dala is restricted and cannot be published. As seen in this raparl, aga snd matetial
condition of power plants plays a significant role. Appendix E of thiz report contalhs 2n analysis
of domestic operaling experisnce related to primary system leakage and horic acid cormosion
from 1985 throwgh the first quarter of 2002, |n determining the comelation betwest age an
event iypes, many of the figures have besn plalted against the number of yaars of operation
prior to the evenl date. 1n addition to data obtained in LERs, NUREGs have been also baen
izzued dealing with boris acid corrosion and cracking of nozzle penetrations

312 Operating experience reviews by NRR

Longer terrn operating experlancs revisws were accompllshed by tha Offize for Analysis and
Evaluation af Operational Data (AECDY untl 1992, AEQD was established as a lesson learmed
from the acoident at Three Mile Island in 1878, As a cost-cuting and sonsalidation effort,
AEOD was eliminated 2nd many of the duties of AEQD were trangferred 1o NRR in 1938
However, alnce these funclicns were given o MRR, most operating experience reviews done by
MRR Tnvolve current events, and do not currendly invelve looking al operating failure trends or
hizgtory. Per NRR management, NBR |s slill looking at the scope of what should be done by the
NRC in the arez of cperating experienca hislary.

3.1.3 Generic Communication Program
3.1.4" Generic [ssue Program

31.5 {) The Licensee Failed ko Understand the Implications of Boriz Acld Carrasian {Aetion:
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The significance of primary system leakage and the potential for boric acid comasion was
tharoughly undarstesd. The response lo NRC Bulletin 2001-01, "Circumferantial Cracking of
Reactor Pressuere Vessel Head Penatration Nozzles " provided by DB received only 2 cursory
review. The original letter issued on September 4, 2001 was in the concurrence phase from
Auguet 20, 2001 through September 4, 2001, The "Supplemantal Information in Response to
MRC Bulletin 2001-01" was in the concurrence phase from Qctober 17, 1002 throvgh October
17, 2001. The "Responss to RAls Concerning NRC Bullatin 2001-01" was in the concurrence
phase from Qclobar 30, 2001 through Qctober 30, 2001, The "Tranemitial of Davis-Begse
Muclear Power Station Rlsk Assessmeant of Gontrol Rod Drive Mechanism Nozzle Cracks” was
in the concurrence phase from Cclober 31, 2001 through Movember 1, 2001, Those plant
respanses ta the NRC were reviewed by several tachnical and administralive staff at
Davis-Bezse, inchrding the Site Vice President prior Lo be sent to lhe NRC. The commenls thal
were recaived by Davis-Besse reviewers were very minaor.

Other evidences of & lack of undetstanding include the fact that the (1) 1996 PCALQ (26.0551)
indizating lhat the RPY head may corade stayed open for almast 3 years, and subsequent
PLAQSs and CRs recelved similar attention, (2} horic aci¢ buildup on the RPY head was not
viewed a5 a safety problom since it was believed thal the temperature of the RPY herd
preciuted any patantial corrosion damage, {3} very little attenlicn was given 1o the boric acid
corrasion control pragram in thal the procedure was not followed and ertical records needed for
conirol were not kepl by engineers or cthers, (d) the person in charge of fhe boric acid program
had many ofther duties that plant management felt were more important, (5) the plant had
delayed a plant medification that would have allowed better RPY head inspeclions {initiated in
199X but not implemented unbl 2002), and (5) many plant maintenance personnel, engineers,
and plant managers were aware of chronic primary system [zakage and banic acid buitdup on
many components, but failed to determine the cource or the pofential consequences of the
teakage. Feow plant personnel were aware of critical decuments issuad by the NRC describing
avanls that had occurred elsewhere, and the extent of boric acid comesion that was possible,

3.1.6  [m) The Licensee Failed to Learn feom Intermal and Extemnal Operaling Experience
{Action: Ron)

3.1.7  [c1) The NRC Failed to Implement Adequate Programs and Guidance to Address the
Implications of Alloy 500 Nozzle Cracking and Boric Acid Comosion (Action: Joe}

~ The HRC was sware of botie acid bulldup an the RPVY head at Davis-Besse, and was aware of
the pressunzer spray valve gvent and its significance in 1893 ...

348  (b)The NRC Failed to Adeguately Foliow-Up on Relavant Genenc Communications
(Action: Ron}

Figurae 3.1-1: Graphical Repraesantation of Rootl Causs Mo, 1 [Proper Titla TED] -
fAction: BabllosRon: Due Date: September G, 2007}

3.1.89 QCperating Experience at Foreign Nuckear Power Plants
The pperating expertence from foreign countries were evaluated anly in its phase value and
dispositioned as not applicabla 10 the US plants. Evenwhen the Qconese circumfersntial

&
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cracking was chserved in February 201, the lessons from tha fereign oxpericnces were nol
adequataly considered to possibly prevent the Davis Besse Vessel Head Corrosion.

" The HRC intemal irip report dated November 15, doruments the MRC knowladge of Control
Rad Drive Mechanism (CROM) penetralion cracks at the French Nuclear Station Buney #3.n
1984 a study was conducted and published by Cffice af Analysiz and Evalualion of Operational
Data (AEOD) and published as NUREGICR-6245 Assessment of Prossurized Wakar Reartar
Cantrol Red Drive Mechanizm Nozzle Cracking. This study documents the inspeclion of 4,181
CRDM nozzles st BF averseas planis that identfied 101 penstrations with indications.

The inspaetion of the US plant, Point Beach#1 did not idzntify any indicatians  The lack of any
indication was attibuted 1o the dillerences in labrication process, The Point Beach CROM
penetralions were fabricaled from tube materlal and heat treated at 1725 deg, F. The
penetralions for the French plants were forgad bars and heal treated 2t 1508 deg, With yisld
sirength groater than 48.Tksl. The Polnt Beach nozzle materia! is ikely to have had a lower
yield etrength, lower residual slresses, larger grain size, and [=sg suscephble micr structure
than Bugey unit 3. The Point Beach station had 23 yvears operation 2nd no crack indication
while ihe Bugey unit 3 had a through wall crack after 10 years of operalion. The NUREG
cenzluslans mentions the possibilty of circumferential erack propagation and red ejection but
possibility i= not consfdered to happen within the currant lieenalag perod. The axial eracka
were considered not {o grow through-wall becavse of the comprehensive axial stress present in
the front of the flaws. A conservativa time for the hypathatieal through-wall crack was estmated
to be six years. The coenclusions recognized the use of N-13 feak monitaring system capable of
detecling 0.001 gpm fram tha reactor eonlant system,

In respanse o the PWR Owners Group submittals integrated by Nuclear managament &
Resource Council [HUMARC), On November 13, 1833, the Office of the Nuzlear Reastor
Regulation, issued a safely evaluation report {SER) concluding that there was no immediats
safaly concem for cracking of the CRDM penetrations The SER noted that NLIMARC submitial
did not address the Bugey-2 1law, that was arianted at 30 deg. off the verical axis or 8
circurmnferential flaw at Rfinghals and Indicated the need for a fater ssessment on these flaws.

VWhile NRC conclusions alleviated Immediate safety conecerns on tha basls that ihe cracks
would noficeably leak prior 1o flaw size reaching enstable dimensiong, the French regutatony
egency proceeded with an aggressive CROM penetration nspaclion program, capability to
detect small reactor coolant leaks, design of a device to prevent rad ejection, and minar reactor
internal modificalions to reduce the vnder-head temperature. The details of the French
experience in this area was published In the Proceadings of Intermational Symposium on Pant
Aning and LA2 Predlelicns of Carrodible Strustures on May 15-18 1985 under the title Status of
Allay800 Campanetds Dagradation By PWSCC in France: Inéynfivas and Limitstions of Lifs
Pradictions as Viewed by a Nucleer Safaty Eody.

“Susceptinlity Modeling Incanclusive

The French experience further concluded that crack susceptiblity modaling has aignificant
lirnitations that make it impraclical to perform any credible prediction. Some of the influencing
farctors are namely 1. The incapabllty 1o know the bulk residual stresses and the valres are
often estimated to the elastie lanit of the semi@nanofactured product, 2. Unknown stresses
introduced throggh finat finighing ke siraightening, reaming, machining, cold working ete., that
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are not sufficiently documented, 3. Influenze of dimensions' changes and delormmabion in
relation to the initial condifions, 4. Disproportionate coupling ta time and temperature hased an
the vessel cracks expetlienced at Blayals at an estimated temperature of 289 deg.C. 5. Difficulty
in measuring the actual intfemal wall temperature, 5. The suscephbility difference belween heat
to heat and ba'ch ta Eatch due to variations in thermo-mechanical processes and carbon
content. 7. Intrinsic scatter of Ime lo PWSCC iniliafien exhibited by identical specimens of Alloy
eadg,

Crack initiation were faund in new pants ke Cattenom £2 after cperating time of 36,000 howrrs
while Fessenhaim #2 did nol have any eracking after 107,000 hours of operation. Based on
these factors, the French predictive model that was revised several times and subsaguently
concluded 1hat madeling 1s Impeactlcal, if not misleading e pneritize inspsctions or
roaintenance. The rejulators required in principle avoidance of a through wall ngiludinet
crack in the next fue! cycle, Therefore, the Inspection program established had an eddy current
inspeclion even in the absence of any indication. Vessel head viswal ingpaction with inzulation

. rermoval was required in every ocutage from the early ninelies  When indications were observed,
eddy currenl and UT inspection was required more freguently. The vesse] head replacemeant
was an economical decision by the ubilities in light of the more frequent volumetris
examinatians required when indications are obsetved.

In zpite of the discovery of the circumferential cracking identified CRDM penelrations at Ccones
Uit #3 in February 2001 and bwvo circumferential cracks at Oconee Unit #3 in Aprl 2001, the
NEFR remained contented with inspaction requirements invelving a vessel head visual
examinaticn that did not requlze the rermasval of the insulation or & thersugh cleaning of the
ragion for collecting any trend information. The farelgn experienca in dealing with
ticcurnfersnlial cracking wae not explored aven at this painl.

Recommendations for NRC: Establish a central operating experience group that
remains cognizant of foreign operating experience and US experience Lo reslize
the benefits of shared knowledgs.

Recommendaticns for Industey: US industry organization nesds 1o establish 2 forum 1
fnteract with their countarparts [n ather countries for benafitting from the shared
knowledge
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3.2 The Lizansee Failed to Ensure That the Source of Previcusly Kenlified Borio Acid
Deposits on the Reactor Pressure Vessel Head Was Promplly Identifizd and Corrected

(Brief Summary of Roct Cavse and Suppording Conclusions)

3.2.1 The Licenszee Failed to Adequately Address Long-5Standing Reactor Coclant System
{RC5) Leaks

3.2.1.1 Detailed Discussion

Reacior coolant system leakage at Davs-Besse was histarically low and rarely grealer than 20
pereend of the 1 opm Technical Specfication lmit far vnidentified nen-pressure houndary
leakage. One excaplion was the period from Qctober 1298 to May 1099, when a modification
to the pressurizer relief valve discharge piping was instaled that rasulted in enguantified
pressurizer safety valve seat l=akage 1o be released 10 the containment atmosphera, Severa|
amall nan-preasure boundany RCS [eaks had ozcurred durlng the 19903 that the leam
concluded conlributed to an acceptance on the part of the licensee thal RCS leaks were a
normeal conditian of oparatlon. Since RGS pressure baundary [2akege 15 ndistinguizhable from
notepressure olndary leakage without inspection, Tailure to adequately address and eiminate
small non-pressure boundary leakage conditioned the staff to assume that leakage was not
from the RCE pressure boundary,

As symptoms of BECS leakage became more prevalsnt from 1958 {o 2002, equipmenl required
o be cperable by the Technical Specificalions was affected. This equipment included the
containment gir coolers (GACS) and portions of the RCS leakage detestion system {gaseous
and partizulate radiation monitors), Operahility of these syslems was required for continued
plant operation. As the performance of these systems becamsa degraded or inoperable,
condificns were comected to restone system performance and prevent a Technical
Specification-required plant shutdown, but the cause of the condition (RCS leakages) was nol
corrected. MNeithar was it determined whathar RCE pressure boundary leakage was present

Some examples of ROS kakage sources included the following:

’ Reactor Vesse! Head Vent Leakage

The Davis-Besse reactor vessea) head vent design consfsted of a hard pipe connecting
the reactor vessel head 1o the No. 2 steam generator and was first installed in the 1588
relusling outage {RFD 05). The head ven! pipe has a bolied, flangad connection at the
reactor vesael head and the steam generator end Is required to be removed from the
reactor vesse] haad during each rafualing outage to allaw remaval of the reactor vessel
head.

Dwring the 1990 refueling outags (RFO 06), leakage and corrosion was idendified at the
' sizam genemtor connection and documented In FCAQR 80-0051. The gasket was
replaced and the joint did not exhibit any teakage during the next opetaling cycle.

In February 1992, the lizensee began to Investigele elevated RCS leakage and during a
brief plard shutdown on WMarch 1, 1862, identified that the connection at the No. 2 steam
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generator was leaking. The licensze and NRC senlor residen Inapactor noled that the
CAL coils were also coated with baric azid. The team inteniawed the NRC resident
inzpector at the time, wha recalled that tha CAC coils were easily cleaned with
demineralized water. The lizenses evaluated the boric acid fouling condition of the
CAGs in PCAQ 92-0072, concluding that they were still capable of performing their
posl-accident containment ¢oling function. The team concluded thal lhe licehses's
englneerinyg evaluation conclusion that post-accident air fow and would elesr baric scid
Buildup from the CAC colls lacked riger. The licensee toanlinued {o aperate with the
keaking head went connecticn until the following refueling outage in March 1883 {RFD
08} The lkcenses inllialed PCAD 93-0005 to document avaluation of the condilion and
mplemented Modification 92-0004, "Repair of Reactor Head Vent Line " during the
autage to improve the |oint design. The modification was inspected dunng an MRGC
modificalions nspection documentsd in NRC Inspection Report 50-346/9201E8, The
HEG resident Inspestor recalled from the inspeclicn that there was 1 1/8-inch wastage
of base metal due 1o the keak that had to be repaired.

BCS instrumentation Nozzle Leakage

Beveral examples wene noted during the lezm's review of cazes of RES hot and cold leg
instrumentation leaks, The RCS resistance temperaiure detactor {RTO) thermowael|
lzakage boundarias consisted of two types: 1Y 3 gazket botwoen the thammpwall and
fhermowell boss compressed by the thermoweall nut, and, 2] a threaded and seal welded
thermowell Joint, Both joint iypes had histoncally leaked during operation and required
repair during ocutages. Both are the subjest of & restart project modificatian ta prevent
future leakage.

Control Rod Drive Mechanism {CRDM) Flange Leakage

As described eardier, the Babcock and Wileox CREOM design contains a bolted flanged
cocnnection to the reactor vessel head nozzles. This connestion had been known to leak
and had beaen aacumented in correspandence with the NRGC staff. For example, [0 1989
Arkansas Huclear One (ANO] - Uhnit 1 identified signilicant degradation of 2 CROM
Hange aszzembly from boric acid corrosion and reported this 1o the NEC in Licenses
Evenf Report 50-31388-043. Comeclive actions gt ANG included replacing 1he CREOM
nozzle flange gaskels with an improved dasign aver a three-cycle replacement
campaign Mo additional leaking CROM flanges had been identified al AND following
ths 1580 event. Davis-Gesse similatly raplaced CRDM nozzle flanges over & four-cycie
replacerment campaign but had conlinued to identify leaking CROM flanges through the
2030 refueling outage [RFQ 12).

The Babrock and Wilcox Owners Group acknowledged o the NRC staff that CRGHM
flange keaks were s known problem. In s Juns &, 1883, submital 1o the NRC siaff on
fhe subject of potential CROM nozzle cracking, MUMARC forwarded copies of safely
evaluations from each of the PWR owners groups evaluating the subject. The Babcock
and Wilzow Owners Group safety evaluation statad that: "Leakage of BEW-dasian
flanges has previously been experignced, and visual inspections of ihe RV haad ares
have been Implemented so that flange [eaks cah be identified and repaired a5 soon as
possibla” And, "At each of the BEWOG utililies planf's, a walkdown nspectian of the
RV head has been implemented in response o NRC Genenc Latter 68-05. As
meantioned earlier, CROM gaskets have been known b2 leak; thus, the walkdown




fJog!le Starefng - 3-2 dratt.wpd

T =TT T T o wuT ——r

Inspectionn intludes visual inspection of {the gasket area during every refuelng outags
(12-24 monthsl"” The maintenance history of Davis-Besse CROM flanges was
desedbod in the NRC's Augmentad Inspeaction Team report of the Davis-Besso avent.
The team concluded that the cngaing nature of CEOM flance leaks at Davis-Besse
helped condilizn the ficenses to expact that any RCS leakage in the head area was from
CREM flanges. The tolerance for the azcumulatian of bake acid on the head from these
leaks prevenied the capability to perform an inspection to confirm tkat no pressure
boundary leak existed.

Durnng RFO 12, Condition Report 03-1037 was initiated to docurment that boric acid
accurmllation wags identlflad on the reactor vassal head and on lap of the tharmal
insulation beneath the CEDM flanges. As part of the responze to the condidion repart,
the RCS sysiem enginear evaluated fhe boric acid deposits on tha head and if the
source was fram GROM flanga lzakage. There were & CRDN flanges that were initially
identfied as having possible leaks. Four of {he flanges had pasitive signs of lezkage,
however, for flange GO the enginesr stated, "Since the baron 1a evidant enly under the
flange and naot an the verhical surfaces, there is & high probability that GS s & leaking
CRD". CREM flanges GO comesponds 10 CROM nozzle 3 which had through-wall cracks
identified in RFO 13,

There was no apparent follow-up Lo the high probability of 1the leaking CRDM nozzle
during RFC 12 or any other ime.

In an inberview with the team, the systerm enginesr stated that he never meant nor
intonded to [mply there was a question of CROM nozzle cracking. He eaid that if they
had ever had an indication that nozzle cracking had occurred then everyane would have
recognized the significance of the situadlon and wauld have properly deposited the item.
However, the system engingsr ¢ould nat provide a reasonable explanation of the
specific warding in the condition repart regarding “thers f=z g high probabity thal G8 is a
laaking CRO" and how this wording could mean semething othet than the obvious
maaniag.

Leakage of Pressurizer Spray Valve RC-2

Az daseribed in NRG [nspection Repert 50-34€/92021, durna the 1288 refusling cudaga
(RFQ 11), pressurizar spray vale RC-2 was found to have packing lsakags which
caveed signiticant borle acld corroslon of the valve yoke, Lipon plant startup, packing
laakage resumed and was evaluated a3 acceptable. Repablive containment entries
weare mads to menitar the leak. Although the plant had been shutdown in June 1008
fallowing a lornade evend and twice in July fer stearn gensraler claaning, the keensse
did not repair ihe leak, other than to install a Furmanite keak sealant injaction rig on July
24. During subsequent containment entrias body-to-bonnel nuts were missing. During
an unplanned shutdown in October 1998, some body-to-bonnet studs and muls wets
feund 1o heve Been Installed with the incomect material, This licenses repocted this

| event bo ihe HRC In Licenses Event Report 50-346/08009 and i resulted In the issuance
of 2 Severily Level ) violation on August 6, 1995,

Leakane of Letdown Cooler Isolalion Yalve MU-TA

Az dezscribed in NRC Inzpection Report 50-345/98018, the licensea identified that
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letdown coaler 1-1 [salation valve MU-1A hed = packing l8ak while trying to identify
sources of RCE leakage in Decembar 1998, The licensee’s plans to address ihe
leakage were [Imited 1o the pasking leak. NRG inspecior prompting was required for the
leensee to invesligate whather body-bo-bonnet stud condlishs similar to 1hat
experiencad with pressurizer spray valve RC.Z existed When insulation was removed,
a bedy-lo-bonnet leak 270 degress amwund the sealing suface was ideatified. The
licensee then took aclions to minimize the leakage, The fastener matarials for this valve
ware found to be carrest and there was no baric acid corrosion of the valre companeats
Tha team concluded that the lcensae's initial plang to investinate and comact this
sotrce of RCS leakags weare poor, They were min‘mal in scope o assess the extent of
condition, given the recent experences chtainad with Valve RC-2,

Leakage from Fressurizer Relief Valve Discharge Piping

In 1287, engineering personnel documented in PCAR 87-151B, a potential concarm that
pressurizer relief vatve nozzlzs could be overstressed if only a single rupture disk were
to burst. Each relief valve had twe ruplure disks in its dischatge pipe which would
discharge 1o comtainment atmosphere if the safety valve lifted. A drain line betwaen
each rebef valve and ils set of rupture disks transparted relief valve seat leakags to the
quench tank. To address this concem on an inferim basis, Tempoarary Modfcation
88-003€ was installed during an outage in Octaber 1998, The temporary modification
consisted of gutting open the uplure disks and ssvering the drain lines. This would
prevent the hypothesized eccentric nozzle lagding and oversiress condition.

Frior to installation of the modifization, any relief valve seat leakage woutld be countad
as "jdenfiied" RCE leakage, because it was directed to lha quench tank and azcounted
for in RCS invantory balance calculations. ¥iith the medifications installed, any seat
leakage would dischame directly 1o the containment almaosphese and the resuling RCSE
inventany oes wolld ba "unidentified” RCE leakane, The team reviewed the safaty
evaluation far the tempocaty modificstion package, which stated that, "Any safety valve
lzakage will be fluid from the Pressurizer steam space, The leakage will resultin &
dispersion of dry barie asid erysla's to the containment atmesphere with the petential for
a lesser amaunt of liquid deipping on the mirror ingulation on kop of the Pressurizer that
would evaparate and resull in a dry residual of boric acid on 1he mirror insulation, Those
condillans do not pose an increased nsk for bone acid comosien for any carbon steel
companenis: i.e., the Pressunzer head.” The team concludsd that the technleal
justificalion provided for why boric acid corrosion of nearby components was nat a
Concarn was weak.

During several team interdiews with plant etafl, the pressurizer relief valve modification
was cited the meost plavsible sourca of RCS laakage that was considered the cause {or
CAC fouling and RCS leskape deteclion syslem radlation maonitar filar fauling in
1998-1588. Theisam cancltded that i was reasonable to assumea that the relief valve
seat leakage to conleinment was a conttibutar b increasing vnldenllfled RCE leakage,
however, as discussed in Section 2.3.1.1, the boron concentration in this contributor to
' RCS leakage (pressurizer steam space) may have baen significantly less than the
neminal RGE baron concentration and may not have been the slgnificant contributor it
was assumed to be for CAC and radiation monitor filter fouling. Mevertheless it was an
example the licenses's tolerance for RCE leakage (n contalnment.
The ternporary modificaticn was removed during the May 1889 mideycle cutage after
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fudher englnesring analysis concluded that the eccantne loading concern was not
sUbstantiated.

The team reviewad (iIcensee aclvilies to identify sources of RCS leakage in santainment.
Radiation wark permit records Indicate that onfine containment inspections were performed o
ilentify leaksge sources In 2000 and 2001, Mo specific mdiatian work permit for RCS leakage
id e ntification activittes was initiated in 1888, The team reviewed the procedure used when
perorming containment entries. Procedure DB-OP-01101, Containment Entiy, Reviston 00,
step 6.2.7, slates, "Proceed with antry assuring (ha group remains togelher at all times paying
glose atlention to varying dose rates and other shnormalities such as; watar on floar, steam
leaks, excessive valve packing or pymp seal leaks, unusual or high radiation dose rates, nose,
elc.” The team noled that the procadurs did not specifically identify borie acid identification
which wotld enhance senstivity to bons acid an componenls during centainment entries.

The team reviewed impact of RCS legkage an other lechmical epecificabon-required systems,
The principal teras of focus ware the CACE and RCS leakage detection system radiation
moniters. However, olher equipment in containment was affectad by RCS leakage and
requires additional assessment by The licensee and NRC prier to plant restart. Examples
Inzlude consideration of the effects of borie acld on electrizal cablas, other piping nslda
cantainmeant, and the eontainment |iner.

RC5 Leakage Datertlon Syslems

The Daviz-Besse Safety Analysis Report Seclion 5,24, "Reacior Coolant Pressure Boundary
Leak Detection System,” idantfied thal the RCS Ieakage detection system nclede the
containment atmosphete patticulate radioactivity monitering systerm, the containment sump
lzvelfflow manitoring system, and the centsinment atmesphers gaseous radicactivity menitoring
syslem, The systams are designed to meat the reguiatory positions of NRC Regulatory {(Suide
1,45, "Reactar Coolant Pressure Boundary Leakage Deteclion Systems,” May 1973, Technical
Specificalion 3.4.6.1 [dentifies the limiting condition for operation of these syslems, The bases
for these systems 1s to provide means o detect and meritor leakage from the RCS prassure
troundary. The technical specifications alss prohibit operation with any RCS pressure boundary
lzakage, and an immediate plant shuldown is requirad if any RCS pressure boundary leakage
i5 identifiad.

Technical Specifications affecting RCS lsakage dalection systams were amanded twice during
the 19908, Llcense Amendment Mo, 180 was issued on Seplember 9, 1933, and allowed use
of the containment gaseous rad menitoring systems 23 an alternative means of detacting RCS
leakage. License Bmendment Mo, 234 was issued on Novembar 18, 1983, and relaxed the
reguirernant for the nurmber of operable leakage deteclion systems and remewed an Immediate
shutdown action raguiremenl unless all three RCS leakage detection systems were inoperable.

The License Amendment Request {LAR) for Amendment Mo, 234 was submitted for NRC staff
appraval an July 26, 1885, The team noled that this submittal correlaled in time to shortly after
an increase 1n frequancy of RGS [eakage delection system radiaticn manitor fiters began. The
LaR contained no information o imply that there was a material condition problem with the
containment air radiation monilors. Rather, the LAR was part of a larger requast i imove some
Technical Specification-required systems to the Technical Reguirsments Manual (TRM) and far
the RCS [zakage detection systern technical specification system to reflact the Babcock and
Wiicox Improved Technical Specilications (ITS). The LAR was a straightfonward reguest 1o
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implement NRG guidance for removal of syatems from the lechnical specifications to the TRM
ar implementation of ling-liem TS Improvemsnts 10 match the Baboeck and Wileox ITS.
Minimal NRR technizal review was required.

During the review pencd pior to [ssuance af Amendment No. 234, ron oxide was also found on
radiatian monitor filtecs and HEPA filters were installed in esndainment toe Bller the confainment
girmospghere. From inderviews with lizensee and NRC personnel, the team delemined that the
FLCE leakage detecticn system problems were not considered during NRC staff review of the
LAR.

Issuanse of Amendment Mo, 234 had the benefit to the licenses of eliminating the previous
6-hour shutdown action statement entry reguirement if ana train of radiation manllars (gas2aus
and parliculabe) became inoperable dug to filtar Touling while the olher train of gaseous and
particulate radialion maenitors was oul-of-service for any reason. This had occured on at least
bwo ocrasions prior lo issuance of Amendmend No. 234,

The beam reviewed performanee of the RCE lzakange detection system and noted that each
train of radioactivity datector RCS leakage monitors became inoperable many times {hundreds}
because of low air flow or saturated detector canditions Trom 1986 10 2002, The team
canclvded 1hat the radiatian moniter RCS [2akage detection systems had lost their veefuiness
by the licensee for meeting their design functon, i.e., RCE pressure boundary leakage
detection.

The keam noted from review of control room logs that on some ocrasions, the radiation monitar
RCS l=akene detection system sample points were changed from their "narmal™ sample
collecticn points (top of the D-rings} ko 1hair "altemate™ sample coblection points (conlainment
doms and parsonnel hatch). This reduced the frequancy of required filker changesuts but
appeared Lo the leam to reduce the effecliveness of the monitoring systems from petfarmitg
their design function.

: Some condition reports the team considered noteworthy were: Condition Repert 19851300,

' which identified the accumulation of iron oxide on fiters. s carective aclions included the
temporary installation of the HEPA filers inside containment (which the team concluded only
sddressed the symptoms of the condition} and the plan to perform an RCS walkdawn during
RFQ 12 to look for keaks, Condition Repart 2001-1110 which requested a ssmple paint change
and Condition Rapert 2001-1222 written about the high frequency of filter changeouts and that
baric acid was present. It stated, "Currendly we still have a small RGS leak in centainment
This is indicated by the boron deposits on the dogged fiiters. Our plan is to repair the small
RGS leak during the upcoming refueling outage thus eliminzte the necessily of frequent filler
changes. Cumently the erlterla for fitter ehange is eilher low flow alarm of 1.5 scfm or detsctar
o go into safuration. ... chemislry satished with current replacement frequency (2-7 days).
Plant angineering does not recommend any additiona) compensatory measures.” None of the
gbove condilion reports addressed the possibility that the RCS leakage detection systemn was
actually datecting an RCS pressure boundary leak.

Each radioactivity detector RCS leakage detection system train also included a radinactive
iodine monitor. This moniter was not required by the technical specifications and was not
discussed In the Safely Analysis Report or other licensing basis document. Howewer, this
monitar was most prone ta filtar fouling and remeving it from service far maintenance required
removing the technlcal specification monitors of that train at the same time. The licensss
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Ingtalled Termnporary Allerations 01-0018 and th-0019 ko eliminate the fodine monilor from the
system on November 2, 2001, The team concluded that rermoval of this monitatihg system,
altough it was not requined, was another example of the licenses tolerating RCS leakage
without adequale assessment of its solrce.

Containment Air Coolers

The CACs provide beth normal and post-aceident heat removal from the reactor building.

There ere three units, Hwo independently powered and cocled trains and & Pewing” unil), The
LACs share 2 commen discharge plenum. Each CAC has an inlet temperature Instrument,
The average of the inlet temperalute of the operating CACS is required by Technical
Spacificatlan 3.6.1.5 to not exceed 120 degrees F. There is a pressure instrument in the I=H
plenum which provides an indication of the differcnbal pressure across fhe CaC coils, A
decreasing va've was an indication that CAC coils were hecoming fouled and thelr heat fransfer
capakbilty vias reduced. As discuszed previously, CAC fouling with boric acid had been
recognized a3 a symptam of RCS leskage in 1892 when the reactor vessel head vent |oint was
found leaking. Mo additianal cases of CAC foullng were identified until 1887, During review of
statian log entries, the team identified that on May 22, 1987, during the main transformer farced
outage, persennel on towr in eontainment noted borle acld buildup on the inside of the incare
instrurmentation tank and on GAC No. 2. The team was unable to detamnine what, i any,
comective actions were taken in tresponse to this condilon. The next documented case of CAC
fawling the tzam found was when the licznsee initiated PCAQ 98-1980 on November 12, 1588
The lizensee had cbserved that indicated CAC plenur prassure had hean decreasing from 3°
w.g. in early September 1o 2.0 w.g. on Novernber 12, Operations decumented that the
condition was raviewed wilh the system engineer and that the CACs remained operable. A
reactar bulding entry was macda on November 14 for further inspection and it was observed that
& (hin, loose powdany buildup of borls acid was present on all ecoling coil surfaces of the
operating CACs. The bofic azid was noted to be easily removable with water spray from a
squaeze bottle. A team of personnel cleaned the CACs on November 18, 1398, Frorm review
of station log entries, the team observed that personnel cleaned the CACs an additional 27
{imes from Novemnbar 1598 through May 2001, Through interviews with station personnel, the
team leamed that CAC plenum pressure was menitored by the systern engineer, who would
initiate maintenance tasks to have the CACs cleaned as plenum pressure apptoached an
sdministrative imil of 1.4" w.g. The team raviewed GAC plenum pressure data and noted thak
un cccasion, GAC planum pressure decreased below the 1.4" w.g limit The licensee slated
that plenum pressure imit was & guideline only for [nitiating cleaning and that the CACs were
operable based on the enginesring evaluation discussed earlier for the 1932 CAC fouling event,
The team noled thal on several pceasians, primary containment famperalure exceeded the 120
degrees F [t of Technical Specification 3.6.1.5, which required that the conddion be corrected
in & hours ar place the unitin hot statby in the following 6 hours. However, these oocasions
oecurred typically [n the summer manths when senvice waler iemperalute was warmer and CAC
tasting activitles were being performed. There were no ¢ases identifigd whers containment
temperature exceeded 120 degrees F and the necessary cofrective action to exit the technical
spacification achon stalement was CAC deaning. The team did not attempt 1o perform a
detailed study of the comelation between CACG cleaning and containment lemperature, but
gualitatively eoncluded that horic acid fouling of the CACs did reduce their heat removal
capability during normal aperation.

The cleaning mechanlsm employed was a pressure washer using a kergsens fueled heater {0
heat deminarglzed water to assist in flushing the accumulated boric acid threugh the CAG coils
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and into the air plenum. During later CAG cleanings, the leensee switched to using an electric
hzaler as the heat source for the water spray, The team requested a eopy of the fire protection
evaluatlon for aczeptability of the equipment in containment that it did not pose a patential fire
hazard that could adversely affect safe shutdown capability. The team waz infarmed 1hat fire
protection engineering peraonnel were consultied abowt the use of the kemmsenc-heated
cleaning equipmeant prior to first use and that & hot wark permil was required during the
cleaning activity. However, na formal fire pratection englneatng svaliralion for vsa of the
eguipmant ingide the reactor building had besn perfarmed. From review of station logs, the
team noted the following fire protection-related CAC deaning enlries: Cin April 10, 2000, during
CAC cleantng during RFQ 12, operators recorded in the log, "Recslvad fire alarm in
containment._.. no indigation of a fire exists and a kerosene steam cleanar is befng used to claan
the CACs." On May 30, 2001, dusing online CAC eleaining, operaters recarded in the lag, "We
will centinue to perform the fire watch of cantainment by verfying stable CAC inlet temperalure
because access to conlainment will ke lmited.” The team cancluded that remols monitoring af
containment temperaluses to delect fire was an inadequate substitute for a locally-staged hot
work fire watch persan with a fire extinguisher,

The team concluded that online CAC cleaning activities hag become a routihe SoolTENGE,
almast as if it was a preventive maintenance task. The system enginesr Infarmed the team that
as soon &% the CACS were cleaned, he would initiate anather matedal defisienzy tag to start the
planning process for the next required cleaning  CAC cleaning activities even became a factor
in scheduling other maintenance fasks. For example, the station kg for Decembar 25, 1888,
ldenlified tha! instnameantation and controls {echnisians had made a containment entry fora
level transmilter maintenance task. The assaciated log entry stated that the recalibration of the
instrement they had worked on would ba gehedulzd to sccur during the nest containment entry
for CAC cleaning. Containment entnes for GAG cleaning had beceme so rooutine that ather
maintenance tasks would be planned arcund them.

As exemplified by the chroniz nature of the CAC cfeaning and radiation manitor RCS leakage
dutection systern problems, these symploms of RCS leakage became so much a part of the
norn of everyday plant operation that the underlying causes of the condition were not
romected.
4212 Recommendalions
32124 Recommendations far HRC

32122 Recommendations for Industry

Section 3.2.2

3.2.3 The Licensee Fafed to Adequately [mplement Owners Sroup and Other Industry
Guidance

3.2.3.1 Detailsd Digruasion
Opportunities existed for the licensae to implement Ownere Group and other Industry guidance
thal could have resulled in the earlier detection of reactor vessel head panatration eracking.

&
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Examples of \his information included: 1) the 1993 safely evaltations pefomted by the
Baboock and Wileox Dwners Group (BEWOG) and NRC regarding vessel head penatralion
eracking, 2) the 1£85 Electric Power Research Institute (EFRI) Boric Acid Gorrogion Guide

" Baok, and, 31 1he vendor-proposed access apening modification to the reactor vessel support
structure.

Comespandencs betwean the NRC and PYWR Dwnorg Groups on CROM nozzle cracking

The NRC slaff recognized thal cracking of ABOD reactor vesse| head penetrations was a
potential safety concern in the aary 1930s  Meetings were conduscted with the individual PWR
owners groups and NUMARCG {o addiess the ssue. A meeting was conducted on May 14,
1892, between the NRC and lhe BEWIG Materials Committes, This meeting discussed the
B&WOGE's efforts at reviewlng the AB00 nozzlz cracking tssue af both foreign and domestic
neclear plants. Another meeting was conducled on March 3, 1893, between the MRC and the
NUMARGC Ad Hoo Committee for AB00 Nozzla Cracking. The NRC requested that cach PWR
owmners group, through MUMARC, provide a safety evaleation 1o document why no unreviewed
safety quastion existed for A500 reactor veasel head penetration cracking,

The BEWDE dosumented ifs zafely evaluation report in Report BAW-10100P, "Safaly
Evaluation for B&W-Design Reactor Viesse! Head CRD Mechanism Crazking,” dated May 26,
1883, This report was forwarded to NUMARC for submittal to the NRG slaff with the
compilation of each PWR owners group safety evaluation. The NRG staff rasponded with a
safely evaluation issuad on November 11, 1835, The team reviewed these documents and
includes the fallawing nolewerthy quatatiing:

From the caver letter forararing Report BAW-10180F.

Inner nozzle cracks are expactad ta be axfal... Once a crack inttiates it will take
e minimum of six years for the flaw o propagate through wall.... 1fa crack
propaga‘es through wall, above the nozzle to head weld, leakags is expecled
and & large amount of borc acid depesition is expecled.... Once Dorc acid
deposition occurs from leakage, wastage of tha resctor vessel head can initiate.
Based on predizfed crack sizes and leakage rates, it 1s predicted 1hat wastage of
the reactor vessel head can confinue for six years before ASME code [mits ane
excesded, However, the BEWOSG utiitics have developed plans o visually
inspect the CRDM nazzle area to detarmine if boric acid deposition is ccouming
ae 2 rosult of a throughwall crack. This inspection is part of the inspections
implemented by Generig Lattar £8-05.

PWSCC far CRDM nozzles doas not present a hear-term safety concern Ifa
through-wall crack occurs, the borc acid deposition expecied Is detectatrs by
the cument GL B8-05 nspections.

; From Repart BAW-10480P.
General Comosion Demage to the RY Head
Comesion ta The RY haad is a concern thal has previduwsly heeh addressed.

Leakage of B&W-tesign flanges has previcusly been experenced, and visual
Inspections of the Y head area have been implemented 5o that fiange leaks
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gan be idontified and repaired &5 soon as pessible, Primary water that exits from
a leaking flange quickly flashes to sleam, leaving bohind a "snow" of boris aeid
crystals. Exposure of the RV head o lhe dry boric aokd crystals resulling from
this type of leak has net resulted Inwastage of the RV head. . it is expacted that
coolant lsaking from the CREOM penetratian wili flash to steam quickly, as inthe
case of flange leakzne desertbed above, l2aving anly dry boric acid crystals an
the surface of the head.., The RY head, therefore, 5 not expected o carode
fram borc acid "snow” resulting from a legking CROM nazzle.

The wastage analysis shows that safe operatron of 2 B&W-dz2sign plant wilt nat
ba affected for a minimum of & years,

Accumutation of Borle Acid Gryslals

Tt is very unlikely that this type of accumulation would continue undateeted with
regular walkdown inspeclions of the RV head area. Il the crystals remain hidden
by the RV insulation, the insulalion will begin 1o bulge as a result of this
accumulation of erystals.... the detection of horic acid eryslals on the RY haad
would cectainly identify the existence of a leak.

BEWODGE WMities' Inspections

The BEWOS utilities have developed plans 1o visualy inspect the CROM nozzle
arza to delermine if thraugh-wall eracking has occumed. At each of the BEWOG
uthties plant's, & walkdown inspection of the RV head hag been implemented in
respanse to NRC Genarnic Lelter 85-05. As mentloned earlier, CRDM gaskels

L have heen known to lzak; thus, the walkdown inspeclion includes visoal

i inspection of the gasket area during every refueling avtage {12-24 manths).

: Enhanced vizual Inspection of the CROM nozzle areas hae also basn
incorporated. i any leaks or boric acid crystal deposlts ars located during
inspaction of the RV head area, an evaluation of the source of the [eak and the
extent af any wastage will be complated.

Unreviewed Salety Cuesfion Concitslons

Wastage assessment determinad plant can operate at least six years with
slgnificanl leakage without impacting plant salety. ... leakage will have been
delectad... Inspections for wastage at the CROW nozzle and head locatlons are
completed during every refueling nutage (12-24 months), so undetecled leaks at
this locaticn will be discoverad within 24 manihs,

Leakage would be detacled before wastage could advance to a degree that
would affect safe operation... wastage will be confined o the area adjacent to the
leaklng nozzle.

Conclusions
Wisual inspeclicns of ihe RV head are performad o identify and repair fiznge

laakage.... it is coneluded that general wastage af the RV head would alzo not
occur becaurse of a lzaking CRDM nozzls. However, localized ¢comasion damage
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within and in the vicinily of the R head penetration would be anticipated from a
teaking CRDM nezzle... would not affact 2afe plant operation for at least six
years,

Since inspactions of the head arza {for lzakage and boric acid depesits) ara
peformed each rafucling outage, it is unbkely that a leak will go undetected for a
petiad of six years. Calculalions show that approximately 55 poundsiyear of
beriz acid would be essociated with leakage from a crack 0.5 inches in length.
As the crack grows in lenglh to 2.0 inches, the assoriated leak rate increases
and approximately 5,403 poundshyear of bonc acid waulkd accemulale within the
R\ head area. Therelore, the Tncreaeed keak ratea will eventually lead to
detection of significant borle acid deposits.

It is therefore concluded that PWSCC of Alloy €00 CRDM nozzles In
B&W-design plants does et constitule a safety concern and thal excessive
wastage of the RV head will not oceur before leakage is detected elther by visual
abasrvations in accordance with utilty responsas fo GL B8-05 or the plant
leakane detection eystems.

Fram the Novemmber 11, 1983, NRC safely evalsation of the NUMARC submitial of the
PWH owners group safely evalustlons:

...catastrophic failure of a penelration is extramely unlikely. Rather, 2 flaw would
ieak before it repched the critical law size and would be detected during periodic
surveillance wa'kdowns for boric acid laakage pursuant to Generic Letter 88-05.
However, the staff recommends enhanced leakage detection by visually
examining the reacter vessel head until either inspeactions have been complated
showing absence of eracking or an-ine leakage detaction iz installed in the head
area.

B&WOS estimates 10 years fram the time a flaw initiates an the inside diameter
of 2 CRDM penetration unbl a l=ak appears. Once a leak starts, BEWOG
concluded it would take B years hefore enough corrosion woukd oceur to reduce
wall thickness of the reaclor vesse! head ta below ASME code minimurms, and
that this amount of leakge would be detzcted during surveillance walkdowns

PWSGE does not creale an Immediale safety issue &5 long as any leakage is
corrected,

Leakage at less than 1 gpm would Be defectable sver fime based on boric acid
huildup 2= noted during paticdic survaillance valkdowns. Although NUMARC
has proposed, and the staff agrees, that low level leakage will not cause a
significant safely fecue to result, the staff determined that HUMARC should
congidar methads for detecting smalier leaks to provide defense-in-depth ic
account for any potentiai uncerainty in its ana'ysis.... The siaif notes that small
leaks rosulting from flaws which progreseed through-wall just prior to a refueling
outage would be difficult to detect while the thermal meilation is installed.
Aftheugh unning for an addtional cycle with the undetected leak would not result
in a signiflcant safaely issue, the NUMARC should consider proposing & method
far delecling leaks that are significantly less than 1.0 gpm, such as the
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inslaliation af on-kne monitaring equipment

From the ghova documentation review, the team concluded that tho NRC staff basedils
conclus'on that no unreviewed safely question existed for the AS00D CRDM penetration cracking
Issue based on de faclo commilments made by the BEWOG on behalf of its member utilities,
These commilments includad:

! . Generie Letber 88-05 nspections of the RCE would includa the reacior vessel

i head penetrations

i . eahanced visual inspections of the reactar vessel head would be performed

' . CRDM flange leakages would ba idantified and corrected

: . beric acid evaluations wauld be performed for any identiied leaks

! . boric acid would be remowved tpon detection becarse of the patential far
wastage

The tzam concluded that the basls of the BEWOS safely evaluation regarding identification of
nozzle leak comosion-induced wastage was dependent upon CROM flange leakane being
ldentfied and corrected each outage. In onder to detemung i nozzle leaks ocour, any CRTM
flange leakage on the head must be identified and cleaned. As discuszed previously, CRDM
flange leakage at Davis-Besze was an ongolng maintznance preblem, some flange leaks were
not repaired after they were Tdentifiad, and bonic acid accumuwation from flange leaks was not
completely removed from the reastor vesael head which preventad the ability fo inspect tho
tase metal for signs of wastage.

The team also concluded that the NRC stafi reccrmmendation regarding enhanced leakage
detection via visual head exams or installation of on-iine legk delection systems in the head
area was an Ineffzctive mechanism for providing assurance that CRDM npoz=le cracks were
prornptly identified and cotrected. Mo serious effort was made by the industry to develop and
implzment an on-line leakage delection system for the head area.

In & December 13, 18993, addendum to Report BAVW-10180P, the BEWOS staled that they
performed an evaluation of both on-line and off-lne leak detection systems. The conclusions
reached from this evaluation were that the Generlo Lettar B8-05 walwdown visual inspections of
ihe reactor vessel head areas provided adequate leak detection capability,

Mo mechanism axisted to ensure that awners group member utilties implemented the de faclo
commilments made to the NRC. Turing intenviaws with licansee personnel, the team learned
that thare was no faedback mechanism in the licensee's crganizalion to ensure that owners
group documents were reviewed by apprepriate staff or that commitments mades on their behalf
were incorporated into the licenses’s commitment tracking program and implemented inta
gtation procedures, One commitment was identified in the licensea's commitment {racking
systemn databasa, A16852, relative to these izsues. Commitrnent A16892 was simply & tracking
itern to ensure that the BEWOG rezponded Lo the NRT ataff with ils safety evaluation. 1t was
inadequate to ensure that the bases of the BEWDE eafely evalualion, accepted by the NRC
stafi, would be implemented at Daviz-Basze. It was clozed with a statement that proper visual
inspection would be perfarmed during the 1854 refueling outage (RFO 0F).

PCAGR 94-01265 was initisled on WMareh 17, 1984, when it was believad by the RCS anginear
that Commitment A16892 was inappropriately closed. The PCAG was closed on May B, 15884,
bacause the licensee concluded that Genaric Lelter 88-05 inspecfions of the RCS were
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sufficient and acceptakle to the MR for inspection of the reactar vessel head penatralions
Clasure documentafion siated that enhanced visual inspedlion was an NRC recommended but
was not requlred. Addilicnally, closure documentation stated, "Due to the fact that no cases of
head eracks have been idanified in the United States and haric acid leakage through the
CRDM Nannes is low, ha doasn't think that there is significant risk of a crack being present. In
addition, the Inspection methads presently available to us are not highly reliable, Therefors, he
does not believe thal it 12 necessary to perform the inzpections at this time."

The team concluded that the HRC safety evaluation's conslasion and stafemend regarding
"anhanced visual inspection” was ganeric to all PWR vendars. For Bzbeock and Wilcox unils,
enhanced visual inspection was required by default because of the CRDL flange leakage
problem. The Westinghouse end Combustion Engineering units did nat have flangad CRDM
connections that could sevetely leak,

EPR! Boric Acid Corrosion Guidebook

Informalicn relevant ta the identfication of RCS leakage and developrment of an effective boric
acid comosion control program was pravided [a the Boric AcTd Corrosion Guide Boek, issued by
EPR! In April 1995,

Seolion 6.2.2, "Methods to detect keak rates less than about 0.7 gpm,” provided two specific
guidelines:

. cottainment air cooler thermal performance as ohsenvad in coil haat ransfer
degradalion

. consideration for monitoring the boric acid concentration In the containment air cooler
condensate

Guidance was also provided, undar “other patential indlestars, " for the assessment of high
eantalnment particulate radicaclivity monitoring resilts.

Sanvice Etructure Access Opening Modificafion

Thiz modification was orginally initiated by the licenses in Reques! far Modificalion (REFRM)
a0-0312, on March 21, 1990, The moddicalion included {he installation of saveral large access
openings in the service structure which would eliminate the cumberzome asd difficuit method of
accessing the reactor vesse! head penetrativhs via the weep holes lacated at the baze of the
service strueture. The initiator's request documentation insluded: "Boric acid has leaked from
the GRD flanges and has accumulated an the reactor head. The reactor head is carbon steel
and i5 therefore susceptible ko degradation. Install mulliple ascess ports with elosure plates in
the closure heat to permid cleaning and inspeclion of the reactor head.”

This RFM was voided on September 10, 1992, The basis for voiding stated: "This modification
was inilia'ed {0 allow easier access for inspection of CROM flanges and for clsaning of the
reactor vessel head. Current inspaclion techniques usalng high powered cameras preciude the
need Tor mspection ports. Additionally, cleaning of the reactar vessel head during last 3
outages was completed successfully without regquiring access ports.”

The service stucture accezs opening madification was indiatad again an May 27, 1994, as
REM B4-0025, The [nitiatars request decumentation stated:

.
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First, there is an onoging industny concem involving cormpsion of the Insonel 500 CREM
reactor vessef nozzles. There is no access to the reactor vessel head or the CROM
reactor vessal nozzies without the instalation of this modification. Secord, inspections
of the reactar vessel haad for bore acid commosion following an operating cycle is difficull
and not always adequate, Videa Inspections of the head for the CRDM nozzle issue
and a2z 2 follow-up to the CROM flange inspection do not encompass a 100% inspection
of ihe veseel head. Third, cleaning of excessiva boric acid residus from the reactor
vaessel head also does not encompass 100%. The size and geometry of the senvice
slructure mouse hales with scrapers and wire brushes only permils cleaning af the lewer
one-third of the head sudace area

RFM 94-0025 was nat cancedled, but It was defetved on al least 11 occasions hy the licenses"s
Project Review Group or Wark Scope Committes to future outages. The team reviewed
minutes recorded for these mestings and determingd that the lizensee's basis for deferral was
that although implementation of the modification was desfrable, it was nol required from a
safety perspective, 1 was nol implemenled at all other Babcock and YWilcox units,

The team fdentified the following noteworihy documentalion in minvles recorded from some of
the mestings and from company memarancta

3H16/99 memo QAD-09-70050" |SE Review of Imolementation Date for MOD 54-0025

Tha memo concluded that deferral of the access opaning mod was aceeptable frem & lechnical
standpoint. Also stated however, that Lhz intent of BACC procedure NG-EN-00324 was not
baing met,

PRG Meeting Minutes datad 37195

fod (L) $4-0025 Install Senvioe Siructure Inspection Openings

Commenis: "Tabled. This Cycls T1R Mod was iabled af the reques! of R.E. Donnelfon.
P.F. Govyal was in aftendance fo snswer queshiops. 25% of BEW planis do not have
additionaf inspection openings et this tme. R.E. Donneflon is walling for additional
information prior io congiuding thal the $2508 cost fe worth the ncreased degree of
assyrance. No other maragers wanted to sponsor af this time.”

WS Mecting Minytes dated 614 5/85-
Long Roango PlanProjects Grealer than $100K - fseues Lis

"Enb Doanelion stated ithal RFM 94-0025 - Instalfl Senvice Struclure Onenings was an

open DBPRG issue baing held open pending further Industry informationfdnvestigation
concerting aclual bansfil. The MOD was being held as 8 "place hofder® untif resofved.
This der is not being camed in the 10YS0eP."

WWSC Meeting Minutes dated 2/20/97:
Mod (N) 84.0025: Install Service Siruclure Inspeclion Opanings
Commenis: “The January 1, 1897 DEFRG approved schedufe change fo Cycle 12R far
{fong range planning purposes. Mod delaved duse (o no further indu sty infarmalion
© avalslle since last reviewed by DBWESC in June 7855 Thlz s an unapproved Mod™

Joirt PRG & WSC Mesling Minutes dated S/3810/97:
Task B4-0025 insi Sve Stuciuro Inspoc. Dpenings

Comptents: "Project Remains Unchangsd in the Leng Range Plarn. F.L Swanger
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explained ial seclons of the reaolor vessel tead cannaf be inspected and ar cfeanad.
This poses a riek lo system mainfljenafniee efforts. The comnitees agraed this projoct
shoufd rermain unchangad in e Long Rangs Pfan

PRG Mesting Minuias dated 938 10097:
Mad (L} 84-0025: insfell Serviee Sirucfure inspection Openings

towr Business Requgs! for Bodget Approval far 12RF0

Rosuts: "Recommend Approval for 135 G.R Mcoinlhvre, Plan! Engineering, &md PK.

' Goyal, MechanicatStruciurel, ware prasent for the dizcussion, G.R. Moinlyre explained
i {hat the mod resolves several issues. There is less then 50% accessibiliy to the reacior
veszel head, which does nat allfow for complate inapachan or cleaning of pofsnilal boriz
acid depeeifz. The med resoives FCAD 95-0551, pre of len oides! open FCAQs., The
mad afse addressas plant e extensian issues. If Is desired ta implement the mod in
12RF0 o cstablish a bosefine of poleniial past buris ackl corrosion o the reactor head,
On-going indusiry consem of acid feakaga frem CRDM reacior vessel head norzles
cotld be hetior assessed. The committae concirred that the mod should be approved
but dizcussed variouws Issves related to scheduting the modification in 12RF0. They
recognized that the mod implamenialion s g len-day durstion and couwld be doano any
oulage. The DBFRE concludad thet the mod be forwarded fo the DBWSC meeling. A
Proyect Manager assignment was determingd not fo be required at this time "

WES Mesting Minutes datad 9517538:

Mod (L) 84-0025; Install Senvice Siruclure Inspeclion Openings

fMew Business Request for Budoef Approval for 13RFG

Fesulte: "Recommend Approval for 3R G.R. Mcinfyre snd D E. Haley of Plamt
Engineering, and F.K. Gayal, Mecharnical/Siructural, were preseart for e disoussfan.
B.E. Haley explained that there f= lass than 0% sccassibilly 1o the reaclar vesse! head,
which dees nof alfow for camplele inspaction or cleaming. The mod msolves

ECAQ 96-0551, one of ten oidas! cpen PCAGs. The mod wilf address ongoing Industry
coneeris of borc acid leakage from CRDM reactor vessel fread nozzfes. S Lash
asked what was the baals for the 13RFO schedufe. J W. Rogars rmesponded ihal this
fssue has been around since 1594, There are no faflures in the industy. G.AR. Mafalpre
end F.K. Goyal vefced ihaf fhey were comforiahle with tha 13RF( schedule. The RCE
fogkage sowce is known and i is nof on the head. We have inspected any Bors acid
siiting on the head. It has been In 2 dry condition and corresion attack is ot an issue.
They both feel that & delay in schedule to T3RF0 doag not add risk. However aging 12 8
facdar and the mod showid be addressed. The DEWSC agresd fo approve Mre mod for
13RFO with & hudoef of $250K &5 presented.”

PRG g Minut ated Q700

Long Renge Flan 2001 Update

-Select Project Reduciions lo meel 2001/2002 Business Flan Targels

T.f. MeCrany hendad ol o lisfing of polential reductions for the Commitlee In cansider
in moeting the 2001/2002 expendilure tangals... . The Commidee distcussed e profecls
lieted below as possible mducfions i the 2007 Business Flan: ...MOD 94-0025, Install
Service Stroture Ingpection Opening; Resulls: Commitles recommendad deferral lo
14RO with cash fow moving from years 20072002 bo 20032004,

FRG Mesting Minutes dated 24200

Opern Action itams

T.J. Melrany discussed the Oper Action flems report by explaining the majarly of the
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Aclion ltem= on the sl consists of sssionment of Project Mansgers. He emphasized fhe
fmportance of assigning a Pruject Mansger not only io ensure the profect s on schedule
but Blse 85 & conlact o fssue the project funds via the new vouchar syster,

Resuels: The folfowing Frofecl Managers wera assignod,

AL Slemaszko,. NMod 94-0025, fasfall Service Structure inspecfion Coenings"

The Design Engineering Manager recognized and presented the Inabilty to inspact and or
clean sestions of the reactor vessel head o the joint PRE & WES meeting Septamber 3, 1097,

However duting intetviews with the team, the manager stated that be did not have any
recallection of the madification.

Allhaugh engineering valzed eansem reganding the lack of aceessibilty for complete clzaning of
the reactor head and the potential to belter assess the CROM nazzles, thay ware apparently
satisfied that head coroesion was not an issee since they were comfodabls with delaying the
mod frem RFO 12 to RFO 13, Duning a Septemiber 1, 1828, PRG mesting, &.R. Melntyre,
Plant Engineering, explained.."There s lass than 505 accessibilily to the reacter vessel head,
which does nat allow for complete inspaction or clzaning of polential boric acid deposits. .1t is
desired e implement the mod in 12RF0 1o establish a baseling of potential past boric acid
corresion an the reacler hoad. On-poing industry concern of acid leakage from CROM reactor
vessel head nozzles could ba betler assessed.” Subsequendly, the mintes of the September
17, 1898, PRG meeting stabed that, "R, kcintyre and P K Goyal voiced that they were
comforiable with the 13RFO schedule. The ROS leakage source in known and it is nat an the
head. W have inspected any boric acid sitting on the head, It has been in a dry conrdidion and
carrosion attack s net an issue.”

! During the Seplember 7, 2000, FRG mesling, RFM 84-0025 was discussed az a potential
project reduction to meet 2001/2002 business plan expenditure targets and the Comemittee
recommended deferral to RFD 14, During one interview with the leam, an individual indizated
that the daclsion to dafer at this mesling was based on a future plan to purchase a new service
structure to address other modifications that needed to be done, The replacement senvice
struchrre would have the access openings in place.

OBF 1040 was in the OBF-to-repart section matrix for this section, but | don't belleve It
really fita. It iz reproduced here for completeness.

Daviz-Besse may nol have bezn in compliance with the FSAR update criteria of £0.71{#).

In & D Lochbaum Itr of SM9/2002, he stated that the licensee had not inzluded analyses of
salely issues performed in response to Bulletins 82-02 and 2001-M1, or Gls 58-05 and 97-01.
"Assirming far the mament thet Davis-Besse performead the requested analyses, it eppears that
they did not comply with 10 CGFR 50.71 paragrapb () by incotpeorating information from said
gnalyses into the UFSAR, Thet omission, in gur view, conlributnd tot he repeated failures of
plant workers o fully appreciata the numerous waming signs of reastor vessel head damage ®
This infarmation was ziso provided to the 02350 panel an 6212032,

Lochbaum wenbon o say: "UCS first raised the concarn of licensees failing to adhere to 10
CFR E0.71(e) with the NRC in January 1897, The non-confomnance continuas unabatad and
contributed, in our cpinion, o the near-miss at Davis-Besse. This issue appears to fall within
item (b}, Regulatory Process issues, of the task force's charler. We hope Lhat the Lessons
Leamed Task Force sxaminas this mather.”

80.71{e) requires FSAR updales to include &1 analyses of new safety issues performed by or
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on behalf of the licenses at Commission request. Guidance lor updating FSARS is contained in
R 1L1E1{Sapt 1998), which endorses NE| 98-03 Rev 1. These two documents wers
developed In respanse 1o the Millstens lessons leamed report lssued in February 97,
Development inclrded public meetings and solicltation of public comments.

. 9303 s'ates "...need Far UFSARS 1o be consistent with the plant design and operation...”
1)
. DE-03 s'ates "Safely analyses are analyses performed pursuant to Commission

requirernent to demotsirate 1he inlegrity of the reactor coolant pressure
boundary...Safely analyses are required o bo presented in the LIFSAR per.. 50.71{e)
and include, but & not hmited to, the accident analyses..." {pp 2 and 3}

. 8E-03F guotes Supplementary Information for 50.71{e); "Suhmittal of vpdated FSAR
pages does not cohstitute a hoensing action kel is only intendad to provide information.”
{p &)

. 898-03 guidance ragarding analyses of new safely issues: "Licensees should evaluate

the effects of analyses or similar evaluations perfarmead by licensees In respansas {a
plantspecific NRC requesls or NRC generic fatters ar bulletins. NRC-requested
analyses and evaluations must be reflected in UFSAR updates only if, on the basis of
the resulls of the requasted analysis ar evalyation, the licenses determines that the
existing dasign bases, safety analyies or UFSAR description are either not accurate or
net bounding or bath..If tho NRC-requested analyses or evaluations do nat cavse any
of the effects, 0o changs to the UF3AR is required.” {pp 7 and &)

. Based on the gabave, it is nof clzar if Davis-Basse was in vialaton of 50.71{e)

* Within the scope of the LLTF review, there is insofiicient Information to detamine If
there is industry-wide non-confotmance with 50.71(e).

. The need to pravide Information in this regard appeara ta have been met by licenses
responses to genstic communisEalions.

. Slvan the number and breadth of apparent causes for the BY head deagradation at

Davis-Besse, along with tha availability of the kechnical infermation in response to
generic commutications, it doss not appear [kely that the gbsence of this information in
the UFSAR conbribuled to the Davis Besse event.

MRC technical staff and QGC should review this matier further In the context of addressing
l=ssons learned and inspection follow-up

LIZS letter of 81972002

10 CFR 50,74 (e)

RE 1.181 {September 193%), content of the Updated Fina! Safety Analysis Report in
Accordanes with 10 GFR 50.74{g}

ME| 9E-03, Rev 1 {June 1598}, Guidelines for Updating Final Safety Analysiz Reports

3.2.3.2 Recommendatons
323321 FRecommendations for NREC

3235232 Recommendations for Industry

Section 3.2.4
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33  The NRC Fafled to Accurately Assess the Safety Performance of the Davis- Besse
Nuclear Power Station

(Brief Summary of Root Caerse and Sepparling Conelusians)

331 The NRC Faled to Adeguately Assess the Symptoms of Reactor Coolant System (RCS)
Leakage

3.21.1 Defsiled DHecussion

Numerous symplorms of RCS leakags inside the Davis-Bessa cantainment existed from 1285
until the unit was shutdown for the 2002 refueling outage {13 RED). Whilz the NRG inspecton
efforl reviewed many of these symptoms, there was limited assessment and analysis of
Davis-Besse's offorts to identify and resolve RCS leakage. Inspeclions were performad 1hat
recognizcd and focused on RES leakage, while ather inspeclions reviewsd areas which related
io RCS leakage. The inspections in these relaled areas did not address RCS leakage as part
of Iheir agsessmont of Davig-Besss's pedfonmance. Many of lha symptoms of RCS leakage
when reviewed indridually, provided minimal insights into 1he actual degraded eanditlon of the
reactor head. To fully assess and recopnize the resulting condition of the RCS legk in
contalnment, i e, reactor head degradation, an intageated aszassment of the symptoms was
required The MRC falled to perform an integrated review the RCE lsakege symptoms

For the time period of 1098 to February 2002, unidentified RCE [eakage (monthly average)
rangad fram the normally low value of less than 0.1 GPM to a maximum of 0.8 GPM. Tha
prmary cause of ihe higher leak rate was a change o the progsurizer renzf valve discharge
piping in October 1998, Cnce the normal discharge piping configuration was restored in May
1899, the leak rate decreased, bul values ranged between 0.1 10 0.2 GPM untl Febrrary 2022,

The specific ndications of RCS leakage in containment included the following'

. Thers was an Increase in unidentified RCS leakags which could not be comelated tany
specific source follawing reslotation of pressurizer reliaf valve discharge piping toits
normal configuration;

. ‘The condainment air cogler (CAL) experisncad fouling &3 baric acid paricles in the
containment atmosphere callected on the CAC cooling fins. AS the amount of boric acid
fouling increased, comesponding changes in CAC plenum prassure wolld be seenon
the rermote indication in the control room. In respanse to changing plentim pressures
lhe CACS were cleaned {7 mes fram November 1993 to May 1848, The change to the
pressurizer refisf valve discharga piping in October 1893 which also directed refief valve
seat lzakage to 1he containment atmaspheare was viswed by the licensee as the pimary
cauge of the CAC fouling. Eleven additional CAC cleaning were required follcwing
restoration af the relief valve discharge piping tuntil the unit was shutdown for In
Februaty 2002, The frequency of CAC ¢leaning was higher dwring the earlier periods of

. the fuel eyele. This is consistant with higher cuncentration of boric acid in the RCS &t
the start of the fue! cycle and the gradual reduction of RCS bore acid over the fuel
oyele.

* The containtment radiation maonitars also experienced fouling of boric acid particles on

1
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lhe liter paper. Alr samples are continuously dawn from within containment, passcd
through B partizulate filter, an iodine sampls cartridae and a noble gas detecior before
baitg exhausted back into containment. The buildup of boric acid on the filters would
reduce: air flow to & peint that filter change out was required. To accomplish this Lhe
radialicn manitor was taken out of service. Prior to the boric asid fouling, the radiation
manitar filters were replaced each meonth as routine maintenance. Starting in late 1998
lhe filter change oufs increasod to weekly, then cyclzd babween datly to an iregular one
{0 bwo weak replacerment interval. In May of 19899, the radiation moniter filters began
accumulating 8 vellowish-brown materizl. The leboratory analysls of the material
icfentified Ihe presencea of fermc oxide. Specifically, this analysis stated, "The finenass of
Lhe ren oxlde (assvmed to be ferds oxide) partrculate would indicate it probakbly was
formed frem a very small stcam leak.”

. In each of the 1936, 1998, and 2000 refueling outages a visuval inspection of the reaclor
head identified an ascumulalion of batc acid. A correclive aclion document was
inittated for emch acgumenca to address the condition.

. Evidence of herc addd deposits was nated on numerous surfaces in confainment,
During containmen' walkdowns by the t2am, rust on carban stzel surfaces of service
watler piping, cable trays and covers, and CACs was observed. Borle acld residue was
alsz noted on these surfaces. The amount of rust was direclly related to the carrosive
nature of barle Befd an carbon steel. During & review of the cantrel room lzg the team
noted & May 22, 1997, endry which stated boric 2c'd buildup was noled on ihe inside of
the Ingare tank and on CAS nomber o,

Eased on the available Indicatars and interviews with Davis-Besse and NRG parsannel it was
clear io the team there was widespread knowledge of RCS leakage in containment and {hat the
leakage parsistad over a period of several years. The senior regident inspector and DRP
branch chief slated in intarviews they were sware of the leakage and that they engaged the
lizensee on their efforts to identify and resolve the leakage. During the Rl marning meefing in
which plant status and lzaues are discussed, the branch chief would routinely mention some of
the RCS leakage indicabors. These Included at power containment entries to ¢lean the CACS
and TS action skatement entries due radiadisn monitar filter replacemant. On oceaslons both
trains of radiation monitors weuld be inoperable when one train was removed from servica to
change the filter and the other train experienced a low flow condition.

The NRR praject matiager for Daviz Bessa during 1895 partielpating regularly on the morning
slafus ealls held by the Region 11 stafl, He resallsd thal e aid buildup was discussed and
that the licenses was making =fforts to find RCS leaks through walkdowns, and that the
licensee atiributed the buildup to legking pressurzer safaty valves. Containment air cod’er
fouling was also discuzsed in the moming calls, and was a concem becatze of eleyaled
cantainment air temperatures during the summer months. He assumed that the Region 1 staff
were observing licensea effords to address the fssuss,

Senigr managemant in R did not have the same |evel of awarenesz of the ndieaters nor of
the continuous nature of the RCS leakage n containment  In an Inlerview one manajer
recatlad proflems with radiation menitor foding because of the assoclated TS acticn statement
entries and another manager said that he was brigfed on CAC cleaning, The athet managers
stated they did not recall hearing about or discussing thess items. The team concluded there

2
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was distinct difference in the level of knowledge on Davis-Besse RCS leakage and the
indicators between the branch chief atd senior regional managsars.

In interviews with the resident inzpectors they sialed that regisnal managers did not provida
fesdback on RCS leakage or the indicators in the form of inspestion guidance to the residents,
The branch chicf discussed RES keakage and the indicators wilh the residents in an efforts to
understand ihe licensee's position of source of leakage and their plans b resohlve the leakape.
In an Interview the branch chief stated Lhat during on site visits ta Davis-Besse ha roulinely
digcussed FCE leakage activitios with the icensea

For tha periad of Febreany 13 - Seplember 13, 1985, five canseculive resident inspector
Inspection repetts (each covering a E-week period) discussad nspettions which related fo RCS
leakege. The inspectians focused primarily on the Aprit 24 - May 10, 1885 midcycle culage
activilies. While there was some assessmenl of lcensee activities and Lhe majority of reparts
desctibed the RCS leakane, related conditions, such as rediztion monitaring fouling, and lhe
lcensee's plans ta resolve the leakage. Following the outage 1he inspetlien reports diecussed
the redustion in RCS l2akage but recognized that radiation monitaring fouling eonlinued o
oocur and that the filters had accurnulated a dark colored padicuvlste which was determined to
be primarily lron oxlde {a comasion producth. In the last of theee inspecton repaorts which
dizcussed RCS leakage, the inspeciors stated that lhe source of comesion produdts was still
unknown and that the licensee planned to perfarm {horough inspactions of the containmant
during the next refueling outage to detect the source. 1n reviewing evbsaguent Davis-Besss
inspection reports, the leam found no other Inspections of Icensee’s efforis to resolve RCS
leakage. NRE Inspection Report Mo, 50-346/01-013 dscussed a temporary modidication 16
bypass the charcoal flkers on the containmenl radiation monitars. This related o RCS leakage
in that the filer were bypassed because of maisture clogging The charcoal. High hurmidity in the
containmeni from the RCS leakape was the probable sourcs of moisturs,

Several assumplicn made by Davis-Besse regarding RCS leakage were questioned by the
team and were cansidered addlional opportunities for the NRC to more aggressively azsess
Davis-Besss efforls 1o address ROS leakage. Davis-Besse beleved that a significant
condributar to CAC fouling was lzakage from the pressurizer relief dischargs piping that was
temporarily vented ints contalnment almosphere. NRL [nspaction Report No. 50-346/92-004
discussad the relaf valve leakage evaporating into the contsinment atmoesphere, condensing on
the CACs and degrading their performnance to the point thet cleaning was required avery 10-14
days. Based on leakage from the pressurizer stream space {were the relief valve are located)
being at 2 ower boron concendration that the RCS, the t2am questonad how much boron acid
would zetually be released from relief valve leakago, It did not appear this was assessad by
Davis-Besse in 1898, During the LLTF review, Davis-Besse responded fo the leam that some
boric acid would carryover into steam at high RCE pressures that the amount would be
significantly less than a RCS leak. From interviews with NRC staff and review of inspection .
reparl the team censluded this issues wes not previously reviewed. Davis-Besse also believad
that one of the maost likely sources of RCS leakage that was causing CAC and radiation maonitar
fouling was CRDM flange lzakage. This was based a long histary of CREM flange leakage
Duwuring the 1898 midaycle outage CRDM flanges were inspected and no [eakage was identihed.
This was not recognized by many Daviz-Besze parsonnel in that they continued to believe
CROM flanne keakage was & cause of CAG and radiation meniar fouling. Had this been
understond by the licenses, increased efforts could have baen taken by the licensee in 12RFO
to identify the sourceds) of RCS leskage.
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Gther [nspections which dealt with RES leakage Indications aor RCS aystems providad the NRC
with addilianal spportunities to engage the licansea on their efforts fo resohve RCS |cakage,
Two thspectians (NRGC reparts Nes. 50-346/58-002 and 01-004) reviewed radiological controts
for containment entries to clean the CACs  1n 19498 the inspector observed one of the work
crews in contalnment while the CACs wera cleaned and discuzses the boric acid depneits on
the CACs from a pressunzer isolation value, Both inspections assossod the radiniogical
irnplications for CAD cleaning but did not explore the reasoning for the CAC fouling,

i.e. continuad RGS leakage. Two inspection (NRC report Nos. £0-348/9E-008 and B0-005)
reviewed inservize inspeslion {IS1) related to the RCE. They wera performed during the 1598
end 2000 refusling cutages. The 1958 inspettnn ohsaved & dye penstrant examination of &
CRED kousing weld and = visual examination of the reactor vesse! boll holes. The report did not
mention boric acid on the head or any related issues. in an intendew the inspector did not
rzcall seeing boric acid on the reacter head or on the insulation direstly below the CRDM
housings. During the 2000 15! inspection, the inspecter observed ultrasenic and magnetic
particle examinations on the reacter closure head lo flange we'd. In addition the inspestor
raviewed CR Z000-0781 and verified the carective actions were appropriate. This CR
daserbed barlz ackd on the reactor haad which preventad the visue! Inspectlon of the flange
fasteners. There was no digcussion in the inspeclion repert on beric acid corrective actions for
tha reactor kead. In an interview the inspectar who performed the 2000 151 inspaction did not
recall eeeing boric acid an the reacter head or anything unusual about the corrective actions for
CR 2000-0781. The team concluded these inspections werz additional examples for the NRC
to become Infarmed of the boric acid accurmutation of the reacior head and question db on their
carractiva actions

During intenviews Rl perscnnel stated that at the time the RCS leakage in containment was
nat viewed a5 a signtficant safety lssue. Factars thal RIE pravided ko support a basis for this
view ingluded RCS leak rates being less than the TS limit and Davis-Basse providing logical
explansationg as to possible sources of leakape. The taam naled other bems which confirmed
this wview by RN Thesa included the kack of guidance b Lhe residents thapectars for pursuing
the leakage under the inspestion program; the lagk of senlor management's aaarensss of the
continuing naturs of the RCS leakage in containment; nol peforming any folliwupr mspection in
12RF0 on licensee efforts o identify and comect RCS legkanes (gven thotrgh & 1989 NRC
inspaction recognized that the source of corrpsion particles in containment was enknown atid
reviews would be performed in 12RFGY; nol recommending that the PIER [nspection n
February 2001 review RCS leakage carrastive aelions (see Section 3.3.2), and a briefing paper
ta support & Reglonal Administrators site visit i March 2001 stated there were surrently no
signifizant equipment concarns, but later mentizned monthly CAC claaning,

A3 noted in Section 3.3.2 the eenior resident inspeclor was aware that boric acid was
discovered on the reactor head in 12 RFC. Ths discovery of red! Brown boric acid on the
reactor head vias a significant insight that the numargus and longsianding indicalions of RCS
leakzge in containment were impotant safely concems that demanded NRC {ollowup. Shee
this information was not passed onte the region, the opportunlty for the regian 1o facter the
discovery of bariz acid on the reacior head into their view on RES leakayge in cantalrmeant was
lost. 'The team believes the ability to assess refevant conditions inta the overz(l outiook an
plants issues is an exiremely important function of the inspection staff. This function is even
mare cruclal for resfdent inapectors who are the only NRC indlviduals that have access to all
this type of infomation,
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3.3.1.2 Recommendations
3.3.1.2.4 Recommendatians far MRG

- Re-emphasize quastioning aftitude among MRG stafffmanagement  Consider this
atfribute in individual and crganizational performance measures.

. Establish struclure and expectatians for management interaction with staff to follewtp
an the types of prablems that occurred st Davis-Besse

. Review refueling inspection precedure, Adt 22 777, 1o datemine if edequate instnoclions
and expectations for outage revisws are specilied

- Emphasis to inspectors ko remain aware of thelr sumaunding when inspecting in a
parlicutar area, such as radiaticn protection, and the need to pass on observations fo
applicable perssnnz

3.3.1.2.2 Recommendalions for Industry
- None

5.3.2 The NRC Failed to Adequately Inspeet the Safety Ferformanece of the Davis-Besse
Muclear Power Station

3.32 1 Detaled Discussion

The team identified shortoomfngs with the NRC inspection offort at Davis-Besse. Thesea
tncluded missed inspection oppartunitiss that related to ihe reactor head degradation,
inaccurate inspection results, and Improperimplementation of the inspection program. The
team reviewsd inspeclions that were implemientad under bolh the old NRC Inspaction Manual
Chapter (IMC} 2515 and the revised reactor oversight procezs {ROP).

Prior 1o Ap:il 2000, inspecilons at operating reactors were preformed under the guidance of
IMC 2515, The majority of inspections performed under 2515 wers parl of the "core” program
which was implementad sl g1l reactor sitos. The regions had allowances to perform “regicnal
inttiakiva™ inspactions in areas with identified or percelved licensee peformance problems. In
Aprll 2000, the NRC transferred to the ROP which is more struclured than tha old IMC 2515
program, Under the ROP, basaling (BL) inspections are petiarmed at all nzactor sites and they
conafliute a very larger portion of the overall inspection effert. The ROP has supplemesnial
inspection which are performed for protems (findings) that have greater than low safely
significant. The ROP does not allew "regional inftiative” Inspections of lower leve! problems or
issies thal potendially could, but have not yet resuted in a significant problem.  The teem
reviewed Inspaction implementation back to 1930 but the review focused on inspection activities
since 1996, which correlates with the estimatad time that head degradalion began.

As discussed in Section 3.3.1, fave reports from 1999 documented inspeciions relaled fo RCE
lzakage. The report writeups for these Inspeclions have limited infermation on inspeclor
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actions. Most of the wtileups eontain phrases such as, "the inspecltors reviewead the lcensee's
efforts..." and "the inspecters reviewed licensee efforts..." bul provided no olhe: indicztians of
spacific astichs that the inspectcrs performed. Intendews with the applicable inspecteors
provided no addilional insighls on the dzplh of these inspections  Bazed on review of
Davis-Besze records and interviews with Davis-Besse persannel, the team idantified sevaral
relevant issuss that could have been identified by a ptobing Inspection  These included an
apparent lack of oparabilty imits for CAC plenum pressure or Justfication that borie azid fouling
would not effect CAC post accident funclion; no evalughon to support the use of 8 kerasene
heater in containmant to support CAC cleaning; and the termporany moddication that changed
the pressurizer discharge piping configuralion did nat addreas several obvious considaorations
associated with the change

White reviewing Davis-Besse's gfforts t0 idantify the source of RCS leakage in containment the
team nated Lhat an actan plan was nat developed for 12RFO. Based on Imited information
that Davis-Besse was able to locate for this sffort, it appears that only rovtine outage
inspacllans ware peformed to idenbify RCS kakage in containment. This was contrary to a
comesive adtion spacified in CR 88-1300 to issue an action plan for containmenl walkdowns in
12RFC 1o identify the source of 1he red! brown boric acid deposits on the containmend radiation
moniter filters  For Lhe follawing refusling cutage, 13RFD, 1he Made 3 containment walkdawn
was not perfortmed at the baginning of the outage. The Mode 3 walkdowns wera inifiated in
tespanse to G1 BE.OS a3 a means o identify containment leakaga with systems at nomal
operabing pressure and emperature, As noted above noted above, ne NRC documented
inspeclions of the Davis-Besse efforts to identify BCS lsakage were performed following Lhe
199% inspeclions. Since indications of RCS leakage were continuing, the leam concluded
probable cause exisled to perdform additional inspections gnd thal these inspections could have
identified problams with Davis-Besze's efforts

Davis-Besse's cornective action program was last inspected under the 2818 core program in
August 1998 per Inspection Procedura 40500, Effectiveness of Licensee Contrals in Identifying,
Resolving, and Preventing Problems. This inspection did not review any issues related to RCS
leakage in cantainment or haric acid on the reactor head. Based on the timing of this
inspecticn and the Imited information available an these topics, the tzam considersd this was
nof Lmexpected. The frequency of performing 40500 inspection undar the core program was
every SALP eyele, which for Davic-Besse was every two yvears. The next review of corrective
action pragram was the Problem Identification and Resolution (PI&R) inspection in Febnrary
2001, This wae performed under the ROP which required 2 PIAR inspection sach assessment
period. The first ROF assessment period was fram April 2000 to March 2001, Based an the
lizwing of the PIZR, there was a 2 %4 year gap between these corrective action inspectians. In
light of the ROP expectation to perform a PIAR inspection each year, the team questionad the
decision to perform the Davls-Beasze PIER ihapection at the end af the ROR ozsassment cyels
verses earlier. This would have allowed a more tirnely review of Davis-Basse's carreclive adtion
irmplemenlation and passile recognition thal effors o locato and coract RES keakano in
containment wera [nadequate,

ADD SECTION FOR 40500 INSFECTION IM 8128 DID NOT REVIEW PCAQ-0551 WHICH
WasS OFEN FOR 2 12 YEARSZ WHEN GUIDANCE [N 40500 MENTIONE TO REVIEW
LENGTH OF RESOLUTIGN. SEE IF PITR HAS SAME EXPECTATIONS

The team identified two aspects of the 2001 PI&R inspection that wamant further discussion,
Guiance for PI&R inspections is provided by 1P 71152, Idenlilcation and Resolulion of
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Problems. The general guidance gection of IF 71152, states, "Additional insights for
determining appropriate samplas can be obtained by region based Tnspectors threugh
discussion wilth resident inspectors or regional Inspectars who are familiar with site issues and
wheo are familar with the lisensee's problem [dantification and resofution pracess " Routinaly
the DRP branch chief will provide insights tothe PIER team on problem areas that the PI&R
rnay consider for fallawup review. Based on interviews with the 2002 PIER team members and
the branch chisf, there were no suggestions (o review any of the ongoing indicaters or CRs
relatad o RCE leakap: in centainment er Bonz acid on the reactor hesd. Inthe Inlerviow the
branch chief statad that he did 0ot consider the RCS leakage in containment significant encugh
to warmant folicwup by the PIER inspection, The team determined the ¢ontinuaus nature af the
RCS leakage and Lha ineffective licenses corectiva actions were situation that 1P 71152
intendad for PISRE followup and that Rl should have suggested this to the team, In
delermining which problems to review for cormective action implementation, the FI&R team
screened previous CRs. For the Davis-Besse PIER this was accomplished by reviewing a
prirdout containing abbreviated CR descriptions. For OR 20000782 the abbrevialed description
was, "Inspection of the Reaclor Flangs Tndicatad Boric Acid lzakage from the weep holes.” As
nated below, the aclual condition deseription far CR 2000-0782 provides a substantfal amount
of information an the type, quantity, and location of the boric acid. [P 71152 does not specify
the manner in which licensee identified prablems are select for PIER review, e.g., review enfire
problems description verses an abbreviated desciption. Whith the large number of CR wrilten
by many licensees, reading each CR description may not be praclical durng a PISK ingpaction.
The team halisves that had the complete description been used in 1he screening of 1ssues, R
20000782 should have been sefected for PIAR review.

Cn August B, 1899, cscalated enforzement was taken for boric acid corraslon on 3ol 8
bady-to-bonnet nuts for Pressurizer Spray Vaitve, RC-2 at Davis-Besss, The Severdly Level I
violation was for inadeqiurate material control, earban steel nuts wore installed in lieu of stalnless
steal nuts, and failure to implement effective comective astan. An earlier special inspaction
(Fepor No., S0-346/00-021) of this event reviewed comective actions, both taken and planned,
far tha RG-2 event. Enhancements to the boric acid comosinn procedure, NG-EN-D0324, wera
discussed in the report. LER 1928-009-00 describe this event and bwo corractive action
commitment that Davis-Bassa made 1z the MRC. These included enhansements to the Eoric
Acid control program and training for managers and technicat staff on boric asid corrosion
carntrol and lessans learncd from the RG-2 event. The team noted some members of the
technleal staff who were invalved with previous and subsequen! boric Ao eorresion Issues did
not recefving the training. Also, some weaknessas in revised procedure, NG-ENL00324 ware
obzarved, Tha team noted that RO did not perform followop inspection ko clossout the viclation
for RG-2, There were fallowup inspections for the LER and revision 1 1o the LER, however,
thay did not specifically address review af the completed carrective aclions discussed above.

IP 92932, Followup - Maintenance, which was In eflect at the time for closeout of maintenancs
related violations required that licensee's implamentation of correclive actions be reviewed. For
the RGC-2 wiolation it is unclear i the NRC actualy inspecied’ reviewed comective action
implementation. In Rterviews with RIl managers, differing views there provided on the
closecut of RC-2 vialations. -Some managers thought that closecut of LERS and the review
perfommead in the speclal inspection were satisfactory, while other managers helieved that &
vinlalioh elasecut should Include review of comective action implementalion. The leam
concluded that the guidance for claseaut of violation was not followed and an additonal
Inepestion of Davis-Basse's boric acid comosion program would have provided an opporiunily o
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identify some of the program weaknesses,

iP 62001, Boric Acid Corroston Prevention Frogram, was included in Appondix B to the old IMC
2515 program which listed regiona! initiative inspection procedures, BRI did not use IP 52001 in
the followup inspectien to the RC-2 ewvent. Based on the circumstances surounding RG-2 and
the fact that a special inspechion was performed the leam thought is was logical that IP 62004
shoutd have been ptilized to provide strrctured guidance for the inspestion. YWhile It was not
clear thal use of IP 62001 would have altered the positive conclusions of the spacial inspection
on the boric azid comoesion pragram, it woeuld have ensure that the review [ncluded zll erities]
aspects of the program,

The seniar resident inspecior statad in an interdew he was aware thal Eore acid was idendified
on the reactor during the 2000 refueling cutage {12RF0) but recallzd thal the esnditlon was notk
viewed as significant at the lime and didn’t require followup. 1o addition the senfar resident
inspectar staled that he had reviewed the licensee’s boric azid corrosion program followkng the
RGC-2 event and believed thal boris asid an the reactor head would be properly resohvead hased
on his favarable review of Davis-Bessa's bori acid cotresion program. The senior resident
inspector's recollechon of the conditizn was white barie aeid erystals on the head with no
indization that the gquantity of boric acid was large. CR 20000782 documented the boric acid
that was discovered on the head in 12RFD. The sandition description staled, "Inspeclion of the
Reacter Flange indicated Eoric Acid leakape from the weep heles (see attached piclures and
inspaction record), The laakago is red/brawn in color. The leakage Is worst on the east side
weap holes, The wors! [eakage from one of the weep holes is approx. 1.5 inches thick on the
sid= of the head and poo'ed on top of the flange... The tota] estimated quantity of leakegs
though the weep holes and resting on the flange is 15 gallons. Al leakage appears to ba dry...
Preliminary thspection of {he head through the wesp holes indicates clumps of Baric Acld are
present an the east and south sides " CR 2000-103F was subsequently written to disposition
the boric acid on the reactor head. [ts description staled, "Inspection of the Reaclor head
indicated accumulation of boron in the area of the CRD nozzle penelrabions through the head,
Beoron accumelation was akko discovered on the top of the thawmal insulafion undsr the CRD
flanges. Boren accumulated on the kop of the themmal insulation resulted from CRD flange
leakage.” Based on the senioT resident inspectar's recollestion of the eondition of boric azid on
the reaclor head it is unclear if the CR descrptions were actually read. Under the ROP,
Appendix O, Plant Status, to IMC 2515 provides guidance for prebles identif.oalisn with the
staternent, *Review the licensee's deficiency ar non-campliance reporls to became aware of
safety Eignificant problems that can be followed up through elements of the baseline program”,
The team concluded that the description of R 20000722 should have been viewed as g
polential safely significant problem and received follow up by tha bassline program. Since tha
infarmalicn regarding boric acid discovered on the reactar head in 12RFQ was not passed on to
the regicn, there not an opportunity for the ragion to consider the need for follow up inspectian,

The team denfified a positive aspect of Bill's ROF implementation, by ulilizing bassling
inspections to review imporant commilments asepcfated with Bullelin 2001-01, . These
commitments wers implemented 10 support Davis-Besse's continuad cperation to February 16,
2002 (see Section ). RIN mapped cut the commitrments ta var(ous baseline inspection
acinaties, then completed the reviews during the routine S-week inspection. The spaclicn
results weare documented in MRS Inspection Report Nos, 50-346/01-015 and 01-016.
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3.3.2.2 Recommendations
33221 Recommendatians for MRG

. Assess the overall PIAR guldance such that Issues shmllar to those experienced &t
Daviz-Besse are reviews (possible emphasis on the 3 -6 izsuas /years that PIER
reviews and biannual inspections). Should specific auidance be provided on 1he format
or listing of issves that are review to determine which specific problems will be reviewed
by the PI&R

. Review ROP guidance to delerming il changes are neaded o allew kenger tam followup
on issues lhat haven't progresaed to a finding. Should IFIs be allowed Lhat would direct
fuhire Inspections in areas of coneern

+ Emphasize through a "case study” training that inspection must probe into issues or
potential prablems verses reviewing liserses action and providing a slatus of these
action in &n ingpection repor

. Aszess the need for inspeciion of licensees boric acid corrosion programs, Similar to the
actions direcled by IPE2001.

33323 Recommendatians for tndustry
MNene

3.3.3 The NRC Failed fo Adequately Integrate Davis-Besse Nuclear Power Station Salety
Performance Data

Following discovery of the reactor vessel head wastage at Davis-Besse, headquarters and
regional stalle considered whather to send an BT, an AIT, or an ST io the site.  According to
in‘arviews with staff and managars, the LLTF lzamed that the deczision was strongly influenced
by risk assessment. In order o devalop a risk eslimate, an inittating event frequency of 0.1 was
assumed, which resulted in 2 CDF of 1E-5, which was right betwaon the AT and HT criteria
{per Barett Intecview). This Iniliating event frequency of 0.1 was chosen as a compromised
batween 1 {which would have appled had there been a LOCA) and 0.01, which was the
assumed initiating event frequency for feilure of 8 CRDM lube dus ko circumferential cracking.

The LLTF faund thal there did not appear o ba 3 solid technica! basis for ¢hoasing this event
frequency, nor did there appesr to be explicit treatment of pressure baundary degradation In
PRAs. These shodcamings question the validty of the agency's use of rigk informalien in
raking regulatery decisions.

3.5.%.1 Detalled Dizcuszsion
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The NRE viewsd Davis-Besse as a good performer prior to discovery of tha reactor head

. degradation in February 2002, This view was shared by nearly all BRIl interviewees, the NRR

Projecl Managers and resident inspectors. The ROP inspection resulis and performance
indicatars (P} also supperd this view in that all Pls and inspection repor findings since ROP
Implementalion have been Grean. The last SALP assessment was for the period of January
221995 to January 18,1887, The SALP scores weare & 2" in Opecations and & "1"in the
remaining three areas, Maintenance, Engineerng and Plant Supper.

For the 3-year perod between the last BALP assessment and ROP implemenlation in April
2000, the plant performancs review (PPR] process was used {0 assass Davis-Besze's
parformance. The team reviewed all the PFR summary far thiz period and identfied only one
discussion point invelving RT3 leakage in containment or iis symptoms. For the FPR review
thet ended on January 31, 1984, the "Materia! Sondition” seclion of the summarny menfoned
that unidentified leakage was more than half the aliowed valus and GACs need 1o be cleaned
on a regular basls due to borle actd bulldup. Mo future Inspections were razommanded in the
PPR to address this erea. In Ihe |etter to Davis-Besse, dated Mareh 26, 1233, which
transmiltad the FPR. results, there was no mention of RCS leakage, TAC cleaning or
assessment of the icenses's eotresponding ections. The team concluged that the PPRs
conducted from February 19897 ke March 2000 failed to adegualely assess Davis-Besse's
performance and take appropriate regulatory responses NEED TO VERIFY RESULTS OF
PRR FOR 299 -3/00 Mumerauz plants problams refated to RCS leakage in containmant were
known by the NRC and documented in inspection reporis but were not recognized for their
safety implications.

Under the ROP, assessments of plant performance are done an & eomewhat informa! basis
every quartar and in a structured setting every B-manths. Thz team reviswed the surmmary
packages for the assessmants performed thraugh December 2004, There was no mention of
RCS leakage in contzinment, the ascompanying symptoms, or bore acid on the reacter head,
The ROP assessment process raviews problams (designated as “findings” by the RGP) that
have a significance of Green or greatar. Findings are classifms by the significance
determination process (STP) with the lowest rating being Green, very low safely significanca,
Undar 1he ROP the NRC identfied numercus Grean finding &t Davis-Bassa but none dealt with
RCES leakage in contanment o baric aeld comosion control. The ROP assessment process
also raview the Pls that licensae’s reporl to the NRC. For Pls That rise above the Green band,
the NRLC will engage the prohlem with additinnal inspectiana and requlatory interface. The PI
that monitors RCS leakage would e applicable to the pefformance Esues experienced at
Davis-Bessa, Tha {Green Pl threshald is at one half the TS Umilt for RS allewsable leakage.
For Davis-Besse this value is one half GPM for unidentfied RCS leakage, which was not
exceeded while the ROP was in place. A nalewerthy observallon is that this Pl would have
Been While in 1928 when RCS unidentified leakage reached a value of 0.8 GPM. The NRGC
response under the ROF would have been a stupplement inspection 1o review the comective
actions for the root cause(s) of tha condition.  The MRC's assessment of Davis-Besse's
petformance was in accordance with the ROP guidance and was based on the findings and Pls
that wera avallable, Az neded earier, the team balieves that performance izsues exdted al
Davig-Basse which pould have been characterized as finding and then could assessed by the
RGP,
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As noted Tn Section 3.3 .2 the senlor resldent Inspectar vas awars that batle acld was
diszovered an the reactor head in 12 RES, hawewar, this infermzhen was not provided o the
regicr, The senior resident inspector elected to not follrwup on this conddicn. Ouring hiz
interview the resident inspector statod that he was not aware that boric acid was covered on the
reactor head in 12RFQ. An expectalion for resident inspeciors is that important issues are
discessed between the rosidents to capialize on group dynamis inferachion and utlize the entire
resident staff knowledga level whar parformitg their initial zssessment. Since the resident
inspector was not aware of this information this interchange must not have ocowred. The team
recognized that resident inspectors must sort through many issues that licensee's enler inlo
1heir corrective program and declded on which kssues to followuy on based on thelr importance
and potential {o impact plant safely, Howewver, the team viewed fhe discovery of red! brown
boric acid on the reactor head following numercus and longstanding indication of RCS |leaskage
in containment as cne of the most crucial pieces of informaticn that could have l8d {o an earfier
identfication of reactor head degradation. With the senior resident inspector not following up
on this Issus this opportunity was lost end nat passing 1he infarmatian onto the region
preventad BRI from understanding its significance.

When reviewing why the senior resident inspector did not followup on the boric acid the reactor
head i was no'ed that the ROP was Initially Implemented when 12RFO on going. 1n intendews,
the resident [nspectors mentioned that additional effort wes required 1o understand and pfan for
the ROP. The team's own experience with ROP implementation recognized this factor and that
some of the residant's time which previgusly would have besn vsed for inspections was
required for BOP startup,

The unraliability of RCE leakage detection eontainment radiation menltering system due to
fouling with baric acid, iron oxide, and waler and Davis-Besse's nummgrous actions to live with
condilion verses rasolve the root esse was an example of tha NRC not fully intagrating all
available information into its assessment. Data that was available to the MR included:

- Sevaral unintentional entrias into & hour TS shuldown action statements due ta both
trains being inoparable at the same time.

. In May 1889, lhe systems were bacoming inoperable so frequently due 1o filter clogging,
that each train was to be removed from senvice every other day, on a stagpered basts,
o replace tha filer as 2 pre-emplive measure. Some low flow alarms still oeclinred,

- Many Channel 3 detector {iodine} saturation alams otcurred that required filter
changeouts. It was unclear from a review of the operator logs whether Channe! 3 was
still In salurallon afler the filler was changed out and the system declared operable.

. In duly 1985 and April 2001 the zample polnts ware changed from Lhe primary location
- {at the top of D-rings) to 1he alternate loczlion (dome or personnel hateh). While this
reduced the frequency of filler changeouts, it may have also made lhe detection syslem
less efficient &t delecting leaks. (Bywsater's conclusion D0 we keep this thought 7)
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. In August 1932 a temporary madification installed four portablte HEPA fiftration units m
the conlainment in an attemnpt to remove the particle thal were clogging the filters, This
activity was |ater documentad in NRC Inspection Repart Ma. S0-346/98-010 was stated
the HEPA units were installed 10 remove the corrosion product particulates in the
cantainment atmosphero that pericdically affected the operation of the radiation
monitars

. In Hovernber 19599 the laboratory analysis of the maternial cloggityg the fillers identfied
the presence of ferric oxide. Specifically, this analysis stated, "The fineness of the fron
oxide (assumead o be femic oxide) particulate would indizate it probably was formed
from & very amall steam leak," The iron oxide parbcles that were cloaging the filters was
discussed in MRC Inspeclion Repart Mo, 50-346/09-008,

- & temparany modification was inslalled in January 2007 to bypass icdine monitor
BECAUSE.... This temporany modification was inspected by the NREC (NRC inspection
Fepord Mo, 50-348/01-013.

As noted it Seclioh 3.3.1, many levels of the NRC weare aware of the problems and aclions that
Davis-Besse took when dealing with filter clooging  This cooumad over an approximate 3-years
time period, Based on inleniews with involved individua's and review of applicable inspastion
reporis 1he tearm concluded that the NRC falled to properly assess the large quanity of
evallable datz and idenlify the Inadequata taken by Davis-Besse.

An examplz of the NRC not properly integrating inspection ingights involved an issue discussed
In HNRC Inspection Report Na. 20-3469801 8. The report describes a letdown cooler isolalion
valve, MU-1A, that was faund with 8 packing lezk during onfine containment search for RCS
leakaygs in December 1988, This scowered shodly afler RC-2 packing leak which correded
three of eight body-to-bonne! fasteners, Davis-Besse's carrective achions far the RC-2 event
were poor. Following quastioning by the NRC inspector on the initial MU- 1A work scope that
did not include insufation removal to check For boric acid corrcsion, the work was modified ta
Inelude Insulafion remaoval. When the insulation was removed a8 body-to-bannet [eak that
encompassed about 270 degrees of the seating area was dscoversd. Subsequent repzins
coreected the [epks. The Inspection report characterized Davie-Beser's pofformance ina
positive manner for their activities 1o minimize the leak. The report conclusion and exesutive
summary comments did not capture limited nidal eorrective action and thal NREC prompling was
required b ensure adeguats corrective action were implementad. While the inspectors
recognized the previous problem with RC-2 and factored that inlo their inspection activity, the
NR.C failed to integrate simitar perdarmanse problarns iato the message for this issue.
Highlighting additienal implementatizn deficiencies of the botic acid corrosion program weuld
have providad greater emphasis to thoreughly improve the prograta,

Follawing discovery of the reactor vessel head wastage at Davis-Besse, headquarters and
regional staffs considered whather to send an 1T, an AlT, or an S1T Lo the site. According to
intarviews with staff and managers, the LLTF leamed Lhal the decision was strongly influenced
by risk assessment. [n ardar to develop a risk estimate, an IniGating event frequancy of 0.1 was
assumed, which resufted in a COF of 1E-5, which was right between the AIT and T criteria
{per Barrgtt interview). This initiating event frequency of 0.1 was chosan as a compromised
between 1 {which would have applied had there bean a LOCA) and 0.0, whizh was the
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assumed initialing event frequensy far failure of 2 CROM lube due to circumferential cracking

The LLTF found that there dd not appear to be a solid technical basis for choosing this event
frequency, nor did thare appear {0 be explicit treatment of pressure boundary degradation in
FRAz. These shortcomings question the validity of lhe agency's use of rlak information in
making regulatory decisions.

2.3.3.2 Recommendalions
4.3.3.2.1 Recommendalions for NRC

. Assess If additional guidance is needed to pursde issees and problems idehtfisd during
plant stalus reviews and If other impraverment to plant status guidanee is needed. Of
parlicular important is management's engagementf recogrition of issues and the
guidance that iz given 1o the inspection staff

- Review ROP assessment process to determine if changes are naeded to fdentfy plants
that may have simifar problems as Davis-Besse, hawever, the nspectians resulls has
atly Steen findings and Graen Pls

- Datermine if ather plants, which wers only assessed by PPRs for a similar lenglh of
time 28 Davis-Besse, have proklems that need to be sddreseed

- Improvement to the Bamier Pls should be considerad

. Management Dimective 8.3 should he reviewed for possible owver-reliance on risk
determination that have ipe much uncertainty

33322 Recommendations for industry

Hone

334 The NRE Failled (o Adequately Communicate Crilical Infertnation Regarding the Salety
Performance of the Davis-Besse Nuctear Power Stallon

3.3.4.1 Detailed Discussion

During interviews with NRC staff and managers, the team determined that genarally all had &
perception from the eardy 18405 to 2007 that Davis-Besse was a gond performing planl, Some
operalional prablems were known and documeanled in inspection reports, but given thal some
ather plants in Region 1l had significant operational problems which required additiona!
aversight, the perceplion of good perfonmance at Davis-Besse provided a hasis for nof focusing
as much NRC aftention on 1denlifying or assessing its perfiormance deficiencies. Operational
pedommance was recognized to be declining in the late 19808 and several inspastion reporis
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document deficlent ficensee performanse, These parfermance preblems inchided significant
hardware problems and human performance problams. Howewer, given the resource
constraints imposed because of other plants nesding additiona!l NRC oversight, the declining
: performeance history of the station was not {fully assessed and acted upan. Some inshtulional
i concamns with NRC Region 11 and NBR were idenfiflied lhat helped prevent adequale
comminlcation of efltiea Davis-Besse safety performance information,

The team interviewed saversl NRC Reglon Il managers and staff and obscrved conduct of
routine dally meetings. The leam concluded that improvements in the condust of daily plant
status and issues meelings could ba mads to help ensurz that licensee performance was
adequately discussed and that =senior managers were more thoroughly aware of plant
parformance issues. The team concluded that debriefings of inspaction findings at the
coneluslon of region-based inspections 1o senipr managers could be improved so that findings
were adequately understood by senior management Additionally, the inspection findings of the
realdent Inspector staff could be better communicated ko regional manzagers so that
cross-discipline slghls could be shared which could improve the asssssment process and
planning for fulure (nspections.

The tzam concluded that the transifion to the Reactor Oversight Prasess (ROF) was a
significant burden on the inspaction staff. Implementation of the ROP was a drastic changa in
the way the NRC perfarmed inspections, essessed findings, and documented results, Given
the number of plante in Region 11 that required additonal oversight hecause af perfarmance
problems, and the significant paredigm change of the RGP, implementation of the ROP was
extremely challanging.

Froro interviews with Regicn 1l staff and first-ine supervision, RC3 keakage symploms were
wall known and this is also reflestad in documented inspection reports.  Senior managears,
hawever, were much less knowledgeable about RCS leakage issues. MRC inspectors had
reviewed and documented RCE leakags issuas ar thelr symptomns, but other than the exceplion
of the escalated enforcement action invelving pressurizer spray valve RC-2, WRC senior
managemen had not on gngagsd the licenses effectively to engwne thal root causes were
identified and corrected. Inspectors infomed the team that they believed the ROP inspection
datumeantation threshold was too high and did nat allow low-level performance sbasrvations,
Impertant for compiling an accurate assessment of licensee parformance, 1o be documenled in
inspection reports. Informal mechanisms for communicating ingpection abservallons to NRC
managemant or fo licensses at inspection dehbriefings was parceivad to be ineffeclive. Entarnal
sommunications to sentar managers regarding performance were haphazard and extemal
debriefings with licenses manegers were percetvad as ingffective i no enforcement
onsequence resulted. The significancs determination process was also percaived to be
cumbersome and a hindrance to communicalion of plant pefomanees issuss. This was
besause, unless an item directly affestad eperability of a stnrcture, system, or compenent, and
the finding fit in to an SOP warkabeet, the ssue was [ikely to be ozt 2s being considered below
the documentation threshold. Additionally, there was 8 perception among several inspectors
that the ROP inspection program apacifizally precluded inspecting cerdain areas of plant
performance. Or, due to the nesd to completed the minimum baseline inspaclion requirements,
lime was not available to eomplete Inspections in areas of intarest which could provide
important performance insighls,
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Aa discussed in Section 3.3.1, the NRC project manager dunng 1593 was sware of sympioms
of RCE [zzakage and leensee efforts to determine the saurce. NRR management did not recall
the symploms of RCS leakage discussed during morming stalus calls. The perceplion of the
liccnsen's perfarmance and of the safaty pasture at the Davie Besse facility was ganerally
favorable ameng NRR staff and management, Thus, the information indizating 2 degraded
candlion at Davis Besse was avallabla to NRE, but it was not widely disseminated and NRR
staff prasurned that the recional staff were following lcensee efforts to address the problem
and did nat question the siluation.

The Project Manager Handbook discusses the need b maintain sommunizations bebween the
NRER project manager and the resident inspectors an ite. The guidance also direcls project
managers to provide highlights of significant infermation or evenls to management. However,
there is no spesifis guidance in the Handback regarding participation in the merning statos calls
nor the transfer of routine plant status information from these calls. Progject Manager
participation In the morning eslls is 2 managemeant expectation in the WRE Division of Licensing
FProject Management (they are specifically mentioned in the FY 2002 Oparating Plan planning
ternplate for project management), but participation appears 1o be emphasized to varying
degraas ameng the project managers. Aleo, the team was aware thal not &1 regional offices
hold morning status zalls with NRR paricipation

3.3.4.2 Fecommandations
az4:21 Recommendations for HREC

WRR and the regional offices showuld establish a standardized protoeol for PM partcipation in
marning calls and NRR management should periodically participate. Project managers shauld
ke given clear expeciations on their mie and negd to undesrstand day-to-day plant cperational
informalicn.  Prejsct managers should be encouragad to maintain a quasgtioning altitude when
considering plant operalienal information, especialiy of long standing or repetitive indications of
degraded equipment or crganizational parformance,. Regional offices should establish &
standardized protacal for Briefing management on region-based and restdent inspeclar staff
inspections, The present assassment process of mid-cycle and end-of-gycle meatings should
be enhanced to ensure that |ow-threshold inspeclion cbsenvations &re communicated and
undarstood by management.

MEED 32422

3.2.f§ The NRC Falled to Provide Adequalte Resources to lhe Cversighl of the Davis-Besse
Muclear Powar Slalion

3.3.5.1 Detailed Discussion

Thea inspection and aversight resources provided to Davis-Besse were minimal during much of

15




| Joeiie Starefos - A drafiapd T " Ea9e 151

3

the time period that RC3 leakage ina containmend, its symptoms and identiflication of baie 2eid
on lhe reasilor head were taklng place. As discussed previously, there were many Indications
which aeggested thal inspachons and NRE intarzction with Davis-Besse should have been
‘increased. Priokta the ROP implementation, the mspection and asgessment process aflowsd
far increased atiention, hawever, under the RQP the progam did not have this flexibilty, given
the inspection and Pl resulis thal were availab'e for Davis-Bezse, As discussed here, the tarm
resources does not apply only to numbers of individuals but also to the experience and braining
given 1o these individuals.,

Regional staffing for postlions asscociated with Davis-Besse had several lapses in the late 19905
where the nomal staffing compliment was not malnlained  Far this time penod, the reguanal
staffing plan for DRP branch that oversaw Davis-Basse was a branch chief, & senfar project
gngineer, & Jenior resident Inspecter and & R The branch chlef for Bavis-Besse was assigned
to the branch in Qcteber 1997 and remained in that positicn untl May 2001, This provided
continyity within the regional office for the oversight of Davis-Besse The zenior project
engineer slot was vacant from June 1997 until June 19238 (excep! for a cne menth period) and
frart September 1999 until May 2000, During the initral senicr project engineer vazangy the
branch chiel was also responsible Clinten  This required e signifizant amount of the branch
chiefs time because Clinton had bean shutdown slhes and its aversight was under the
MG 0350, Overzighl of Operating Reactor Facilities in an Extended Shitdown as a Result of
Skonificant Perdfommance Problems, process. Also durng the two senior projest engineer
vacancy periods, Davis-Besse conducted the 1998 and 2000 refusling ottages.

For the approximate one-year pericd of Navember 1893 to Cetabar 15238, there was anly ons
resilent inspector at Davis-Besse. This resulted from the senior residenlt inspector transferring
o another site and the selestion procass for the new senior resident Inspector having seme
delays. Initially RIIl planned to assign an individual to the Davis-Besse senior resident inspactar
positicn, however, when this did not materialize, the senior resident inspeacior position was
opaned lo the compelilive seleclion procees. The Davis-Besea resident inspector was selecied
for the senior resident inspactar position which then required the resident inspestor position to
be filled. During this perlod, some nspectors Trom the region and other eites assisfed the single
resident Inspector, Alsa during this petiod the resident inspecter was invelved with RC-2
including. This effect included beiag the single inspector for the special inspection of RC-2
event and assisting the region in escalated anfarcement related activities for RC-2. Aszigning
ancther inspecior to preform tha specia] mspection of RC-2 would have nof anly ellowed [he
resident to spend more fime an other plant izsues but would have also sliowad another NRG
inspector to assess Davie-Besse's comective actian for RC-2.

The annual nurmber of BRIl inspection hours for Dayis-Desse was below the R average for
single unil sttes far eight of ninz years during the period from 1983 to 2001, O parficular
noleworthiness is year 1988 in which Davis-Begse had 1422 hours compared to the regian's
single site annual average of 2558 hours. This coincides with the approximate ooe year period
when there was only ane resident at Davis-Beszse. Also there was not a PE assigned ta
[ravis-Besse for tha last 2 months of 16205, BEased on the SALP scores &nd the PPR
msaessment results it is not unexpected that Davis-Basse received fewsr hours that other R
single unit sites. Dwring 1998 when the site only received 1422 inspaction hours, CAC and rad
masior clogging Increased drameticelly and the midaycle oulage ooourred. The regions ability
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to follow up on the problems that ware ocouring at this tme was limited by inspection
resources applied to Davis-Besse.

There was a high burnover rate for NRR projezt managers with responsibility for Davis-Basse,
From 19089 fo 2002, ninc projoct managers were assigned 1o Davis-Beosse. Inlenasws with
several of the project managers currently employed by the NRC, indicated tha! project
mangagcts brips to sites ocour infrequently or not at ak. The Preject manager handhack, Section
2.4.2, Interzctions with 1he Ragional Office, contains guidance on interactions with fhe resident
inspector, including racommendead frequend of frips to the site  Clearly the guidance which
suggested quarterly sile visits was not meat, but more impartanlly is the view in the handbook
that the prajest manager and residen! ingpeckors for an pperating resctar shars the
responsibility for assessing safe operation of their assigned nuclear powsr plant, thersfore, the
project manager and resident inspectors must develop and maindain 2 strong and effestive
working relationship. Given 1he large turnover rate for project managers and their infrequant
site visits, the team questioned if this expeciation was satisfted.

Site visits to Davis-Besse by Rl senlar management in the [ast hall of the 18305 were
somawhal lmled. Travel and site dasimetry records indicate that no senior managers visited
ihe site in 1988, Alsq, for the pericd from July 1592 to Februany 2002, nao DRP sanior
managers visited Davis-Besse. This did nat follows the guidance in IMC 0102, Oversight and
Objectiiy of Inspectors and Examinsrs at Reactor Facilities. Paragraph 04.05 (k) of IMT 0102
slates that DRP dvislon direclars or deputy shauld make evary effort 4o visit each site at l=aat
anse every twa years. The earlier revision to IMC 02, which was in effect for the time petiod
Being discussed, stated that DRP division director or deputy visits sheuld acetir sach SALP
cyele, which for Davis-Besse had been 24 menths. 1n should neted that duning this pericd the
regional administrator and the DRS deputy division directer each visiled Davis-Besse twice

For the fime period that RCS kakage in a containment, its symptoms and identification of baric
acid on the reactar head were taking place at Davis-Besse, RN had several plants in exlendsd
shutdowns andfor where starting up under the IMC 0250 process. LIST PLANTE AND DATE
FOR THESE PLANTS 1n rezponzs 1o this RII management distributed available resources to
plants with the perceived needs. Since Davis-Besse was viewed as a qood peromer, the
application of minimal resaurces 1o Davis-Besss was a consclous degision, Tho team
acknowledged that the priarilizalion of inspection needs veree inspeclion rezources has
eccurred in 2fl regions to some degree. However, the struciure of the ROP allows less ghifting
of resources since the bageine inspection program is morne prascriptive than the old "core”
program when speciying the minimal amound of in inspection aclivilies that must be
accomplished at each.

A point af consider in the number of opening in the region’s inspaction slaff Ts the historical high
turnever rate and more difficult recruiting in comparison to tho other regions. A outcome of 1his
iz the higher than desired {requency of placing individua! in resident inspectar pasition befone
they become qualfied Inzpectors. MNeliher the current resident inspecter nor the former senior
reslden! inspactor {who was the resident inspecior whan first asslgned to Davis-Besse) ware
fully gualified when they went to Davis-Besse. Nol being 2 qualfied inspector when assigned to
a resident mepector position distractions from the sile’s overall inspection effart in 1hat 1he
non-qualified inspector could only Inspect limited areas {ony areas they may be interimly
certified) and the senior resident inspectar must spend Lime training the resident inspector.
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Saniot manager in BRI acknowladged thal resident inspectar have been placed at sites prior to
become a qualfied inspecter, however, this chotze was made in liey of the al'ermate of having

Ionger paninds of residen] inspector vacancies at sites.

Experience is imporlant factor Lhat directly affecls an inspector's ability 1o identify signticant
issues or thoese having potential safety significance. This comes inte play when inspeciors are
screening issues that licenseas enters into their comective action program. The assignmant to
Davis-Besse was the first commersial nuslzar power plant experiznee for both the resident
inspectosr and the former senior resident inspector. Providing training Lo inspectors is an
effective maans 1a sipplemental areas whers the insperdar's experanes s limted  All of the
inspectors whe ware questioned in interviews reganding koric actd comesion statad they had not
recelved training in this area. [MC 1245 . provider The programmatic requirements for
the kraining and cettfication of NRC ingpectors invehed with reastor oversight, Neither the
version of MG 1245 that was previously in effect not the revised (date }IMG 1245
provided any training on boric acid corrosion.

MEED DISCUSSION ON LIMITED MATERIALS EXPERTISES

3.3.6.2 Recommandations

3.835241 Recommendations for NRC

Enhancements to the NRC Inspector tralning should inzlude: 1) pravide training on boric acid
carrcsion; 2) increasing knowledge level on selectad industry aperalional experience; 3) ulilized

Daviz-Bezse reactor head degradation &g & caze study for inapectar iaftial certification and
requalification; and 4) update fraining at TTC o include event l2ssons learned.

- Assees the need for changes to the ROP to allow regional followup on issuas of
potentizl safety signficance

- Re-enforce expeclation of IMC 0102

- Conduel an assessment of staff needs In I1he materials arpa

. Establish measvrenents for resident staffing - use guidanca

- Consider 0350 impact on regional branch assionment of facillies

. Assessment of maximum umeover rate for NRR project managers (Le.

assinnmentfreasslgnmeant) end updste the Projact Manager Handbook to be consizlent
wilh cument management expactatian regarding project manager site visiis and
interaction with regional staff

. . Reassess policy for selecting uncertfied staff for resident posilions

2.3522 Recommendations for Industry
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None

fo} The Licansee Fa'led to Effectively Communizate informnation to the NRGC

3.3.6.1 Detailed Discussion

The task group found a number of areas whete the licensee fallked to cormvey completa or
acecurate information ko the NRS regarding the extent of boric acid azcumulation resulting frem
reactor coalanl system leakage al Davis Besse. The following are examples that the task
group found of falled cormmunication by the licenses:

*

FENDC responses to Bulletn 2001-01, "Circumnferentia’ Cracking of Reaclor Pressura
VYessel Head Penetration Noezles,” and associated FENOC responses to WRC requesis
for infarmalion,

FEROC degcriplion of Ihe vessel head condifions in conditian report (CR) 00-1037

The FENOC submital that reguested license amendment 224 related to the containmeant
air radiation menitors

presentations preparad by FENQS that included discuasians of RCS leak symptoms

FENCC responses 1o Bullatin 2001-01

Response fo NRC Bullstin 2001-01 In FEMNOC letter serial No. 2731 to the NRC dated
Septermber 4, 2001, may contain inaccurate statemenis:

FENOC states an page 2 that "A gap existz between the RFV head and the inzuleticn,
{he mirimum gap belng atthe dome center of the RPY head where it is approximalely 2
inches, and does not impede & qualified visual inspection.”

Comment: This statement imphes that the entire head can receive a quabified visuz|
inspection. Vides taping {Inspection} of the reactor dome (top area} was nal dene.

FEMOG states on page 2 that "Inspestions of Ihe RPY head are performed with the RPY
head Inaulation Instalied in accordance with DBNPS procedure NG-EN-00324, "Boric
Azid Corrogion Control Prograr,” which was daveloped in response lo Generic Letter
85-05"

Comment: Ingpections of the RPY head were nat dene in accordance with
NG-EN-00324 in that paragraph 6.3.1 of 00324 required. a) "The total amount of baren
depeosi'e and the amount of baten on each component should be estimatad " b) "The
area of the identified boron build-up should be inspected to verify fhat the baron is
locatized to the identified area. This should inglude a verifization thal a boron bulld-up [s
nol located at an alevatlon ahove ar below the idenlified areas or on gther near-ky
components. Al components with & baran build-up should be iden'ified. The area
should also be inspecled to determing If baric asld could have entered the intzmals of 2
component or the inslde of insutation and spread internally to a location that Is not
visible and I3 susceptibla to boric acid corrosian.® €] "The aftected areas should be
inspected to identify any slgns of eomosion. This will most likely be exhibited by read
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rust ar refbrown stained boron. IF corrosion is present, the ameount of comesicn sheefd
be estimatad. This should Include an eslima‘e of corresion products present as well as
an estimats of baze mekal removed ® d) "The aflested components should be carsdully
inspected to delenmine If & boric scid solulion is present or just crystals and residue_ [
active leakage i= present a leak rate should be measured or estimated and then actian
taken to stop the leakage.” and h) "ldentify lnsulation or any other iype of interference
which must be remaved to gain acoess to the leak." Paragraph 8.3.5 of 00324 required
that "Flant Engineering shall determine whether follow-up or more detailed inspectians
of the leak are necesaary to {ully a3sess component damagae and dotermine possible
carrective action. If a detailed inspaction is deemead necessary, then paragraph 6.3.5 a2
required: "A detailed de=cription of vizible damags t3 the affected area  This description
should include the presence of pitting or malenal wastage. IF comosion is pregent, 1han
the depth of pithng or wastage should be identifled. This informatian i= required for the
analysiz of component integrity.”

FEMOEC stabes on page 3 that "Some boric acid crystals had aceurmulated on the RPY
head insulation beneath the leaking flanges. Thase deposits were claaned [vacuumecd).
Alter cleaning, the area above the insulation was videotaped far future reference.

Cemmeant; By interview with the RCE syslem engineer an 7/2/02, a siatement was made
indicating that the reactor head Insulation area cleaning was planned byt never
parfammed, eonsequently, & video taping of the cleanad insulation hoad area was zlso
never mada,

FENQT states on page 3 {Aprll 2000 \nspection Results) that "Inspection of the RPY
head/nozzles area indicated some accumutation of boric acid deposils. The baric acid
deposite were located beneath the lasking flanges with clear evidence af downward
flow. Mo visible evidence of nozzle leakage was detested.”

Commant: Review of the 41 7100 video taping of the RPY head included verbal
commants describing the boric acid accuemulatian 22 "mountains and mountains,” not
"gome" as denoted in the FENDC latter to fhe NRC.

FEMNOC stalas on page 3 (Apri? 2000 Inspecfion Results) that "The borc acid depasits
ware localed beneath Lhe leaking flanges with clear evidence of downward flow. Mo
visible evidence of norrle leakage was detected ”

Commant: FENOC states on page 2 [Apn! 1958 Inspection Rasults) that "There were
tumps of baron, with the color varying from hrown in white" The brown calor would
indicate ferritic corrosion of the RPY head adjacent o the nozzles. By interview with the
RCS systam ergineer on 7/3/02, a statemeant was made indicating ihat brown boric acid
was evidenl on lop of the insulation area, and below the insulation area, alsn indicating
Feratic corrosion of the RPY head, Materlals sbove the GRDM flanges would preduce
the brewn botic acid build-up. In addtion, the ticenses never removed the barie asid
buiki-ip around the upper deme nozzlas ka determing the [eakage source and pathway
as required by NG-EN-00324, conzeguently, the statement that "Mo visible avidence of
nozzle leakage was detectad " is without basis.
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FEMOC states on page 3 {Subsaquent Review of 1853 and 2000 Inspecton Vidaatapes
Results) that "Since May 2001, a review of the 1998 and 2000 inspection videotapes of
ithe RPY haad has been perforned. This reviaw was condusted te re-confirm the
indications of boron leakage experienced at the DEMPS were nat similar to the
fmdications seen at ONS and ANO-1; ie., was nol indicative of RPY nazzle leakage.
This revigw determinsd thal ind'cations such as those thal would result friem RPY head
pehetration leakage weare net evident.

Comment: Alternpls were made ta abtaln any relaled repor! on the fape reviews, and
how it was detenmmined that RPY head penetration leakage was nat evident given that a
bare metal head {or nozzle) inspection was never perdformed  The origin of the brawn
borc acid was never explained. Consequently, 1he staternent that " This review
determined that ind'eations such as those thal would result frorn BPY head penetration
leakage were nol evident” is without basis.

FENDC states on page 12 that "The DBNPS performs visua! inspections for evidence of
l=akage by exaniining lhe RPY head eurface and the CROM flanges par the
requirsments of MRC Geneoric Letter 83-05,..... 'f pressure boundary leslarns is
suspected, supplemental examinations of the affected CROM nozzle will be performed
to characterize the integrity of the nozzle"

Comments: PCAQR 858-55 (Borie Acid on RX Vessel Head) initiated on 4721105
indicated that "There could also be comrosion darnage within the reactor vessel head
penetration due to boric acid corosion resulting from a threugh wall crack in the CROM
hozale.” The PCAQR also states that procedure NG-EN-D0324 {Bong Agid Cormasion
Caontrol) "... may not have been followed to identify the scope of problem.” The borio
acid Bulld-up around the CRDM/EPY upper head areas was nof remeved and (hspected
until fter the Febriary 2002 event daring 13RFQ,

The supplemental responee to NRC Bulletin 2001-01 {FENOC lstter {Sertal Mo, 2735} to the
NRC dated October 17, 2001 may contain inacourate statements,

FENOLC etates in the letter, "This submittal provides updalad and additiona’ infarmmation support
of the basis for the continued safe operation of the Davis-Besse Muclsar Power Statlan
{DBNPS) untl its next scheduled refueling oulage commenging in Margh 2002, at which time
the Conltral Rod Drive Machanism (CROM) nazzles and Reactor Pressure Yessal {(RPW) head
penctrations will undergo qualified visual inspeclions or appropriate supplemental inspections "

Fage 2 ofihe letter ndicated that "This RY Head Nozzle and Weld Safety Assessment
demanstates the postulated crack will take approximataly 7.5 vears to manifest into an
ASME Code allowable crack size. Applying the 7.5 years to {he May 1888 inspection
projects the worst-case allowable crack size being reached in November 2003, H is
important to note the allpwable crack size will stil maintain an ASME Code safety factor
of three. A Finlle Elemant Gap Analysts was padformed by Steuclura) integrily
Associales to verify the gaps between the CRDM nozzles and the RPY hezd during
narmal gperai:on would permit through-wall leakage from any nozzle or through-weld
cracks in the J-groove wald to be observed via boric acid crystal deposits. This analysiz
concluded that all but four nozdefpenetration [ntetfaces wauld show visible leakage.
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These four nozzles ane in the [2ast stiessed area of the RPY head, and where ng
lzakege attibitead to circumferential cracks has been observerd at any athor plants™

Comment: The etatement issued to lhe NRC indicates that through-wall leakage wolld
be observed via boriz acid crystal deposits (which implies that 1he |zakags would be
detected and correcled). The leakage was detecled (very large ameunts of boric acid
build-up having a brown colar beginning in 1888 through 2000 owages), but never
corrected. The statement in the NRC Bulletin sekmiflal inplies that any ROM leakage
would be discoverad and carrected. The four nozzles mantioned on pane 2 of the letter,
where leakage wasn't expacted, are later [dentified on page 4 of Attachment 1 to the
letter as nozzle numsers 1, 2, 3, and 4. In conflict with the analyses paformed, nozzle
3 penetration was discovered to have to greater leakags and subsequanl comosion
dzmage o the RPY head.

FENOG slates on page 3 of Attachment 1 1o the NRC lztter that "In summary, results
from previous Inspections of the CRDM nozzle penctrations provide reasonable
agsurance for the cantinued safe operalion of the DENPS until the naxt refusling outage
in March 2002 "

Gomment: The CROM and surraunding area of the RPY head could not be visually
inzpacted due 1o the large amounts of berlz acld bulld-up  There is no basis for the
statement ", previous inspections of the CROM nozzle penatrations provide reasonable
asgurante for continued safe operation of the DEMPE until the next refueling ou'age in
March 2002

Responses to NRC Requests for Additional Information Coneerning NRC Bufletin 200H-04 in
FEMOC letter Sarial No. 2731 to the NRT dated Oclober 30, 2004, may contain inaccurate
statemnents.

This lefter pravides responses to the NRG slaffs regquests for additional infermation conceming
the DENPS Bulletin response letler dated 254401,

Pago 1} of Attachment 1 ta the letter states that "The inspections parformed during the
10Y, 117, and 12" refueling outages “... cansisted of whole head visual inspection of the
RPVY heat in accordance with the DENPS Boric Acid Corrosinn Control Program
ptrsuant 1o Genetic Ledter 88-05, "Beric Acid Comogian of Carbon Eteel Reattor
Pressure Boundary Components in PYWHE plants.™

Comment As stated in Davis-Besse GR 96-55, the inspection was nefthar "whole head"
{paga 4 indicates that 50 to 50% of the head area was inspeeted) nor in accordante
with procedure NG-EN-G03524, Boric Acid Corrasion Control Program (5ee page 1.and
1a of CR).

FENOC stales on page 1 of Attachment 1 that "Following 12RFO, the RPY head was
cleaned with demineralized water to the extent possible ko provide a elean head for
evaluating future inzpection results.
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Comment: By intoreiow with the RCS system engineer on 7/3/02, it was Tndicatad that
the firg! few rows fwhich included nozzle 3) were nct cleaned fallowing 12RFO because
af the nature of the borie acid build-up and ALARA cansiderations. VWhih the CRDMs
and surmunding areas not cleaned, there would be no baseline for fufure inspection
ovaluations. The statement inctuded in the NRC latter wauld anly be true for those
areas of the RPY head that were thotoughly cleanad and inspected.

FENQC states on page 1 of Altachment 1 that "Durdte ths 12RFO [nspection, 24 of the
B8 nozzZies were obscured by boris acid erysial deposits that were clearly attnbutable Lo
lzaking motor tube flanges feam the center GROMz, A further suhsequent review of the
video tapes has been conducted and comoborates tha previous statermenls and
canclusicns stated in lelter Senal Nomber 2731 and Serial Number 2735 that the resulls
of this review did nat identify any barc acid erystal deposits that would have been
attnbwled to leakage from the CRDOM nozzle penetrations, but were indicative of CROM
flangs leakaga”

Comment: The licensea eppears very pesitive in their azsessment of boric acid build-up
on the RFV head in their use of the wards "clearly atlributabls to leaking motor tube
flangas from the cenler CRDOMs." This assessment does nol address the brown boric
acid noted in 1985, and by the RCS system engineer for subsequent outages. The
licensee afso refers to yel another vidze tape raview pedormed subsequend 1o the
reviews made rference to Sar. Mos. 2731 and 2735, {An information regquest has been
stbmitled to the icenses). Once again, since the borie acid bueild-up an the BPY upper
dome was not removed, the statement ", this review did not [dentify any baric acid
crystal deposits that would have been attribufed ko leskage from the CREM nozzle
penatrations ..." has na hasis,

Reszponze to Bullstin 2001-01 In FENOGC lalter Setisl No 2744 to the NRC dated Oelober 30,
2001, may ¢antain inaccurate statements.

During a pubhis meesting betwsen DENPS slalf and the NRC staff on October 24, 2001,
concemning FENOC rasponse to NRC Bulletin 2001-01, the DBMPS staff eomuemitted to provids
pictarial documentation of the visua| examinations of the RFV head performed duering the 10th,
11 and 12" RFOs. This docuiment provides the response, and was requesied 1o be
withheld from publiz disclosure pursuant to 10CFR2.730

CHECK PORTIGNS OF THE FOLLOWING FOR PROPRIETARY INFORMATION

REY Head 11RFD Inspeclion Results shows photegraphs of nozzle penetrations Lhat
were inspacted via viden, This document indicates that the pictures were clipped Torm
video taken the Spring of 1988, and indicales thal "... a good video inspection was able
1o be parformed for thoze S0 drives that were not obscured by boron from l2aking
CRDM flanges. Although much more video can be wewed, these atiached piclures are
represantative of the condition of the drives and the heads. Ve atlempted to capture in
still photographs all of the outer most drives since they are the most susceptiblz o

- gircumiferenlial cracking based upon finite element analysis..."

Comment; The pictures shown in the submitial 1o the NRC ineleded approximately 3 of 4
guadrants of the RPY head, The quadrant kot shown Included those areas whare boric
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acid build-up was present. The statement that ™... these atiachod pictures are
representative of the conditian of the drives and the heads." is inaccurale, since those
CRDM penstrations that had boriz acid build-up are not shown. The submitial alsa
indicated that "We attemptad Lo capture in s1ill photographs all of the outer maost drilves
- was naccurate, In that drives that were downhill from nozzle 3 were not incleded

. RPY Head {2RFD Inspection Results shows photegraphs of nozzle penetrations thet
i wets inspectad Via vides. These photos woro taken from thelr 2000 Spring outage
videgtapes. The document stales that "These drives were video kaped because they
had boson daposits in the vicinity of the CRDMs  Corpletely clean drive penetratians
are not depicted hera”

Comment; Confrary 1o the above statement, the pistures depicted in the NRC submittal
include 10 CROMs located an the "elzan side” of the RPY head which inclodes less than
one quadrant of the REY head. The licensee’s stalement 1hat "Complately elean drive
penelrations ere not depleted here” Implies that other than the 10 CROMs shown in
their submmitta) te the NRC, all penstrations are clzan. This statemen! [5 naccurate. By
interview with tha ECS systam engineest, the first few rows of CRDMs (from the uppet
dome arez) ware never cleaned foliowing 12 RFD in 2000 Licensee/NREC Staff Axtion ar
Fespoansa:

Conditlon Report (GR) 00-3037

The responsa to CR-00-1037 indicated that all the baoric acid azeumulation on the reactor head
had been remaoved during the claaning process. If the NRC inspectors had followed up on this
CR, they most [kely would have concludad tha! the licensea’s actinns were apprapriate based

on its descriplions of the licensee'z actions and of the vessel head condifian.

The response to CR-00-1037, detziling accumulation of boron on reactor head, provided the
perspachive that all boron had been removed from the head, The: GR description indicalad that
boren had accumulated in the area of the head cantrol rod drive (CRD} nozzla penetralions and
oh fop of the themal insulation under the CRD flanges. It also mentioned CR-00-0732, which
inltially [dentified boron deposits coming fram the weep heles and having a red/brown calor,
The boron accumulation was warsl an the east with a thickness of approxdmately 1.5 inches an
the side of the head and pooled on the Aange in the area of the studs. The estimated quantily
was 15 gallons. Pictores attashed to CR-00-0782 glearly depicted the condifion of the boron
gocemulation. This condition was Idanlified on Apsil B, 2000,

The responss to GR-00-1037 mention=d NRC generle [stter 87-01 with the folowing warding:

r... The letter requires licensee to tmaintain a pregram for enswing a timely inzpection of
the control rod drive mechanism (CROM) and the veszel closure head penetratians.
The program is reguired due to the degradation of the CRDM nozzles caused by

" Primary V¥ater Strass Carnasion Cracking process. {n order o perform req pired
inspections the nozzles as well as lhe penetrations must be free of boron deposits
Oince the head s free from the boron, new boric acid dapostts may be easily noted and
remedial action taken™
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The Remedia! Aclipns z2ction of the CR response stated, "Accumulated boron deposited
between the reacler haad and the themmal insulation was remaved during the clesning pracess
pefarmed under WO 00-001846-00. Mo bade acid indueed damage to the head surface was
neded during the subseguent inspaction.”  In the descrption of work for WO 00-DD1846 the
staternent, "Work performed without deviabon", was annotated

Eased an interviews, the task graup understosd thal all boric acid deposits weere hot removed
from the head during the cleaning efforts in 12RFO. Also, a post-cleaning video inspection
tape shows the remaining boric acid deposits,

The former WRG senior rasident inspestor mentioned in s intervisws that he had reviewed &
CR during 12RFQ that described the boric acid depesils on lhe head the vas unstre whizh
specific OF ihal he reviowsd). The SR stated that he did not provide any follow-up Inspection
effort 1o this CR or the condition of BA deposits on the rescior head  The task group
detertnined this condition could have been Inspactedf 1oYowed up under the basslne inspaclion
program which had been initiated at the approximate time {April 1, 2000). Speciically, several
CRs wete writlen regarding BA on the reactor head and the quidance in Plant Btatus, Appendix
D of IMC 2515 directs the resident o review the l:censee’s deficiency of non-conformance
reports to besomes aware of salety significant problems that can be followed up through the
baseline program. Based on graphic description and stizched photographs o CR-00-0782 the
team concluded that some inspector fallow-up was warranted 1t should be noted that the
issues! CRs which inspactors pursute are discretionary and are based several factors. ie., risk
significance, other issues being reviewed (warkload}, eto

The respense to CR-00-1037 was worded such that a reader would Belleve that all boric azid
depasits had been removed from the head during the clsaning process. While the team nated
that this CF was not reviewed by the NRC, the task group concludad thal if it had been
revieweed, the nspector may have determined that the licenzee’s correclive actions were
atzquate. To determine that the head had net been fully cleaned would have required firsthand
chesrvation of the cleaning effort, Teview of tha videatape or specific question and answers
from the invelved Individuals.

Licensa Amendment No. 234

The License Amendment Request (LAR] for containment radiation monitors was submitted on
July 25, 1999, and was spptoved on Novemnber 16, 1993, as License Amendment No. 234
The contatinment radialicn monifors ara used as an RCS leakage detection system, The LAR
proposed changing the aperabifity requirements for the contalnment air radiation monilors, but
did not discuss the operating challenges {i.e., frequently clagged fillars) faced by the system.

The LAR contafned mo information to imply that there was a material condition problem with the
rantalnment air rad monitors. The LAR was part of a larger reguest to move some technical
specificatians (TS) systems to the technleal requirements manual (TRM) and for the RCS
leakage detectlon TS to reflect the Baboock 8Wilcox Improved Technical Spacifications {ITS)
MURES X)X300X]. The LAR was a straightforward requesl to implerment NRC guidance for
remaval of systems from the TS to the TRM orimplementation of lne-item TS improvernants to
malch the BEVWY ITS, Minirmal MRR. technical review was requlred.
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Althpugh nol stated in the LAR, this submittal was made during a peried when freguent filter
chang=aouts were required. ran oxfde found durdng this period and HEPA fillers installed in
containment,

The amendment resulted in only reqUiring ong rad moniter {gas or parhculate) oparable Instead
of previgusly reguirnng bath cperable. Note: there are 2 sets {treinafskids) of containmenl air
radiation menitors, each set has gas, partizulate, and iodine (ioding not mentionad In SAR ar
T5). Each lrain shares a common conla’nment a'r flowpath. Removing ane train from service
remaoves all 3 maonitors from service,

The change resulled In essentially 1 of 4 monlors required operable and elminated the 6-hour
shutdown action slatement {not TS Section 3.0.3) that axisted previoushy,

The change had the indirect banefit of eliminating the & hour shutdown TS action entry if one
1rain remained inoperzble.

FENOC presentalicns
FENQC prezentations Indisatad that bare acid depssits remained an the vessel head,

FENOC prasentations made 1o the NRC on November 14, 2001, and January 23, 2002,
indicated that some CROM nozzles would be masked by boric ecid depaosils, thus prechuding
visuzl inspeclion for leakage, Shide & in the November 14 pregentalion {enlilled Leakage
Detechion) indicated that previous "inspections provida regzonabla level of sssurance for
nozzles without maskng boron deposits.” Shdes 4 and § in the January 23 prasentation specify
visual inspeclion for uncbscured nozzles and supplemental NDE Ingpections far cbscured
nozeies.

The briefing packages for Commissionsr Meriliakd's Aprill 27, 2001, visit and the December 1B,
998, and March 2, 2001, Management Meetings betwean Region Il and Davis Besse did not
menlicn lhe conlinuing problem with RCS leakage in the containment atd the resulting buildup
of barlz acid daposits on CAGS and rad monitors. In addition Commissioner Merrifield's briefing
package mentions on page 18 that, "Reacter Vessel Head Clsansd/izually Inspected During
Past Refueling Owtages” and "No Cracking or Leakage Found,” The staterment [he briefing
package that the reactor head had been cleaned and visually inspected In past RFOS is
inconsistent with aclual cleaning effarts from past RFOs. There wers some levels of licensee
managemeant whe were aware af this fact, however, the inaccurate infarmation was still
previdad in the briefing package.

The plant stalus sheot developed by Region I slafl to brief the Regional Adminigtrator for his
March 21, 2001, site visit, mentivned under the "Equipment” heading fhat no =significant
equiprnent concems existed. n the same paragraph there is a sentence, "CAC cleaning
manthly”, but no amplifying information. Sased on this listing of inlormation, it appears that
Region Il staff did not see the cantinuing problem with CAC cleaning and the RCS leakags that
was causing the CADC fouling as a significant equipment 1ssus. There was no mention of the
rad monitor filter clogging or the mon exide deposils even though this was @lso & continuing
problamm which provided insights on significance of the problems.
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At the time of the December 1988 management meeting, and for lhe Commissioners visit and
the March 2, 2001, management meeding, Davis BEesae had axperlenesd {and Raglon M
seemead 1o be aware of) problems wi CAC and rad maniter clogging, however, this was nat an
itern on 1he aganda for either meeting. Since the region was aware of the ongomg nature of
containment RES leakage and the lack of the licensee's success in reselving the proklzm,
Region [I[ should have requasted that 1his topic be dissvssed in a management meating,

3.3.6.2 Reammendations:
32621 Recommendatizns for NRC:

Tha NRC should take steps (processss estabhahed and resources provided) to verify
infermation providad by licensees.

338622 Recommendations for Indurstng

Licenzees should be strongly encouraged to provide complete and acourate infermation on
plant operations and condilions to the HRGC

357 {4} The NRC Fallzd to Provide or Implement Lizcensing Prozess Guidance

The task group ncted that in a number of areas ralated to the licensing process, the NRC either
did not provide adequate guidance to the NRG staff, or did not implement exisling guidance.
These areas were:

: - regulatery commitment tracking,
' - industry lopizal report revisw process,
. licanse amendment review process
- documentation of the decizicn to defer shutdown
- review of the pericdic inservice Inspeclion report
- inte-face betwaen the NRG project manager and the resident inspeciors
- license renswal technical basis
- containment testing requirements

The task force consldersd some of these deficizncies to be contributing factoers to the
regulatory posture that alowed the Davis-Besse sltuation to cocur, The other deficiencies are
incidental {6 the problem and were uncovered in the course of the review condusted by the tazk
force,

3.4.7.1 Detailed Disgu=sion

Begulatory Commitment Tracking

Requiaiery commitments are docomented actions velunlarily agreed 1o by licensees that,
togethar with applicable regulatary requirements, form the lizensing basis for the plant. Many of
these commitments are provided in dockeled correspondence such as icensee event regpars

- and responses {0 generic commeunications. Regulatory commitments are refevant to the Davis
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Besse situstion because, histoiically, 2 signifizant number of commitments al Davis Besse were
refated to bodo acid corresian contrel, including measures taken to instifule a beric agid control
program in response o Generic Latter BB-05.

MREE guidance for managing icenses commitments {o NRE is contained in Office Letter-900,
"Managing Commitments made by Licensess to the NRG," and in the Project Manager
Handbook, maintalned online by the Drvdslon of Licensing Project Management. The office
lett=r references ME 90-04, "Guidelines for Managing MRS Commitment Changes" stating that
it provides acceplablie guidance for controlling regulatory commitments. The NEI guidance
diracts licensees o submit 8 periodic report to the NRG of changes 1o commitments.  Additional
WRR guidance tegarding heensee cammitments to NRC s n LIC-100, "Contrel of Licensing
Bases for Operating Reactors.” Table 4 in LIC-100, "Regulatory Comrmittnents” discusses NRC
Verification and Monitoring:

The NRC Inspechian pragram may review a regulatory commitment associated with a
partkeular izsue or technizal area. tngenseral, however, the Inspection program does not
aszess how wel licensees control ragulateny cormmiments. NRR plans 16 assess the
[icenseess’ commitment management programs and their implamentation of those
programs. This aclivily will be performed under the DLPM responsibilities for "Cther
Licensing Tasks"

The lask group noted that the NEI guide expressly deals with changes ta regulatary
cormmitments. [t does not seem to be applicabla to overall mansgement of the comimltment
fracking process nor s it necessarily applicable to all outstanding commitments  From NE|
29-04:
*The guidance apples o commiments communicaled to the NRC under the current
regulatory structure. Licensaes must decids how thay will address commitments
communicated ta the NRG prior to the promuination of the guidance document” in 1559,

The office tatter directs project managers to audit the licensee's commiltment management
program. The Handbook does nof reference the affice letter, mentich the audit requirement,
nor dogs it provide guidance for raviow or dizposition of the periodic commitment change report
submifted by licensees. NRR projezt managers contacted by the task group were not aware of
the requirement, and the most recant project managers for Davis Besse had nol conducted an
audit

FENOC letter o MRC dated Novembar 15, 2000, providad the periodic Commitment Change
Summary Report ta the NRC. [l contatned 2 items on containmend air coolers Conlainment air
coplers axhibited fraquent elogaing during plant operation, indicaling a leak in the RCS,
Commitment nos. 414438 and 007318 refaled ta CA a'r flow. The Davis-Besss project
managers did nat reeall reviswing the report

Inspection Reporl #3011, Sep. & 1993, docurmented problems discovered by the licensee In the
DB commitment management pregram. Problems documented were; the leensee's
commitment database not clearly summarizing commitments, Undocumanted Justification for
dewiations from comniitments, and chanpes made o implementation documents with sufficlent
basis. The Inspectian taam concluded that the comactive aclion plan vas suffizlent to address
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the issue. There appears to be na further KRS follow up o1 the issue,

[pdusiny Topical Reperl Review Process

NRR guidance for topical repart review is given [n LIC-500, "Pracessing Requests for Reviews
of Topical Regorts." Topical reports are technical reports an specdific safety-related subjects
submitted by industry croanizations that may be reviewed independanily of a specific licensing
review. The objective of the topical report review pracess is to improve efficiency by allowing
the staff 1o review a methodolagy ar praposal that will be used in multiple licensing actians

The guidance in LIC-500 includs eriteria far accepling 2 topical report for review. One eriterion
15 that the report is expacted to be referenced in a number of kicense amendments or other
heensing actions, LIC-500 allows exceplions 1o these critzria, but Justification must be supplisd
by the applcant. The LIC-50) guidance doas explicilly not dscuzs a process for NRE to nllate
reviews of industry reports that are not submitted. For example, the EPRI Borie Asid
Guidebook provides generic quidelines to FYWHs, but the guldebook was never reviewed by
HRG.

L1C-100, "Centra! of Licensing Bascs for Operating Reaclors" also discusses the same criteria
for staff review of lopical reports. This guidance reitarales thal toplcal reports are reviewed only
in support of licensing or enlicipated hcensing actions.

COmM-204, "Interfacing with Owners Groups, Vendors and NEL” Includes guidance on certain
submitals from vendors and owners groups. [t dlscusses sibmitala made for information only,
where a formal NRC review is not requested. 1n these cases, the goidance allows for a cursary
NRC reviaw to determine K the subnital conflicts with NRC nales, regulations or poficies. This
rzsulls of this raview do not constitula NRT asceplance ar agreemenl with the material, but
gllows the sleff lhe oppartunily to Inform the applicant of any dserepancies found.

License Amendment Heview Process

As discussed elsewhere in this repon, clogging of the cortainment air coolers and cantainment
air radiation moniter filters with comosion products wera indications of significant RCS lezkage,
The tazk qroup found 2 licanse amandrmenis relaled to lhis equipment. The first was

D-B Licanse Amendmeant number 120 issued on September 9, 1903, allowed vze of the
containment gasecus rad@tion monitaring syslern as an allemative means of detecting RCS
leakage. The SE, FEAR and TS bases were reviewed o datermine If sdequate backaground
infarrnalion was available to operators to use filter change frequency as an indicator of an RCS
integrity problem. See FSAR 5.2.4.3 for detalls of systemn operalions. TS bases were very
soant an the syslem, but referenced RG 1.45,

The sacond was License Amendment number 234 that insluded a changs for containmeant
radialion monitors (RCS keakage detection syslermns} and was [ssued on November 18, 1888,
The licensea's request contained no informaton 1o imply that there was 2 material condition
problern with the containment air rad monitors, Tho suhmittal was par of a larger request to
move some T5 eystems to the technical requirements manual and for the RGS leakags
dateclion TE 1o reflect the BAW improved technical specifications, The L4R was a
glraightforward reguest to mplemeant NRC guidance for rermoval of systemns from the TS 1o the
TEM or implementation of line-term TS improvements ta match the BEW ITS. Minimal NRR
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technical review was required.

| Althouoh rot stated in the LAR, this submittal was mada durna a penied when frequent filter

change oufs were reguired. This LAR is discussed in more defail in Saction 2.3.6,

The safety evaluation for the icense amendment was prepared by the NRG project manager for
Davis Besse and received the concurrence of managers in three technical branches (EEIR,
EMCB, SPLB). The juslification for the change made o the RCS leakags delection system
inc'uded the capability of remaining cperable systems and compensatory measures to detact
RCS leakage when one o the required sysferms became inoperahle. The Safety Evaluation

alsa considered thal the change was eonsistent with NUREG-1430, "Standacd Technical
Bpecificalions - Babeack and Whlcox Plants." Thers was ne discusson in lhe Staff's evaluation
of the current state of the systemn or its operating environment.

The task grotp found that the SER conformed with the guidance in LIC-101, License
Amendment Review Pracedures.™ The Office [nstruction does direct the project manager to
soleit input from resident inspectors to verly informalion by the ligensze. However, judging the
ardinary hature of the information in the LAR, the staff would not have seen a need tc check
wilh the resident staff,

Documentation of the Decision to Defer Shutdown

The basiz for the NRC decision to allew Davis Besse to delay shutdown past Dacember. 2001
was not well docurnentad. The December 4, 2001, letter from the NRE to FENQC altawed
p'ant operation past December 2001 based on information submitted by FENOC in November
2001, Howsaver, the letter does not provide the basis for the skaff declslan in sofficlznt detail to
determine what evaluationfverification was conducted by the staff.

The December 4 letter contrasts with the detailed hasis provided in the proposad ordar to
shutdown Davis Besse and DC cook (a Novernber 11, 2001 memo to the Commission
forwarded the propased orders for information). The proposed order cited inspeclion results at
facililies with similar susceptibilify ratings a5 Davis Besse and large uncerlainbies in the cracking
mechanism and extent of eracking at the plants. Staff assumed that RCPBs could ke
campromlsed at the plants, and therefore required shitdown.

The [ack of suffislant Beckground 1o the decision in the December 4, 2001, could lead the pubic
to guestion the molvallon for the slaffs declsion and the useluiness of rsk-infoermed requlation.
Risk infarmed regulatlan of NPPs Includes declsions an allocalion of inspections, assessment
of the siynificance of coccutrences (S0F}, and assessment of 1he severty of vislalions (SDF).

Based on several interviews of NRC slaff conducied by the task group, it appears that risk
models do not appropriately account for degradation of passive compenents. Some stalf
expressed the opinion that the NRC has become risk-based a5 opposed to risk-informed, That
lssues cannot be pursusd without having z sisk number aftached to them, and thal detemministic
salety requiremeants have been discounted,

Review of tha Panodic Inzervice Inspection Repor
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15! Summary report for 0-B daled August 22, 2006, provided the results of the 151 aclivities
related to the 120 gyele and 12RFO. P. 20 of the report lists COR oz o clnsure head wetd
visual inspection results for CRD This indicatas that anly periphemal CRDM nozzles were
inspected

Licenses submit |51 surmmary reports o the NRC a5 recuired by ASME cods, however, NRC
rarely reviews the information D-B submitted en 151 summary report {see OBF-13) that was not
reviewed by HRC staff,

DE, Ted Sullivan, explained in an email response thet MRT rarsly reviews the reparts:

"Ken answered your question with respect to the steam generator inspecfion summary reparts,
which are required by TS rather than by ASME Code reguirements. Tha ASME Code, Saction
Xl requires that |81 semmary reporls be submitted ta the regulatery agency (MRCY. The agency
toes receive these reports. EMOCB does not do any formal review of these reports.
Occasionally they are glancad st but this s rere. Many years agn in the enurse of eonbractor
reviews of the 15] relief requesls, the contractar would lboak al these repords (3 see I they could
find any code reliefs that were buried In the 151 reports. Cceasionally one was found and
pointad out to the licanses that this was not an appropriale vehkicle for code relief and thata
refief request was needed. The conlrectars no Isnger pefarm thiz type of review and haven'i
for some bime.

We at NRR do nct see a value in having these reports sent ko headguarters. Wifith respecliio
whether or nol Lhe regions look at thess reparts, you would have to contacl seme of the
inspectors or seclion chiefs there. | doubd that they [ook 2t them bed | am not ceetain®

Interfaco Batween the NRC Project Manager and the Resldent Inspectors

Project Manager Handbeok section 2.4, guidance on interactions with licensee includes specific
guidance on respenses ta licensess concerning generic communlzations, intzractions with
residenl inspactors, and visils 1o the sile.

FM Handbook Section Z.4.1, interactions with the Licensee designates the PM with the
responsibillty of providing responses to Gos. Halso discussas GS fallow up by PR

"there are some cases whare the sfaff intentionally does not parform a detailed review in
response to certain Bullsting, Generic Lettars, elz. For these issues, the staff most
ensure that the requested actions are adequately addressed by the licensee. The PMW
eubsequently sends the lizensee an acknowledgment lelter, with 8 caveat stating that
the licensee's respanse may be subject to fidurs inspection of auditing. Inthese cases,
a large part of the staff's basis for the eeknowledgment closeout letier Is the future
inspection of &l placts (ora sample of ptants).

The Project manager handbook, Section 2.4.2, Interactions with the Regiona Office, cantaing
guidance on interactions with the residanl inspector, including recommended freguent trips to
the site.

"The PM and the resident inspector (RI} for an Sperating reactor shane the respensibility
for asses5ing sale operation of their assigned nuclear power plant. Therefore, the PM
and Rl must develop and mantain 2 streng and effective werking relationship.”
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Chgervalion, It's difficult to eslablish 2 strong working relationship when project managers
turnover at 2 high rate,

Commitrhication with the RO thraugh the R and the appropriale projects branch [ the
RO should be estahlished and maintained. The PM should amrange to visit the R| at the
site perivdically to become betler acquainied with the plant, its systems and special
features, and its staff in azsoclalion with the Rl To the maxdmum extent possible, these
vicits should also ke vsed to perform field ohzervations and varfications of licensing
matters tnder review by tha PM. I is important bo demanstrale a unity of purpose
belween the PM and the Rl in carrying out their respective responsibifities, Site visits
shoutld b srtanged consistant with the work schedule of the PM and R, Such visils
shotld be made at least quarterly, and more frequently when issues warrant, However,
Ihe exact fraquency and durahion of these visits should be determined between the P
and his or her management.

It is of paramount mportance that tha FM and Rl thaoroughly understand each others
funet:ons and remain knowledgeahle of currend issues in which each is involeed. To
achieve this understanding, the PM shou'd use lelephone calls and accompany the Rl or
oiher region-based specialists in condusting porions of hspections during the PMs site
visits [see Secbon 5.1.7, Parlicipation in Regicnal Inspections), and 1o baeome familiar
with the plant.

Sevaral interviews indicated that PM trips o sites ocour infrequently or not at all.
iran achnica| Bagis

License renewals rely an plant aging management pragrams.
Each liensee’s GL 88-05 prograc: is part of basis for license renewal. Boric scid comasion is
atcounted for in nuclear power reaclor license renewals.,

NPF licenses are renewed under 10 CFR. Fart 54. Licensee aging maragement progranis are
reviewsad as pait of the license renawal process. The guiding document is NUREG 1801,
Ceneriz Aging Lessons Leamed (GALL) Report

GALL repart Section X1.M10, Boric Acid Comosion (p X1 M-38], evaluates the adequacy of GL
8805 as a means o address this issue In the conlext of plan! aging management  Staff has
found these programs soceptable.

In an intetview, P T Kua, chief of the license renewal branch, stated that the staff's finding of
adequacy iz limited to 1ha licenses's program, but that licensee implementation of those
programs s putside his area of responsibility. He alse stated that his siaff plans to update the
GALL report to reflect 1he leszons leamed form Davis Besse, WRR should ensura that the
GALL report and licenss renawal review practices are updzated to refiect lnssons leamed from
the Davis Besse event,

Conlalnment Tesling Requirements

s
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WRC staff did nat know if the Davis Besso containment retest should be an ILRT ora LLRT.
Although sevaral containments have bean retested following SG replacements, the staff had
nof previously considared the issue because 55 replacement 5 are eonducted under the 50.59
process.

3.3.¥.2 Recommendations
3.3.7.2.1 Recommendaiions for NRC

. The MR gtaff and indusiry should review the risk-infarmed regulatory frmamework,
clearly define which activities should be addressed by risk-informed methods and which
ahould be addressed by deterministle mathods, and establish means o evaluale the
significance of deterministic activitiss,

. NRC needs ko review industry quidance documents to understand whal guidance is
being pravidad la lieensees and t2 select 2afaty significant topics 1o review in detall to
assess the quality of the guldanee,

- Reviewimplement guidance on NRC management and profecl manager visils to shes.
Ieipl2rment guidance in the PM handbook for site visits and PM coordination with
Residenl inspectore,

. HRR needs lo ensure Implemenlation of comenilment evaluationfclosure. |mplement
LIC-500, "Commilment Managament Process"

. Update guidance and pravide tralning to project managers. Consider the usefulness of
periadie repart made by liceazzes K revized guidanee will not direct staff review of the
informatian, Determine if 131 stmmary reports subrmited by hcensees should he
reviewed,

. NEC shoukd thoreughly document tha bagis for aceepting a devialion from guidance.
Clear criteria for daviating from NRGC guidancs should be established Assess the use of
risk mathods and integration of resulls into decision-making refaterd to shork-notice
lizensing asfions.

. Guidance is nesded to ensure indepandent verification of infommation related 1o
gignificant licensing decizions.

3.2.7.2.2 Recornmendations far Industry
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2.4  {red) The NRC and Industry Failed to Establish Adequate Requirements and
Guldance for Addressing Alloy 00 Nozzla Cracking and Boric Acid Corresion of
Carbon Steel Components

The 1ask group found that a root cause of the candtion af Davis Besse was that neither the
WRC nerindustny estshiished adequate requirements and guidance for addressing Alloy GO0
nozzle cracking and boric acid corrosfon of earbon steel components  The ta=k group
detetmined that:

- The NRG failed to provido adaguate requirements for the inspection of RGS
components for leakage and degradalion fram boric acid accumulalion.

- The HREC failed to provide adaquats guidance to NRC staff 1o effectively implement the
reacter oversighl process

- The industry failed 1o provide adequate requirements for delacting and correcting Aloy
E00 nozzle cracking and corresian from baric acid accumulation,

. The: NREC failad to provide adequats procedures and guidance far detecling and

carrecting Alloy 500 nozzle cracking and comosion from boric acid accumulalion,

The fagk grovp made the following recommendations to address the deficienciss in this area;

341 (d) The NRC Failed 1o Frovide Adegquate Requiraments
3.4.1.1 Detailed Discussion

The LLTF reviewed spplicable requlatory requirements, ncleding Sedlion X of the American
Soctety of Mechanical Engineers (ASME) Boller and Pressure Vessel Code, 10 CFR. Parl
50,553, and Davig-Besse technicsl specificalions. The team fotnd that this body of
requirements did not contain sufficient requirements to direct the licensee 16 idanlify and
rezolve coolant leakage from the reactor veszel head. Additionally, the MRS had not
consisienily enforced violations resulling from pressure boundary leakage, nor had the staff
effectively maintained corpomate knowledge of enforcement regard:ng vessel head comasion in
18B7. In conduching ils review, Llhe LLTF found tneonsislent levels of understanding of the
scope and Bpplicebllity of Code requirements among stalf and management respansible for
nuclear power plant oversighl.

ASME

Raquiremenis 2re contained in 10 CFR 20.55a and plant technical specifications at

section 4.0.4. Both of these reference Section X1 of the Amencan Sccisty of Mechanical
Engingers {ASME) Botler and Pressure Yesss! Code, Davis-Begss was commiitad to the
in-sarvice inspection requirements of the 1988 edition of the code from September 21, 1990,
through September 20, Z2000; since then, the licensea has hean committed to the 1585 Edition
through the 1896 Addenda.
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Per the requirements of Table WB-2500-1 of Section X, and the licenses’s 151 plan, the
lizenses is reguired to canduct an RCS leakage test al nominal eperating pressute prior ko plant
startup follewing each reactor refusling outage. WA 5241 requires a direct visual examinaton,
known as a VT-2, of the accessible external exposed surfaces of pressure retzining
compansnts for evidence of leakage from non-insulated components. Regarding insulated
companents {at Davis-Besze, the RPY haad), IWA-5242 states that VT-2 may be conducted
without remaang hsutation by examiniag the accessible and exposed surfaze and joints of the
insulation, When doing stch examinations, the surrstnding area shall be examined far
evidenze of leakage. Dizcofaration or restdue on surfaces examined shall be given padleular
attertion to datect evidence of boric acid accumulations from borated reactor coglant leakage,
Corrective measures ane specified in artizle IWA-E250, whizh requires leakage sources of bonc
acid residues, and areas of general corrosion, to be located. IWA-S250(b) also requires that
sompanants with areas of general correslon that redece the wall Ihickness by more than 10%
shall be evaluated to determine whether the compenent may be acceptable for conlinued
service, or whether repair ar replacemant is required.

The code does not reguire volumatric NOE of vessel head nozzles a5 a meaans to idenlify and
characterize cracks in thoze nozzles.

In Septemier 2001 [roughly concument with the review of licensee responses to Bulletin
2001-01), NRG staff members who serve an ASKE code commitless wrote to ASME and
propased that the inspection requirements be changed o WT-2 examination of 100% of the
reactor vessel head surdace or under the head MDE capahle of detecting and sizing eracking.

The Code reguizements for mechanical joints (e.q., GRDM {langes at Davis-Basse) in the RCS
differ from those for welded joints, Pravided that the licenses perfforms an assessment of any
leakage frem mechanical joints, and the leakage volume is within technical specificatian mits, it
12 permilaslble for plants to start up fram refusling oufages with known leakage from mechanical
joints. The LLTF found that the leensee's practice of cperating with known CRDM flange leaks
helped to mask the VHE leakags.

Ag dizeussed in othar aeetions of this report, there have baen several cases of through-wall
crecking of CROM nozzles. In fact, the licensee for Arkansas Nuclear Qne has informed the
Comimlaslon that a through wal crack on 8 CROM is a statistical certainty.  In the case of
Davis-Basse, the LLTF determined that the [azk of a requiremant in the ASME code to remove
the vessel head insulation during systemn pressure tests conbibuted o the missed apporiunilies
for early idenlificalion of nozzle leakage and resulting corrosion of the vessel head. Also, the
failure 1o eonduct pariodic volumetric NDE on the nozzles prevented the licensee fram detactlng
wracks before they progressad to the poinl of leakage.

Flant technical specifications typically prohitdt aperation wilh known pressure boundary
leakage. Theraforg, ralying on boric acid residues 1o show that through wall nee=zle [2akage has
accurred i & lagging Indicator. Ik cases where pressure boundary leakage has oceurred, the
MRC's regponses have bean inconsistent over the years, Based on staff Interviews and
document reviews, the LLTF found & range of agency responses, from no actian taken in the
case of Arkansas Mudlear One, to the granting of enforcement discration in the cases of VC
Summer and Ocones, 1o taking enfercement aetion against Palisades. Several factors
contribuled to this phenomenaon, including intemal communications, the inlroduction of the
ROP, end changes in the enforcement policy. As of the preparation of this report. the NRC's

2




Gffice of Enforcement was warking with NRE to develop @ uniform policy for dealing with
pressure boundary leakage.

Exacerbating the [ssue is the restment of pressure boundary integrity within the framewaork, of
nsk-informed reguiation. The LLTF found that the pedomance and degradation of passhe
camponents has not been explicitly accounted for i1 PRAs, and may even be outside the
technical scope ef PRAs. This factor has ted to difficulty among regionel, NRR, and OF staffs
in characterizing the significance of, and responding accordingly to, instances of préssure
houndary leakage.

Fareign Requirementz{EPRI BAC Guide Book?)

NRER accepted inadequale inspechion requirements (ASME -Visual insp.} of Reactor Vessel
heads knowing the foreign expetienos and the existence of the Ooonee sircurnferential
cracking_

NRC Bulletins 2001-01 aad 2002-02 continueg to rely on the susceptbilty madel for gaging the

level of Inspeclion.  The vessel head penstration susceptbiity modef s net a reasonable basis
in Iighl of the French dats on crecking / indicafions. The lack of explicit language to remove the
ingulation for vigual inspectian ralses questions on the banefits gained thraugh ASME required

inspections,

The Davis Besse corrosion oauld have been starling within the lhickness of the reactor vessal,
and therelore leaving no vistal boron deposits an the sutet surface unkil the hickness has bean
fully coraded away. Valumetrle hepaction is the only method 1o datest sueh degradatian in the
beginning cf a cycle. BAG Guidebook exparimeantal results? 7?7

Regulatory Requlrements/Safety Focus

EA 97-414 Invelving Incans| Alloy S0 RCS instument nozzle cracking ab SONGS 2 and 3 cited
the Maintenance Rule {10 CFR 50,65) becausa of a lack of slaff suppart to cite against the
licenses's Technica] Specificatian for reastor coclant pressure boundary leakage. The viglation
was cited at a Severity Level IV because there was a lack of unanimity as to whether the
viglation should have bean cited as 2 Savarily Lewvel 1l vialalicn. During the PEC, the lcensee
presented infommation in which they assered that the NRC and Industry have reconnized Lhat
leakages due to PWSCC are not an immediate safety concerm bacause the staff believes that
catastrophic failure of a penetmation is extremely unlikely. tnreference to the Technical
Specificalion reguirement proscribing pressure boundary leakage, the lizensee guoted frem
NUMARC £3-01, B.3.1, which glates: "Enlry Into & Technical Specification Limiting Sondition for
Operaton, although important, is not necessarily risk signifizant.”

The entire: licenses argument was focused on the nozzle ejection stemming from catastrophic
failure rather fhan from borke acid wastags.

Tha ﬁrupnrsed order to shuldown Davis Basge by Desernber 31, 2001, citzd inspection results
al facilities with similar susceptibility ratings as D-B and large uncartainties in the cracking
mechanizm and extent of cracking at the plants. The NRC staff assumed thet RCPBs could be
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compromised at D-B and DT Cook, therefcre the December 31, 2001, shutdown was lo be
required.

It also characlerized the Qeones clreurmnferential cracking as "potentially nsk-significant
condition” that could result in gross RCPE failure and LOCA. The proposed order explzined
That inspeching for leakage was not suficlent to detect extent of nozzle damage. |t clearly
stated thaf VT-2 methods do nat provide reasanable assurance that leskage from though-wall
flzw would be detected. The proposed order also highlighted other sharteotnings of the ASME
code inspeciion reguiremenls: no msclation removal, NBE not reguired, head clearhiness nat
addressed.

The proposed order gave the basis for estabiching the ehutdown date of 12/21/2007: need 1o
get additional information, time to perform mspections, and make needed repairs. Near {erm
inspeciions required due to damage daleckad in olhar plants and uncertaintiesfanabilly in
plant suscaptibilites. "Operation of fazilities cansitdersd to be highly suscepfible to thiz cracking
phenomencn beyond Becember 31, 2001, is unacceptable unless the recommended
inspectiians to identify this potentialy hazardous condition are compreted end found acceptabla
by the stalf." However, the proposed ordar atlampted 1o pravide, in part, a nsk-based argurnent
for Ihe unacceptabilly of operation past Decermber 31, The staff cited BRW design-specifle
infoermation, O-B TS3/4M/6 for pressure houndary [oakage and applied risk-informed decizion
criteria in RG 1172, small in crease in COF, basis for licenses’s risk estmate could not be
verified wilhout inspechon,

The staff inked SDC 14, 30, 32, but these ware not to be The central focus of the shutdown
requirement,

3412 Hecommendatians
J4.1.21 Recommendafions for NRC

. The NRG siaff should move o have the ASME Code requirements for fnspoctions of
reaclor vessel heads, including nezzle penelrations, strengthened {NER)

. Reassess cantalament leak rals [imit (1 apm) from RCS
+ Establish clear enfaorcement polizy for RCS leakage
. Sheuld nat grant anforecmaont diseret’on for nozzle cracking

34122 Recommendations for Industry

. The industry should work with the NRC 1o strengfhen the ASKME Code requirements for
inspections of reactor vessel heads, incloding nozzle penetrations
. Consider adopting the French WHP inspection program that accounts for length of cycle,

depth of indications cbeerved, and requiring 2 types of volumatrc inspections 1o
avercome the weakness of the visual inspection,

* The etaff and industry should consider revising ASME code o require that class 1 bolted
connections shaw no leakage at the syslem pressure test following refualing outages.

4
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3.4.2 (ep) The NRC Failed to Provide Adequate Reaslor Oversight Process Guidance
3.4.2.1 Detailed Discussion

The NRG reactor oversight program is structure o use & risk-informed approach o assgssing
safety performance. The Davis-Besse sitvation has demonrstrated weaknosscs in the
application of the risk-informed appreach b aversight and that additional guidance may be
needed to ensure that the program Iz effectively impkemented

Rigk-Infarmed approach

The LLTF found that the staff was having difficulty charactatizing the significance of the
avis-Basse event. This dificully sppeared to stem from technical limitations of sk
assessments and S0Ps in that pressure boundary integrity does not appear to be freated
explcitly in PRAs. As a result, the fype and extent of wastage of the RCS pressure houndary
gnepuntered &t Davis-Besse appearad to be more within the scope of tradilional determinislic
analyses than in a rizk-informed framewerk, In fact, as of the lime of the LLTF review, the SOF
for this evant had been in progress for & monlhs, with no resclution. Members of the NRC staff
expreszed the opinicn that, in the transition to the RGP, the agency has pleced an over-refiance
on risk information as oppossd 10 daterministic melhods.,

Inspactor Perceplicns

& [ack of expanence, coupled with the stuctured pature of the RGP program, and several
avents during 1993, may have led the inspectors ko focus on issues and inspection iterns that
thoy dotemmined to ke of greater significance than the symptoms that DB was experiencing.

The following are obsenations from task oroup nterviews with the NRC Reabldent Inapectors:

Cne Rl was not aware of reactor head borie azid izsues, but PCAG 88-075T was Initiated on
4f25/98 which stated that bonc acid was on the reactor head, several fist sized elumps and a
light dusting of borle acld found. However, several lssues were demanding ks attention in
1848,

One Rl appeared to be highly focused on managing the ROP effort  Monitored both bassling
hours and number of activities. Didnt foflow up during 12RFO to review licensee activities with
the head (trusted, but didn't vetify) because he thought iesnsee was pursuing Lhe idenlificalion
of ihe |zak (false sense of security from RC2 saue). Resident tralning duting en outege
suffered dus to the foous on ROP implementation and the large number of acliilies that
neaded o be followed Bl was aware of 1998 CR in T2RFQ whizh identilied boric scid an the
head, but was not surprised to hear il because of the previous problems with CRDW flange
leakags. One Rl had limited containment inspection experience.. Davis Besse is the only
containrrent he toured.

One Rl had lmited experence, and was not qualified as inspector until after 2000 refueling
aulage, Davis Besse was the only containment he toured, The Bl conveyed that many things
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could not be done because RGP wouldn't allow it. Maore experiance may have allowed him to
recognize the significance of some items such that they could be folded Inta the ROP. He had
never clased & power reackar apan item. Feltthe ROP limited his ability to spentd much ime in
containmeant

Inspaction PFrogram

The task graup foeund that the Inspection pragram did nat maintain adequabe aversight af the
boric acid control program at Davis Besse. A significant contributing factor was that the
inspection procedure resulting from Ganeric Lefter BB-05 was not fully mplemented as
ntended Tho final draft of Tnepestion Procedure 6200 was fornwarded by Materials and
Chemizal Engineering Branch (MCEB), to the Inspection 8nd Licensing Program Branch, MRR,
cn Apnl 28, 1991, for issuznce, Section -4 {inspection Resources) stated that {ha prozedure
should be performed onee every other refueling outage and will reguine approximately 8
hours of direct Inzpeclar affart.

The version of IP 82001 issued by ILPB on August 1, 1991, deleled the regquirament that the
procecure be performed everny ather refueling outane,

The sover memoa fram MCER 1o |PLB also staled that based on comments from 1he regions, 1he
number af BIE hours In the draft 1P showld be changed frome B 1o 16, This recommendation
was by MCER was not ncorparated. The issued IP remained at 8 hours.

The MCEB cover mempo stated that MCEB, “recommended that the procedure be incorpomated
into the inspection pragram as & separate, stand alone procedure, rather than indude it in the
core of the exlsting procedures.”

The 1ask group also found no evidence that Inspeclion procedure 2001 was used at Davis
Besse. The lask group did find examples of its use in other regions. For example,

RIV conducted 52001 Inspections. Beference AND report 22-23, whizh documentod a | -week
inspeclion of BACC program at ANO for follow up of (5L BE-0E per P £2001.

wnesrrrerdoalle Input begins

The LLTF concluded {hat the HRC failed ta provide =2dequate reactor oversight guidance
follawing the evaluation of ninmerous light-water reactar inspection program decuments, and the
parfonmance of interviews with NRC parsonnel directly involved in the inspection and owersight
of Davis-Hesse.

NRC tnspection proceduras were not consistently maintained and implemented at aach
operating faclity, Inspectlan pracedurs 62001, Boric Acid Corrosion Prevention Prcgram, was
issusg August 1, 1981, and subsequently canceled on Janwary 17, 2001, This inspection
procedire ensured that the lieenses had & program In place to assess leakage from systems
containing bariz acid. The inspection resources seclion of procedure 62007 staled thal
implementation would require 6 hours of direct inspection efforl; however, the LLTF did not
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identify any inspection peformed at Davis-Besse vsing inspection procedure 2001, In
sddtion, some stef’ members Indicated that they fzit that there were not enough hours
allocaled to complete boric acid program inspections

ROF Manual Chapter Attachment 71111.20, Refueling and Other Qutage Activitias, deas not
spaciflically require nor recommend a contalhment structers elaseout inspeclion This
han-reuting inspeston wauld be perfarmed as an added companent of Manual Chapter 25135,
Appendix [ Plant Status, under the Plant Tours section, increasing e numker of haurs
expended for implementation of Plant Status, & non-direct inspection effort, while nof reducing
the burden cf the addiionally required 70-100 hours of 71111.20 outage inszechion thal impacts
the reaident staff during a acheduled refueling autage. The LLTF cancluded that the
implementation of the ROP hours and sampls sfzes, durng high activity trmes, may be a
challenge with mited resources.

Review of Manual Chapler 2515, Appendix D, Plant Status, evidenced & lack of specific
guidance on the level of detsilad review expected far the currective action decuments roulinaly
intiated by the licenses, A senior resident inspector assigned to Davis-Besse Indeatsd In an
inferview that he was not aware of reactor head boric acid issuss; however, a spetifie
Davis-Besse comective action document (PCAC 93-0787), which descrihed several fist-sized
clumps of boarie acid on the head, was writlen during his tznure. The LLTF concluded that the
daily s=nlar resident nspector focus on the licensea's corrective achon program was nat
adegirate to ensure that this significant plant Iseve was idenlified for review by the inspection
prograrm,

Litmited experisnce, coupled with the structured nature of the Reactar Ovarsight Pragram
{ROPF), and several Davis.Besse events during 1958, may have led 1he inspectars to focus on
iszues and inspechon iterms that they determinad to b of greater significanse than the reactar
coglant system leakane symptoms that Davis-Beasze was experencing. Interviews indicated
that a gignificant focus was placed on managing the ROP effort at lhe site. The inspectors
; used gsell-developed programs o monftar both baseline hours a&nd the number of activitizs
| sampled. During the 2000 eulage, the resident inspactor was not yet qualified 1o perform
independant Inspecions; the senlcr realdent inspector indicaled that the training of his resident
inspactor suffered dus to his focus on ROP mmplamentztion and the large number of aclivities
that nesded to be fallowed. One of the Inspectors canveyed that many things could not be
done becausa the ROP wauld not sllow it. The LLTF concluded that more expardence may
have allowed the inspectors to recognlze the significance of some tems such that they could be
folded into the ROP for mepection and keep implementatian of the ROP during the outage from
becoming a distrackion,

Oine of tha inspactors conveyed that the ROF limiled his eblity 12 spend much time in
containmeant, For two of the interviewed resident inspectors, Davis-Besse was the only reactor
conbainment strieture that they had experiencs inspesting, The LLTF considerad their lack of
breadth of experience in this area o be a dedriment to their ability to make an experiente-based
judgement, or comparizon, of the equipment condition in the Davis-Eesse reaclor containment.

Risk information may be mizapplied 1n various activities. Risk informed regulation of NRC
licenzed commercial nuchar fasilities includes decisians on allocation of inspections,
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essessment of the risk significance of occumrences, and the assessmiant of the severity of
regulatory viclations. Eased on inteniews with the staff, the LLTF was cancerned that risk
modals do not appropriataly account for degradation of passive companents. Some of tha staff
percetved that the NRC has bacome risk-based as opposed to nsk-informed, that [zstes cannat
be pursued without having a risk numier altached to them, and that deterministic satety
reguitetnents have baen discounted.

The LLTF found that the staff was having difficutty characterizing the signlficance of the Davis-
Besse evont, This difficully appeared to slem from lechnical Imitatizns of risk assessments
end S0P3 in that prassure boundary integrity does not appear to be treated explicitly In PRAS.
Asg = resuft, the fype and extent of wastage of the RCS pressure boundary encounterad at
Dagviz-Besse appagred to be more within fhe scape of tradéional deterministic anafyses than in
a risk-informed framework. 1n fack, &= of the time of the LLTF review, the SDP for this event
kad bean in progress for & months, with no resclution, Membhers of the NRT siaff expressed
the opinion that, in the transition o the ROP, the agency has placed an over-relance on risk
infarmation as opposed 1o deterministic methods

The structure of the reactor oversight process (ROP) doesn't llew the implemeniation of
non-baseline inspections unless & grealer than green finding is identified. Priprie this event, &l
ROP Performance Indizators ware green, Indicating a lack of risk-significant issues at
Davis-Besse. Eollowing the event, the NRC staff has taken several months to characterize the
signifizance delermination process (SDP) risk significance of this Davis-Besse condition,
Subseguent to the identification of the Davis-Oasse head degradation, Region 1[| invoked
Manual Chapter 0350, Oversight of Operating Reactor Facililies in a Shutdown Condilion with
Peformance Problems, wilhoul meefing the prerequicites of the procedure. Specifically,
Davis-Bessa perfonmance was not dagraded inta the multpleftepetitive dagradad comerstone,
or the unacceptable petformance columins of the action matrix. The LLTF concluded that
timeliness of complzation of risk assessmants and the procedural inabllity to conaider a
significanl issue independent of the recent plant risk histery, provided an enviranment such that
this issue could be viswed as significant from a deterministic perspective, yet stafl would have
limited procedural guidanece for further MRC action.

NRC enforcerment focus was shifted by the: tisk-impact of the izsue and enforcemant actions
were not implemented consistently dus to difering =taff views. Enfarcernent (EA D7-41+)was
issuad cliting the Maintenance Rule {10 CFR 50.65) involving Incone! Allcy 608 RCS instrumeant
nczzle cracking at SONGS 2 and 3 due to a lack of atalf support for enforcement against the
licensee’s Technical Specification for reacter coolant prassure boundary leakage, Inaddition,
the stalf issued he citation as 2 Severity Level iV, veraus a Severlty Level 111 when tho staff
could nat eame o full agreement. The licenses preseniad an argument that was focused on
nozzle gjactian stemming frem catastrophic failure rather than frem borle scld wastage.

Lecsons learmed weren't fearmed from previous fessons learmed reviews (Miflatane, IP2,
South Texas).

PIER? Mo OBF..Bobh?




Flociie Staretos - 3-4.wed

Operating Experience guidance? Gesy

Barrier Integrify?

3.4.2 2 Recommendations

342241 Recommendations for NRC

. MR.C should conduct more inspections on passiva companents

. Consider allewing open items for follow up inspections in ROP

. intiate GO-specifiz inspacton procedures and incarpaczte GG references Tn Ips

. Assess ROP to allow inspections of items not on list

. Focus more inspection resources on oultage perigds

. Incamorate guidance for threshold of ssnsitivity to RS leakage

* Review inspeclion guidance for cutages with attention toward time In contzinment

. Establish basis for using delerministic SOF crileria {e.g., barrier integoty comearstane?)
* Revise ahd implemeant IP 62001

. SEE RECOMMENDATIONSE LIST FOR OTHERS

. Review the risk-infermed regufatory framewark, clearly define which activities should ba
addressed by risk-infermead methods and which should be sddreased ba addressed by
determiinistic methods, and establish 8 means to evaluate the deterministic methods.

. Re-avaluation of the implementation af the ROF hours, sample sizas, and resources
during high aclivity limes s necessary.

. Censiderabon should be given to proceduralizing "good practlzes™ sueh as eontainment
building towrs.
. improvements to the RGP are necessary to minimize the epporunity far recemence of

this type of issue. Some reeommendations provided for consideration are as follows:

- Reactivation of procedures 90700 and 62001,
- Develop guidance for inspection of changing work szope;
- Evaluate RGP guidance to allow samples of lower nek systemsicomponants;
- Inspectian of cantainment components when a¢eessibla;
- Inspection guidance for head inspections {i.e. SG guidance);
- Ravislt the policy of not aggregating risk issuesfsubparts,
" = Use of traditional enforcement for cross-cutting (ssues,
- Assess feasibility of predwtive Pls and inspections:
- Consider risk of repetitive LCO entries and develop inspection guidance,
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- Imprave ROF quidance to encaurage inspectioh of temporary mods, workarounds, ete
inat may not appear an licensee 515,

- Develop inspection guidance for review of defermed mads, made restraints during
autages, and mepaction of plant hardware for age-related degradation;

- Develop inspection guidance 10 foous on repebtive mulbple tasks for significance (i e
CAC cleaningfALARAY;

- Develop inspection guidanee for residant inspector samples of Icensing requests o
undarstand the basis and provide necessary fzedback to the project manager;

- All eited NCWs shoufd be reviewed during the PIER bignnial nspection
- Inspection guldance to sample £l electronic media (videos, ete) ;

- Develop quidance for threshold of sensltivity 1o RCS leskage, absslate value and
trend changes;

Davelap guldanes to Inspect commitments and elesure actlans;

. # PI&R guidance should be strengthened: Handoff of issues to the PI&R team;
Selection of =sues; Review of [ic binning;

r #Ath aging plants, do maoro inspection houra on passive components

. #Develop NRC criteria for inspechion of indusiny initiatives. Provide inspection guidanss
to address selected industry operational experience, Initiate Go-spectic ins pactinn
procedures. Incorporate GG references in inspection procedures

. #Discussian threshold for md-cycletend of cysle review assessment

J # Evaluate barmier integriy cormerstaone inspaation to dedemnine if improvements are
needed. Develop usable barrier integrity performance indicalors

¥ # Shoufd have ndapendent identification reviewad as part of prablems as part of PIEH
inspections
. # Dz more inside containment ingpections as part of License Renawa’s

34222 Recommendations for Industry

Mone.

MNOTE: # recommendations are not supported with facts in the documentation partion...
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] 342 [p} The Industry Failed {0 Provide Adequate Guidance for Detecting and Correcting
1 Allay 600 Nozzle Crazking and Boric Acid Corrosion

3.4.3.1 Detailed Distusalon

The industry effort to address bone acld corrozion control provided general guidelings to
licenzsers to establish their pregrams that was based on conducting 2 few explaraiony tests o
gage the potential for damane dus to bosie acid corosion. Howevar, the extrapalation of the
test results and the underlying message may have dz-amphasized plant vulnerability to 2
gignlficant mede of comosive attack.

The Elecirical Power Research Insfitute [EPRI} and Nuclear Maintenanece Application Center
{HMAC) [olned to provide assistance to the utilties in addressing the requirements of Generic
lettor 88-05, "Baric Asid Corroston of Carbon Steel Reactor Pressure Boundary Compeonents In
FWR planis.” izzued In March 1868, The EPRI "Baric Acid Carmosion {BAL) Guide Book,"
issued in April 18995 was the product of this joint effort. A subsaquent rewsion to the Guide
Back was izsued in November 2001, Its objeciive was to provide a single source of
comprehanslve Infermation ko heln uliiities address plan: baric azld controf and general lezkape
reduction jgeues.

In the initial edition of the kask | Seclion 6 2 addresses datecting leakage during operalion. The
Containment &ir Fariculate Monitor was identif.ed to hawve the capability ko monitar 0.1 gpm
a53uming rorma! primary system activity and no failed fuel, The containment Air Coolar
Candensate Monitors were referred b s another system capakble of providing elear, sensitive
inforrmation. Continwed clogging of eontalnment alr coolers and the ecntainmant manitor filter
clonging were important indications of RCS leakage. This condition prevailed even after 12RFO
when CROM flange legkane was addressed through repairs.

The BAL Guids book draws 2 conclusion {Section §.3.3 in Revision 1 and 8.1.2 in Revision 0)
that " It 1 hypothesized that, under certain condiions, beri acid deposits on the vessel head
actually protect the surface from cortosion by keeping the water away from the surface, ... If
the lzakage rate i5 low and its source is above the Boric Acid deposits, heat transfer through
the deposits will evaparate the incoming water and thereby keap the surface dry. On the other
tand, [f the lzakage rate iz high or if the source Is kaeated within the boric acid deposits, the
deposils will be wetted, leading 1o high corroslen rales at the vessel head, " The |ast sentence
clearly explains what may have happenad al Davis Besse. However, the iltustration of this
probler is given to a sketch with 2 moun! of barie acld deposits building up from a2 flat surface
a3 result of dripplng boric acid from the top. Reaclar Vesset head penetration cracking was a
well known prablem for more than two decades and the Industry should have analyzed the
worst case sceharlos 85 il ralates to reactar vassel head.

The BAC Gulde Book Revision 1 Section 4.7 dscusses the various fests pedfarmed by EPR]
and CE . The CE tesis were performed with  nozzle polnted downwards contrary to the planl
application, The EPRI tests had the nozzles mounked upwards and the tests demonstrated that
the maximum camosisn depth 5 near tha point where the borated water is injected inlo the
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annulus, The assessment furthor states that " Comasion cecurring at this location woutd
not be seen durlng the visual nspection of the vessel surface,.although borc azid deposits
on the metal suface would indicate that there has been aleak. " This corrosion rate was
experimented further to understand worst case ecenarios. The surface dapesits and ils guantity
wauld dapend on the rate of [eekage and the rate of carreslon. Leaving rusty deposits an the
suriace while cormosich conlinues in the Inner fayars appear to be a clear possibility.  ARter
having [dentified this eritical wwinerablily and recognizing the wide range of corrosion rate, the
industry remained contented with a vizual inzpoetion thal did nat require the emowval of the
Wessel head insulation.

NUMARC position on CROM VHP cracking was discussed in the Jung 16, 1993, Istlar to NRE,

Tha lefler forwarded the PWER O safely assessments of YH penetration cracking, Repors
concluded thal cracking was not an immediate safely cencern. NUMARC added thatif a
through-wall crack would oceur, the BA deposition expected would be detectable by inspectian
atinity conducled [AW GL B3-D8. NUMARC believed that delaction of leakage would prevent
any sionffican BA-Induced wasiage that would ehalleng e ASME henlts.

Thiz was a relatively early Indication that a connection was made batween VH penetration
cracking and Ihe potenbal for bead waslage. However, relance on GL BB-05 programs
tdrwnplayed the potential affacks.

The NEI letier to NRC dated May 24, 1095, provided slatus of ndustry sctivilles related to VHP
cracking. It dizscusses pilot plant inspogtion resolts, refers MUREG/CR-5245, OG safety
evaluations, GL B6-05 programs, crack growth rale model development, and re ingpaction
efforts. However, it did not atter the ettitude of the low safely significant associaled with WH
degradation.

E%W, nor the OG made formal recommendations to licensees in the areas of RCS Izakages or
B&C control, and specifizaly for GL follow up, The task group determined from Intervews with
industry represantative that BEZVY has not issued any formal recommeangdations to licensees in
the ereas of borie acid contral, RCS leakage or leak detection (Qne ndividua®s recaollection
after 14 years at Framatome). He remembers no fallaw up on 5L 88-05 by the BEWOG, Hz
referenced BAW-2301 as the BAWOG follow up to GL 97-01 {Review BAW-1 403 far guidanze
ta licensees.}

3.4.3.2 Recommeandalions

3.4.5.2.1 Recommendations for NRC

- MRC needs {o assign technical project managers to evaluate ndustry tests end review
the widely distributed guidelines for its adeguacy and suilakilily,
. « bare metal inspections of systems containing borie acld 777

establish critera for accepling industry resoldion of G
MRR should work with industry to develop guidance for voluntary inltfetives
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3.4.3 1.2 Recommendations for Industry

v Industry focus on VHP cracking needs further tasts {3 conclude on the adequasy of
inspection prograrm

. reassess crack modals

. assess other areas with AEQ0 nozzles/materials

. EPRI reviewlravise guidance

. attendance of plant =iaff at Owner's Group meetings

. Framatorme should sensitize its staff to BA comesitn

. conduct costbenefit analysis of RPY head inspechons (dose, cosl, time}

. BEW OG should mprave dissemination of information to members and held members

accountabls for following guidancefrecommendations

13




| Joetie Starefos —3-d.wpd

e e L L FR S b e e T T T T N T W T T . - -

344 [ep) The NRC Falled to Esfablish Adequate Procedures and Guidance to Address the
Implcations of Allay GO0 Mozzle Cracking and Boric Acid Comgsion

3.4.4 1 Detailad Discussion

The MRC did not provide clear procedures and guidance to address baric acikd corrasion
implications. In part, this deficiency led to a lack of emphasis by Industry to devote ihe
appropriate lavel of signifisance 1o the problem,

Ganeric Issues Process

The Generic Issues Program s the primary process for addressing a regulatony matter involving
ihe design, construction, cperatian, or decammissioning of several or a class of , NRG
lIcenizess that is sufficiently addressed by existing rules guidance or programs. NRC
management directive 5.4 "Generic lssues Program” [s the agency procedure governing this
progess and i |s managed by the Office of Research.

The program allews candidate izsues to be initiated from anyone infernal or oxtemal ko NRC,
The interviews with the statf members condusted by the task group clarified that rouwghby 80
percent of 1he issias have been developed from issues in NRR user needs requests.

The excassive back leg on the issues to be processed became 2 de-maobvating factor and
{herefore bringing new issue was strongly discouraged by the management. Cut of the 200
Tapic Evaluations conducted soon after AEGD phase out, only onz item was studied. Foreign
cperating experience bad become a frequent subject of study during the AECD functian, One
study was complzted in Seplember 1334 on the subact ares and was publlzhed a5 NURES-CR
6245, VWhile this process may nof ba nplernented with sufficient diligence, & foreign evant was
siudied in the recent past (Manshaan - electrical event) o indicate the process thet is still
functioning. I appears that the procedure that was [oft to everyone for inftiating input became
nebody's business. The signifieant reduction n staffing for aualuating operating expedencs
may have been another plausile reason for cversight on Lhis matter. The Informal judgemeants
cn the level of sefety slgnfficance (mind-setiby the management on the ereumterentlal erack at
Bugey-3 in early ninaties appear to have playad a dominant role in pursuing any furlhar sludy
on thiz matter.  The inlerviaws further revealed thet lack of & syslematic central review of US
and foreign experienca could be the reason for not focusing on the ¢rilical issuss fhat have
generic implications.

Generc Commeunications

The guantily of Genaric Communications produced was not cansistent with the nembear of
events being reported via LERs. Some years having several events resulted 1n no Generio
Communicatians belng issued. For example, 1830, 15882, 1988, 1999, and 2000 had several
events reporied (7, 6, 6, 4, and 7 respectively} with no generic communication being fssued. A
raptd increase in the number of LERs involving beric acid comosion and leakage was
experienced for the pericd 1986 through 2001, See Figure Boric10.
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HMRC Response to Licensae Guldance

Lizensee Opportunities to dentify RCS leakage ware provided in the Boric Acid Carroaion
Guide Book In Apnl 1585, EPRI pitblished Borio Acld Comasion GuidebooX ke help the indusiny
to implement an effective Boric Acid control program. Under metheds {p detect leak rates
lags than about 0.1 gpm (section €.2.2) two specific guidelnes were given. Contaiament air
cooler thermal performance a8 obzenved in coil heat fransfer degradation and consideratian far
rmoniloring the boric acid concentration in the containment air cocler condensate,

Under other potential indicators, there reference to observing high containment particutate
reading.

The HRC did nat revisw the EPRI guidance.
HRL Action plan

The MRGC issued an acbion plan in 10311a address PWSCC of Inconel 600 compenents In
1992 and 1993, the staff issued status reports an action plan to track industny activifics. Action
plan is referenced in GL 9701 Staff action plan to address FWSCC of Incanel 600 conponents
is documented in a2 mame fron Richardson to Russell {(dated Dec. 12, 1931). Specifies 7 future
aotivities. Mar. 24, 1922, memeg from Wiggins to Richardson and Nov. 30, 1283, Tayler to
Commission did not elearly indicate the disposition of the 7 activities

Inspactor knowladge/skills (mome on this in ssclien 3.3.5)

Knowledge and skill has a direct relation to recognizing problems The Oconee Circumferential
crack, VHP cracks at 4 differant foreign counties, ebe, were known to the NRGC management.
The French WHP inspectian program was shared with several NMRC managers. Foreign
experience, or Oconee expanienss was not cansidered far Generic Issues Program or shared
with the technical staff (one staff member knew this, but he was taken off the continued
responsibility)

Recommendations should goto 3.3.5

. Tech staff was denizd oppartunity for training based on the justification thet "we are the
euperle™s centrel core of operaling experience group should padicipate and screen both
forefgn & US plant events/tachnical issues.,

. Average skill leve) is deglining. Preserve spechality skills and ofter opportunity for
yeneralists (resident inspectors, managars, i) to receie training frem in-houso
expans.

- Offer inzreased opportunities for tech staff to engage in continueus leaming

3.4.4.; Recommendations

3.4.4.2 1 Recommendations for NRC

15
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* Estakllsh 5 ceniral operating experience sareaning group ko identify issues for Generic
lssces Program based on UG and foreigh exparlence

- evaluatefreviss guidance far proposed Gos

. detsrminge if screening criteia for candidate Gis are acceptable

. agstess eonsalidation af Gos/GIP

. Ensure that geraric requirements or quidanee are nol eliminated or undermined when
making changeas to regulatery processes (8.g., deleting inspschon procedures)

. update MD 5.5, 6 4, LI 503

. enhance eritena far BACC program

3.4.4.2.2 Recommeandations for Industny

16
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APPENDIX C - LIST OF DOCUMENTS REVIEWED

N,

JD

TITLE

8015

IR2 Leszone-Learned Task Group Repor

8015

STF Lessons-Leamed Report

BT

Millstone/Haddem Neck Lessons-Learned andfor Task Action

5030

Indestry guidancs dosumant for managing NRG commilments

&037

NER Offize Instructions for coda relief requasts, exemptions, amendment
requests, etc.

5062

Copy of Novembar 19, 1883 NRC laftar

£054

HNUMARC 93-01, Seclioh 3.3.1

£051

HURE: referenced in AIT report

5053

NRE Operating Instructions LIC-100, LIC-101, LIC-403, LIC-500

NUREG 1804, Generc Aging [essons Leamead (GALLY Report, Apil 2001

FEMOC latler to NRC daled Novernber 18, 2000, Commilment Change Summary
Report

NEI 59-04 "Guidelines for Managing NRG Commitment Changes,”

COM-204, "Interfacing with Chwners Groups, Vendors and MEL"

Licenss Amendment 234

License Amendment 180

NRC letter to FirstEncergy, "Generic Letter 97-07, "Degradation of CROMICEDN
MNozzle and gther Vesse! Closure Head Penefrafions": Revizw of the Responses
for the Davis-Base Nuctegr Power Slation, Undt 1," November 29, 1889

memorandum from the Division of Engineering to the Division of Licensing, dated
June 14, 1999,

memorandum from the Division of Engireesring to Tnspacton and Likensing
Program Branzh, April 29, 1991

MNRC letter to the licanges datad Februany 8 1990

GL 9701 closoout letter dated Movembor 24, 1935

memarandum from tho Division of Enginesring to the Divison of Licensing
Project Management, daled June 14, 1999

KR inspection reports 98605 and 98007

FENG: RAI response {Jan 14, 1999)

memarandurm from the Division of Enginesring to Inspachoh and Lisensing
Program Branch, April 28, 1981

final versian of Inspection Procedura 62001 igsuved s Aucust 1, 1981,

merma from Richardson to Bussell (dated Dacember 12, 1981

Mar. 24, 1892, mema from Wiggins to Richardsan and Mewv. 30, 1993, Taylar to
Comimission
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1. BACKGROUND INFORMATICN

To datermine whether Davis-Besse was an outher with respect to boric acid |eakage operafing
exparience, domestic and internatianal opearating exparience was reviewed far the period 1885
through the firgt quarer of 2002, For the pericd of Interest, ¥3 Prossurized Water Reaclars
[PWRS) were inciuded in the sample. NRC Generic Communications relevant ta barlz acid
issues that were issued since 1980, were glea revizwed to detemine what guidance was
provided to the industry, and whether or not this guidance was utlized by Davis-Besse

2. DOMESTIC BORIC ACID LEAKAGE GFERATING EXPERIENCE

A review of oparating experience relevant to barie acid leakage and corrosion in FWES was
avcamplished for the pariod 1986 through the first quarter of 2002, This information was
entered in a database which was then sored ta datermine any frends and patterns. Licenses
Event Reports {LERS} were the basic seuree of boric acid leakage events. Other events were
added to the database ¥ recorded in an NRC dacument. Each aperating experience document
may have discuezed mare than one componant, system, ar power plant ihat was affected
Besides listing the componint that was afected by the bonc cid leek, other information was
sonad by NSS5 dasigner, design type, plant operating age, number of cperating years at the
fime of the event report, and year of occumanca,

2.1 Mumerous Boric Acid Leakage and Corosion Events Have Beesn Dotymented

Figure 1, "Repored Areas Involving Boric Acid Leskags (1986-2002)" lists the component
experiencing 2 betie acid leak, or was affectad by a boric acid leak. As ssen by lhe figure, the
most prominent evenls involving boric acid leakage included 15 documents relating o conteal
rod drive mechanisms (CROMS), 13 dosuments relating to reactor coolant system (RCS) nozzle
leaks, § documents refating to pressurizer {P2ZR} ingtrumentation nozzle leaks, 7 RCS valve
leaks, 7 RCS instrumentation leaks, and 7 PZR haater leaks. Gther less prominent events
Inelude four docemants relating la corrosion of the steel containment vessel, four events
relating to RCS nozzle leaks, tres events involving wastage of the reactor pressure vessal
{RPY) head, three evenls involving wastage of the prassurizer,

A%
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Figure 1 Reported Anzas Involving Boric Acid Leakage (1986-2002)
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2.2  MNumber of Operaling Years Prior o Dlseovery of & Borle Acld Event iz Random when
considering all compenenis

Figure 2, "MNumber of Oparating Years Prior to Evant Documenca,” displays an even distribution
of barle achf leakage evants. Figure 2 lists the plants that have reparted a boric acid leak and
the number of years of cparation to the tme thal the leak was dscovered  Yvnen taken as g
group, it appears equally kely to have a boris acid lzak after only a few years of operation, as it
doas after a long poriod of operation. In gensaral, however, smallzr components take longer {o
devalop a leak thap do the larger components. This observation is evident In subseguant
figures,

Figura 2, Mumber of Oparating Years Prior to Eveant Occumence:

3
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23  Baboock and Wicox and Combustion Engineering Plants are highly susceplible 1o hors
Acid Leakane and somrasion

Az shown in Figurs 3, "Percent of NS55 Design Manufacturers Reporting Boric Acid Leaxage”
Babcock and Wilcox {BEW) and Combustion Engineoring {CE) plants appear Lo be highly
susceptible to borc acid leakage and corresion, One hupdred persent of ERW plants have
reparlad boric acid re'ated problems. Given the high incidence rato of bardc acid leakags
problems at B&W plants, Davis-Besse should have been alerted and taken appropriate
comective ections. Combustion Enginearing plants were broken up into the older GE pland
dasign {12 planls total) and the newer CESC design (3 planis total) to see  any differences
were noted. As shown in the figure, 100 porcont of the alder CE plan!s reportad borie acid
leakage problems, whils BT parcen: of the CEBD design reported boric acid legkage problems.

Figure 3 Percent of NSSE Deslgn Manufacturers Reporting Boric Acid Leakage

24  Westinghouse designed plants are less susceptible to boric acid l=akage than ather
FVWWRE

Figure 3 also shows that the Westinghouse plants were less suscepiible ko borie acid leakage
problems than were other PWR designs. Within the Westinghouse group, thera were large
differences in operating experience. The alder Weslinghouse fwo-loop planis (W2LO0F) faired
the best at 17 percent (5 plants total] reporting botie acld leskage problems, while the four lbop
ice condenser version (WALIG) faired the worst al B8 percent (8 plants otal). The
Vestinghouse three-loop ptant (W3L) had 46 percent {13 plants total} reporling boric asid
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leakage problems and the Westinghouse fourloop pland (Wd4L) had 25 percant (23 plants total)
reporting boric acid leakage problems.

25  Cantrol Rod Deive Mechanism Leakanz is dominated by Babeack and WWeox plands

As shown by Figore 4, "Conbo' Rod Drive Mechanism Leakage " BEW designed planis
dominate control rod drive mechanism {CRDM) leakage. There were 15 documents relating fo
CROM leakage of which 10 occcumred at BBVY plantz, When considading that BAW plants make
up less than 10 percont of lhe plants within the sample of 73 PWRs, the BEW plants are greatly
over-represenled. Figure 4 shows the component that had leaked, the specific fazilty
experiencing the leakage, the design type of the plant, and the numker of years of eporation
prricir ton thes et being discovered. The types of bonc acid [eakage events inzlude CROM
nozzles (dominant failura), spare CRDM canopizs, CRDM seal housings, and a CROM tube
housing.

Combustion Engineering is approprialely represented given that CE planls represent

approximately 20 percant of the PWR sample of 73, and appreximately 20 percent of the
CROM evenl reports (3 of 15 reporks}

Figurz 4 Control Rod Brive Mechantsm Leakage
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2.6 Contrel Rod Drive Mechanism Mozzle Cracking and Leakage 2t BEW plants

Teble 1, "CROWM Penetration Cracking Exporience at BEAW plants," provides mformation an the
crack locabion on the RPY head, crack typa, extant of NDE {other than cursany visueals) on the
CRDMs, number of operating years prior 1o pvant repart, and the event date. Davis-Basse
managament had ample operafing experience from other BEW plan's from which to make an
infarmed decizion about the potential far CROM cracking and its impact on il's plant. As shewn
in Table 1, BEWW plants have had 6 percenl of their CROIW penetrations develop through wall
eracks, 100 percent of B&W plants have had exial CRDM penetration crazks, and 86 parcent of
B&W planis have experienced circumferential cracking in al least one CRDM penetration In
addition, Davis-Besse was aware that all of the other operaling B&W plants had experiencad
axial andior circumferential CRDM penelration eracking prior to their own diseovarny of the same
in Febmany 2002,

Figure 5 "Gontrol Rod Drive Machanism Pernelration Cracking Timelne for BEW Plants,”
presents a graphical representation of CRDM panatration cracking for all E&W plants. As
shown in the figure, Davis-Besse was the last B&W pland to report cracking, Howsvet, had the
boric acid cryslal buildup that was identified during the 1995 refusling outage, tho 1488 oulags
and tha 2000 outage that was allowed to accumulate besn remaved, it may have been
deternined that CRDM penetration crasking had occurred long before Februiary 2002, Ample
BEW speraling experience was avallable for Davis-Besse to conclude that a whols (RPY) head
Inspection was necessary o determine if cracking was evident, but Instead made the decision
to continwe to operate withoul pedorming the penstration inspeclions.

Figurs 5 Gontrol Rod Drive Mechanlsm Penelrabisn Cracking Timelng for EEVW Flanils

&

by




T A L YRR T T TN T TR TR

FJoells Starefos - Appendx E.wpd

Table 1 Condral Rod Dmve Mechanism Peretration Crechmg Expenence al BEW planls

CROM CROM: | TOTA DO | QCO3 AN mnia v CRY3 Tl a3 DE PROBABILITY %
ACYY | PER RO | L -
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Cracks
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27 Compagents Hadag the Most Preva’ent Gone Acd Leakage lsaues

Operabiyg axspenaree was reviawead b detarming the aversge number of cperaling years pror to discovery. The operaling Ume
lgak ¢ mawery was datermined by companng 1he evers date wih the dale that an tperabing heenses fof he plasd was obtained frem
the HRC Figure 6, "Average Mirmser of Operational ¥eers Prige to Lea'taze Event for Selected Componards,” prowdes seversl
Inasghts b five of the mast prevelent ieakage aress, CROM nozzde leakage (15 reports), RGS psrurreniation poazles (15 reporte),
Freseyrizer insirameniation nozdes (9 reporis), pressunzar heater sleeuss [7 ragporls’, and RCE Instrusmentation: {7 reports)  Mast
repacs sortaimed mulide scourences of lsakage  These everds and the operabanal expenence o be geined wera avalable o
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Cravis-Besse to lsam from. Davis-Bessa wehied heavity on industry models o postpone CREM
penetration inspections. As shown from the eparational experlanees data, Davis-Besse was
within the average operating fime pericd to expect CROM penetration cracking and leakage.
Tha industry average operating fima for CROM penetrafion keakage is 21.6 years. The
pperating time pericd for Davis-Besze's discovery of leakace was 24 years, which exceeded the
avierags time pedod.

Figure 6 Average Number of Cperationa! Yaars Prior to Leakage Event for Selected
Compenants
28  Reactor Pressure Vessel Metal Wastaps Events Caused by Boric Acid Corroslon

Fiqura 7, "Reactor Pressure Vessel Head Base Mstal Wastage Evenls,” shows thoze plants
which have experisnced comesion (beyond surface metal cotrasion). The fiqure alse shows the
operating years pror to event occurrenca. The Turkey Paint 4 event in March 1987 was the
rmisjor reason for fssuing 1N 86-108 Supplemant 1 in April 1987, and the Salem 2 event in
August 18E7 was the major reazon for issuing (N 86-108 Supplemeand 2 in November 1937,
Both of these events and thalr lessons leamed from 1987 should have been an acknowledged
precurso- to the Davis-Besse avent discovered in Fobroary 2002 A milnd set had devaloped at
Davis-Besse and the NRG that bosic acid comosion on the RPY head, bacause of itz elevaled

8
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ternperature, was not & credible event

Figure 7 Reactor Fressure Viessal Head Base Metal Waslage Events
2.8  Pressurizer Vessel Wastage Events Caused by Baric Acid Comosion

Figure &, "Fresswrizer Vessel Base Mefal Wastage Events," shows thoss plants which have
experienced corrosion {beyond surface metal comosion). The figure also shows the operaling
years prior {o event oceurrence. These avents and their lsssons learned $hould have been an
acknowledged precursor 1o the Davis-Besse event discovered in Fabrutary 2002, Simllar to
comments made about hode acid comoslon of the RPY head, operating experience does
indicate that boric acid corrosion of high temperature componants is possible, and should be
assessed,




Figure 8 Pressurizer Vessel Base Letal VWastage Evenls
210 Reactor Coolant System Nozzle Leakage Cperalional Experence

Mizcelaneous RCE norrle leakage has occurred In varied Iocations. Figure 8, "Reactor

Coxlant Systen Noz=le Leakagae Evants," shows thal the larger nozzles take lenger to develap
leakage, The flgure wauld alzo shew that no one HESS vendor dominates. Repetitive leakage

from simifar componants is not evident

10
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Figure D Reactor Coolant System Nozzle Leakage Bvents

2.11  “Westinghouse Plants Dominalz Reaclor Coolant System nsirsmentation Leakage

Although RCS instrumentation leakage has occurred st BEW and CE designed plants,
Westinghouse plants dominated with five out f seven resonded avents. Once again, the
recorded events do not shaw Indicatlons of repetioe failures of senllar componants. Two of the
events occurred on Westinghouse three logp plants, while three eveant ocsurred on
Westinghouse four loop plants. See Figure 10, "Reactar Coalant Syslem Instntmentation

L eakage" ftor a bref descriplian of the event and the number of years of operation priar ko each
event OFf notz is that five of the seven svent took between 15 and 20 vears o develop.

11
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Figure 10 Reactor Coolant System Instrumentation Leakags

212 CGombustion Engineering Plants dominate Pressurizer inslrumentation Nozzle Leakage

Az shown in Flgure 11, "Pressurizer Instrumentation Mozzle Leakage,” CE plants dominate tha
recorded events. Seven of nine pressutizer [nstrumentztion nozzle leakage events occurred at
CE plants, Mast of the events Involved pressurizer level Instrumentalion. Most {5 of 8} of the
pressurzer instrumentation events pecuned batween 11 and 14 years of cperat:on.

213  Combusbkon Engingating Plants Accounted for All Reported Pressurizer Hezter Sleeve
Leakages

Figure 12, "Pressurizer Heater Sleeve Leakage,” shows a dominance by CE with 100 parcant
{7 of T} of the events. The event ocourring at Calverl Cllfs 2 was extensive, involving 28 of 120
leaking sleeves. Leaking boric acid from the Calvert CIffs event also resulted in carrasfon
damage io the carbon steel base meltal of the pressurizer. Othe: events nwoslving pressurizer
healer slesves were l2ss severe and involved one or fwo sleaves

12
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Figure 11 Pressurizer Inslrumentation Nozzla Leakage

Figure 12 Preseurizer Heatar Sleeve Leakage
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2,14 Combustion Engineering Dominates Rezctor Coolant System Instrumentation Noz=zle
Leakane

As shown in Figure 13, "Reactor Conlant System Instrumentation Wozzle Leakage Events," CE
domingtes with 10 of 13 events. |n addition, most of the events invalved moro than enc leaking
nozzle. The review also shows that most of the events involved hot feg nozzles Wine of the 13
Instrumentation nazzles ozourred between 11 and 18 years of operation. Maost of the noz=le
cracking was attributed to primany water stress eormosion cracking (PWSCC).

Figure 13 Reactor Coolant Systerm Instrumenlation Nozzle Leakage Events

3.0 OPERATICNAL EXPERIENCE INFORMATION AND GUIDANCE PRESENTED
THROUGH THE NRC GENERIC COMMUNICATION SYSTEM

Beventeen NRC Generic Communication documents have besn issued {including supplements)
by the NRC involving borc acid leakage or comosion saused by bons acid deposits from 1920
through the first quarter of 2002, All of these documents {Information Notices, Bulleting, and
Genetic Letiars) ware issuad to provide infarmation 1o the industry and the public concerning
recent events of Interest. Some of the NRC generic communicaton docurments (bufletins and
genaric ksttars) may have also requasled that the addressees pravide the NRC with requested
imfermation regarding plant specific conditions at thair facilities, the exislence {or non-existence}
of certain programs, comective action imptementation status, and ingpaction states and
findings. Many of the issued genetic communications have alerted Davis-Besse and the
industry 1o conditions that ultimately resulted in the severe corrosion of the RPY head at
Davis-Besse over the lasl few years, and eventuslly discovered by Davis-Besse in February
2002,

14
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3.1 NRE Generic Communizabons Invalving Barle Axid Leakage of Corrasion

Sufficient information was issued by the NRC ta alert icensees and the NEC 1o the patential for
boric acid carrcsion of carbon slesl compotients. Numerous events have ascurred since the
early 1980s lnvalving primary coclant leskage in PWRs. The primary systemn |=aks oceurred
betause of camponent failures involving malenal wastage by koric zeid, or through stress
eotrosion cracking of materizls and then subsequent material corrosion by boric acid. Some of
these events formed the basis for NRC generic communizations.

Tabla 2, "MRC Generic Communlzatians (nwalving Barle Asld Leaksge and Corrosion 15z5ued
Trom 1880 Through the First Quartar of 2002 provides eritical opatating experience

informaticn refevant to boric ec’d leakage and corrosion. The information was provided to
Davis-Besse, however, Davis-Bess2 failed to lake aslion and fzarn from the past experiences of
clher operatng nuclear facllities.

15
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Crperating Expensnge Events and Issuance of WRG Ganase Commuresaisns

Figure 14, "Borc Acld Leskage and Comosion Evenis ¥S Relavant NRC Ganene Sammumicaton Documents,® showrs thal aeveraf
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yaars elapsed (wilh relatlvely hinh numbers of primary system leakage or boic acid corrosion
events) with no borc acid leakage or corrosion genens sommunications being lssued by the
MRC. Far example, during the period 1989 throttgh 1984, bwo INs were issuad (N 99-10 an
PWSCC of Inconel 500, and 1N §4-83 on baric acid corrpsion of a pump cazingy. No Generc
Safety 1ssue has ever been issued by Lha NEC invelving boric acid Izakage or boric acid
carrosian. Baric acid leakage evenis {invabiing both componanl cracking end earrosion) during
the period 1533 through 1984 and 1886 {hrough 2000 & provided in paragraphs 3.2.1 and
322

Figura 14 Boric Acid Leakage and Compgion Events V5. Relevant NRC Genanc
Communicallon Documents

3.2.1 Barig Acid Leakage or Cemesion Events Repored From 1988 Thraugh 19584

MeGuire Unit #1 (LER #36885020). On 7/27/89, abnormal degradation of the unit 2 steel
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containment vessel {SCV) because of corroston was discovered, The comesion was caused by
standing waler [n lhe annulus srea. The most significant corrasion ozourred in areas where
boriz acid deposits were also foaund. The bore asid deposits resulted from leaking
instrumentation connections. Smilar degradatinn was found i unlt 2,

Catawba Unit #1{LER # 413800200 O Bf21/88, a preliminary vizual Inspeetlon of the Catawba
urlts 1 2nd 2 stael containment vesse! {SCV) extarior surfaces was performed. The absensed
corrosion was caused by standing watar in the annulus areag. The most signifiezn! corrosion
ocourred in areas where boric acld deposits were also found.

Arkansas Nuclear Unit #1 (LER #31389043). On 12/8/85, while remaving the nut ring from
beneath the reactor vessol nozzle flange 2t control rod drve mechanism (CRDM) location 2, it
was discovered that approximately 50% of ane of the nut nng halves had comoded away and
that twor of the faur bolt hotes in the corroded nut dng half were degraded te the point where
there was na boltlhread engagement.

Millstone Unit £3 (LER #423889031). On November 28, 1989, a loose nozzle ring set screw on
the 'C" pressurizer safety valve was found with steam discharging Trom ths sel screw Tocation,
The nozzle ring, which |5 keld In place by the sat screw, is essential in agsuring the valwe pops
fully open. An inspection of the valve revealed thal the sat serew threads were corroded (by
boric acid) or steam cut,

FL Calhoun Uit #1 (LER #28582018}, On March 20, 1952, severe comosion of the carben
steel fasteners on the boriz acid pump flanges and plping supperts was discovered. The root
cause of this evant was the origina! design of the flange conneclions did not anticipate
corrosion problems due to boric acld leakage 8t the system flange connections. The carben
slee] fasteners wera covered with glued heat tracing and asbestos insulstion, thus, sealing the
fastenars in a potentially high cormsive envirsnment.

Watgrford Uinkt #3 (LER #382232002}. On March 25, 1982, an Unusual Event was declared due
te reactor coolant system leakage. The reector was shut down and the souree of the leakage
was subsegquantly defermined b be the packing area of reactor coolant hat lag sampla valve
RC-104. The packing gland gteds on RC-104 falled due bo Roric acid comosion.

Waterford Unit #3 (LER #38252008). On July 11, 1982, an Unusual Event was dedlared as 2
rasult of Teacter coalant system leakage. The reactor was shut down and the source of the
lezkage determined 1o be the packing area of Reactor Coptant Hot Leg Sample Valve RC-104,
This event resulted from the failure of a temporary l2ak repair made o RC-104 after the vahve's
packing gland studs failed due to baric acld comosion on March 25, 1992,

Seabrook Unit #1 (LER #44302026). On July 14, 18582, It was discovored that three of the four
cover balts on Chemical Voleme Contral System [CB] demineralizer 24 resin sliize discharge
valve, 0583 had fractured  Thiz bolling configuration caused the vahle bonnet to loosen and
become cocked. Itwas discoversd that two additional valves, C5-V-262 and CE-V-T42, In
close proximity to C5-V-92 each had two fractured eover bolts. €5-V-93 and CS5-V-252 are
safely ralated. ASME Class 3 valves, and CS-V-T42 is a non-nuclear safety valve, The rodt
cause of the bolting fadlures was stress corrosion cracking. Morth Aflantic kas replaced bolting
on a total of 158 Xomox Tufline plug valves which had Grads BE Type 410 stainlass cover
balts.
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: Millstone Unit #3 {LER #42324012), On September 23,1894, a leak was discovered in 3/4-inch
oo sacket weld on a 'C* Reactor Coolant System (RCS) Loop Flow Instrumentation Ine. The weald
i was removed for analysis during which lquid penetrant testing identified 2 circumferantial crack
approyimakely, SE-inch long. Inlla’ metallurglzal anslysis indcated that the root cause of the
socket weld failure was most probably a wald defect, beliaved Lo result from a lack of fusion in
the weald raot

Calvert Cliffs Unit #1 (LER #31794003) On Fabruary 16, 1994, boron deposits were noticed on
FZE healer sleeve B-3 indicating leakage from the RES  The examinalion revealzd a
cireumferenbisl bulye appredmately 0.5 inches long and 0.019 inches high [diamefrical) in the
area of the boric acid leaks. The most probable cracking mechanism 15 Primary Water Steess
Corrosion Cracking. The source of stress for the cracking was the bulging and axial soratches
associated with Lhe remeval of the stuek reamer, Correclive Actions included plugging FF-1 with
an Alloy 890 plug welded to the cuter diameter of the PZR lowsr head and examining the
remaining Unit 1 PZR heater sleeves,

Calvert Ciffs Unit #1 {LER #317284004). On February 21, 1984, a higher ihan anticipated
cemesion of three nuls were discovered on one of Lhe Incore Instrurmentalion flanges on the
Linit 1 reaclor vessel head. A subssquent inspection discaversd an addibianal flangs with
similar degradaticn. The flanges were known to be leaking slightly since 1883, hut repairs wers
defamad until 1284 because the expectad corasion rate was very low. The excessive corrosion
ralz was apparenfly dus o the presence of wet boric acid on some of the flange components
where we expected only dry boric ackd.

Three Mil2 Island Uait 21 {{ ER #28394001). On March 7, 1954, TMI-1 located and lsolated a
bady-to-bonnet [zak from the pressudzer spray valve {REAM), The oot causes was borle achd
degradation of pressurizer spray vahlve (RE-W1 ) fasleners and the failure to consider pre-load
when incressing motor operator tarque. Carrectrve astions inclede an evaluatian of eorrosion
resistant fastzner malefals, programmatic improvernents, and trainlag.

Diablo Canyot Unlt #1 (LER #27250010). On July 31, 1930, lsakage through a crack in the
unlt 1 positive digplarement charging pump {PDF) suchion piping elkoy was discoveresd,

Calvert Cllfs Unit#2 (LER #31894003). COn July 11, 1894, a non-isolable Reactor Coclant
System presstre boundary sak was discoversd, The leak was faund to be caused by a 150
degres circurmfersntial crack in 2 weld In the 224 Safety Injectlan Tank discharge test
connecticn.

Ocanes Unit #3 (LER #2E7N008), On Novembar 23, 1999, sevaral alanms were reoaived
whirh indirated fafled instruments |nside the reactor building, The £hift supenvisor condluded
that leakage was approximately €0 to 70 gpm, and declared an alert. The unit tripped from
3% full power duz to a conirol oscillation while attempting to secure a feedvater purnp. Tha
leak was determined to be a failed fiting an an instrument Lne al the top of a steam generator.
A iotal of approdmately 87,000 gallens of RUS leakage was confined within [he RB,

Surry Unit #2 [{LER #281392008}. On December 15, 19492, 8 Reactor Coslant System (RCE) [eak
had devaloped near the Low Pressure Letdown Fiow Transmitter, The leakage ogcurmed when &
section of drain valve teking for the Low Pressure Letdown Flow Transmitter gseparated from its
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Arkansas Nuctear Linit #1 [(LER #31220021%. On Decembear 22, 1980, & potentlal Reaster
Coolant System leak in the area of a pressurizer upper level instrumeantation nozzle was
discovered  Subsequent inspection using Nondestructive Examination methods confirmed the
existence of a small axial crack in the nozzle Inner surface which extend=d to the annulus
betwezen the nozzle and the pressurzer shell and breached the autaide diameter (O0) of the
nozzle at the bae of the nozzle to vessel weld,

Ft. Calhoun Unit #1 (LER #28590028}. On December 14, 1880, an investigation of unknown
reactor coolant system (RCS) leakage identified the source as instaled spare control glament
drive mechanism (CEDM) housing number 8. Subsequent remaval and Inspection [entified
two axal cracks in an inside diameter weld cverday region approximately two feet from the
bottom flange of the housing. Simitar inslalled spare GEDL housing number 13 was also
removed and inspecled, revealing bva similar eracks in the weld overlay regton.

Faint Beach Unit #1 (LER £26890008). On July 20, 1980 unil 1 was shut down {0 repair leaks
in the reactor coolant system with an average total leakage of eppraximately 0,27 gallans per
minute. Keactor coolant was leaking lhrough a canopy seal weld on control rod deive
meachanism -3 and the upstream weld on B steam generator channel head diain ling 1solation
valve 1RC-5288.

Cabver! Cliffs Unit %2 (LER #31883007) On May 5, 1883, an in-service inspection of the unit 2
pressurizer discovernsd evidence af reactor conlant lsakags frem 28 of the 120 pressurizer
vesse| heater penelrations and one upper level noe2le. The eause of leakage was inlergranular
stress corroslon cracking of Inconel BOY,

San Onafre Unit #2 {LER #26192004), On 2/13/292, a dye-panetrant sxamination of a
prassurizer vapor space level instrument nozzle reveated fhe presence of a crack, Tha
examination was prompled by earlier observalions of rust and boric acid crystals in the vicinity
of the nozzle during & waikdown of the reasiar coolant system following 1he shutdown, A
thorough inspection of the unit 2 nozzles, prompled by the findings al unit 3, revealed stmilar
signs of rust and boric acid cryslals at two of the nozzles. The ocbserved leakapne was attributed
te privvary waler stress carrosion crasking (PWSCC) of the Inconel 600 material,

Palisades Unit#1 {LER #255%3011), On Oclober B, 1993, an ingpection of the pressurizer
upper lemparature rozzle penetration (TE-0101) found it to be [eaking. Subsequent ingpection
of the lower temperature nozzle penetration {TE-002) found it to be leaking also. The root
cause was determined 1o be primary water stress corrosion crazking of the Inconel €00 nozzla
material.

St Lucle Unlt 32 (LER £38694002). On March 16, 1284, FPL Engineering personne! identified
trace amounts of boriz acid on the axtarior of the Pressurizer steam space S instrument nozzle
durng an Inspection. Subsequently, an inlerior dye penetrand examinalion was perforned and
identified Unasceptable Indications at the A, B and © steam space inslrument nozzle welds. The
unacseptable weld Indications were In the "J' weld between the alloy 690 nozzle and the clad an
the inside of the Pressurizer,

St Lucie Unit#2 (LER #38095004), On Ockoker 10, 1965, an instrument nozzls Jocated on the
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‘B’ eide RTS hot lag exhibited an apparenl koric 2cid huildup indicative of RCS leakage.
Furthear invesligation confirmed thal pressure boundary lzakage had previotsly scsurred, mest
probably due to primary water stress corresian cragking {FWBSCC) of allay £00 material at the
instruernent noz=zle.

3.2.2 Boric Acid Leakage or Corrosion Evenls Reparted From 19958 Thiough 2600

Clavis-Besse Unt#1 (LER #34688005). On September 8, 1898, two of the cight body to
bannet nuts missing on Reactor Coolanl Pressurizer Spray Valve (RC-2). The mest probable
cause for the two missing mts on RC-2 i that & packing leak allawed boric geid comosion of
two carbon steel nuts that were inadverently installed on RC-2 a few monlhs earler, due to less
lhan adeguale material separalion work practices during previons maintenanse achvifies.
These nuls were subserquently replaced on Eepltember 9, 1858, and September 10, 1594, On-
line leak sealing aclivities were conducted on Seplember 10, 1955, Lo stop the boric acid leak at
RC-2. on October 16, 1998, it was discovered that the secand nud, installed on September 10,
1598, was nol Insialled praparky. At lhis same lime, it was dissovéred that an addiisnal nut was
degraded.

Beaver Valley Unit #2 [LER #4120004:3). On December 11, 2000, contral roam operators
received indications of a Primary System leak in the Reactor Containenent Building  The RCS
lezk rale was estimatad to be between 12 and 20 gpm. The ceuse of the RCS leakage inla the
containment building was an abrupt packing leak on a motor-operated (MCW) drain insolatian
valve an lhe RCS. The gland stud eye bolts on the RCS primary loop fil and drain valves were
replaced with a more stress corrosion resistant material.

Salem Unit #2 (LER #39158007) On July 28, 1893, indicaticns of leekage through reacior
conlant syslem (RCS) instrumentation tubing were discovered. Additiona! walk-downs resulted
it lha discovery of leakage indications on the tublng of five other RGE instrument lines and an
tubing in the pressurizer liguid eample lins delay ¢sil. Small accumulationg of dried baran en
the autsids of the 1ubing were the only indicatons of leskage. The failerg mechanism is
transgranular strass corrosion cracking inftiated frem the outside dizmeter due ta the presence
of contaminants on the oulside surface of the tubing.

Cook Lnt #71 [LER #31598027). On May 5, 1898, Inspaction results identified varying amounls
of constnuction-related debrs and boric acid deposile in he Unif 1Containment Spray header
and RHR spray header and nozzles. The most probahle cause for the boric acid
deposits/blockage in the Unit 1 RHR apray piping is inadeguate inspectian of RHR system
piping after 2 1873 inadvertent spray actuation.

Surty Unit #1 {LER #28008003). On March 24, 1998, it was noted that there was a boric acid
build-up on the head of the RCP [ower radial bearing Resistznes Temperature Detector [RTD)
connection. A sample of the water revealad that the water was from the RCS indicating a
through wall leak of the thermawell

Palo Verde Unit#1 {LER #52808006). On October 21899, a small aceumulation of baric acid
rezldue was discoversd on 2 reactar coolant system foop 2 hot leg instrument nozzle. The baric
acid had accumulated on the exterior of the hat leg plping arcund the ouler periméter af the
instrvment nozzle. The Alloy GOT nezzls has baen repaired.
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Point Beach Und #1 (LER #26695012}. On November 4, 1952, a through-wall defect o flaw on
Lhe upstraarm weld for valve 1RC-526A, the isolstion valve for the Linit 1 =AU steam ganerater
chatinel head drain, Thig indication was d:scovered while conducting an informational liquid dye
penetrant examination of that weld due o the visual identification of boric acid cryslals on the
wald, The weld has heen replaced.

Viaterford Unit #3 {LER #38293002). On February 25, 198% Reactor Coolant System (RCS}
pregsure boundary leakage invalving two Inconel 630 instrumant norzias on the top head of the
Pressurizar was discovered, Subsequent inspeclions of the remainder of Inconel €00 nozzles
identified 3 more leaking nozzles. One is on RCS Hot Leg #1 RTD nazzle, one is an RCE Hot
Lag #1 sampling line, and one is on RCS Hot Leg #2 differential pressure instrument nozzle.
The apparent cause of the leaks is axfal crack s near the heat-affected zone (HAZ) of the nozzle
partial panatration wealds resulting from Primmary Water Slress Comoston Cracking (PYWSCC).
The leaking Pressurizer nozzles have been repaired using a welded nozzle reglacement. The
lsaking Hot Leg noz=les have bean tamporarily repaired uging a Machanical Mozzls Seal
Assembly (MNISA),

Palisades Unit 1 (LER #25592004). On Qzlober 16, 1992, moisture andfor boriz acid depoeils
on lhe exterior surfaces of three CRDM seal housings was discovered. The affected seal
housings were removed when plant conditions permitied, and on November 2, 1883, two of the
thres ware dedermined to have small through-wall cracks. All 45 seal housings ware dllimately
removed fram the head and inspected wtilzing visual, PT, and EC examnabion teshniques, The
inspeciions revealed that 30 of the 45 seal housing azsemblies contained small circumferential
cracks. Three seal housing lubes also conlained emell axial cracks. Examination of spare
housing showed similar crack indicalicns. The cracking has been determined to be
transgranular stress cormoslon cracking.

Arkansas Necear Unil 82 (LER #38B00001). On July 30, 2000, twelve pressurizer heater
sleaves ehd one RCE hot leg resistance temperature delector nozzle were found to have been
feaklng. Leskage was indicated by borie acid sscomtlation. The rool cause evaluation
concludead that the failure mechanism was PWICC of Allay GO0 rabetial

Palo Verde Unit#2 (LER #52900004), On October 4, 2000, a small ascumulation of baic acid
residue was discavered an & regctor coolant system pressurizer heater sleeve {Alloy BO00).
Subsequent eddy currenl testing cenfirmed a hner indicabion in the sleeve,

Vatarford Unit #3 (LER #38200011). On October 17, 2000 evidence of leakage was
discovered at prassurizor heater sleeve {F-43, The other twe cazes of leakage ware discavered
during inspections an Ogtober 18, 2000 and invalved evidence of izakage at two of the three
MHSA clamps That had been ingtalled during the refusl 8 autage as temporary repairs of
leaking RGOS nozzles. Tha three leakags cases werg due to 1)FWSLGC, 2) a MNGA clamp
flange not being flat against the pipe and 3) a MNSA clamp seating fself, respactively.

Arkansas Mucloar Unit #1 (LER #31300003). On Februany 15, 2000, a wald In a Reacter
Coolant Syslem (RCS} hot leg level instrementalion nozzla was found 1o have been keaking as
indicatad by boron buildup. Cracked welds were later found on the ather gl hot leg leve!
instrumentaiion nozzles of similar design. One weld crack was subsurace. Thea root cause
was detarmined to have baen using Alloy 152 weld metal exposed o RCS water in a hlghly
reztrzined weld joinl that had nol been stress relieved, resvlting in Primary Watler Stress
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Cotroslon Cracking (PWSCC),

Summer Unit#1 (LER ¥39500008). On 107/00, 2n accumuelat’on of borie aeid near the "A"
loop of the RV was dlscovered. Suhsequent inspections revealed small emounts of Boren
buildup an the wald betwveen 1he vesscl nozzke and the hof leg pipe. A PT examination of the
pipe ientified a 4 inch indicafion at the weld approximately 3 fest from the vesse! between the
hol leg piping and the reactor vessal nozzle. The indication was located about 17 Inches from
the top of the pipe. Subzequent UT examination from fhe inside diameler ientified an axial
flaw less than 3 inches long, The same examinalion determined thal the origingl Indication was
nol the scurce of the leak. The PT indicalion were laler determinesd fo be sleam culting/boriz
acid caresian ot the nozzle buttar t2 nozzle intardace.

Qconee Unit #1 (LER #28900008). On Novermber 25, 2000, small ameunts of bodie acld was
found on the lop suiface of the Reacter Pressure Vaossel head, The doposits appeared o be
Incaled Bt the base of 5 (of the B) unused tharmosouple and the ¥21 CRDM nozzlys ot points
where they penetrate the RPWY head surface. On December 4, 2000, an eddy current test was
performead on the Inside sudface of the 8 T/C nozzles and revealed axdal crack-like indication on
the 1D of the naz2les in the vicinity of the parial penetration we'd (on the underside of the RPY
head). Oa December & 2000, dye penstrant besting on CROM #21 identiliad twa very small pin
hole indications, PWSCC was determined to be the primary faflure mechanism of hoth the T/C
nozzles, and CRDM weld cracks,
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4.0Reponted Events Invalving Baric Acid Leakaoe, Compaonent Corrosion, and Component

Fiant

Absfract

LER Mumber

A3Bs00G
Arkansas Muclear Unit #1

Event Date10/23M18856

power leval - 000%. Carrosion of 2 resctor coolant syslam (REE) norrle
and adjacent cold layg piging was discoverad during rafuehng ottags
performanco of RCS inservdce inspection, RCS leakage from a
body-to-bonnet seal on a normally open isclation valve in the HPI line had
run dowen the stafnless steel HPI piping within the reflective line insulaticn
ta the emrbon steel nozzle and cold 2g piping. The leakzge was less
than 0.10 gallang par mintte and kad eecorred over 8 period of about §
menths. This conlinuovs leakags, the piping lemperatures, and the plping
to insulation fitup are beleved to have resulted in posiing of what became
highly concentrated, comosive berfz acid along the boltom of the nozzle
and adjacent cold [ag piping. The maximum depth of the corresion was
about ¥z inch in the area of minimum HP{ nozzlo thickress (344 inch
inzluding the thickness of an interior stainless stee! ¢lad) &t the HPIhhe
to nozzle weld. The galvanic effect due to dissimilar metals contribuded
1o the savere corrosion inthis arsa. Repairs consistad of grinding the
areas of cormasion and perorming a weld Bultdup in the amea of the most
severe damage. An evaluation and inspacticn of cther components
where borle acid attack of carkon steel could poour or previously known
saurces of borated waler leakage was parformed with no addifional
problems found

LER Number
Plant
Evant Date
Abstraet

31380043

Arkansas Nuclear Unit #1

73 Fe ]

Power level - 000%. On 12FB/89, while removing the nut ring from
bensaath the reector vessel (R nozzle flanga at contrel red dhive
me¢hanism {CREM) location 1-2, plant maintenanca personnel
dizeovared that appraximately 50% of one of the nut ring halves had
cotreded away and that two of the four bolt holes in the eermoded nut ring
hall were degraded to the point where there was na boltthread
engagement. A kotal of six CRDM flanges had been identified to be
potentially leaking during 8 video camera inspaction on 11/28/8% while
the plant was in kot shutdowe. After the plant was taken fo cold
shutdown, mafntanance personne] disassembled and inspected the six
CROEM flzanges which had been identfisd during this inspection. All of 1he
gasket seating surfaces were found to be undamaged with the exceplion
of -2, The RV nozzle Hiarnge al -2 was eroded and pitted. An inspection
ol the flanges and spiral wound gaskeds which ware removed from
between the flanges revealed that the cause of the leaks was the gradual
deterdoration of the gaskets with age. An engineering Evaluation
cancluded that the 1-2 nozele flange was acceplable for use. Additionally,
the gaskets on the gix CRDMs were replaced with new design graphite
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type gackels,
LER Number 31380021
Plant Arkansas Muclear Untt #1
Event Date2f2 215840

AbsirectPower level - 000%. On December 22, 1880, maintenance personne! identified a

potentia! Reastor Conlant System legk in the area of & pressurizer Upper
level instrumentation nozzle. An inspection was conducted which verified
the existence of a very small leak atihe nozzle. A Notficafion of Unusua)
Eventwas declared st 1011, and the plant was taken to cold shutdoem.
Bubsequent nspectipn using Mondestruclive Examination metheds
confimned the exiztence of a small ax’al crack in the nozzle inner surface
which extended to the annulus between the nozzle and the pressurnzsr
shell and breached the outside diameter (OD) of the nozzle at tha 1oa of
the nozzle to vessel weld Based on the location and erieniation of the
flaw, and industry experience, the most probahle root calrss was
datermined to be Pure Water Stress Comosian Cracking, A temporary
repair was completzd which cansisted of establishing the nozzle pressure
boundary &l t1e outside sudace of the pressurizer and installing a new
nazzle into the perelration frorn the shell OD. Subseauent evaluakons
aubeaitted by latters dated December 20, 19591, and Janwany 21, 1882
justified continued cperation with the temporary repair b place. This is
dependent upan future NDE ingpedlicn results conslatent with NRC staff
safaty evaluation dated May 13, 1682,

LER Nomber 1300003
Fiant Arkansas Muclear Unit #1
Event Date2/15/2000

AbstractOn February 15, 2000, with the plant in cold shutdown conditions for a scheduled

outage, awek in a Reactor Cooland System (RCS) hot leg level
instrurnentation nozzie was found to have been leaking as indicated by
boron buildup. Gracked welds were laler found on the cther six hot leg
leva! instrumentetlon nozzies of simllar design, One wald crack was
gubsurfaca. The root cavse was determined to have bean Lsing Alloy
182 weld mats) exposed o RCS water in a highly resfrained weld joink
that had nat been stress relisved, resolting in Prmmary YWaler Stress
Comosion Cracking (PWSCC), S0k of the neezles were replaced in
accordance with Section Xl of the ASME code using an improved design
that included diflerent materials wilh more resistance 1o PWELS. The
seventh nozzle was repaired using allemale criteria approved by the
HRC hecause & Saction X1 repalr would have required core effioad. This
Fazzla will raceivie a Section X1 repair duning the next refusling tutage.
The particular nozzle design was used only in these saeven lacations an is
not befievad to be instaled in any other BEW operaling unit.
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LER Number3 133002
FlantArkansas Muclear Unit #1
Evernt Dafe Jr2Lr200
Absiract Incication of honic agid crystals were nobted in the area of one CROM
nazza on the BY head during routine vissal inspection 2t the start of 2
scheduled refueling autage, The other nozzles did not exhibit indications
of leakage. NDE=s confirmed that 2 cragk in tho nozzle had resulted in
RCE pressure boundary leakage. The cause of the crack was
determined to have been PWSCC. The crack was repaired before the
unit was returned to szrvice. The RECE unidentified leak rate before the
shutdown did not indicale any significant leakage. A safety assessmeant
concludad that the crack did not pose any gk for catastrephic failere of
the nozzle or boric acid damage to the BV head. Routine visual
Inspections were determined to be adequste o detest future simitar
cracks before any significant Impact on safe operafion can ocour,

LER Number 35357003
Flant Arkansas Muslear Unit #2
Event Date Af24H88F
Absiract Power leval - 100%._ On 4/24/E7, an unusua! event was declared and a

reastor shutdown was commensed due o a suspeciad reactor coolant
system {RCS) preasure boundary lzak of approx. 80 drops per minute
fram the area of the pressiirer vessel lower head. Subseguent
imastigation reveatad that two pressurizer heatsrs manufactured by
Wallow electric company kad noplured resulfing in damage to the healer
gleaves (which penstrate the vesse! head and houae 1he heatars),
Dam=age 1a one heater sleeve was sufficient to cause RCS pressure
boundary leakage which resuled inoa zmall area of borie acid induced
camasion damane ta the pressurizer carbon steel base metal.
Metalurgical analysis of the dameged companents revealzd that the
heatar sheaths had undergone primary water stress corrosion eracking
(PWSCC) which allowed water to reach the magneslum oxide (Mg}
insulation internal ko the heater. Expansion of the MgO due o hydralion
resutted in the subsequent rupture of the heater sheaths and cracking of
the heater sleeve. It has been determined that the manuofacluring
process of the Watlow heaters induced susceptibility of the sheaths to
PWSCC. As a rezult of this evenl, all Wallow heaters have been
removed from the pressurizer and the twe riptured haater lacations have
been permanenily dosed.

LER Mumber JE50001
Plant Arkanzas Muclear Lnit #2
Even?t Dale Fra02000
Abstract O July 30, 2000, with the plant in cold shutdown conditions for & Steam

3enzrator lube inspaction outage, twelve Pressurizer healer sleswss and
cne RCS hol l2g resistance temperature delector nozzle were found ke
have been leaking. Leakage was indicated by boriz asid ascumulation.
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The roct cause evalvalion concluded (hat the failure mechanism was
PWSCC of Alloy 600 materfal. Inspections were performed at ather TCS
and Pressurizar lacalions conlaining potenfially suscsplible material. MNa
other leakage was found. Inspections of base matedal in the area of the
lzakage revegdled no degradation. The keaks wera repaired with ASME
Code-qualifiad process. The repairs were guanfied for a imited setvice
Iife until at l=ast the refueling outage schedulzd 1a bagin in Seplember

2000,
LER Mumber 41200003
Piant Beaver Vallay Unit #2
Event Date2f14/2000
Abstract On December 11, 2000, at 032D haure, the Beaver Valley Power Slation

Unit No. 2 control room oparators recefied indweations of 2 Primary
Systern l=2ak in the Reacter Contalnment Bublding  The rale of leakage
was noted to b in excess of the TS 3.4.6.2 limil of one gpm for
unldenified lezkage, A plant shutdown at 2 pereent a minute was
initiated at 0412 hours. At 0536 hours, the RCS unidentified leak rate
wag estmated to be between 12 and 20 cpm based on charging/letdown
mismatch and an Unusual Evanl was declared. Plaal cooldown and
deprassurization of the RCS continuad and Mode 5 was entered at 1357
hours. The unusual Event was terminated at 1405 bours. This condition
is baing repered pursuvant o 10CFRED.V3 (2M2HI(A) a5 the complelicn
of any nuclear plant shutdown required by the plant™s TS8s  The cavse of
the RCS leakage inko the contaitment building was ab abrupt packing
leak on a molor-operated (MOV) dain insalation valve on the RCS. The
direct cause of the packing leak was 2 failura of ona of the valve's two
stainless steel gland stud eye holls, The gland stud eye bolts an the
RCS primary kap il and drain valves wara replaced with = more stress
coTTosicon resistant matenal,

LER Number 15588001
Plant Elg Rock Paoint
Event Date 7HAIGE
Absfract On March 27, 1988 an unauccesstil altempt was mada ta discharge the

conbents of the Liquld Poison System RPS) fank fo & greup of 55 gallon
drums. The tank waa supplisd with an alr satree By order b push the
liquid peizon {scdium pentabomte) aut the dischame ploe. Instead of the
liuid porigon discharging from the LPS tank, alr flowed oot A subsaquent
boroscope mspection of LPS tank internals revealed that the dizcharg:
pipe had totally corraded thraugh, and the pipe was severed. The pipe
break prevented Gquid poison from leaving the tank throogh the
dizcharge line, compromising the function of the systam, Note: this

: sysfem b5 hot regulred to be operable for decommissicning.
Metalurafcal analysis concludad that e pipe protective coating falled
due to blistering, allowing the liquid-vapor envircnment/zodium
pentaborate access to the carbon stes| dischame pips, Failure &
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postulated Lo have ocoured hetwesn 18978 and 1884, Cormrective actions
included a raview of he adequacy of current decormmessianing
survellanee tecting on safely-related S5Cs, S5Cs important to the safe
siorage of spent fusl {ISSSF), and §5Cs important 1o the monitaring end
control of radiclogical hazards (IMCRH). Palisades Nuclzar Flant, also
awned by Consumers Erergy, porfermed a review of their facllily with
respext to this event.

LER Number
Planf

Abgiract

1724004
Cialvert Gliffa Unit #1

Event Dafe2f211884

Power lavel - 000%, On February 21, 1994, we discovered higher than
anlicipated corrosion of three nuts an one of the Incore Instrumentalion
flanges on the Unit 1 reactor vesse! head A subsequent inspection
dssoversd an additional langa with similar degradalion. The flanges
were known to be leaking slightly since 1993, but we deferred repairs
until 1984 because the expected comogion rate was very low. The
excessive corroslan rate was zpparently due to the presence of wet beric
asid on some of the flange companents where we expected oy oy boric
asid. There were no actual safety cansequences, although the potential
exiztad for a significant leak. Corroctive acton to repair Ihe leaking
Tanges is complale.

LER Numbear
Flant
Event Dats
Abstract

31794003

Calvert Chiffs Unit #1

321584

Fower leval - Q00%. At 1800 hours on February 18, 1884, during remaowal
of insulalion from the Unit 1 Reaclar Coolant Systerm (RGS) pressurizar
{PZR) haater sleeve srea, boron deposits were naticed on PZR healer
sleave B-3 indizating kakage from the RTS. At 1700 hours on February
23, 1884, upon completing insulation removal, boron deposits were al50
ideniified on FZR heater sleeve FF-1. After discovering the keaks,
boroscopic and eddy current testing were performed and healer slecve
FF-1 was examined in the Isboralory. The examinglion revealed a
circumferential bulge approximately .5 inches long and 0,018 inches
high {diarmetrical) in the area of the boric acid lkeaks. The mast probable
cracking mechanisrn is Primary Water Stress Cornasion Cracking., The
bulge ares and the axlal scoring showad evidence of surface metal
smesnng znd cold work. A search of fabrication records for the PZR
tumed up evidence lhal sleeve FF-1 had {o be reworked doe {o the
presence of a stuck reamer. The source of alress for the cracking was
the briging and axial scratehes associated with the remaval of the stuck
raamer. Corractive Actions included plugging FF-1 wilh an Alloy 90 plug
wizlded to the outer diamester of the PZR lower head and examining the
remaining Unlt 1 PZR heater gleeves.
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LER Number
Flant

Figgsoo?
Calvart Chfls Unlt #2

Event Data S/15M188%

Abstract

Power leveal - 000%. At 0820 hours May 5, 1959, an in-service inspection
of the unlt 2 pressurizer discovered avidence of reacior coslant leakage
fram 28 of the 120 pre=sunzar vessel heater penetrations and ong upper
level noezle. Unil 2 was in a refueling outage (mode 8) at the time of tha
discovary, AL Q430 hours on may &, 1989, unit 1 was shutdown from 100
percent pawer (mode 1) to allow inspection of its pressurizer. Mo signe o
evidence of legkaga weare found on the unit 1 pressurizer heater
penetrations or pressureieve] penetrations. Addeional inspactians,
incleding dye penetrant and eddy current teste, of 28 unit 2 and 12 unit 1
heater sleeves were conductad. Thres sleeves fram unit 2 wers
destruclively examined The cause of lzakage was Inlargranular stress
corresion cracking of Inconel GO0 Al cracks were axial and determined
to have minimal safety significance. Reaming and repair operations
associated with fabrcatng the anit 2 pressurizer appear to have
contributed lo the eause. Al unit 2 penelralions using j-welds end
Iheonel 600 weaee: visvally inspecled. Allunit 1 pressurizer penetrations
were visually inspected. The unil 2 pressurizer heater sleeves and upper
level npzzles were raplaced

LER Number
Flant
Event Dafe
Abstract

31854003

Calvert Chffs Umit #2

TH111954

POWER LEVEL - 100%. On Tuesday, July 11, 1994 at about 1115
hours, a nandsclable Reactor Coclant Syslem pressure houndary leak
was discovered at Calvert Cliffs Unit 2. The keak was found to be caused
by a 180 degree circumberential crack in a weld in the 224 Safety
Injection Tank discharge test connection. I accardance with Technfoal
Spocifcation 3.4.6.2, "Reactor Soolant Systern Leakage,' Action &, the
Linit commensed a shutdown {o kot shukdown émode 4, The line had
been removed and replaced in the spring of 1993, 1t s suspaciad that
mingr ¢changes macde at this ime resulted i hamonic ascillation eausing
high eyole fatigue failere. The suppoct for this ine was redesigned and
simifar lnes were examined to verify that almllar eonditions do not exist.
Tihe circumstancas of this event will be reviewsd with Design Engineering
perastinel. We will eveluate whether addillonal genere measures to
pravent high frequency fatigua failure are apprapriate.

LER Number
Flanf
Event Dafe
Abstract

41389020

Catawba Unit 1

211885

Fower level - 100%. On 8/21/89, a praliminary visual inspection of the
Calawba units 1 and 2 stee] containment vessel (SCV) exterior suidfaces
was perforrned between azimuths O degrees and 380 degreos at
alevation 552 fest + Qinches, Unils 1 and 2 were in mode 1, power

15

5




\Todiie Starshas - Appendn: E whd

Pags

e um e a1 s

aperation, at 100% and 93% power respeciively, when the inspection was
condusted The ohserved corroslon was caused by standing water in the
annulus areas. The most significant comosion cooemed in arpas where
boric acid deposits were also found The root cause of 1his event is
assigned as a deskgn oversight because the slope of the anmulos floors
was not sufficient o cauze flaw to the installed floor draing A
contributing cause of unanticipated anvirenmental Interact:on is also
assigned because of the chemnical reacton batweah the boric acid and
STV, Design engineering personnel evalvated the extent of comosion by
comparison to the conditions previously observed at MeGuire noclear
gtation. The ¢arroglan abasrved at the Catawba SCVs bases is not as
advanced as af McGure and does not warranl 2 separals aparability
review. Tne SCV wil be repaired and recoaled, as applicable, during the
next Two refueling outages for each unit. This is a courtesy LER.

LER Numbaer
Plant
Event Dafe
Abstract

41401002

Catawha Unit #2

M EL2001

Cn Septermber 18, 2001, with Calawka Unit 2 in Moda & preparing ta
enler a refueling outage, a walk down of slzam generatar 2B [ower head
bowl drain Indicated baron resldue bulldup on Lhe half inch piping
immediately balow the 8G. The argin of the residus appeared 1o be
adfacent to the bowl drain nozzle at tha partial penstration wald between
the nozzle coupling and the outer channel head surfece. The pressuie
boundary lzakags palh was suspected to be the nozzle coushing 10 vessel
weld. This event was reparted to the HRC at 2212 an Seplember 189,
2001 as an eight hour non-emergency phone call pursuant to 10 CFR
5072 (BI3NiA) The root cause of the 26 2B bowl drain leak is
PWSCC of Alloy 600 malerial., The 2B SG bowl drain leak was rapaired
and jasted satiefactorly. The remaining three SGs on Unil 2 were
visually inspacted and liquid penedrant lests wete performed. Mo similar
leaks were detecled Long term comective actions include evalualing 5G
draln ine enkancerments to preciude leakage and developmeant af &
pragram to addrass Alley 600 issues This issue iz not applicahle to Unit 1
because the 55g are of a different design that does not have & simikar
drain line.

LER Number
Plant

31598027
Cook Unit #1

Event Bate 5/5M90%E

Abstract

On May 5, 1528, inspection results identified varying amounts of
ganstruchion-related debs and beric acid depasits i the Unit 1
Continment Spray header and RHR gpray header and nozzles. The
debris was assumed to have existed while Unit 1 was in operation and
could have polenlially resulted in the ©TS and the RHR system not being
shle to parfarm their design function. On August 7, 1888, [Imited
Inspections of the Unit 2 CTS and RHR system spray headers and
nozzles also identified varying amaunt of construction-related debris. On
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March 1, 2900, LER 215/93-027-01 was submitied to the NRG. The
cause for the construstion-related debris is inadequate sleanliness
inspections performed during initial plant construction. The most
prokable cavss for the boric acid depositsblockage in the Unit 1 RHR
spray piping is adeguate nspection of RHR system piping efter o 1879
inadvertent spray actuatian.

LER Mumbar
Flant
Evant Dafe
Abstract

anzoio04

Crystal River Unil §3

10/1/2001

&1 1300, an Octabear 1, 2001, Fiarda Power Corporation’s Crystal Bivor
Unit 3 was in Made 5 at o percen! raled thermal power. While performing
a visual ingpaction of the reaztor vesse! head, FPC persannel identified
on potenlial leakirg CROM nozzle. The RV head inspeclion was
performed to satisfy & commitment made by FPC [nresponse to NRG
Bulletin 20004-01, "Circumferential Cracking of Reactar Pressure Vessel
Hoad Penstration Nozzles " At approdmigtely 1748, on Oetober 8, 2001,
CR-3 was in Mode 6 at @ percant rated thenma! power. UT examinztion
of RY head norzle #32 idendified Lhe leakage path as two axially oriznted
cracks that were thraugh-wall  An -hour notification was made to the
NRG in accordance with 10CFRED.72(EN3NA) due to confimation of
Rearctar Costanl Pressure Boundary leakane while at power, The cracks
were couse by PWECG. Eight additional SRR nozzles were exarnlnsd
using UT. Mo evidence of cracking was observed in the additionz! CRDM
nazzles inspected.

LEFR Mumbor
Flanf

Absiract

4554000
Davis-Besse LUnit #1

FvamtDate  §/9/593

On Septernber 18, 1988, at 1610 hours with the plant in Mode 1 at 100
percent powsr, & Potential Condition Adverse 10 Quality Eeport (PCALIR)
decumented that an engineerng evaluation determined that Reackor
Coolant Pressurizer Spray Valve (RC- 2), with two of the eight body to
bronnet nuts missing, was not functional for design loads At the time the
engineering evaluation was completed, replacemant nuts had been
inslalled. The Nuclear Regulatory Commission (HRC) was nolified of Lhis
condition gt 1658 hours on September 18, 1950, via the Emergancy
MNolification Syslem, in aceordance wilk 10CFRS0.72(bI1MINE). This
condition was reported in accordance with 50. 7312} 1HE), az a
condition autside of tha design basis. The most probable cause for the
twa missing nuts on RE-2 is that a packing leak allowed boric acid
corrosion of twe carban steel muts that were inadvertently installed on
RC-2, due 1o less than adeguate materia] separation work practices
during previous maintenance actidties. These nuts were subsegquantly
replaced on September 9, 1998, and September 10, 1998, on-line leak
sealing activities were conducted on Septambear 10, 1888, to stop the
boris acid leak at RG-2. on October 16, 1998, it was discovered that 1he
zecond nut, inskalied on September 10, 1988, was nat installed properly
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and was therefore, not a fully functivnal fastener, At thiz same time, it
was discovered thal an addftional mt was degraded. On Octeher 47,
1638, =il 2lght RC-2 body to bonnet nuts were replaced with stainless
steal nuts. Subsequently, a finile element analysis was performed by the
valve vendor o determine If the vabre would kave Functioned in the one,
twa, of three missing nut configuration. The results of the analysis
concluded that the vabee would haws functioned in eazh of the
configuralicns, with m'ner degradation, to maintain the integrity of tha
reactar coolant system pressure  boundary vnder design loading
conditions,

LER Number
Plant

Abstract

4502002
Davis-Besse Unit #1

Evertl Dafe 2727102

On February 27, 2002, at 1330 hours, ultrasonls {UT) examination of the
Cenirol Red Drive Mechanism (GREM) noe=les revesled axial indisations
in the J-grocve weld and Altoy 600 nazzle rezuling in pressure baundary
leakage for CROM pozzle #3. On March 5, 2002, & foliow-up notification
was made fo report completion of the UT examinations and {hrovgh
pressure boundary axial indications it he Alloy 600 nozzles st CRDM
nozzles #1 and #2. The apparent cause of the axial flaws resulting In
pressura bountdary lzekage was determined to be Primary Water Stress
Comosion Cracking (PWSCL), The root cause of the RPY head
condifion is beoric acid comosion resulting from malsture introdurced due to
PWSCE cracking of CROM nozzle #3. Industy and NRC assessments
have previously concluded that axial flaws do not present an immediate
safely concern. Therefore, the discovary of these flaws alone has
minimal safety signilicance. The as-found condition of the RPY head was
assessed and would have functiened to maintain the RPY head structural
imteqrity during anticipaled aperationzal cesumenees and postulated

‘accidents. A safety significence assessment of the degraded REY head

was submilted to the NRC on April &, 2002 (DONPS letter Serfal Number
1-1268). Thiz submiltal provided a detailed assessment for the
degradation of the RPY head. This evaluation determined that In ita
degraded condrtion, struclural integrity would have been maintained,
based an an average clad thickness of 0.297 Inches over a conservative
area of degradatian, 1o approximately 5600 pounds per square inch.
Evaluatian of the minimuom clad thickness of 0.24 hehes cver the
conservative arca of degradation resulled in struclural inlegrity baing
maintainad {o approximately 4600 pounds per square Inchk. Thus, the
as-found head would have functioned to maintain structural inbagrity
during anticipated aperalional occurrencas and postulated accidents. A
daterministic ealety assessment was performed and congluded that in 1he
unlkaly event of RPY head failure considering the as-found degraded
condition: &) adequale cora cooling could have been established and
maimtained for the long tem, b} the reactor could have been placed and
maintalned In a sefe shuldown condition, and €] the integrity of the
containment would not have ben compromised. In addition, a
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probabilislic sefety Bssesament concluded, per Regulatory Guide 1.174
gudelines, that there was a smallincrease in core damage frequency
end & very small Increase Tn large eacly release fraguency.

LER Number
Plant

Abgfract

2Fa8B004
Diahla Cenyon Lnit #14

Event Dale2/25/19E8

Power layal - 088%. This voluntary LER is baing submitted For
information purpases only a5 deserbad in f2m 18, of supplement number
1, 1o NUREG-1022, On Febrdany 23, 1988, wath the wnd [h mpde 1
{power opetation), an unexplaingd intrease in contsinment airborne
radiation waz obheerved, On March 12, 1988, following plant shutdown,
examhaton of the reactor vessel head dust work dizsclazed a lesk i the
canopy seal weld of the confrol rod d-ive mechanism (CROM) head
adapter plug at spare location -5, Subsequent visual inspecticns
revealed additiona) cancpy seal weld lzaks at spare locstions §-5, -9, and
=11, From April 8 throogh Apnl 21, 1988, the identified head adapters
were removed gnd replased with caps welded in place. All repairs were
determined to be satisfactory and constituted a pemanani repair for
thess locations, The metalhurgizal examinations pedformed on the hesd
adapters removad from logations J-5, -9, and k11, indicated that the
leaks ware initialed at 1he inside dizmeter of the canopy and were callsed
by fransgranular stress cormosion ciacking STPR-BA, "Reaclor SCoglant
System Operational Pressure Leak Test', was revised to include 2 CROM
Inspeclion.

LER Nirmber
Plant

Abhstract

27590010
Ciablo Canyon Wnit #1

Event Dalef /261930

Power [evel - 100%. On July 31, 1850, It waa determined that enit 1 covld
have patentially operated outsida the control room habitability design
hagis for 2 poet-LOCA recirculation concdition due to l=akage through a
crack in the upit 4 pasitive displacement charging pump (FDP) sustion
piping efbhow. & one hour non-emerpency report was made b the NRC st
1245 PDT aon July 31, 1280, in accordance with 10 CFR 50, 72X b).
The crazk, which was discoveraed on July 26, 1990, was observed Lo ba
weeping a small amount of water which evaporated mmediately, &5 a
compensatary maasure, emargency procedure E-1.3, Transfer to Cald
Legy Reclraulalion’, was revised on July 38, 1920 o varify thal the
auxlliary building sefeguards BIr fitration systam is in the "safequards
only' mode during post-LOCA conddions. In Lhis meds, leakage from the
PDF room would be filtered prior to its release. The causzs of the crack is
vonsidared to be vibration Induced high eycle fatigue. The crack was
rapalred by an ASME Section X1 weld repair, Vibration data will be
eollected and evaluated. Based an the resulis af the evatuation, an action
ptan will be developed to address any recommended modifications.
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FER Nomber
Flant
Evenf Date
Ahstract

323387023

Biabla Canyon Unit #2

10731987

Power Leval - 100%. This voluniary Licensee Evant Report is submitted
for informalion only as deseribed in tem 19 of Supplement 1 to
NUREG-1022. This LER dasaribes leaks in Unit 2 accumulztor nozzles
razulting fram intergranular stress corrosion cracking {IGSCC) and a weld
dafect, Cracking in beth Units 1 and 2 accumulalor nozzles and in thao
cladding of two of the Unit 2 accumulator tanks was identified during
planned refueling cutage inspeclisn: as a result of uslng inspection
techniques of higher sensitivity than those previgusly used. The root
cause of the flaws identified was |IGSCG caused by a combination of
factors during manufacture of the accumulators and a suilable incubation
time, All nozzlas thal had unaccestabls Indisabions were weld-repaired or
replaced with nozzles made of Typo 041 stzinless stzel dusing the fifth
refuelkng outage of both Units 1 and 2. The cracking In the Unit 2
accumulators cladding wes evaluated i WGAR-12711 and left ‘as-is' with
NRC consent since there is no mechanism present lo drive the cracks
inlo the base matal (Reference; NRC lettars o PGEE dated April 22,
1893, and Septembar 2, 1983}, Attachments 1 and 2 provide 2 completa
repair histary of Unit 1 and 2 accumulator nozzles.

LER Number
Plant

Abstract

28390025
Ft. Calhaun Unil #1

Event Date12/14/1280

Power level - 002%. On December 14, 18380, an investigation of unknown
teacter coolant system (RCS) leakage identitied the source as installed
spare conlral element drive mechanism (CEDM) hausing numbar 5.
Subsequent removal and ingpection kentfied two axfal cracks in an
inside diameter weld overlay region appraximately two feet fram lhe
bottam flange of the housing. Similar installed spate CEDM housing
number 12 was 2lso remaved and inspected, revealing two similar cracks
it the weld cverlay region. The cause of this evenl was lack of venting,
which created conditions conducive ta transgranular strass corrogian
cracking {TGSCC) in the spare housings. This report is submitted
voluntarily due to potenlial NRC and industry interest, Blank flanges wers
instaled In plece of CECOM houslngz § and 13, A procedure change has
been implemented o assure eamplele venting of two other gimilar
housings. Cther appropriate CEDM housings have bhean examined wilh
na cracks found. An enhanced BCS lsakage monitering pragram has
been implemented
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LER Number

ZR5092015
Ft Galhaun Unft #1

Event Dateailf20/1992

Power lavel - 000%. On March 20, 1892, with the plant in a refusling
cutage, the remaoval of insulalion and hest trazing fram the boric acid
systam duning implementation af & medfication revealed severe
camosien of lhe carbon stecl fastanzrs on the horic acid pump flanpas
and piping supports. The corrosion was extensive encugh to have led to
a possible failure of the fasteners diring a selsmic ovent, This avent is
being reparted pursuant to 1QCFRSO T2402)1}, This report is being
submilted porsitant to OCFRS0. 73(a)2100 and 100FRS0. 73 (@} 20vil).
The mot causa of this event was the original design of the llange
conneclions did not anlicipate corasion prablams due to boric acid
leakage at the system flange connections. The carban steel fasteners
ware coverad with glued heat tracing and asbestes insulation, thus,
sealing the fasfeners in a polentially high eomtoesive environment. Based
on the configuration of the charging header and the availahilty of
cperator actions to mitigate the consequences of a comglete loss of boric
acid storage tank [BAST) invanlary, the safely significance of the
degraded flanges was minimal. Tha postulated loss of 4 BAST would nat
significantly affect pland safaly. As corrective action, the carbon stesl
fasteners were replaged, '

LEFR Mumbear
Plant
Event Date
Abstract

21236018

Haddam Meck Unlt #1

813141096

Cn August 31, 1996, at 1050 hours, with the plant in Made 5 {cold
shutdown), a plant operator during a routine inspection identified 2
pinhcle ka4 in the bady of an aight inch inlet solation valve (RHV-7R1A)
to the 'A' residual heat removal (RHE) hest exchanger. A small butidup
of boric actd on the valve body was nated and when it was wiped off a
small amaount of water {<0.7 mifmin) weeped from the vale. In
accordanze with ASME Code Saction X[ guidance the valve was declaned
inoperable. At the time of this event the plant had been shut down since
July 22, 1996 {LER 96-013-00) and was in & refualing and maintenances
ocutage. The RHR sysiem was Inservice at the time of this event Inltal
comective sotion congisted of placing the 'B' RHR heaat exchanger in
service and isolating the ‘&' RHR heat exchanger. The leak was in the
neck area of the valve above the disc, the weeping slopped whan 1he
subect valve was clased. A radiagraphic exarination of the valve was
performed and no significant structural defects were idanlified. The
states af residus! heal removal valve RHV-7914 was dispositionad as
operable but degraded and an ASME relief rejuest was approved by [he
MRC. The reactor core was offlosded. Long 1erm comestive actlon was
te repair ar replace the vahe hawever Llhase aetions are no langer
raquired due to the Heddam Meck plani being in a permanently defueled
state.
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LER Number
Plant

Absiraet

0985013
Maine Yankes Unit #1

Event DatedME/1885

Pawer lzvel - 000%. This is a voluntary LER. During the events described
in thiz LER, Maine Yankee was steady state in a Refusling Shuldown
candition with fuel off loaded 2 the Spent Fuel Pool. On April 26, 1995,
the bonnet on High Pressure Safety Injection Loap 2 Slop valve HEI-35
drapped down into the valve body while the vale was baing clesed. The
bonnet dropped Becauss all eight of 1he bonnef refention cap serews had
failed due k> hydrogen embritizment. On Cotober 16, 1985, during an
inspeclion of High Pressure Salety Imjeclion Loop 2 Slop valve HE[-28,
seven of eight bannet ratention cap screws pared during attempts o
remove them dus to boric azid corresion. HS1-26 and 35 are & 10 inch
galte valve with a pressure s=al bonnet design. As a result of this dasian
the bonnet retenlicn cap ssrews are not pressure relaining components,
their anly funelicn Being to hofd the bennat in plaze in tha ahsence of
system pressure. The immed-ate corrective ection was to seal wald the
bonnet for HS1-26 and replace the bonnet scraws of HS| 36, Comedtive
actions taken inclided idontification and revicw of ether pressvere zeal
valves for simifar susceplibilly, and conducting a causal factors analysis
of this condition in 2n effort to idanbfy other areas wherne addtional
comractive action may be warranted.

| ER Mumbor
Plant
Event Date
Absiract

25588020

Melauire Unit #1

FI2T1080

Fawer level - 100%. On 7/27/53, design engineegring personnel
digcavered aknormal degradation of the unit 2 stee! containmant vesse]
{5CV) because of corrosion.  This discovery was mada while performing
a preliminary inspection of the SCV pror to integrabed leak rate testing.
The comosion was caused by standing water in the annulus area, The
raost signilicant cotrosion eccurred in areas where bonc aoid deposits
weere alzo found. The boric acid deposils resulted from l2aking
Instrumentalion connections, This even! Is assigned a causs of tnsly
unknown because the fallure of the drain system to prevend standing
water in the annulus area could not be determined. Asskyned because
the junation betweaen the SCV and concrele flaor was not sealed. A
sexond eontibuting eabse of unaniicipated emdrenmenlal inleracifon is
also asslgned beecause of chemical reaction beween Lhe boric acid end
SCV. Unit 1 was Inmode 1, power opearation, at 100% powser and unit 2
was in no mode, ho fuel In the core, when this event was discovered. Lnit
2 had previously operated in mode 1 at 100% power wilh these
conditiong axisting. Design enginesring parsannel performed 8
preliminary ingpection of unit 1 and detected similar degradation. Design
enginearmg personne evalated the extent of degradation and provided
an cperability determination.
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LER Number
Plant
Evant Dails
Absitract

Faphs023

Millstone Linit #2

5161805

Pawer level - 0005%. On May 18, 19935, at 1100 hours, with the plant In
Mods B, hinear indications were found {by liquid penctrant $esting, LP) on
bwo eeparate bee fittings in the Boric Acid section of the Chemical and
Volume Conlrel System {CWCS). The LP examinations were hzing
perfarmed as part of seversl piping eonfiguration changes. The
indications ware on lings 2-HCHB-15 and 18, the "B Bore Acid Fump
Recirculation header, The tees were remowved and examined
metallurgically. The exams revealed QD initiatad stress corrosion
cracking (2CC). Bazed on this finding and industry prablems with SCC
on heat traced stainless stee! piping, an expanded piping examinatian
progrem was initisted. The expanded exammalion program revealed
additional indications on ether fittings and pipe, all of which had
previoualy been heat traced and insulated end had been subjecled to
periodic boric acid leaks over the years from refiel valves atd olher
valves in the vicinity. Several hanger supports wers alzo found degraded
ance all the insulation was removed. Na through wall leaks were found at
any loeatisn. The root cause of the SCC on fittings and the hanger
degradation i periadic boric ackd leaks from relief and other vatves which
over the years eollected on and seaked onto the pipe and Insulation, and
the laek of timely resolution of this condiion. Upon evapeoration on the
haat trazed piping, halogen contaminants such as ehlorides and floorides
concentrated in specific areas an the piping and fithngs. These
contaminants provided the mechanism to promote S50, Repairs were
inflialed including replacement of all degraded fittings and pipe within the
Boric Asld System. This event is being reported pursuznt to the
requirements of 10GFRE0.73{a)(2v){A), amy event or condition that
glone could have prevenled the fulfiliment of the safely function of
structures or gystem that are needed to shutdown the reactor and
maintain it in a safe condition.

LER Number
Flanf
Event Date
Abstract

A3502001

Millstora Unit #2
21952002

On February 15, 2002, with the plant in Mode 5 (Cold Shuldawn}, a visual
inspection of Millstone Unit Na. 2 pressurizer heater penetralions and
pressurizer instrument nozzle penetrativns was beng performed. Two
heater gleave penetrations were found to show indications of minot
leskage a= evidenced by boton precipitation build up on the cutside of
the penetratipns. The cause of this event was a through wall crack in two
of the pressurizer heater sleeves. This allowed primary coolant into the
annulus betwean the pressurizet lower head and the heater sleeve and
therafore was a breach of he reantar esolant pressure boundary. The
leaking heater slesves have been repaired by the use of Mechanical
MNozzle Sesl Azsembly (MNSA) clamps.
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LER Mumber
Plant

Ahstract

42388031

Millstene Unit #3

Event Datel1/28M9E8

Power level - 100%. On Movembear 25, 1989, sl 1515 hours, at $00%
power (Made 1), 2 loose nozzle ring set screw on the 'C' pressurizer
safety valve was found wilh steam discharging fram the set screw
lecation. The noz=e ring, which is held in pleca by the set scrow, is
ess=nflal in asswing the valve pops fully open. Since a proper nozzle
nng setting was no longer assured, the safely valve was declared
inoperable, With oaly two (2) of three (3) pressurizer safeties operable,
1ha pfant was In & condtlon prohitnted by the Teshnical Specificalions.
The plant was then placed in Cold Shutdown (Mode 5} at 1450 hours on
November 2B, 1882, for valve inspestion. An inspection of tho valve
revealed that the sel screw threads were corroded or steam cut to a point
where the st serew backed complelely outof its location. The root
cause was the use of a carkon stee! rather than a sla'nless steal set
serew, Carbon steel is suscentible to cortosfonferosion in a ot bare acid
and sbearn environment. The valve was replaced with 8 recantly
callbrated spare safely valve, and the plant was retumed to 100 powsr,
Alter instaling a stainlass steel nozzle ring set screw in the faully valve, i
was racahbratzd and mads available a5 a spare,

LER Number
Plant

42354012
Millstane Unit #3

R Event Date /211924

Absfract

Power lavel - 000%. On Septemnber $.1984, with the plant m Meoda 4, al
0% power, 8 leak was discovered in 3M-inch socket weld on 2 'C° Reactar
Coolant Systemn (RC3) Loop Flow Instrumentation line. The weld was
removed for analysts during which liguid penetrant 1esting kentified a
circumferential crack approximalely, 5fB-inch long. Inftial metallurgical
analysis indizated that the roct cause of the socket weld failure was most
probably a weld defect, believed 1o result from e lack of fuslon n the wald
root pass, The defec: prepagaled to the weld surface. This condition is
being reported in accordance with 10CFR50.73{a)1(2) (1XB), as an
apearation ar condition prohikited by Technical Specifications, Technical
Specification 3.4.6.2 requires 'Mo Pressure Boundary Leakage' (e,
nonisofable fault). Alhough this incident involved a reactor coolant leak,
it had low safety signifizance. Leakags was collacted wilhin the
containment drain system. The port to Lhe RCS loop is 8 3d-iach
diarneter restriztion, which would have minim=ed leekeqge from the RCS
i1 the event of total fallute. The normmal makeup system has sufficient
capacity ta malntaln pressurizer lzvel and compensete for a failure of this
fine., A review of similar events identified a previous RCS socket weld
failure, that was discovered in cold shutdown on May 18, 1992, This LER
also documents that hishorical condiion which was not previously
reparted. For the same reasans as identified above, 1hat incident had low
safely significanca.
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1 ER Mumber
Planf
Evenf Darfs
Absiraet

42385020

Millstone Unit #3

127211988

Power leyel - 000%. On December 2, 1895, with the plant in Mode 5,
Cold Shutdown, a lzak was dizcovered on the vatve stem leak-afi pipe Far
the Residuzl Heat Remeoval Syslem supply from a Reacter Coolanl
System loop inboard lsalation valve (3RHS*MWET04C), This pipe had
hoen modified to vent the valve bonnat ko the RCS, to preven: pressung
lecking { thermal hinding of the valve dise. This condition s
conservativaly being reported in accordance with 10CFRED. T3 (a1 (2 W1NE)
as a condition prohibited by Technical Spesifications. Techmical
Specification 3.4.6.2 requires 'no pressure boundary leakage” in Modes
1-4. This report is heing made due o the passibilty of having upisolahle
leskage past the disc of 3RHS*MVETO1C, even wilh the valve in the
closed poshon during Medes 1, 2, and 3. Some leakage: s possible since
the disc is & flex wedge design, which could ellow pressure upstream of
the valve to leak past the upstreamn seat of the disc and into the bonnet
chamber. This pressure than assists in seating the downstream seat of
the dlac. (See Sketch 1 for leakage path through the valve). In Mode 4,
one train af RHR is required for plant esaldown, which could require
opening this valve. 3RHS*MWETO C could then be placed on its
backseat to isalale the bonnel, and the downstream |2clation valve(s}
ARCSVOGT, V2002, V2003 could be closed to isolate the leak. (See
Skeich 2 for piping layoul). However, if the oppasile train of RHR is
being vsed to eool the RCS, 2RMS MVETO10 would remain clesed and
the leak palh threugh the valve still exists. An initial inspection indicated
a crack near the toe of the et wald between the pipe and the valve
body. The lsaking section of pipe was removed for further evaluation
whics resulied in the discovery of slx linear indications at a 48-degres
angle ta the pipe. {See Sketch 3 for Inspesiion resulls). Mone of the
incicalicns were in the weld mataris], all wera logated in the pipe.
Atthough this incident involved reactor coolant leakage, it had low safety
significance. The pipe connectlon toihe RCS has a 0.375-inch darmeter
orifice to hmit RCS leakage, Also, the hole in the valve bonnet between
the stuffing box and the stem lzak-off pipe is only 0.25-Inch in diameter.
These restrictions lmil potential leakage to within the capacity of the
normal makeup syaterm.

LER Nuember
Flani

Abstract

33801003
Horih Anna Uni %2

Event Dateli/13/2001

Qn Cotober 18, 2001, MA 2 was shutdown 1o perform a qualified, visua
bare head inspectian of the reactor vessal head penetrations for evidence
of leakage as recuired by NRCT Bulletn 2001-01, On November 13,
2001, with Unit 2 in Made &, an apparent through-wall leak on penetration
number 63 was identified based an the presence of boris acid deposiled
gt the based of the penelratian and the results of a subseguent liguld
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penatrand examinalion of he associated J-groove weld arsa A
ron-emetgency 8 hour noliflzation was mede to the NRC, at 0882 hours,
on Novermber 13, 2001, in arcordance with 10CFRS0 72{b)(3}ii)(A). Th=
cause af the event was holshort cracking, which gocorred during original
fabrication of tho reactor vessal hoad, Repairs to the welds were
perfarmed in accordance with MRC verbally approved relief requests to
eliminate any lnakage palh. An evaluation atso deoteominged that @
complela [ack of fusion in the zone batween the weld and the head would
ret result in rod ejection accident beczuse the weld to the tobe would
prevent it.

L ER Number
Plart
Event Dafe
Absiract

26200006

Cconee Unit#1

120442000

Cin November 25, 2000, at Q300 hours, with Ocones Uni 1 in Made §
and preparing to enter refueling oulage 1%, a periodic visua! inspection of
the top surface of the Reactor Pressure Vessel head revealed small
emounts of boric acid deposited on the WYH surface. The deposits
appeared to ba located at the base of & (of the 2) unused thammagouple
and the #21 CRDM nozzles al points whare they penetrate the RPY head
surface. A more delalled vides nspection, pedomed on Decembear 1,
2000, confirrmed the presence of lha boric asld arsund the suspect
nozzles, On Decsmber 4, 2000, an eddy current test was parformed on
the inside suface of the B TiC nozzles and revealed axial crack-Tke
indizatizn on the ID of the nozzles in the vicinity of the partial penetration
weld (on the underside of the RPY hoad). On December 9, 2000, dye
penetranl lesting on CRDM #21 identified two very small pin hole
indizations, Afier lighlly grinding snd performing anather PT, a .75 inch
hole indicalion ninning & & shghtly sewed angle across the fillet weld was
identified, Fallowing completion of the root eavse analyses, PWSGCG was
determrmined to be Lha primary faillure mechanism of both the T/C nozzles,
and CRDM weld cracks  Prior o restart, the #21 CRDM weld was
repaired and the 8 T/ nozzles removed and their reseliznt head
penelrations pamanaenily plugged.

LER Number
Flant
Event Dale
Abstract

270970

Ocones Unit #2

4211997

On April 214, 1997, Unit 2 was at 100% Full Power(FF). At 2245 hours,
Operzlors noted indications ol a 2.5 gpm Reactor Coolant System {RE5}
leak. The souree could not be determined, so at G352 hours on Aprl 22,
pawer reduction began, At 20%FP Operatore could not identify the leak
as isnlable, so the decislon was mads to 9o to cold shutdown, At 1448
hours, the reactar was tripped by a planned test. At 1500 hours, a NOUE
was declared when the leak exceaded 10 gpm. The NOUE was
terminabed &t 2032 hours after the l2ak redused below 10 gpm. The leak
was found to be a crack at the safe end ko pipe weld on the High
Prasaure njection o RCS cold leg nozzle near Reactor Coolant Pump
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241, The safe end and pipe were found to be cracked internally and the
thermal sleeve was found to be loose and damaged The faillures were
caused by thermal cyeling faligue. The rost eauses were determined to
be failure to implement an affeclive HPI nozzla inspaction program based
on 2vailablz industry recommendeations and failure to effectively evaluate
Fnown problems and implement appropriate corrective actions
Correstive actions Incfluds repair of the nozzle components and
establishing an effecbve progrem to inspect and support nezzles,
Evaluation shaws that the HPI line stifl had a factor of safety greater ihan
2 undler design hasis event foads Prompt shutdown prevented 1ha
tevelspment of an unsafe condition

LER Number 27001002
Flant Oconee Unft 82
Evem Date 472812001
Abstract At spproximately 1200 houts on April 28, 2001, a visual inspechon of the

top sutfaee of the Cconee Nuclear Sation Unit 2 RPY head found
evidence of smal accumutations of boric acid deposited at the base of
CRDOMs nos. 4, 6, 18, and 30. The RPY head inspection was performed
as part ol 2 normal serveillance during a planned refueling ciage.
Subsequent suriace PT inspections of the weld area and nozle outside
diameter identified several axial cracks on four CRDM nozzles that
Imltiated neae the 1os of the fillet well and had propagated radially into the
noezle matens! as well ag axially along the OD surface, The cracks are
balieved to be the leakage paihway for the boriz acid deposits on the Unit
2 RFY. Eddy current (EC} emanation revezled two shallow axial flaws on
CROM nozzle 16 and craze cracking on alt four CROM 1D surfaces.
Supplemental ukrasenic lest {UT] examimations were used to sizo the EGC
indications and determine the through-wall extent of cthet indiction that
EC could not resolve. The UT resulis confirmad the existence of same
grack (nome threugh wall) predominately axial with one shart O inilialsd
clreumferentlal crack on CROM nozzle 16, The mest probghle root cause
of the Alloy 600 CRDOM nozzle leads is PWSCE based on comparison of
the PT, EC, and UT rasultz form tha four ONS-2 CRDM nozzles and the
documantad NDE and melallurgical resull af (he previcus ONS-1 and
ONS-3 CRDM analyses, meterial samples and repairs.

LER Nirmber 28781008
Flant Geomes Unlt #£3

Event Datei /231183

Absfract Power level - 100%, On NovemSer 23, 1991, Ocone2 unil 3 was

operating at 100% full pawer {FF) when the conirol room oparators
{CROS) received severa! afarms at 0141 hours which indicatad lalled
[nstrumanis inside the reactor building {RB}. At D143 haurs, the CROS
obsernred symploms of excessiva raactor ¢onlant system [RES) leakage
and began assessing the lsak rate. At 0203 hovrs, they started a rapld
controlled shutdown. At 0214 hours, the shift supervizot cancleded thet
leakage was approximately 60 to 70 gpm, and declared an alart, A 0327
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hours, the unit pped frem 33% FP due to 2 control ozcillation while 1he
CROE were attempting o secura 8 feedwatar pump At U547 hours, an
additionsl unantcipated reactor protective system acteation occurred due
1o operator error. At 1720 hours the vnit reached cold shuldown and the
alert was kerminated. The leak was determined to be a failed fitting on an
instrurnent line al the tep of & sleam genamator. A total of approximately
87,000 gallons of RCS leakags was ¢confingd within the RB. The
[rstrument ine was replaced, and additional fiitings inspected. The oot
cadses are management deficiancy and equipmeant failure.

LER Numbar
Plant
Event Date
Abstract

28701001

Qeanes Unt #3

21872001

At 2100 hours on February 18, 2001, a visual inspaction of the top
surface of the Oconee Nuclear Station Unit 3 (ONS Unit 3) Reactor
Pressure Vessel (RPV) head faund evidence af small accumulatons of
bare acld deposited &t the baze of sevaral conbral rod drive mechanism
[CRDMa}. Thiz RPY head Ingpection wss parformed as part of 8 normal
surveiltance during a planned mainlenance outage. The botic acid
deposits were identified around nine {Nos. 3, 7, 11, 23, 28, 34, 0, 86,
and 63) of the slxty-nine total CROM na2zles. The amaunt o boric acid
around each of the CROM noz2las was astimatad to ba no more than a
few cubic inches but ultimatsly signified that reactor coolant system
pressure boundary leakane had coourred,  Svbsequent nen-destructive
iesting was performed on a fota) of sighteen CRDMs, in order 1o
effechively evaluate, charactarize the leak mechanism, and determing
extanl of the condittan. The apparent root cause of the nine CRDM
nozzle laaks is pamary water stress corroslon eracking (PWSCC), The
nine leaking CROMs have been repalred. This event is cansideted to
have minimal safety signficanee with respact to the health and safaty of
the public.

LER Number
Plant

28701003
Qeonea Unit #3

Event Dafe!1 212001

Abstract

Cin November 12, 2001, a visual inspection of the tap surfaze of the
Ceonge Nuclear Station Unil 3 reactor vessel head found evidencs of
small accumulations of botic acid daposited at the based of several
CRDM nozzles. This RV head inspection was performed as part of a
planned surveillance activity during the In-ofeyele 19 refuslng outage.
Following the vizual inspection, NDE of the suspect nozzles revealed that
seven {Mos, 2, 10, 26, H, 38, 43, and 51} of the 69 total nezzles required
repair. Five of the 7 nozzles were confirmed to have leakage pathway to
the tap of the R head. The amount of boric acid amund the fue leaking
nozzles was estimated to b no more than a few cubie Inches. Afler
confirrning that nofificalicn was made at 0335 howrs en November 12,
2001, The opparent ronf cauze of the CROM nozzla leaks [s PWSCC,
The seven CRDM: were repaired and the remaining 43 nazzlas that had
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neither baen previcusly examined nor reported, were inspect using an
ultrasoniz circumlerenllal blade and probe prior lo exiting the refueling
outage.

LER Number
Elant
Event Date
Ab=froct

25593011

Palisades Lhit #1

01503

Pawer lavel - 000%. On Cetaber 9, 1993, st approximately 0900 hours,
the pkant was in cold shutdown and beginning heat up. Inspection of the
pressurizer gpper femperature nozzle penetrabion (TE-0101} found it to
be leaking. Subsequont inspection of the lower temperaturs nozzle
penetration {TE-Q4102) found i to be leaking also. The rool cause was
determined to bz primary water stress corrosion eracking of the [neonel
&00 nerzle matanzl, Other stmilar penefrations in the POS were
inzpecied and none showed evidance of any past or present leakane.
Tha teo leaking pressurizer temperature nozzle penetrations wers
repaired. A comprehenalve Ineonel 500 inspectian and maintenance
program will e developed for the Palizades plant.

LER Numbet
Flant
Evant Dafo
Absiract

25599004

Palisades Unii #1

11721923

Qn Gotober 16, 1888, fallowing shotdown of the reactor for the 1999
refueling futags, inspection of reactor head componenis revealed the
preszence of moisture andior bere acid deposits on the exterior surfazes
of three CRDM seal hausings. The CROM seal housing assemblies
comprize a partion of the ASME Glass 1 primary coolant system pressure
koundary. The affected seal housing s were removed when plant
conditions pemmitied, and on November 2, 1899, two of the ihree were
Jetermingd 1o have small lhrough-wall cracis. Al 45 seal housing s wers
ultimately remavad from the head and inspacted utilizing visual, PT, and
EC examination techniques. The inspections revealed thal 30 of the 45
=ea| housing assembles contained small circurnferential cracks, Thres
eeal hpusing tubes alzs sontained small axial cracks  Examination af
spare housing showed similar crack indicalions. The cracking has been
deterrnined 1o be ransgrandlar stress camosion cracking , prabably
resulting from inadequate post-weld heat treatment which left residoz!
stresses of sulficiont magnitude to support cracking, 15 seal housing
assemblies wers repaired as necessary for reuse during the next
operating cyclz.

LER Number
Flant
Event Date
Abstract

25501002

Palizades Unit £1

HI20M

an March 31, 2001, durlng an Inspectian of the reactor head area
Tellowing shuldown for a refusling oulage, a boric acid deposltand a
small amount of water were found on the CROM seal hausing for
CRD-22, The CRD sgal hausing assembles comprise a porkian of the
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ABME Glass 1 primery coolant system pressure boundary. The housing
was removed from the RV head when conditions permitted. Subsegquent
investigation canfirmed the prasence of reactor coolant system
through-wall laakage through a small fapproximately 0,70 inches long)
circurnfersntially ovkented crack on the inside diameater of the seal tube.
The hausing alsp centained a confirmed axial crack (approx. 0.05 inches
lang) that was not through-vall. All 44 remaining seal hausings wers
removed far examination. 100% of the seal tubes were inspectad using
visual andfor fluorescent dye penetrant NOE melhads. In addilicn to
CRD-22, the inspections confimi=d a circemierentially oriented crack
{spprox. 0.15 inches lang) in CRO-E that was net throtrgh-wall, No other
crack-lHe Indleations were confimed A total of 13 seal hausings ware
not returned 19 senice dus to NDE indications, confimmed cracks (in
CROD-22 and CRO-8), or mechanical seal perfformance deficiencies.
Thirtean new Inconel (Aloy 800) hoausings were installad on the BY head
The eracking confirmed in CED-22 and CRD-E has hean determiazd to
& transgranular elress corrosion cracking, rmast likely resulling frorn
inadequate post-weld heat freatment which lef; residual strezses of
sufficient magnitude to support cracking

L ER Mumber
Plant

Event Date
Apstract

D2893008

Palo Verde Linit ¥1

05299y )

On October 21999, at approximataly 0300 mountain standard fime, Lait |
wag in Mode 3, Hot Slandby, cooling down for & refueling Cutage when
anginearing persennel, wha were performing 2 rouline boric asid
walkdowm, discovered 8 emall accumulation of boric acid residus on a
reactor coolant system loop 2 hot lea instrunent nozzle, The baric acid
had aczumulated on the exterior of the hot leg piping around the outer
perimaler of the instrument nozzle. The nozzle was visually inspected
during the lest refualing Outage In March of 1993 and no leekage was
identfied at that Bme. Visual Inspechons of other Alloy 600 hat leg
nazzles have not ldendified other dagraded camponents. The nozzle has
been repaired and tesling will ke completad duering stardup {(Mode 3) at
normel aperaling pressere and temperature, The remating Allay S00 hot
|2 nozzles in all three units are scheduled {o be replaced during fulure
Dulages, Mo previous similar events have been reporfed pursuant o
10CFRE0.73 in the past three yaars,

LER Number
Plant
Event Date
Ab=tract

S2E01001

Pale Yerde Linit#1

2f31r20M

On Mareh 31, 2001, with Unit 1 operating In Made 4, hot shutdawn, and
coaling down to Mode 5, cold shotdown, for & refueling oulages
gngineering perscnnel discovered boric acid on a reactor coolant system
hat let Instrument nozzle, The cause of the borie acid accumulation was
PWECE of alloy 600 Inconel material in the nstrumenl nozzle. The
amount of boric acid found dernonstrates the crack was small and the
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leskage rate low. The nozzle was visually inspected during the last
refucling outage in 1959 with no leakage [dentihied. Visual inspections of
cther alloy 600 hot leg nozzles did nel identify degraded components. As
comectve action the noezle was modifizd during the refueling outage ang
prior ko the Unif entering Mods & In addilion, the current Pals Varde
Alloy 800 strategy is 1o mod/fy all alloy BOD hot leg nozzles during future
cutages.

LER Number
Plant
Evsrnt Date
Absiract

52000004

Falo Verde Unit #2

10ra2000

Cin Cotober 4, 2000,. At approximately 2300 mountain standard time,
Unit 2 was in Mcde 4, hot shutdewn, caaling down for a refuglng cutaje
when engineering persennel disgoverad a small accumulation of boric
acid resicue on a reactor coolant systetn pressutizer heater sleave, The
condition was identified dusing a routing baric actd wal<down of the
reactor coolant system hot legs. Subsequant sddy current testing
confirmed & iner indication in the sleeve, Vizual inspeclians of ather
RCE Alloy 600 hot leg cemponents did to identify other degraded
components. An ENS notification was made on Cclober 5, 1248 MST 1o
repott the condition. The sleeve has baen rapaired and testing will be
compleled during starfup (Made 3) at nomma! opetaling pressure and
1zmperature.

LER Nunrher
Piant
Event Date
Abstract

26580008

Peint Beach Unit #1

7201880

Power level - 100%. Point beach nuclear plant unit 1 was shot dovn from
100 parcent power on July 20, 18950, al 083% CDT 1o repair lazks in the
reactor coclant system with an average total leakage of approxmalely
0.27 gallons per minute. Reactor coolant was leaking through a canopy
seal weld on control red drive mechanism 1-3 and the upstream weld on B
steam generalor channel head drain hne isolation valve 1RC-5268, Both
lsaks were repaired by welding and the plant was brought on ling July 28,
1990, at U558 GDT.

LER Number
Plant
Event Date
Abstract

26689012

Foint Beach Unil #1

11/4M589

This report discusses the discovery of an approxmatsly 1184 inch
through-wall defect ar Nlaw on the upstream weld for valve 1RC-526A, the
isoclation valve for the Unit 1 ~AlU steam generator channe! hzad drain.
This indication was discovered while conducling an informatisnal liguid
dye penetrant examination of ihat weld dug to the visual identification of
bariz acid erystals on the weld. The unit was shutdown at the time of this
diseovery. A four hour non-2mergenay event notification was made to the
NRC af 0307 CST on Novemnber 4, 19958, in aczardance with 10
CFRE0.72{b}2)N for an event discovered whils the plant was shutdown
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thal, had it been discovered while the reactor was operating, would have
resulted in the principal safety bamiers being sericusly degraded The
weld has been replacead

LER Mopmber
FPlant
Event Date
Apbsiract

Nune

Salem Unit #2

87711987

Cn Aunust 7, 1987, after an implanned shutdoas, Salem Unit 2 wasz
brought to o eold shuetdown condibon. Inspection teams entered the
contzinment building to look for reactor coclant leaks thel would adeaunt
for the increased radinactivity in contaimment a'r that was noted before
Ihe shutdown. The toam assigned ta the reactor heard area found boric
achd crystals an ihe s2am 0 the venlitatizn cowling swmounding the
reaclar head area. The licensee then removed some of the cowling and
insulalion and discovered a meund of boric acld resldee at one edge of
the reactor vessel head, A pike of rust-colored betic acid eryslals 3 feet
by £ fael by 1 foot high had accumulated on the head, and a thin white
film of baric azid crystals had coated several arcas of the head and
exlended 1 to 2 feet vp the control rod mechantsm housings. The source
of the boric a23d was reactor coolant leakage threunh three pinheles in
e szal wald at the base for tha threaded connection (conoseal) for
themeooouple tnstrrmentation. During the previous operating perod,
reactor coolant leakage had not exceeded 0.4 gallon per minute (gpm}.
Corrosion damage io the reactor vesse! haad was caused by borated
water that had dripped from tha venblation scpports onte the head. The
lizensee farnd nine comosion pits i the ferritic stesl vessel head, The
plts were 110 3 inches in diameter and 0.4 to 0.36 inch deep.

LER Number
Plant
Evant Date
Abstract

31198007

Zalemn Unit #2

7301958

On July 29, 1988, indications of leakage throuah reactor coslant systern
(RGCS) mstrumentalion 1ubing were discovered. The subject tubing is
used for RES fow Mdication and pratection and is an ASME Code Clazs
2 companent. Follawing inftial evaluation of the condition, on July 30,
1698, the Taechnical Specifization for ASME Code Class 2 keaks was
entered, and 1he line was [solated. A four hour notification was mads to
the NRC In accordance with 10CFRSD.72(0)(2)1. Additiona) walk-downs
resulted in the distovery of leakage indizzlions on the twbing of five ather
RCS Instrument ines and on tubing In the pressurizer hquid sample line
delay ooil. Small accurmnulations of dried boron on the outsidz of the
tubing were the only Indizations of leakagse. The affected tubing is Typs
304 stainless sloe! lubing thal containg reactor coclant, The affectad
lines are ASME Code Class 2 components and are designed 1o malntaln
the RCS prassure baundary. The failure mechanism is transgranular
shress comosion cracking intiated from the oultside diameter due ta the
presence of contaminants on {he oulside surface of the tubing. The
source of the cantaminaals cannat be definitely determined. Gormrective
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actions taken inclede replacing the affected tubing. Planned comective
aclions include inspecting the Salerm Unit 1 tubing during the next outage
of sufficient duration, performing swipe testing of exposed stainless steel
tubing al both Salem unite, cleaning uking if regui-ad, and emphasizing
cleanfiness requiremer.ts with approprate personnel.

LER Number
Plant
Event Date
Absiract

36182004

San Onofre Unit #2

2HaM1ae2

Fower level - 000%. On 21882, with unit 3 deluslad for the cycla B
refueling outage, 8 dye-penstrant examinatian of a pressunizer vasor
space lovel Insteurment nezrle revealed the presence of a erack. The
examination was prompted by earlier cbeervations of st and bogie ack]
crystals in the vicinity of the nozzle during a walkdown of the reacior
coolant systemn (RCS) following the shutdown. Qo 3/14782, unlt 2 was
shutdown for reasens unrelated to this event. A thorough inspection of
tha unit 2 nozzles, prompled by the findings at unit 3, revealad simllar
signs of rust and boric acid crystals attwo of the noz=les. The cbserved
leakapge was attrinuted to primary water stress corresizh cracking
(PWSICL) of the [ncons! 500 matedal from which the nozzles were
fabricated The leaking unit 3 nozzle, as well as the remaining 3 vapar
space nozzles in Lhe unit 3 pressurizer, were replaced with nozzles made
from Incone! 690, a material kess susceplible {0 PWSCC, An interim
repait of the unil 2 nazzles wilh Inconel 820 was Implemented prior 1o its
startup. Since it is likely thal these conditions existad during modes of
reactnr gperation In which no primary presstiee baundary leekage Is
allowed, Techniza! Specification 3.4.5.2a, Reactor Coolant System -
operaticnal l=akages, is considersd not to have been satisfled.

LER Number
Plant
Event Date
Absfract

35128002

San Onofre Unit £2

1/26/1938

On January 26, 1898, during the Unil 2 mid-cycle outage, plant persannel
visuslly Inapected all Reactor Coolent System (RCE) nozzles in the hot
and eold legs, the pressurizer, and the sleam ganeratar channel heads
Seven nozzles were identified for repairs. Technical Specificatian (T5)
3.4.13.a allows no RCE pressure boundary leakage in Mades 1 through
4 The leakage from these noz=les was nat mezgurable 2nd the evidense
of leakage could not be detected until the RCS insulation was removed.
Based on the existence of boric acid crystals, it is hkely that some leaks
existed during Mode 1 through 4 operations. Consequently, Southem
{Calfornia Edison {SCE) is reparting these ocormences in acoordances
with 10 CFR 50.73(a){ 2}1]1.5CE belisves the leakage is from cracks
ihrounh the nozzle in the head affected zone of the partis] penetration
weld of the instrurment nozzles, SCE has previously determined that
similar cracks wera caused by Pomary Water Streas Corraslon Cracking
(PWELC) of Alloy BGO maternals. SCE replaced the cuter half of three
nozzles with Incanel 690 material, and repaired foor nozzles using
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Mechznical Nozzle Seal Assemnblies (MNSALA complete cireemferenllal
failure of an RCS instrument nozzle is not beliaved to be a credible event
Mewverlhaless, SCE has venfied that the eonseguences of such a fallure
would he bounded by the Emall Bregk Loss of Cadlant Accident
{SBLOCA) analyzed in the UFSAR (multiple s'multaneous fallures of
instrument nozzles is not credible) Consequently, this gvent had minimal
safely signlicane.

LER Number
Flant
Event Date
Abstract

SBICEN0T

San Ongfre Unit #3

Ti22fMeas

Power level - 000%. On July 22 1985, with the Unit in Mode 3, Ediseon
began the Unit 3 cycle & refusling culage inspeclion of the allay 600 2nd
690 instrument nozzles. one pressurizer (FZR) level insfrumentalion
nozde was found wilh a smal amount of bort acid crysials and oxldation
present, indicating RCS weepage. On July 28, a radie-chomisiny
evaluation confirmed that RCS weapage had occurred, Twa similar
indicatinns were found on RCS hot [eg atrumen: nozzles on July 27,
1985, Dased on radionuchde analysiz, these RCS |zaks were mimite and
had been inactive for mare than a year. Theae inactive wesps are
aslimated 1o have occumed about S00 days priar o discavery at the
beginning of Cycle ¥ operation, whan the unit was in Mode 4 or above.
Tharefore, Edison is reperting this in accordance with S0.72{a)(2)(1).
Edison has concluded that primary water strees cornesion cracking of
allay 800 type materials was the cause of all thres RCS pressure
boundary leaks. As a precautionary measure, the four PZR vapar space
instroment nozelzs will be replaced with alloy 680 material. The
accessible extenor of the o existing RCS hot leg nozeles will be cut off
half way through 1he RCS het ley materal. New alloy 690 nozzles will be
walded 1o the extarior of the RCS pipe. All repair work is being
pertformead in accordance with ASME Section X1, The leakage arca
introduced by the complets failure of an instrument nezzle is substantially
less than the smatlest area evaluated In the UFSAR for smalk break
LOCAs, Thus, the consequences of @ fatlure of an Insttument nozzle is
bounded by tha small break [OCA analyzed in the UFSAR. Edison has
concluded that the exislence of the RTE leaks noted had minimal safety
significance.

' LER Nismbar
[ Plant
Event Date
Absiract

36297001

San Onofre Unit #3
411211937

Power level - 0O0%, On Aprl 11, 1997, plant operators began raducing
reactar power for the Unit 2, Cycle & refueling cutage. Betwesn April
1217, 1997, Edison iaspectsd ail Incong! Alloy 600 instrument nozzles in
the RES. During this inspection, Edison noted that four RCS noz2les had
leaked during plant operalion, and a fitth is suspected of leaklng.
Terhnica! Specileaton (T5) 3.4.13.a allows no pressure boundary
leakage in Modes 1 through 4. [Fthis OO is not met, this TS requires
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the Unit tor be in Mode § within 38 bours, Based oh the existence of bonic
acld erystals around some of he leak locstions, Edison beleves it likely,
that ane ar mare of the leaks axisted during plant aperalion {more than
36 haurs prior 19 entering Mode 5). Conseruenlly Edison 1a reporling
these cocumrances in accordanse with 10CFRE1Y3{a)(2)(l). Based on
evaluation of the leak size, l2ak location, depesition of borlc acid crystals,
and previous experlance with Inconel 800 nozzle lzakage, Edison
suspects the lagkage to be from & crack theoogh the noezzle in the heat
gfiested zone (HAF) of the pactial peneteation weld an each of the
instrument nozzles. Historically, Edisen has delemmined that similas
cracks were caused by Primary Water Stress Corrosion Cracking
(PWSCC) of alloy 600 type materials. Cracking of Ingongl BO0 materal is
wall known and is xely the root cause of these leaks. If, after further
Bnalysis, 8 cause other than provided here is found, this LER will be
supplerented with additional details. Edison will replace the outer half of
the Inzenel 00 materlal of the sriginal nozzles with Incone! B30

Regquired welding will be completed In accardance with the ASME [,
Class 1 welding guidelines. [Note: This repalr is almllar to that repoated in
LER 2-27-004)

LER Number
Flanf
Eveant Data
Abstract

287002

San Onofre Unit #3

FIAM857

QnJuly 3, 1997, plant personnel ingpecled the Unit 3 RCE norzles al 350
psia. One nozzle had an increased amount of white rezidee, and an
isstopic gnalysis determined the rasidue was boric avid from the RCS,
Three other "suspect™ nozzies ware re-inspected; two had a slight residuz
increase, the third did not. Edizon assumed the residue from thess other
nozzles was alsa boric azid from the RCS. Technical Specification {TS)
3.4 13.a allows no prassure boundary laakanae in Medes 1 throwgh 4.1
this LCO is not met, this TS requires the unit to be in Made 5 within 36
hours. Based on the existence of horic agid crystals around some of the
leak locations, Edisan balieves it likely that one or mere of the leaks
exizted during Mode 2 and 4 opargtlons. Consequently, Edison is
reporling these occurrences in accordance with T0CFRE.73{a)[2) ().
Edison has previausly determined that similar cracks were caused by
Brimary Walter Slress Corroslon Cracking (PWSCC) of allay 600 type
materialz, Cracking of Inconel 00 material is well known, and iz
believed o be the raot cauwse of the leaks reported hargin. Based on
evalustion of the keak size, lzak location, deposition of haric acid crystals,
and previnus experience with Inconel 600 nozze leskage, Edisan
suspects the leakege is from 8 crack through the nozzle In the heat
afiected zone {HAZ) ol the parlial penetration weld on each of the
instrument nezzles. These nozzles were originally designed and inatallad
as a one piece nozzle made of Incanel 800 welded with a J-Groove wald
on the inside of the RCS piping. Edison replaced 1he outer half of the
nozzles (Incone! 600 material) with Incoenel 880 material. Reguirad
welding was completed in accordance with the ASME 111, Class 1 welding
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LER Mumber 44352026
_ Plant Seabrook LInit #4
Evant Dale 711441882
Abstract Power level - 100%. This LER is being subrmirtted as a volunlary LER by

Morh Allantic Energy Service Corparation. Cn July 14, 1992, Seabnook
Station maintenance personne! were performing work on Chemizal
Volume Contral System [CB] demineralizer 2A resin sluice discharge
vabrg, CTE-VW-83, when it was diseewvered Lhat three of the four cover baolts
had fractured. This bolling configuralion caused the valwe bonnet to
loosen and become eocked. The demineralzer was isolalod and @
temporary strongback device was installed on the valve o prevent the
plug from being ejected. A= a result of this falure, plant walkdowns of

j similar valves were performed. It was discovered that two additional
valvas, CE-V-252 and CE-V-742, in close proximity to G5-V-05 each had
two fractured cover bolts. CB-A-93 and CS-V-252 are safety related,
ASNE Clazs 3 vales, and CS5-V-742 is 3 non-nuclear safety valve. All
three valves are three inch slainless steel Xomox [K002) Tufiine plug
valves which are manually operated wilh remcts reach rods  Valves,
CEV-83, CEV-2562, and CS-/-T42, are physizally located [n the Primary
Aurxiliary Building [NF] deminaralizer alley. Thers were no adverse safely
consequancas 85 a result of this event. Ne redwactive effluents were
teleased bo the environment. The root cause of the bolting failures was
determined to ke due to high materal hardness which caused the
material to become more suscaplible 1o strass corrosion cracking The
station environment provided the necessary moisiure for inltlatlon and
propagation of the bolt stress cracking. The normal holt torquing tensils
stresses have been determined 1o be sufficient 10 contrbute 1o
irlergrenular stress comosion cracking, Morlh Atlantic has replacad
baling on = total of 158 Xemox Tufine plug valves whizh had Grade BG
Type 410 stain'ess cover bolts. This total consists of 64 ASME Safely
Class 2 and 3 valves and 94 nor-nuclear zafaty relatad valves,

LER Number a358va
Flemnt 5t. Lucie Uinit #1
Event Date 10/8/1987
Abstract Pawer level - 100%. On Octcher 8, 1887, 31, Lucie unit 1 was 2t mode 1,

100% power and at steady state conditions. While porforming a routing
2-hour leak rate survelllances, it was discovered thal there was an
unidentified reactor coolant system (RCS) leakage greater than one
gallon par minute (gpm) (1.02 gpm). AL 0529, the nuslaar planl
supervizir (NPS) declared an unusual evant. Operalions personnel made
a contsinment entry to investigale the source of leakage, At 0812 hours,
a controlled reactor shubtdown was started so further investigations coold
' be perfonmed. During this investigation, the sources of the leakage were
idanfified and detammined 1o b less than the 10 gpm allowed by the
technical spesifications. Tha unusual even! was lerminated at 1405 on
Octaber 8, 1887, Cause of the event was due to [eaking check valve
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bonnel and a cracked pipe in the heat affected zone on the 1al reactor
coclant pump (RCP) lower cavity s=al nozzle weld. The roct cause of the
weld joint fallure was due 1o the previaus mizalighment of the seal
frjection piping flange and the RCP lower cavity seat nozzle flange. For
comeclive actions, the unit was shutdown and required repairs were
performed and completed  The remaining reastor cooland pimps, 142,
1B1, and 1B2 veare inspected far prapar alignmend of the s2al injecdion
and lawer cavily $48] nozzle flanges,

LER Numbar
i Plant
' Event Data
Abzsiract

A3501003
Sk Lucie Unit &1
41452001
On April 14, 2001, UnTt 1 was 1a refusling Mod= & followling shutdown for
a scheduled refueling outage. During mantetiance la replace fixed
insulafion with remaovable insulation a2 the 2/4-Inch 18 hot leg instrument
nozzle HC-138, a minor through wall reactor enolant syslem leak was
idenbifizd at the nazzle, A review of the Alloy 600 nozzle malerdal used ot
RC-125 indicates that hoat NX-0003 was vsed, Thene is ot industry
failura history for this heat; howewver, Alloy 600 is susceptible b PWSCO
and has ozcurred in similar conditions in the RCS hot leg at St Lucie Unit
1 and six ciher CE NS35 units. There are nine wses of this heat in Unit
1, including the one thet falled at RC-136. Visual inspection of the other
eight nozzles of the susceptible heat NX-0003 was completed 2nd no
leakege was identified. Corrective actions melude replacement of RCS
naozzles RC-126 under ASME Section X1 WMYA-T000 with a balf norzle
desigh prcrts startup. The RCS inspeclion proceduras were reviewed
and are effective al identifying the leakage associaled wilk the smallbare:
PWESCE failures and no changes wera required, FPL is developing &
replacement schedule for the remaining eigh! nozzles.

; LER Number
: Flant

ABF94007
St Lucie Lnit#2

Evenf Date3 15/ 1924

Absiract

Power leyel - 000%. On 16 March, 1924 Unlt 2 was in made & during a
refueling cutage. FPL Engineeting persaonnel identified trace amounts of
baone acid an the extenior of the Pressurizer steam space G instrument
nozzle during en nspection. Subsequently, Quatty Contral (QC)
pamsennel perfomed intericr dya panetrant examinatieon and identified
unacceptahle indicalions at the &, B and T steam space instrument
nozzle welds, The O instrurnent nozzle wald was acceptable, Tha
unacceptable wald indications wera in the "J' weld betwesn the alloy G50
nozzle and the clad on the inslde of the Pressurizer, The probablo root
causes of 1he condit'on include: 1) Usage of the Shisidad Metal Arc
welding process and 1-182 filler matarial which |& susceptible W Primary
VWater Stress Comosion Cracking. 2) High residual stresses dus to
multiple nazzle rework and replacements perfarmed m 4987 and 1893,
3} Less than eptimum conditions for the welding process during intecior
Pressurizer repairs performed in 1993, Adverse conddions increased the
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likellhood of slag inclusions and lack of weld fusion  The corrective
aclions: 1) FPL Engineering performed a root calse analysis onthe
conditlan. 23 A more sultable weld material will be used in repaiing the
sleam space nozzles pricr to unit restart. 3) The nozzle repair method
wil ralocate the welds to the exterior of the pressurizer and away {ram
the high residual stress zones, 4) An automated welding machine will be
uzed in the repale efarts. 5) Mechanizal Maintenance will conrdinate the
inspectiong and repsir eflorts performed by a contractor with experence
in 1his techilgue.

LER Number
Flanf

Absiract

3898500
St. Lueie Unt #2

Event Dafa| 01019585

Power leve| - 000%. On October 10, 1995, 5t Luciz Unit 2 was in Mode 3
following a shutdown for a scheduled refueling cutage. A routine Reactor
Coolant System {RCS) visua! leak check was baing performed in
secardance with an appreved plant procedune, Durng the course of The
inspechon, a utility Quality Conlral inspeclor observed that an instrurment
nozzle located oo the "B side RCS hot leg exhibited an apparent baric
acid buildup indicative of RGS Isakage. Although no aclive leakage was
abserved, & plant cooldown was continted 1o Mada & within the Techniczl
Specification (TS) time requiremends for RCS pressure boundary
leakege. Further investigation confirmed that pressure boundary leakane
had previously ocoumrad, most probably dus to primary waler stress
corrosian cracking (PWSCC) of alloy 500 materiat at the Instrument
nozzle. The corrective actiona for this evenl were: 1) A visual inspection
of other RCS instrument nozzles was completed and no addittonal
leakage was found. performed which indicated that no recent RGE,
lzakage had occurred, but that leakage had ocourrzd at some time in the
past. 3} Plant staff will canduct additional testing durlng nozzle removal
to confirm the presence and orientation of the indication. 4) The
defective nstrument nozzle and other RCS nozzies having the same heat
number will be replaced prior io unit startup. 5 Enginaering will review
the data caltectad from this ingpaction for enhancemeants to the exsting
RCS nozzle Inspestion program and schedule for elloy 600 noZzle
replacement.

LER Mumher
Blant

Abstract

29500008
Summer Linit #1

Evant Date10A 272000

On 10/7/00 ptant persennel identified an accurnulation of boric acid near
ihe "A&" loop of the RV, Subsequenl inspections revealed smal amounls
of baron buildup on tha weld batween the vessel nozzle and the hat l=g
plpe. VWithin hours, the suspect area was eleaned up and a FT
examination of the pipe identified a 4 Inch indication at the weld
approximately 3 fest from the vessel batwesn the hot leg piping and the
reactor vessel nozzle, The indication was located about 17 inches fram
the tep of the pipe. This pipe has 8 nomlina! inside diameter of 28 inches
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and is approximately 2.5 inches thick. Subsequent UT exeminalion from
the insido diameler identified an axial flaw less than 3 inches lang Thea
same examination determinad that tha original indication was net the
source of the leak. The PT indication were iater determined to be steam
cutting!bori acid corrosion al the nozzle butter 10 nozzle intarface. The
axlal flaw was determined to have resulted from the extetsive repaire
performed during inlial inslaliation which created bigh weldihg residual
stresses in the materdal, combined with a8 materal susceptlble to stress
camasion crasking, and an environment known te cavse PWSCC. The
welding technotogy of the codes, standards and processes in uae during
inltial installation did nol account for ihe extent of repairs requirad on the
weld. Weld repairs were completed on February &, 2001,

I ER Number 28028006

Plant Surry Unit #1

Evend Dale 32401524

Abstract Dn March 24, 1888, with Unit 1 at Cold Shuidown, the B Reactor Godlant

Fump (RCP) Motor was being removed for malntenance. During the
removal process, [t was roted that there was & baric acid build-up on the
head of the RCP lower radial bearing Resistance Temparature Detector
(RTL} conncstion. The RTO cap was removed and it was noted that the
Lhermowell was {illed with water. This RTD is dry mounted ina
thermowell. The thermowell forms parl of the Reactor Coclant Systam
{RCS) pressure boundary. A sampla af the water revealed that the watat
was from {ha RCS indicating a through wall [eak of the thermeowell,
Techetical Specification 3.1.C.4 prohibits a non-isolahle fault Ina RCS
component body, pioe wall, vessel wall, ar plpe weld, Prior to Lnil
oparation the defecl was Tepaired in aceordance wilh appropriate codas
and standards. This event is reportable pUrsuant ta
{OCFREQ.TA=2Y1)B) for condifions prohibitad by Technical
Specificaticns.

LER Number 23085007
Plarit Surmy Linit #1
Evant Dafe3M1241985
Absfract Power lavel - 000% . On September 12, 19395, Unit 1 was at cold

shutdawn for & scheduled refueling autage. While insulatron was being
removed from the Undt 1 pressurizer for planned [nspections, haron
crystals and corraslon products werae discovered on Lhe cutside diamster
of the vessal where two of the four nozzles for the upper instrument
nozzlas exit. Boroscapts and liquid penetrant inspeclions ware conductad
in the four upper nozzles and in bwo of the five lower nozzles after the
attached piping had bean removad, These inspectians revealed a
circumferantial crack located approxmately 2.5 inches from the ingide

. end of the nozzle in each of the bwo suspeci upper nozzles. The two
nozzies were remoaved and replaced. One noxzle was extracted from 1he
pressurizer and & detailed metallurgical examination of the faillure was
performed. The actual through wall leak in the nozzle was nol recovered
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when the nozzle was removed from 1he vesscl wall, As a consequonze it
was not possible to determine a definitive cause for the leak. However,
examination of the malenal revealed subslantial evidence of Inslde
giameter initiated Transgranular Stress Carrosion Cracking (TSCC) and
putside diameter Intergranular Stress Comrozion Crackiag {(1SCC) and
TSLC. An analysls was perfarmed that deterrmined there were no
potential safety cobsequences. Tharelore, the health and safety of the
public ware not affected at any time during this avent. The idandificaton
of cracks in the pressurizer nozzle and the resulting ceposits are
evidence of through-wall leakage which is in violation of Techniczl
apecifications (T5) section 2.1.C.4. Sihee Unit 1 was in cold shutdavwn for
& seheduled rafualing cutage at the time of the discovery, no additional
T3 hmiting epnditions of oparation wera applicable, This evend is
repartable in accordance with 10 CFR 50.73(a)(2)(1)(B) due ta operation
in 2 condition prohibied by TS.

LER Mumber
Flant

Abgfract

2B1892008
Surry Unit #2

Event Dete12H 51982

Powar Tevel - 100%. On December 15, 1292, at 8858 hours, with Units 1
and 2 al 100% reastor power, Radiokzical Protection teshnicians notified
the Unlt 2 Senlor Reactar Qparalor (SR0O) that & Reactor Coolant System
[RCS} leak had developed near the Low Pressure Letdown Flow
Trensmitter, The leak was determined to be In excass of the maxdmum
RCE leskage rate permitted by Technical Specificalion {T8) 3.1.C5. A
Limitmg Candition for CQperation (LCO)Y requiidng hot shuldown within six
haurs was enterad ab B85S hours. The LOO was exiled at 0801 hours
ohee letdown was 1zolated. A four hour LEO was entered et 0501 hours
o identify the leak in accordance with TS 3.1.C.2. RCE leakage was
verified to be legs than 1 gallon per minute {gpm} at 0940 howrs and the
LCO was exited. The leakage cocurred when a section of drain va've
tuking for the Low Pressure Leldown Flow Transmitler separated from its
fiting. It was determined that the releass of radloactivlly to the
gnvironment was negligible hased on indizatians from the Ventiation
System Process Radiation Monikars, therefore, the health and safety of
the public were nat effected. A Root Cause Evalration (RCE) s being
conducted to determine the exact cause of this event, Recommuopndations
will be implemented from the RCE, as appropriate. This event is
reportable pursuant to 10CFRSGT3RIZ (B ).

LER Number
Flant
Evernt Dafe
Ab=iract

28534001
Three Mile 1sfand Lnit #1

arFHegs

Fowear levsl - 0T5%. Bane acid degradation of pressurizer spray vaha
[RC-V1) fastenars due to failure Lo censider pre-load when increasing
motor operator tarque On March 7, 1884, TMI-1 was operating &t
reduced power having located and isclated a body-lo-bonnet keak from
the pressurizer spray vaive {(RC-Y1). RC-\" was declared incperabla,

o
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Berauze of boric acid degradation exhibited by RC-\'1 fasteners, this
event was found ta be reportable in accordance with 10CFRED. 72{bX1}{i)
and 10CFRE0. ¥ ai2)fi). With RC-WM taolated, eperation was pemitted
whila preparations were made to shut down and repair RCAA. The pfant
was shut down an March 17, 1994 and the vave repaired, The root
cause was failure to consider the elfecls on fastener pre-load when the
motor operafor torque s2itings were increazed. There were no safely
consequances, RCAY was repaired and other holled cennections were
ingpectad Cormeclive actions include an evaluation of carrosion resistant

i fastener materals, programmalic improwements, and fraining.

! LER Number 28301002

Flamt Thres Milz Island Unit #1
Event Datel 01272001
Absiract On October 11 and 12, 2001, following shutdown for a schaduled

refueling cutage, TMI 1 perfoimead a visval inspection of the RPY head
nozzle penetrations par NRG Bulletin 2001-01. The inspection revealad
evidence of beric acid buildup around =l sighl {8) T/C nozzles and koric
ecid buildup around 12 CRDM norzles. Rased on the visuzl examingtion,
engineering evalvation determined that all & of the TIC nezzles were a
source of RS pressure boundary leakage. Additional NDE on the
CRDM nozzles [dentifizd that five CRDM nozzles were £lso a source of
RCE prossure boundary leakage and one non-leaking CROM nazzle that
contained unacceptatls flaws The cause of the crazks was detamined
to have been BWSCC. Prior bo existing the refusling cetage, 1hess
nazzles were repaired. The RCS unidentified leak rate before the
ghutdown did not indicate any significant lsgkage. A safety assessment
coneluded thal ihe nozzle cracks did not pose any risk for catastrophiz
nar2le fallure or haric acid damage to the RFV head. Powline qualified
vigugl inspection were determined ko be adequate to detest future similar
cracke before any significant impact an safe operations can Ooour.

LER Number Nong

Piant Turkey Point#4

Evant Date March 13, 1987

Absiract On March 13, 1287, personnet al Turkey Point Unit 4 discovered rmuore

than 500 lbs. OFf borle asid crystals on the reactor vessel head. There also was a large amount
for bane acid crystals in the exhavst eoofing ducts far the control rod drive mechanisms
{CRDMs). Aftzr removal of this boric azid and steam cleaning of the reactor vessel head,
gavere camosion of various components on the reactor vessel head was noted. This event at
Turksy Point Unlt 4 has once again demenstrated that boric acid will rapidly cerode farmitic
{carbon} steel components and it alse again demenstrated that If a8 small leakage occors near
hot surfaces andior surroundings, then the baric acid =olution will boil and concentrate,
bacoming more acidic and thus more cormosiva, The souree of the boric acid crystals was
found to be a leaking lower Instrument tube seal {(conoseal), on one of the ingore instrument
tubes. This eeal is a flanged Joink wilh 2n oval metal gasket that is held together by clamps
bolted in place, Thiz s2&], which Is insida the GROM cooling shreud, was observed to have o
very emall lezk as evidenced by some boric acid crystals during a plant outage in August 1936.
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An evaluation by he isensee at that ime concludad thal plant starfup was accsplable
pravided the seal was agatn Inspacted while the plant was shut down for an unrelated problem
in Octobor 1985, On March 13, 1887, Westinghouse, the N555 vendor, compleled a review
of boric acid comosicn rates, g5 earfier requested by the leensez, and reporied thad the
carrasion rale might e much faster than assumed when the sensee’s evalsaion was
perforraed, The [sakage from the coneseal apparently ran down one side of the reactar vessel
hesd Insuwlation end much of it leoked under the insulation to the bare reactor vessel hazd, In
addition, a large amount of vapar was apparently carried up inta the CGRDM cooling coits and
ducts where [t condznsed and deposited boric acid crystals. OF 53 head bolts, 3 are severaly
corroded above the associated nuls and will be replaced. The CRON cooling shroud svppart
is severely corraded in the affected seclor and the enire shroud will be replaced. The
conoseal clamps 2lso wers carroded. The reactor vessal head will be removed to inspecl for
additional damaga. The reactor veszel head, bolts, and cther components will be
nan-tdestructively tested to check for additional damage. (The above abstract was taken from
IM 85-108 Supplemant 1.}

LER Number 25292002
Ffanf Waterford Unit #3
Event Date Zr2sf19492
Abatract Power jevel - 100%._ Al D248 hours on March 25, 1902, Walarford steam

elactric station unit 3 declared en unusual ovent due to reaclar coolant
gystem unideniified leakage in excess of Lhe Technical Specification
3452 Imitct 1 gallon per minute. The reactor was shut down and the
source of ihe leakage was subsequently d=termined to be the packing
area of reaclor coolant hot leg sample valve RC-104. The packing gland
gtuds on RG-104 faifled due bo bore acid esrresion. The root cause of
this event was use of a material in an application for whizh it proved
inadequate; that s, the sluds were mada of a material that is susceptible
to boric acid corrosion, and the vaive was usad in a system where
possible packing leakage could expose the slods to baric acid. RC-104

- will be repaired or replaced during the next refusling cutage and the stud
material for simllar valves will be evaluated, Allleakage due to this event
was confined to the reactor containment building, and therafore the
kealth and =afaiy of the public and plant personne! was not

compromized.
LER Number JE252006
Flans Waladord Unit #3
Event Cata 11892
Ahbstract Pawer level - 100%. Abstract at 0703 on July 11, 1882, Waterfard Steam

Electric Station Unit 3 declared an Unusus! Event as a result of
unidentified reactor covlant system legkage greater than Ihe Technical
Specification 3.4.5.2 fimil of one gallon per minute. The reactor was shot
down and the source of the keakage determinad to ba the packing area of
. Reactor Coolant Hot Ley Sample Valve RC-104, This event resulied
fram the failure of a temporary l2ak repalr made to RC-104 after the
valve's packing gland studs failed due to boric acid carraslon on March
25, 1932, As aresult, the roat cause of this event and the earber failure
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ane the same: the use of & material for the sluds in an application for
which it proved 1o be nadegquaie, That is, the valve was installed n
syslem whers possible packing lzakage could expose the steds fo borle
acid despile the fact that the siuds were made of a material that is
suscephble to boric acid corrosion. RGC-104 will be repaired or replaced
during the next refueling cutage, Also, the stud matenal far similar valves
will e evaluaied. Al kakaga rasulting fram this event was eonfinad ko
the Reactor Containment Building and therefore, the health and safely of
the public and plant personnes| ware not compromised.

LER Numhar
Planf
Event Date
Absitract

38288002

VWateifard Unit #3

2261598

Cn February 25, 1938, during a planned inspeciion, Entergy discovered
avidence of Reactor Coolant System (RCS) pressure boundary leakage
on twa Incone| 609 Instrument nozzles on the top head of the
Pressorizer. Subzsequent inspeclions of tha remainder of Incanel 800
nozzles identified 3 more leaking nozzles. One is cn RCS Hat Leg #1
RTD nozzle, one is on KRGS Hol Leg #1 =ampfing line, and one is an RCS
Hol Leg #2 differantlal pressure inslrument nozzle. Ma evidence of leaks
was found on the RCS Cold Legs or Steam Generators, The apparasnt
cause of the leaks is axal cracks near the heat-affected zone (HAZ) of
the nozzle partial penetration welds resulting from Primary Water Stress
Caorroglon Cracking {FPWSCC). The leaking Pressurizer nozles have
been repaired uzing @ welded nozzle replacetnent. The leaking Hat Leq
nozzdes have been temporatily repstred using & Mechenical Nozzie Seal
Aszembly (MN34) as an altemats repair methad under
10CFREQ.SSaa)3nl}. Thiz avenl did naot compramise the health and
safety of the public.

LER Number
Flant

Abstiract

38200011
Walerford Unit #3

Evernt Datal0f1 72000

This LER documents three separate cazes of RCS pressure boundary
leakage discovered during Waterford's 3 refus| 10 outage. The first case
of leakage was discovered during inspeclions an Gclober 17, 2000 and
invalved evidence of lzakage at a pressurizer heater sleeve (F-4}. The
ather two cazes of leakage were discovered during inspections on
October 19, 2000 and Invalved evidence of leakage at two of the three
MMEA clamps that had been installed during the refugl 8 cutage as
temporany repalrs of leaking RCS nozzles, The condilions are belng
reported as viclations of TS e 4.52.a, which allow no RCS prassure
boundary leakage. Although it can not be determined exactly when the
leakage actually accurred, in ane case, it [= belisved to have oocourad
some time after a planned gutage conducted during June 2000
Inspection {with insutation an) earducted durng that earlier culage did
not identify MNSA clamp leakage, The thiee leakage cases were due (0
VPWECT, 2) a MHSA clamp flange not helng flat against the pipe and 3)
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a MNEA clamp seating itself, respeclively. The conditions have been
cetrected by plugging the pressurized heater sleeve, and by removing the
MMSA clamps and making permanenl wald repairs on the nozzlas.

LER Number 2854¥013
Flant Zion Unit #1
Evenl Dated! 1211597
Absfract Although this report B not required per 10CFR56.72 14 is baing submittad

volunlanfy. Technical Specification Section 4.0.5.a reguires that inservice
ingpection (1S of ASME Clazs 1, 2 and 3 components shal ha
porfermed in aczordanco with Section X of the ASME Sotler and
Pressure Yassel Code, except where specifis written relief has been
granted by the Commission pursuant to 10 CFR 50,5582 (g)(611). WWritten
refiel from the ASME Sechion X1, 1984 Edibion Code Reqguiremeant of
ViA-5242(a), for ihe inspaction of bolied connactions on systems
containing beric acid was granted by the NRC in the form of Relief
Request CR-13. However, the Relisf Request CR-13 atemative
axamination vistral examinafion (WT-3) of lhe reastor head balling with
the Insulation removed and the aystermn depressurtzed each outage prior
tn dismanlling of the head was not pedformed. A review of past refueling
autages inspectians reveatad that thes WT-3 altemative examination
required by Relief Request inspecticns CR-13 had nof heen performed
during this currend |51 Interval, nor had the inspection d=signated by the
Code been perfomed. The cause of this evend s Iha feilure to revise the
I8] databasze after the Safety Evaluation Repod (SER) was received fram
the NRC approving the use of the CR-13 rellef requast. This failura of
revising the 15] database resuitad becausa there was no process which
took this type of information and incorporated it into program documents.
By rot having this process in place, it was poseible to miss an itern such
a5 s inspection requirement identified in relief request CR-13.07-1,
VT-2 &nd UT Inspectors of the Unlt 1 Reaclar Head Bolting affer
detensionfng was completed for the cumenl cutage. In addition, a review
of previous outages visual, surface and velumetie Inspecons perfanmed
during the Third 151 Interval was also camplated. These additianal
Irspactions and reviews consluded Lthat ne degradation Including
degradalion due Lo harie acid of the Reastar Head Bolting had eecurred.
Conzequently, there was no salely impact due to the missed VT-3
inspections.
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LER Nurniber 29597025
Plant Ziot Unit #1
Evern Daftel172411957
Abstract On Novernber 24, 1897, during discussions about reactor cavity aras

Inspectiong, it was determined that Technica’ Staff Surveillance (TS5)
15.6.21, "Visval Leak Examination of Class 1 Components (Reactor
Coolant Systern Leak Test)' did not include the reactsr cavity {Incore
penetration) aroa {o ba inspacted as requirad in Seetian X1, WB-5220,
from 1891 to present, due to the area being Tdentfied as an inaccessible
aroa, Itwas subsequenlly delermined that the reactor cavity area is
aocessible for & VT-2 Inspection during Mode 3. The cause of the event
was that an inadaquate review of the T35 15.6.21 procedure was
performed in 1894, The safety significance of not pedforming the WT-2 in
the reaclor candity during slart-up, following refueling cutages since 1991,
it considered minimal, Corrective actions nclede revising TSS 15.6.21 to
Inelurde & regqulrement to have fulure changes o the procedure include &
Lead |51 Engineer review, to add VT-2 inspections of the reactor cavity
area far both units and to perferm the YT-2 inspection on Unit 1 and Unit
2 reactor cavity areas poor b unil restart.
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APPENDIX F

SUMMARY OF RECURRING ISSUES RELATED TO
PREVIOUS NRC LESSONE-LEARNED EFFORTS

The task group revicwed the reports from pravious NRC lessonlearned activilizs Lo delermine if
there were Jssues commaon to those resuiting fram Lhe Davis-Besse [essons-laarned review.
The repors reviewed warne:

+  "Indian Poinl 2 Steam Generator Tube Failure Lessons-Learned Report," Octoher 25, 2000

= Report ol lhe Millslone Lessans Leamed Task Group, Part 1: Review and Findings,”
Septamber 13, 1595,

= SEGY 97-036, "Millstone Lessons Learned Repart, Parl 2, Policy |ssues”

= "Task Farce Reporl Concemning the Effectveness of Implementation of the NRC's
Inspection Frogram and Adequacy of the Licensae's Employes Concerns Program at the
South Texas Project,” March 31, 1925

The staff found several areas where previous assessmenls had unzovered performance or
programmalle weaknesses similar to those uncovered In the Davis Basse review.

The table on the following page summaries the assessment of recurring NRC lessans:

[Moter The lessans and recommendations from the Seuth Texzs effart are listed in Section 5 of
its reporl. The recommendalions for India Paint 2 are lated in a table in Section 9 of ite renort.
The recammendatians far the Millstone effor! are in a table provided in the appendix of the Pari
2repart. Az applicable, recommendation numbers from the source documents are provided in
the table here for ease of reference ]
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lesua From Davis Bosse

Commenality {0 Pravious
Leasnns of Recommendations

Clazeoul of inapection findings
before licenses implerentalion of
corrective aclions

Millstone (items 4, &)

Program guidance far assessing
long-standing hardwane problems

South Texes
Indian Point-2 {iter ol

MRC Inspectorreviewer skills,
abllities, experience

Indian Poink-2 [items 5b, Sc)
Millstong (fam 14)
South Texas

Process to veriy information

Millstang {1t=m 2}
Indian Poinl-2 {item Gdi

MRC raview ol rouline repors

Indian Point-2 {itam 5¢g)

NRRfragional Office interaction
teeing safety evaluation develspment

Indian Peirt-2 {itern Gd)

Specific review guldanes

Indian Point-2 {item Ga)

Integralion of Inspection findings

South Texas

Peformance review progess

Indsan Pgint-2 (items 5a, Se, &)
Millstone {iterms 3, 13, 15}
South Texzs

Inadegquate Industry Guidanca

Indian Point 2 {itam 2}

Inadequaty requiraments In isenaing
basis

Indlan Paint 2 {item 3}

NEC Fellow up
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1.2

INTRODUCTION
Chiactive

Thea HRC haz conducled a number of essons-learned reviews for addressing regulalary
process Fsues associated with significant plant events or safety peformance conditigns
and issues. Consistent with this practice, the NRC's Exezutive Direclor for Operations
{EDCH) direcied the fatmation of an HRC task force in responzse to the issues associated
with the extensive degradstion to the pressure boundary materal of the Davis-Besse
Huclzar Power Station (DBNPE) reactor pressure vessel (RPY) head. The objective of
the Davis-Besse Reactor Yesse| Head Degradalion Lessons-Learned Task Force {task
foree] is defined in a publicly available NRC memorandum, dated May 15, 2002 from
YWilllam D, Travers, EDO, to Afthur T, Howell 1, the tagk force team leader.

This memorandum and altachment desenbe lhe appreach and chader for the
inler-office task force to assess the lessons-leamed relatad o the degradation of the
DENPS RPFV head Ihat was identified by representatives of FirstEnergy Muclear
Operaling Company [FENMOC), the lizenses for DBNPS, on March §, 2062, The
ckizctive of this effort was to conduct an independent evaluation of the NRC's regulatory
processes relaled to assunng reaclar vessel head integrity in order to identify and
recommend arsas for improvement appicable tolhe NRGC and the nuclear industry. In
the conlext of this &ffort, independent is defined as NRC staff members who have not
had any recent substantive involvement in regulatory metters petaining to DENPS,

Seaps

The task force conducted review activities In the following five areas: 1) reactar
oversight process lssues, 2) requlatory process [ssves, 3) ressarch activities; 4)
inlernalional pracices; and 5) the NRC's Generic Issue process. In reviewing these five
areas, the gk foree conductad fact finding at DBNPS in order to detemine what
pedinend plant infermation was avaitable for processing by the applicable NRG
requitements, programs, processes and procedures, The lask force conducted raview
activities in the HRC headquartsrs and regional offices.  The followino specific areas
were reviewead:

MRE Inspeclion Program and Implementation

NRE Plant Sakety Performznse Assessment Procass and Implementation
MNRC Enforcement Guidanee and Histary

MNRC Reporling Regquirements

Allegation History of FENOC Muclear Plantz

MR Regulatory Requirsmants Invalving Reactor Conlant Systamn Leakage and
Bore Acid Corrosion Control

KRG Licensing Review Processes and Implementation

NRE Cperating Experence Review Process and implementation
Rasearch Activities

MREC Generic Communicatian Procass and Implementation

NRTZ Genearic Issue Process ang Imztementation

Inlernational Expearience and Praclices

'{ "
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. Industry Guidance for Managing Regulstory Commitments
. Industry Technical Guidance and Initiatyes

The tazk force conducted a limited review of past NRC lessons-learnad reviow reports
to determine wheiher there were any recurring lessans that ware appleable to this
issua, These included. 1) Indian Point 2 Sleam Generatcr Tube Fallurn
Lessons-Learned Report; 2) Task Force Report Conceming the Effectivencss of
implkementalion of the NRC’s Inspecfion piragram and Adcquacy of the Licenses’s
Emplayee Concatns Pragram atthe South Texas Project, and 3) Milstona Lessons

i Learned Task Group Report, Part 1) Review and Findings, and Part 2; Palicy Issues.
The resulls of bis review are documented in Appendix F,

The task force did not conduct a detail=d technical review of the DBNPS nozzle aracking
waslage mechanizms sinze theze areas ame the focus of other NRE review activities,
The task fcrce reviewed the results of the NRC's Augmented Inspection Team [AT),
and eonzidared the available mformation associated with the igenses's various root
cause determination efforts.

Since the task force was primarily concemned with why 1he DENPS reactor pressure
vessel head degradation was not prevernted, it did not focus on the NRC's actions
subsequant o the time of discovery of the problem. Novertheless, during its review, the
task force identiffed a number of isstes associated with the NRC's responsa to the
idenlified condilion. These issues are documzntad in the raport, and, In some cases,
are specifically addressed by recommendations.

The: task force coordinated its review activities with other related on.going reviaws beoing
canductad by the Oversight Panel that was formed in accordance with NRC Inspection
Manual Chapter 0350, "Oversight of Dperating Reactor Facilties in an Extendod
Shutdawn as 2 Resyll of Significant Perdformanece Problams,” the MRC Office of
Invastigations, and the NRC Office of the Inspectar General, az well az gther NRG
offices.

The tagk force conducted a publiz meeting near the DENPS silte on June 12, 2002 and
conducled anolher public meeting in the NRC Headgquarders Offices on Junz 18, 2002 to
solicit public comments on the scope of the lask force review activitizs. The following is
a surnmacy of the comments received by lhose whe participated Tn the mestings:

. A comment that there is a linkage betwesn the RFY head degradation event and
the significant decrease in DENPS staffing levels over the past years:

' A commant that there are some DBNPS lessons-leamned form the 1935 loss of
auxiliary feedwater event that should have precluded the RPY head degradation
Bevent

' A comment that 1he task force complelion schedule may not be adequats to
support a thorough review,

" A comment that the DENPS RPY head degradation event could he attributed

mainly to plant implementation izsues;

- A comment Lhat a8 review of the DENP'S Updated Final Safety Analysis Report

did not reveal eny discussion of the analyzes of safety [zaues perdormed in
response (o NRC requests associaled with Faur spectfic NRC genatic

2
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commemicatians, which appears to represent nancemplance with 10 GFR

S0.71(e);

r A commant that questoned the valdity of risk assessments conducted over g
shart duratlon {ie., the periad between December 31, 2001 and February 16,
2002), and,

. A cornmant that questioned the relevance of calculations demeonstrating the

unlikelthood of the PV haad stainless stee! cladding fram calastrephizelly falling
under both nasmal ol transiant pressure ipading refative o the NRC
signilicanse determination of the DENES RPY head degradation.

The task foree considered all these comments. Several of tham were specificalty
included in 1he detailed review plans discased in Seclion 1.3,

The charter was revised three times dunng the course of the task force’s review
activities. Theae tevisions were made to address the addition of cbservers Trom the
Stale af Ohie, changes o the {agk foree team composition, end a change to the task
forge review schedule.

Preparation, Review and Assessmont MethodolTogles

The task foree effort was divided into three phases; 1] the preparation phase; 2) the
review phase; and 3) the assessment and documentation phase. Ciscrate scheduler
mileslones were established for each of these phases. Additionally, the task force was
organized inte bwo distinet groups. One grotp fecused principally oo DENPS fact
finding and the applicabla regulatory programs, proceszses, and implementing
procedures involving inszecton, enforcement, induestry operating exparence,
allegations, and plant safety pedformance assessment A second group focused
principally on the scope of the applicabls requiremnents, licensing review processes, the
industry process for managing regulatory commitments, applicahle indusiny technical
guidance and initiatives, international experiance and praclices, nesearch activilies, and
the NRC's Ganeric {ssue process,

During the preparatory phass, a number of activities were conduected 1o facilitate the
review and sssessment phases. The task group discussed the scope, objsctive and
speciics of the charer with & number of NEC managers and staff 1o estaklish poientiat
lines inquiry o be considerad during the review. Coordination brisfings were conduched
with other NRC offices, as well as represantafives from the State of Ohic and 2
representative of Cttawa County, Chic. The NRC's Office of Enforcement providad a
summary of the DBNFPS enforcement history, as we'l a2 an analysis of enforcement
actions involving Alloy 600 npzzle eracking, reactor coplant pressure boundary leakage,
and boric acid corrosion of carbon stee]l components, The= Azency's Aflegalion
Coordinatar provided 8 summary of gliegations for DENPS as wall a5 other FENQC
nuckar plants. Orientalion briefings and {raining wers provided {o the task force
membars. The Dakrdge National Laboratory compiled a summany of NRC reporiab’e
evenlts involving reactar coolant system pressure boundary lezkage and boriz acid
carrpsion dagradation.  Licenses, NRG, and industry documents and records were
cktained and reviewad in order 1o develop detailed review plans. These plans identified
specific lems ko be considered for review, including pre-identified issues, aswell as
spacific individuals to be interviewed. The MRC and the Stabe of Ohic established an
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agrezment which governad the chservation of ihe lask force’s activities by
représentatives of lhe slate, As discussed in Section 1.2, two public mestings were
canducted 1o obtaln public comments on the tagk force chanter.

Curing the review phase, the tazk force conducted independent fact finding at the
OENPS site, and conducted review activities In all four regional offices and the
headguariers offices, either in parson or telephonically. These review activities
principally invalved the interviews of personnal and the review of recomds.

While at the DBNPS site, members of the task force reviewed .censee records,
interviewed approximately 45 licensee managers and stalf members, and taured tha
containment building and other selected areas of the facility. A representative of the
Siate of OQhio ubserved the task foree's review activities at DENPS.

The DEMPE fact finding focusad on 2 review of the reacter vesse! head degradation
conditicys and related issves, such as* 1} reactor coolant system [RCS} leakage history;
2) the symptoms associated with active RCS leaks; 3} the borie acid comesion control
pragram; 4} precurser events, with emphasis on 8 1923 lasue Invelving the boric acid
eomasian wastage of a D steam geherator inspection port caused by a leak of the
reactor head vent flanged conneclion, and a 1598 issue fnvalving the boric acid
comosion wastage of three inadvertently installed carbon stesl pressurizer epray valve
nuts, ) the licensee's documented submissions end actions in response to key NRC
genefie cornmunications, such as Generic Letter {GL) 8898, "Eosic Acid Carrosian of
Carbon Stee! Reactor Pressure Boundary Companents in PWE Plants,” NRC GL 9701,
"Degradalion of Confrol Rod Drive Mechanism Noazle and Other Vessel Closure Head
Penstrations,” and NRC Bulletin 2001-0H, “Circumnferential Cracking of Reactar
Pressure Vessel Head Penetration Nozzles."

As part of the on-site fact finding at DBNPS, the task force raviewed licensee palicies,
programs, procaesses, and activities associated with items 1 through 5 noted abowe.
This included the following™ oversight activities, including quallty assurance audits,
performance Indizators, line self-assassments, third-party asssssments, offsite nuclear
review board assessments, aclion gnd Improvement plang, snd root couse analysos
associated with this evenl; staffing and budgeting; outage scoping and echeduling:
worreclive actians; employee consems (Ombudsman}; training; regulatory commitment
menagernant; intamal and extemal industry operating experiance review; plant
operalions; maintenance and testing; plant and design englneering; radiological
prateclion; licensing and eomplianse; and licenses involverment in the Baboock & Wileox
Ownears Group (BWOG). Appendix C documenis the indeyx of licensee records
requested and reviewed by the task force.

The task farce intendewed approximately 75 MRC employees from all four MRC regional
offices and the NRC's headyuarers offices, Additionally, the task forcs conducted
limited review acliviies invalving othar BE&VY plants in three other NRC regians, as well
_B5 twa other plards in NRC Region lIl. For each of these plants, the sk foree
reviewed: licenses actions in respense to NRC Generic Letlers 88-05 and 87-01; or
NRC employee site visits; or both, The task force reviewed MR documents of interest,
which are also listed in Appendix C.
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The task feree interviswed approximataly 10 other Individuals, either in person or
talephaonically, from several external organizations. Thess organizations included the
MHuclear Energy inslitute (NEi), Framatome Technologies, Inc., 1he BWOG, the Elsctriz
Power Research Inslifute (EPRI), and IRSN {tha French nuzlear requlatony euthority) of
Franca,

The assessment phase consisled of a series of team mastings and independant
in-ofiice review activities, The task force used techniques that wess simllar {0 those
used during past MRS Incident Investigation Team end Diagnostle Evaluation Team
reviews, These included the identification of basic facts; conclusions categorized by
program, persennel or hardware relationships, contributing and root causes; and
recommeandations.

Figure 1-1 MRC Organizalion

Figure 1-2 - Statian Organizalion




