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‘ TION OF GE TOPICAL REPORT, NEDC-31858P, REVISION
4,2, "BWROG REPORT FOR INCREASING MSIV LEAKAGE LIMITS AND -7
' ELIMINATION OF LEAKAGE

&,

‘ ect toplcal report submitted by the Boillng Water Reactor
, Owners’ Group (BWROG). " The staff considers the BWROG report acceptable for direct «
reference In future Individual plant submittals on the MSIV leakage Issue, subject to the
 conditions and limitation n the enclosed safety avaluation (SE), b i, v
| SE,'BWROG Is réquasted to incorporate the staff's SE In the
4y version of NEDC-31858P provided for use by member Utilities,, Specifically, BWROG Is &'
1instructed that the use of NEDC-31858P by member utilities Is subjact io the conditions and ¥
1 limitations stated Inthe staff's SE, and that the earthquake ground motion estimates, shown in
5. Figures 1 through 13 of the SE, represent the only ground motion estimates acceptabls to the'
i+ staff for reforence in plant-specific amendmant requests involving the use of this topical report
We request that you submit to the NRC the revised version of the topical report that & 2
Incorporates the statf's SE Sl
It the NRC's criteria‘or regulations change so that its conciusion that the tepical report Is
acceptable‘are invalidated, BWROG and/or the member willities referancing the topical report
will beexpected to revise and resubmit its respective docummentation. or submit justification for
the continued applicability of the topica! report without revision of tha raspective documentation,
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‘ Ise us within 30'day£ i anglgmateriat in the enclosed SE is considered propristary.

Without such notification, the staff Room, izt
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SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REAGTOR HEGULATION
.+ BWROG GENERIC RESOLUTION v .
HE BWR MAIN STEAM ISOLATION VALVE LEAKAGE

[

e maln steam lines in boiling water reactor (BWR) plants contain dual quick-closing maln :
steam isolation valves (MSIVs), These valves function to isolate the reactor system in the event
.ot a break in a steam line outside the primary containment, a design basls loss-of-coolant -
accident (LOCA), or other events requiring containment isolation. Although the MSIVs are &
designed to provide a leak-tight barrier, It is recognized that some leakage through the valves
will occur.: The current Technical Specification (TS) limit for MSIV leakage is typically 11.5
standard cubic feet per hour (scfh),. Operating experience indicates that degradation :
occasionally occurs in the leak-tight MSIVs, and the specified low leakage is ditficult to
maintain, s o R s
Because of recurring problems with excessive leakage of MSIVs, NRC Regulatory Guide (RG)
1.96, "Design of Main Steam Isolation Valve Leakage Control Systems for Boiling Water
Reactor Nuclear Power Plants,” recommends the installation of a supptemental leakage control .

. 8ystem (LCS) to ensure that the isolation function of the MSIVs complies with the specified '+
imits.. To meet this RG, many licensees Installed a safety-related MSIV LCS that is designed to
eliminate or minimize the direct release of fission products through the MSIVs following a
design basis LOCA. This is usually accomplished by developing a negative pressure in

- sections of the main steam lines (MSLs) between the MSIVs. In genaral, this is accomplished

- by a series of blowers that discharge the MSIV leakage to the standby gas {reatment system
SGTS) where it is released. A few plants may have a positive pressure LCS in the MSLs
between the MSIVs. At these plants, MSIV leakage (usually comprassed air} is directed back

_Into the containment such that there Is no containment bypass leakage through the MSIVs, )

However, these positive pressure systems {end to Increase post-LOCA containment pressure,.

thereby affecting other bypass leakage paths. Since most plants use the negative pressure
type of LCS, this is the type primarily addressed in this evaluation." However, the basic
principles could be used to justify the elimination of the positive pressure type of LCS.:

ue {0 estn imitations, the LCS would be unavailable if the MSIV leak rate were greatly in’
_excess of the allowable limits specified in the plant technical specifications. Hence, Generic .

ssue (Gl1) C-8 was Initiated in 1983 to assess: (1) the causes of MSIV failures, (2) the -5

ftectiveness of the LCS and alternative leakage paths, and (3) the need for regulatory action to
limit public risk.”. The rasolution of Gl C-8 (see NUREG-1732, Regulatory Analysis for the -
‘Resolution of GI C-8, "Main Steam Isolation Valve Leakage and L.CS Failure,” dated June
:1990) concluded that no backfit requirements to reduce public risk were warranted and that no

ction should be taken.” However, one of the alternative resolutio, s of GI C-8 showed that
several non-seismic Category | alternate MSIV leakage (alternate 16 the LCS) paths resuite

N I 2T ‘,gﬁ SF 3‘\‘; : N
[n a parallel effort, the BWR Owners Group (BWROG) formed an MSIV Leakage Committee in
1982 10 identify and résolve the causes of high MSIV leakage rates.- BWROG then formed a
follow-on MSIV Leakage Closure Committee to address alternate actions to resolve ongoing bu
5S St MSIV leakage problems and 10 'address the limited capability of the LCS. The .
o ’
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asults of thess committee acilvitias were submitied to NRC In saveral General Electric {GE)
_propristary reports, the latest of which Is NEDC-31 858F, Ravision 2, dated September 1993
“(Ralerencs 1, heraln raferred to as the BWROG report), In thls report, B.WROQ concludes that
the proposad Increase in the MSIV leakaga limlis {up to @ maximum of 200 standard cuble feet
_Per hour (scfh)) will reduce radiation exposures to malnlanance PEFAONNG!, Faduee QUIRQE i id
duralions, and extend the elfsallve servies lives ol the MBIVe, BWROE alae esnaludes (hat the
propesad aliminalion ef the LO& will simllarly reduce exposure (o maintenance parsonnal, . /i
reduce outage duratlons, and that the LCS can be replaced with an alternate method for MSIV
leakags treatment using the MSLs and the maln condenser, /. iy dii i it

i

The proposed alternate treatmesnt method recommended In the BWROQ report takes =
advantage of the large voiume in the maln steam lines and main condenser to provide holdup
and plata-out of fission products that may feak threugh cloped M3IVe., This method uses the

. main steam drain lines (hersin referred to as the bypass/drain ploing} to direct the leakage to

- the maln condenser, 1n this approach, the maln steam piping, the bypass/drain piping, and the
main condenser are used to mitigate the consaquences of an accident which could result in
potential offsite exposures comparabls to the 10 CFR Part 100 limits, - '

LI LN SR [ i I T R S e B
“The primary issue of concern Is the abllity o7 iha main slears plning downstream of the outboard

. MSIV, Including the bypass/drair piping, and the maln condensar to remain structurally intact
and act as a holdup volume for fission procais during and after a Safe Shutdown Earthquake

. (SSE)." The BWROG approach ¢! verifying . seismic adeguacy of ths alternate leakage

: treatment (ALT) piping was based on utilizing the earthquake experisnza-based methodology

: supplemented by a plant-specific walkdowr: .4 analyiical evaluation, La

O

1

‘BWROG retained EQE International (EQE; s = consultant to conduct & review of the &
-earthquake experience data on the performznce of nuclear power plant facility piping and "
_condensers.’; The results were summarized in Reference 1, which provides the data on the °,

. performance ‘of main steam system piping n< condensers in primarily non-nuclear facilities .
.which experienced strong earthquake motics. These data were also compared with the piping
.and condensers typically used In GE BWRs i the United States, According to EQE, based on
past earthquake experience, welded steel piping and condensers designed and constructed to
‘normal industrial practices (e.g.; ANSI B31.1 and Heat Exchange Institute (HE!) Standard
‘respectively) have been found to be seismically rugged and not susceptible to a primary
‘collapse mode of failure as a result of the seismic vibratory motions experienced at sites’
‘examined in the earthquake database.” Such earthquake experience was derived from a % i
database that includes the selsmic performance of power plants and industrial faciiities in actual
earthquakes (see Section 5.4 of this evaluation). The BWROG report notes that only a
relatively small number of seismically-induced pipi

facilities; these failures wera due

interactions.;




Boundarles upstream of the condenser were established by utilizing existin
used to limit the extent of the plant-specific selsmic verlfication walkdown
E (V"-w.'v': N ITCRI S PRI

» & limited number of license amendment raquests on the MSIV leakage issue have
referenced thea BWROG roport.. In view of certaln generic deficiencies identitied In those
ndividual amendment requests, and to support a more affective review of future MSIV leakage

the staff performed a genaeric review of the BWFROG report,

-
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REGULATORY PleT[ON ON SEISMIC EXPERFENCE DATABASE APPRQACH

The proposed BWROG resolution approach as dsscribed In the BWROG report would allow
higher leakaga limits and would take credit for the maln steam plping downstream of the i
outermost MSIV and the condenser to plate-out fission products,. l.eakage would be directed to
he condenser via the main staam drain lines. In ather words, the maln steam piplng, the -
ypassa/drain plping, and the condenser are rolied upan (o mitigate the consequences of an .
ccident which could result in potential offslte exposures comparable to the guideline exposures
f 10 CFR Part 100,- Appendix A 1o 10 CFR Part 100 furlher requiras that structures, systems,
- and components necessary to assure the capability of the plant to mitigate the consequences
‘of accidents, which could resutt In exposures comparable fc the guldeaiine exposures, be :
- designed to remaln functional during and after an SSE, Therefore, the proposed ALT path
 piping and the main condenser are required to ramaln functional If ihe SSE occurs, @5
. Furthermore, Appendix A to 10 CFR 100 requires that the enginaaring method used to ensure -
that the safety functions of the components are maintained during and after an SSE involves *
:the usa of either a suitable dynamic analysis or suitable gualification iest, except where it can
be demonstrated that the use of an equivalent static load mathod provides adequate :
‘conservatism, T s T et S
tis noted that thare are no provisions in plants’ Final Safety Analysls Reports (FSARs) and the
staff's safety gvaiuations associated with facilities operating licenses that would permit the use;
“of experience data as a means of seismic qualification for piping systems and components
However, requiring the non-seismically analyzed partions of the main steam system piping and
.components to meet Selsmic Category | requirements would not ba practical becauss ..
‘modifications required to upgrade the system to Selsmic Category | requirements cannot be
Justified from a cost-benelit standpoint... Therefore, the staff detarmined that BWROG's i
proposed approach of utilizing the earthquake experience-based methodology, supplemented
by plant-specific seismic walkdowns and analytical evaluations, i i i
demonstrating the seismic ruggedness of non-seismically analyzed main steam system piping,
related components and supports, and condensers.’ . L un el iy 0 L
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The licensees of Hatch 2, Duane Amold, Limerick, LaSalle, Susquehanna,’and Monticello ha
iously submitted their amendmeént requests for increasing the MSIV leakags limits and %

: oval of the LCS for staff review and approval.;,With the exception of the LaSalle submittal
-4 which proposed a'resolution based solely on the use of plant-specific analytical methodologi

Il the'other requests utilized BWROG's approach for resolution, supplemented by plant-iiss
specific seismic walkdowns and analytical evaluations It was found during the course of staff
review, that the earthqiiake experience database originally compiled by EQE for piping was not

to cover portions of the plant-specific data:, Spacif:




eficient for piping In the range of one inch to 10 Inches in dlamater, which are typically the
: sizes of pipes assoclated with the bypass/drain lines in operating BWRs. : The affected s
¢ Icensees, who submitted tha amendment requests, were asked to provide additional plping -
\8 2 result, the validation of the vibratory ground motions experienced at the database ’;
Aacllitles with piping and equipment being used as surrogatas for those at the respective plants
ere also subject to stalf review." This is to ensure the validity of the database ground motion
esentation of the piping database, which form the cornerstoi
for BWF he earthquake experience methodology.’ Other question
Which were also ralsed during the plant-spacific reviews included those related to the reliabillty
of the entire ALT path, as well as the support and anchorage evaluations for piping and §i
condensers.¥In all cases; licensees were able to provide the responses 1o the staff's reques
for additional information, ‘and the amendment requests were subsequently approved. it

LRSS

ATION OF THE BWROG GENERIC APPROACH

SWROG's Justification for increasing the aliowable MSIY leakage rate and elim nating the LCS
relies on'an alternative (alternate to the LCS) leakage treatmant path which results In post-"
LOCA radiological releases that are within regulatory requirement limits.” Regulatory - R
requirements also dictate that the alternative MSIV leakage freatment path must be capable of

erforming Its post-LOCA function during and following an SSE, 0 e sl :

. BWROG evaluated the sifectiveness and availability of leakage treatmant methods that Use
existing BWR plant equipment for reducing the radiological consequsnces of M3IV leakage
These methods included the isolated condenser, machanical vacuum pumps, steam jet air

, uct attenuation in the main condenser such that the
adiological consequences of MSIV leakage can be significantly reduced.: This method will
.usually require operator action to o

.

he !sot!&a;}tedmco_ndenser,treatmént path takes advantags of thé la ge volume in the main’
w2 condenser to provide holdup and plate-out of fission products that may leak through closed
i MSIVs. Licensees referencing the BWROG report must assure that the identified drain path
remain functio aI}durIng and following an SSE, assuming offsite power is not available
1y 3 J Gier N Ty, [y R S A T

ould also address the'radiological aspects f MSIV leakage tr
» coincident with a loss of offsite power assuming the worst case single active failur
design basis ‘event for which the fadiological consequences' must be‘shown to ba less 1
than tie"régulatory limits for offsite and onsite’ (control room) doses ,. S

<

"“4 N e v. x.\%r 2 l»‘.;g (g‘
.The Staff wil review the plant-epecifc functional design of the MSIV'ALT path for licensses
submit requests for increasing the MSIV leakags rate and eliminating the LCS based on tt
BWROG report.Thae staff will use the failure ¢ritsria identified in this evaluation during its revi

'offﬁle‘f_élf’&pg{t_lﬁ'gl;'i¢e'nSe_‘*é's'f_'re‘f'e;réhciﬁwg the BWROG report should also describe their
maintenance and testing'program for the active components'in the treatment path si
TR 4 Iy 7
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w”‘ﬁow be perfor miﬁg a gafaty-related functiohn
compoﬁan‘t!s ShOde bej'dﬁmoﬂstrated ; L

D to the BWROG report, Revision 2, contains an EQE report entitled, *Performane
25 Of Condensers ‘and Main Steam Pipiny In Past Earthquakes,” Report No. 50032.02-R-01
{0 (Revision 0), dated September 1 990. . This report provides a summary of data on the
performance of non-selsmically designed main staam piping and condensers in past.
eartnquakes around the world,  The database consists mostly of main steam piping and
condensers In fossil plants.. It was proposed in the EQE report that this earthquake experienca
data'be used to evaluate the ability of main steam piping and condensers in typical GE Mark

Il.'agd Il BWRs In the U.8, to withstand a design basis earthquake.
i talod pip“l’hgfénd_comdeﬁsers axhibited substantial -
: ough they were not specifically designed for earthquake loading
Specifically, it asserted that no failures of main stearn piping were found, and that anchored
peﬁormed well In past earthquakes, with damage limited to minor

R d BN B B s
'e{_&é!aff r : report, and the assoclatsd database, %o determine its :
ceeptability as a generic refarance for tha resolution of the MSIV leakage issue. Conslistent
‘with past staff reviews of individua| plant submittals, additional generic information was found to

e needed for the staff to completa the raview. A raguest for additional information (RAIl) on

he .BWROG report was sent to the BWROG ar Mareh 29,1995 {Reference 2). BWROG's

esponse to the RAl was providad on February 19, 1955 (Reference 3),” Subsequently, a7

urther clarification of the staff comments, based on the above February 19, 1996, responses,
as provided to BWROG during a May 8, 1996, tslecunference, BWROG followed up by

roviding the staff with supplemental informatios o January 9, 1997 (Reference 4).:.

the ty-related components and supports,
ithe staft,’ Specifically, the analytical procedures described in an EPRI report, EPRI NP-6041,

% were proposed to be used for demonstrating the seismic margin of selected components and
%he"ya’ssdciated supports.';These procedures are typically referred to as the conservativ
deterministic failure margin (COFM), seismic margin assessment (SMA}, or high-confidence
¥ low-probability-faiture (HCLPF) analysis methods. In addition, the validity of some of the

i reviewedandapproved by NRC for the deterministic operability evaluation for safety-related
systems,’¢components and the associated supports.z Their conservatism and, consequently, t

I3

potential Impact to thé public health and safety are Not certain at this time.: NRC, therefore
does not endorsa the use of the above analytical procedures and the referenced EPRI report;
o mic analysis of safety-related systems, components and their associated supports
ason,; BWROG should fecommend that Individual licensees perform the require

‘”’an_a"_l')"uéé!"evaluati'oh*s"’dsing' the plant licensing basis methodology, or a
g Y DGR e o & g A
f;\ ! 9




ccoptablé to the staff, Use of any other methodolog alrgady rsviewed and approved by
he staff, by individual licansees must be clearly justitied, snd the analytical resulis obtained oy
tiizing these other methodologles wil require staff review on & case-by-case basis i
s Indicated In the January 9, 1997, letter (Reference 4}, BWROG has committed to
ecommend that the limitations, identified by the staf, regarding the use of BWROG's /¢!
pproach, ba Incorporated in future plant submittals that elect to utilize the generic approach fo
esolving tha MSIV leakage [ssue.: Therefore, In future submittals, individual licensees should:

ommit to provide plant-specific data and parameters for piping and components t

emonstrate that they are indeed enveloped by the corresponding database parame

Icensees should also commit to perform a plant-spacific seismic evaluation for representative’
Supports and anchorages assoclated with piping and components,:In addition, licensees of i3
Plants whose FSARs, or Updated FSARs (UFSARSs), reference Appendix A ta 10 CFR Part 100
should commit to perform a bounding seismic analysis for the ALT path piping., The staff found
the above BWROG commitments to be acceptable

&)

of ALT Pathwa

he ALT pathway consists of the main steam line piping from th reactor pressure vessel to the
selected primary drain line pathway; the drain line piping from the main stear lines to the it
condenser; the condenser itself; and the turbine building from the low pressura turbine seals to
the building release point. BWROG's letter of January 8, 1997 (Reference 4), states that the’
radiological dose methodology employed takes credit for all of these path compenents except
for the turbine building N o

| | -specific reviews conducted In the past, ¢
icensees referencing the generic report should provide assurance for the reliability of the entire
LT pathway, including all of its boundary valves.i The licenseas should also provide assurance
hat valves required to open the'ALT path to the condenser are provided with highly reliable’
power sources, and that a ‘secondary path to the condenser with orifice flow oxists.? In addition,
valves which are required to open the ALT path to the condenser ars to bs included in the i

5 S

The earthquake"expe%iénce'fda’t‘:é\ib?avsé_éérﬁt‘a{iﬁéd'ln the BWROG report was compiled by EQE.

- For 29 earthquake-facility pairs the database provides: “(1) the name, date, and magnitude of
he earthquakae, (2) the facility name, (3) an estimate of the horizonta! peak ground acceleration
-(PGA), and (4) a brief description of the facility piping and condensers.: A majority of the PGA
stimates were based ‘on the grotind mations recorded at thy ;rjeares ic Instrument. 7k
gt i oy i e g

T & 5

. ‘ence 2), the staff requested addition

ce database listed in Table'3-2 of Appendix

Wiyt




; - This requestes information included: 134
“description of the local geology(ies) of the {aciitv anil seisr recording site, (3) the distances
rorn the earthquake to tha facility and from the Tscility ta the seismic recording instrument, i
) an‘estimata of the ground motion respense spectium at the facility, and (5} a description o
he method used to estimate the facility ground moticn responsé spectrum.-In addition, the 54
the BWROG create a definitive sarthquake experlence database since ;
used earthquake-facility pairs that are not listed in Table 3-2 of
e seismic capability of their piping and condenser )
G, by letter dated February 1

requested Information for the
a result, some facilities shoul

By letter dated September 22, 1997 (Reference 5, BWRGG provided the staff with an updated
earthquake experience database."This database contains 18 facility-earthquake pairs and
provides estimates of ground motion response specira for six faciliies,” Previously, the staff
ad accepted four facility ground motion estirmates {Valley Steam, Burbank Power, E! Centro
Steam, and Moss Landing) In plant-specific reviews.” Staff kevi%j of tha six new facility groun
notion estimates found errors with thres of the estimates. For bwo facility ground motion ;
stimates, EQE used an incorrect damping vaiue (2% of critical instead of 5%) for the response
pectra and the vertical and horizontal compeonents of ground motion ware switched for another
facility estimate, On May 8,1998, BWROG subrmitled a revisad earthauake experience.
.database (Reference 6) that contains 8 facility-earthguake (inciuding aftershocks) pairs and

.corrects the errors found in the September 22, 1997, database {Reference 5).° A review of this
latest database Is presented In the next section ! ey Wl

For facilities without on-sits selsmic recording instruments, estimating the ground motion
requires knowledge of: (1) the earthquake source characteristics {(magnitude, focal
mechanism, rupture area; fault orientation), (2) the distances from the facility and recording site

_ . ' m the facility to the recording site; (4) the 1 ‘
propagation path and its geologic properties, and (5) the geology(ies) Immediately beneath the
facility and recording site.” Since the ground motion may vary significantly over small distances
it Is important to verity that ditferences in distance, propagation path, and local geology are
minfma!Perween the facility and the recording site. A S B A

: AT s T 3 :
round motlon ,ésnmatésgs%?he Valley Steam Plant, the Burban r Plant, ko
Steam Plant, and the Moss Landing Power Plants have been previously reviewed and accepted
by the staff.i For the Valley Stéam and Burbank Power facilities the staff has accepted the U.S
Geological Survey (USGS) estimates of the ground motion'since the nearest recording of the
971 M6.6 San Fernando earthquake is more than 8 km distant from the two facilities.;
6 thess tv ' selsmologi s at the USGS modified the ground motiol ‘record of the




1871 8an Fernando earthquake made st the Holiday lin in Van Nuys, ©A The main
adjustment made to the Holiday Inn record was to account for differences in ground motion
Steam and Burbank facilities: USGS
les as'well as the Holiday inn response
s.1 and 2, respectively

For.the El Centro Steam Plant In EI Centro, CA, the closest recording site is less than 2 km
rom the plant and is underlain by similar soils./In addition, there were several other seismic

Instruments In the area that also recorded the 1979 M6.6 Imperial Valley sarthquake. i

' ground motion from this earthquake were extensively studied and reported Ir

herefore, the staff was able to conclude that the selsmic racording site and the

El Centro Steam Plant experlenced similar levels of grotind motion.-The recording site grourid

motion and response’spectra are’shown in Figure 3.’

1he EQE est d 13t the Moss Landing Power Plant Is based on a study

performed by Pacific Gas and Electric (PG&E), the owner of the Moss Landing Power Plant
he staff concluded that this estimate of ground imiotion at the Moss Landing facility from th

1983 M7.1 Loma Prieta earthquake is tachnically sound and compreherisive.. The PG&E

QU L b cae et 8 YRRy ; i
QE estimate of g;ound motio

stimate, as well ponse specira from the nearest recording sit
Watsonville; CA, iy
AR ey

r Piant (HBPP) from the 1975
inshock and 6.2 aftershock are’ i
additional 1992 Petrolia’

+ Haviever, ths response spectrum at HBPP
' ' HEPP response spectra.i For the 19807
1 M7.2 Eureka earthquake, listed in the database. only & scrateh piate racord of the response
pectrum’at 2% of critical damping was made at H BPP.: Since the accuracy of this record is’
- questionable, tha staff does not accept this facility-event pair for inclusion in the database

A

,  recordings made at Las Ventanas Units 1 & 2 in Quintero Bay, Chile, from the 1985
M7.8 Valparaliso earthquake, shown in Figure 8, have been reviewed and accepted by the staff.’
Also, the staf has reviewed and accepted the on-site recording made at Coolwater Power Plant

.in Dagget, CAof the 1992 M7.3 Landers earthquake, shown'in Figure 9. The staff has not.
reviewed the Coolwater recording of the 1992 M6.5 Big Bear earthquake.” However, the ground
motion response spectrum from this event is most likely enveloped by the Coolwater spectrum

Plant and the Fukushima Nuclear Power Plant have not been made a

such,'should not ba Included in tha’sarthqua
aataia
Motion'Es

S TPRGIRS ST g R o e L :
The most _ge“c;entaEQEveanhqugﬁkeiexperI_ nce database Includes‘grou
four a dditional facilities, which were found acceptable to the staff;
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Commerce Refuse to Energy Plant |

Grayson Power Plant ir Glendale; CA

Ommond Beach Power Plant in Port Huensme, G4
ALCG Cogsneration Pignf in Scotia, CA i

¢ ommerce Refusa to Energy Plant is located about 1 km from a site that recorded the'
887 M5,9 Whittier Narrows earthquace.’ Both the facility and recording sites are located on

i thick alluvium deposits.” The saismic recording made at the Bulk Mail Facility in Bell, CA, Is an
acceptable estimate of the ground motion at the Commerce Refuse to Energy Plant, ~Figure 10
shows the response spactra and ground motion for the two horiz

ecording sita in Bell, CA

s

R
o2

. wer Plant in Glendale, CA, Is located about 2 kn from the _ Il
The latest EQE earthquake experience database (Reference 8) Incorracily gives a facility-t
> recording site distance of 16 km: Both the facility and recording site ars located on similar:
:thicknesses of alluvium and therefore, the recording of tha 1973 M6.6 San Fernando | 2
earthquake made at Glendale City Hall is an acceptable sstimats of the ground motion at the
Grayson Power Plant (Figure 11):;, Similarly, the Port Husneme Naval Laboratory recording o

the 1 973 M5.6 Point Mugu'véaﬁhqh“aks; shown In Figurs 12, is an acceptable estimate of the
: ground motion at the Ormond Beach Power Plant in Port Husnamae, CAC LS ;

h , ion Plant in Scotia, CA, located 2.3 km
0 the south of the recording site in Rio Deli, froms the 1692 &9 Peirofia earthquake is shown

n Figure 13, Since the response specira for the twe horizontal con S
significantly and we have no explanation for this difference, tha

hould be used as the estimate of the ground motion at ihe ;

sy

51

s x«,fi}itﬁt’:\ ot oaligay "I g hx R UM !
The fa‘éili!ygrou)nd motion estimates shown In Figires 1 through 13 of this attachment have
een reviewed and accepted by the staff for inclusion in BWROG’s earthquake experience’
atabase.;.These 13 facility ground motion estimates may ba used to verify the seismic i
dequacy of equipment in the alternative MSIV leakage pathway for plants referencing?

. BWROG's Topical Report, NEDC-31858P, Revision 2. :With the exception of the facility %
stimates for the Valley Steam Plant, the Burbank Power Plant, and the Moss Landing Pow
"lant, the nearby recording site or on-site response spectra, shown in the attached figures,’

-should be used to estimate the facility ground motion.- USGS astimated response spectra
hould be Used for the Valley Steam Plant and the Burbank Power Plant and the PG&E

£ , at the present time, there Is no standard, endorsed by NRC, that

g

provides guidance for determining what constitutes an acceptable number of earthquak
recordings and their magnitudes, to be referenced for particular applications ‘of this i
methodo ogyiTherefore, individual licénsees are responsible for ensuring the sufficlency
data, in concert with above staff evaluation of the BWROG re

Individual plaht’S’meitta!s;dls'c&iése’

&




he s 3C0g property designed welded systerns may axhibit seismic ruggedness
even under loadings greater than a design basis sarthquake Ioading.’ In the past, NRC has
also investigated the actual failure modes of piping dua {o sarthquake loadings.” Based on
NUREG-1061, Volume 2 Addendum, "Summary and Evaluation of Historical Strong-Motion®
Earthquake Seismic Response and Damage to Above-Ground industrial Piping,” dated Apri
1885, the staff found that the piping failures which have basn observed In past earthquakes an
failures that could potentially occur in the future can be divid Y '

failure of pipe due to excessive displacernert of atiached quipment; i

failure of branch piping due to excessive displzcement of attached piping mains;
failure of piping associated with loss of pipe suppois: and [y

failurs of piping due to failure of enclosing building and its internals

b

the credible failure s 5 ihat need to be addressed
during the plant-specific walkdowns, when the earthquaks sunerience-based methodology is
used for the verification of seismic adequacy of BWR main steair
condenser.. Section 6.7 of the BWROG report describas piani- g
which the BWROG recommends individual licensees perform, i ovdder Lo provide reasonable’
ssurance that the main steam line, the bypass/drain nioing, and the main condenser will
_maintain structural intagrity and operability during and following an 88 .. Consistent with =
. NUREG-1061, Section 6.7.1 of the BWROG report icfantifies the primary seismic failure modes
o be evaluated.:Thess failure modes include intaraciions betwsen nor-selsmically designe
-plant features and seismically designiad plant featuras (selsmic 1/ situations), and ditferential’
.seismic anchor motions on piping system 4

Ly i " o 10 R Lov bios o S G

In order to identify and rasolve potential seismic 11/] situations Section 6.7.1.1 of the BWRO!4
report dictates that individual licensees perform plant-specific reviews to assess potential
failures of non-selsmically designed equipment overhead and adjacent to the main steam
piping, bypass/drain piping, and condenser., The report states that thase reviews may include a
: eview of existing non-safety design programs, plant walk-through, and/or analysis.”The report
requires that existing non-safety design programs (e.g.; seismic design to Uniform Building
i Code, wind design bases for turbine buildings) are reviewed to Identify structures and &

components which have been evaluated for position retention integrity under earthquak

loadings.iThe report also states that the earthquake experience database may be used to ¥

assess component structural integrity in direct field walkdown ‘assessments for seismic II/1 type

of effect.’ Potential seismic interactions will be evaluated for piping com
operators, vents, drains, instrumentation; and fragile appurtenan

5 g & 5 h

& 3 Pk ke AR s
Piping and equipment Hem%?}?dentiﬂed to be potentially vt:jrlnerabl dur] N, :
ssessments will ba considered outliers.i These outliers should be resolved according to each it
Individual licensee’s action plan. Ths approach for the outlier resolution,
methodology Used, should be one that is acceptable to the staff,

In order to Idantify and resolva potential pro an’é_Bue to differential éSIsmic’”a'hc;jhor‘mot\id:' o
Section 6,7.1.2 of the BWROG report requirés that piping be evaluated to ensure that adequata’;
piping flexibility exists to preclude loss of integrity.: More spe;ificany,”plvpfngﬂ systems should be!




eviewed to Identify the' potentlal for:” (1) excessive movament of farminal and equipment,
{2) axcessive differential movement between pipe supports in adjacent; uncoupled butildings,
(3) expes;ive ovements imposed on smali branch lines oy ﬂexibf@’headersg

e staff found the abova BWROG recommendations allow thé ant-specific reviews to be’

focused on ideht{ﬁéatior‘i" and resolution of the stated potential iailuire rmodes; and ‘are, therefore
X ; ‘L‘ k{) : My ol 4. e L . : ;

The staff has found that most of the early BWRs hava selsmically analyzed main steam piping
Up to the outermost MSIV, whereas later BWRs have extended tha ssismic analysis from the &k
outermost MSIV up to the turbine stop valve (in some plants, the bypass piping wasalso Hidin
».8nalyzed).; In addition, some BWRs have a third shutoff valve and a seismic restraint inside the
s auxiliary building steam tunnel’ For thess plants, the hird shutoff vaive =an be partially credited
with providing a means of isolating the MSIV leakage and, therefors, the piping downstream of
the third shutoff valve will not be nesded as part of tha ALT path.- Because of these differences
in the plant’s physical configuration and differences In the amount of existing seismic analysis
the fevel of effort required to verify the seismic adequacy of the spacific MSIV ALT pathvaries
- from plant to plant, S o i
licensees should ensure ina%?or all portions of piping credit 2\
< method (i.e.,"main steam piping up i and Inciuding the turbine stop valve, and bypass/drain :
piping to the condenser: or, for plants with a third shutoff valve, main steam piping up to the
hird shutoff valve and main steam drain piping to the condenser), which have not been .
eismically analyzed, a seismic verification walkdowr should be periormed to evaluate the
seismic ruggedness and potential failure modes of piping systeims.”, :

Y e TR

Plant-Specific Verification for the adequacy of ALT Pai

Section 6.7.2 of the BWROG report describes the scope of the plant-specific reviews. ;
report states that the individua! plant condenser design will be reviewed to demonstrate that it
falls within the bounds of design char:cteristics found in the earthquaks axperience database
This will also include a review of as-built design ocuments an
condenser has adequate anchorage i ;
5 i &%) 2 ’»-‘J‘». 5 . ’J‘ , ;yé s . ;
on Hts review of the BWROG report, the staff h ined that the g . :
methodology presented, coupled with the plant-specific analytical evaluations for the condense
structural members and their associated anchorages, would provide an acceptable method to
verify the seismic adequacy of the condenser design.’ Individual licensees must, however,
confirm that the condenser will not fail due to seismic 11/l types of interaction (e.g.; structural
failure of the turbine building and its internals)., Based on the generic data reviewed, the staff
has found that the application of an earthquake experience database to BWR condensers in

M ¥ v

U.S. Is generally appropriate; sincé condensers in nuclear plants are typically similar to &

: condensers in non-nuclear plants.ti The staff will evaluaie plant-specific submittals which veri

the applicabllity of the generic condanser datab

ase 1o the plant-specific condensers for those &

facilities seeking to use the condensers as part of an ALT path.3

£}




s part of & plant-specific approval, all portions of the main stearn and bypass/drain piping
-which have not been seismically analyzed will be reviewsd to demonstrats that piping and
.supports fall within the bounds of the database. As stated in the BWROG repont, this will i
Include & review of design codes and standards used to ensure adequate dead load support
margin and ductile support behavior when subject to lateral loads, . It will also include a
walkdown to verify that small diameter piping and Instrumentation are free from impact
Interactions; from falling objects, and from differential motion hazards. {nierconnected piping,
systems to the' main steam lines; bypass/draln piping, and condenser will be reviewed to ensu
adequate piping design, freedom f ) Interactions; and adequate ai up to’;
[major system equipment.,

The staff has determined that the plant-specific reviews d ‘ ess t
fous primary categories of piping failures identified in Section 5.5 of this gvaluation;:,If properly]
implemented, the recommended review methods should be adequaia In addressing all the
potential piping‘concerns.tIn submitting their amendment requests, licensees should §444
Incorporate all of BWROG's recommendations and commitments. as previously discussed.: In
ddition, licensees should address plant-specific information for piping design parameters (e.g.
uniqueness of piping configurations, pipe span between supports, and diamsater-to-thickness +
ratios for each pipe size) to demonstrats that they are bounded by those associated with the
arthquake ekperience database:i: Pkl ey :

n addition to the above, representativi stpports and anchors associated with

ould also be ‘analytically evaluated for ineir seismic adequacy.” Consistent with Section 5.2,
he methodology and criteria‘used for such evaluations should be those which are in
ompliance with the design basis mett i

he staff £
*{f:’ e & 5 ) % ;
t should be'noted that, at the pr ne, thars | {ancie
etermining what constitutes'an adequate number of pipir &
arthquake experience database: to be referenced for particiiar :
methodology.i;The American Society of Mechanical Engineers (ASME] Is currently p
with a revision to the QME Standard, “Qualification of Active Mechanical Equiprnent Used in
uclear Power Plants,” to provide some criteria for the use of earthquake experience data in
he ‘'selsmic qualification of mechanical equipment (not incllding pi
nalized and endorsed by NRC, individual licensees are responsib
f the experience data submitted for staff review of MSIV leakage’

s

',“ wy 7o

P

e
3 proposed ALT plping ‘system will maintain its;
plant design'basis SSE, licensees whose plant's FSAR of UFSAR 1 o
U , f review'a summary of the boundin
afiepkeéahta}h&d'ﬁ“b'rtio’n'o‘f the ALT bypass/drain piping:i “a boundin:

28 !

art,100, are required to provide for staff review a surmm

o~




nic analys: e o yield the most conservativa bip 505 and SUppo
forthe proposed ALT system, 1o substanfiats the ‘earthquake database met dology, and
Ultimately to verify th’eﬁov_eraIIIseI’smicﬁade‘qUé’cy;of the ALT syster piping. The licensse's ik
Svaluation should discuss the basis for selecting a'particular poriion of the bypass/drain line for
the b‘ouhdlng“a‘nalysi A This is to‘enstre that potentially the most vulnerabie pipe routing and
‘Support configurations ara considered for the analysis.y if o

The methodology and critaria used for the bounding analysis should corform to the plan
licensing basis, as described in the plant FSAR or the UFSAR,: This pertains to both piping:
stress calculations and the evaluation for supports and anchorages. For plants where no
specific design procedures and criterla, for seismic qualification of e - an 1
are specified in the FSAR or UFSAR; only the methodology and ¢

Aacceptable to the staff in similar MSIV ALT path reviews should b
reminded that the analytical procedure 1 the
éndors saea ' Procec

gy

s descri

e docketed prior to the effectivea ilate of 10 CFR Part
100,°a boundi smic analysis as discussed above is not required by ihe staff.i In the
absence of specific commitments to the performancs of selsfic qualitication of mechanical;

quipment and components,licensees of thesa plants may use the methndology and criterfa:
hat were found acceptable to the staff In previous MSIV ALT path reviews for plants of simila
i 10 resolve the MSIV leakage Issue af their facilities i 0

MMARY OF LIMITATIONS ON THE USE OF THE RBWROG BRE

Based on the above evaluation. the staff has Lion imita
licensees should address, when electing to utilize the BWROG approach $

Issue In the future.’: These limitations, which are con
et SRR S ; iy 1A,

lled| deseription o |
i and the basis for its functional reliahility, commensurate with its intended safety
5 related function, - The licensea should also dasaribe their maintenance and
esting program for the active components (such as valve.
N
Individual licensees should provide plant-specific information for piping design
' &"baramaters (e.g., uniqueness of piping configurations, pipe span between :
‘wsupports, and diameter-to-thickness ratios for each pipe size), to demonstrate i
that they are enveloped by those associated with the earthquake experience”
database *“ SR iy g ok
consees should demonstrate that the plant condenser design falls i
within the bounds of design characteristics found in the earthquake experience?
databaseiThis should inciddd_ja'r"ei._ﬁéw;pfdaé-b'uiltfde'sig'n’f'do_cqme’ntS'a;nd/or;’a'*
rify that the condenser ha’s"adec‘;’da’té"ancfgbrag‘e‘f ST
ndividual licensees ‘should perform a p ant-specific seismic evaluation {o
iping

représentative supports'and anchorages associated with‘affected




idual licensees should confirm that the condenser will not *
I/ type of interaction (e.g., structural failure of the turbine buildi

0 CFR Part 100 should perform a bounding ééls’hﬂdaﬁalysis for the ALT path’
ping.::Those licensees committed to Part 100 should discuss the basis fo

electing a particular portion of the bypass/drain line for the bounding analysls

“The m’éth&&pfog?*gndﬁgqterx'g’ used for the
which ars In‘compliance with tha design ba
:which are acceptable to the staff

S

.The facility ground motion estimates shown in Figuras | cugh 13 of this
-attachment have been reviewed and accepted by the's v inclusion in;
BWROG’s earthquaks experience database. The ilitv ‘ground motio
estimates may be used to verify the seisrnic adoquacy of gauipment in the:
alternative MSIV leakage pathway for nlanis refersncing |
Report NEDC-31858P, Revision 2.
Al the present time, there is ric standard, aridorsed by NEG, ihat provides
guidance for determining what constitutes an ac oial
recordings and their magnitudes and {or determirin
piping and equipment items, that should he raferanc
= experience database when utilizing the BWRCOG metio
+ individual licensees are responsible for enstring the sutiicl
submitted for staff review and determination.’ ¥hen & ravision of the QME
Standard that incorporate’s specific criteria for use of experience data in the
quaiification of mechanical equipment is endorsec Ly MRC, such criteria should
be ‘E’o?lowed in futu}r.e applications involving MSIV ALT pathway evaluations

IS

% provided in its letters of February 19,°1996 (Reference 3), January 9, 1997 (Reference 4),’
s September 22,1997 (Reference 5), and May 8,'1998 (Reference 6), constitutes a viable
. approach for the resolution of the BWR MSIV leakage issue, provided it adheres'to the statf
¢ limitations'contained in this evaluation. Licensees referencing the BWROG report, and i
:demonstrating the plant-specific attributes in'accordance with this SER, should be'able to justify 2
plant-specific amendments énd should be‘allowed to increasd the MSIV leakage rate Uip to a %
maximum of 200 scfh and, if applicable, eliminate the LCS. In accordance with the limitation
1 6.0, the staff concludes that when plant-specific evaluations are properly i
performed, reasonable assurance can be obtained that, for current operating BWRs; the main
_steam piping from the outermast isolation Valve'tp 10 thé turbine stop Valve, the bypass/drainitiis
i/ piping to the main condenser, and the main condenser will retain thelr strictural Integrity during’s

N

and following an SSE.\The staff determines; therefore, the BWROG report is‘'acceptable for:
diract reference by future individual plant submittals on the MSIV leakage Issue final ez
ve’rslcgj of the BWRG#repqrt Shoutd’jncorpor_ateﬂt s safety evaluation, and its Use by membe;

X
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