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APPENDIX

QUESTIONS ON PERRY FSAR
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JQUESTIONS ON PERRY F3AR

3.2 CLASSIFICATION OF STRUCTURES, CCMPONENTS, AND SYSTEMS
31.2.1 Seismic Classification

a

.1, Page 3.2-1

L)

I* states in =he TSAR that structures, components and systams designated
as 3afety Class 1, 2, ar 3 are classified as Seismic Categery [ axcapt for
some sortions of tne ragicactive waste treatment nandling and 3isposal
s stams. There are several items in Table 3.2-1 in coenflict with this
statament.

3.2.1, Page 3.2-2

*he seismic classification indicated in Tadle 3.2-1 meets the require-
rents of lequlatery Guice 1.23." [t is alsc statad in Section 1.8 that
the Perry plant ccmplies with all the requirements of Requiatory suide 1.29.
Joes shis mean that seismic Category [ csoling water is Zrovided to the
racireslation sump iuring normal aperaticn and follcwing LOCA?

Table 3.2-1, Page 3.2-3

Quality assurance requirements should be 3dar~ sed in this table.

Taple 3.2-1, Page 3.2-3
dnat design requirements were usad in the Jesign of the reactor 2ressure
(essel skirs?

Tacle 3.2-1, Page 3.2-9
Justify the nene-sgismic =lassification af the contral rods. Note 7
ices not 1poly to the contral rods.

Taple 3.2-1, Page 3.2-3
Sravicde an axplanation far the ‘I, NA" seismic classification for

ralief valve discnarge 2iping.
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Table 3.2-1, Page 3.2-10

40w Tuch 3f the main staam piping, Setween the M.0. stop valve ind
the turtine stop valve, is locatad in the Auxillary 3uilding?

Table 1.2-1, Page 3.2-24

*hers appears to be a discrepancy in the safsmic classtficaticn of the
discnarge tunnel. The discharge tunne! and the Jiffusaer nozzle are seismic
Cateqory [. The tunnel entrance structure and downshaft are not. Provige
slarification for this apparent contritiction.

Taple 1.2-1, Page 3.2-2F

Jhat i3 the seismic classification of the Containment Vessel Ccoling

Jnits?

Tagle 3.2-1, Page 3.2-34

Yote 13 is an sxceotion o Regulatury Guide 1.29 and should Be included

in Secticn 1.3.
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1¢ £a. (10), as calculated by Paragrapn N8-1653, ASHE Code Sectien [II,
axceeds 2.3 S“, then £3s. (12) and (13) must ce evaluated. [f either
£q. (12) or (13) exceeds 2.4 S“. 3 break must e postulated. [n gther

~ords, a break is postuiated if

€q. (10) > 2.8 Sn and 3. (12) » 2.4 Sm

or
€. (10)>2.4 5_ana Eg. [13) > 2.4 5

(2) 3reaks must aiso be postulated at any location wnere the cumylative
Jsage factor exceeds J.7.

The ancve criteria {5 avaluated under lcadings resuylting from normal and up-
set glant canditions including the CBE.

Any deviaticns from the above criteria v:st De justified.

3.6.2.1.5, Page 1.5-11
Are there any hign energy Class 2, Class 3, or 331.1 lines? If sa,
Jrat critaria is used for sostulating Sreaks in tnesa lines?

.

3.5.2.1.5, Page 3.58-13

Any instances wnere longitudinal dreak areas are less than cne ¢ircumfer-
antial pige area must se icentified. The analytical methods represanting
sast results an¢ zased 2n a mechanistic approach must e axplained sr
justifiag. Provide axampies of 2 sypical analysis.

1.8.2.1.5, Page 3.3-14

How ire snerqy reservoirs of sufficient capacity =3 deveico 1 jet
flow setarmined? what are justifiadle Tine restricsions? Provice the
justification. Any instancas wnere flow limisers are usad shouid de
igcentified and justifiad.
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3.8.2.1.7.1, Page 3.5-15

Far ASME, Section [II, Class 1 piping designed to seismic Category [

tandards, breaxs need not be postulatad providing the foilowing stress
sritaria is met,

/' a\
&)

1 £q. (10) as calculated by Paragraph NB-3653, ASME Code, Secticn [II
does not 2sceed 2.4 S“, 31 Dreak need not 2@ postulated.

[¥ Za. (10) does exceed 2.3 S“, Then £qs. (12) and (13) must de
avaluated. If neither £q. (12) or (13) exceeds 2.4 Sn. 3 creak need
not se 2ostulatad. [n other words, 2 Sreak need not be postulatad if

€. (10) < 2.4

or
gg. (10) » 2.4 5, and Z3. (12) < 2.4 S

"

and £9. (13) < 2.4 Sﬂ

3reaks nead not Se postulated as long is the cumulative fatigue usage
factor is less than Q.1.

for plants with isolation valves inside containment, the maximum stress,
as calculatea by £q. (3) in ASME Csde Section [II, Paragraph NB-3632
.nder the lcadings of intarnal pressure, dead weignt and a postuylated
sising “ailure of fluid systams upstream or downstream of the containment
cenetration area must not axceed 2.25 Sm.

The above critaria is avaluated under lcadings resulting frem ncrmal and
upsat slant conditicns including the QBE.

In additicn, augmentad inservice inspecticn is required on all piping

in the break 2xciusicn-area.

The i1cplicant must provide assurances that their criteria for piping

in =he sreak axclusion areas complies with the requirsments outlined above

and =hose 3F 3tandare Review Plan 3.3.2.
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3.5.2.1.7.1, Page 3.58-15

Are there any Class 2, Class 3 or 331.1 piping in the Sreak exclusion
areas? [f sa, what criteria is used for their design?

3.6.2.1.7.1, Page 3.6-15

A list of a1l systems in the Sreak axclusicn area is needed. 3Sreak
axclusion area shoula Se shown on the apprepriate 2iping drawings.

3.5.2.1.7.2, Page 2.3-15

Sravide an 2xample of tne detailed stress analysis done cn a welded
as+achment t3 the asracess pipe. [n acdition, srovide details of the stress
analysis Zone on the nhead fitting for the main staam line.

[N ]
.
o

.2.2.1, Page 3.5-17

Pravide a list of 211 locaticns where limited break opening areas have
mean usad. Provide justificaticn for 2ach lccation and details of any
inelastic analysis used.

3.5.2.2.1, Page 1.5-17

“ravide 3 1ist of all locations wnere oreak coening times greater than

sne millisecond have seen used. Provide ind justify any experimental aata
aire analytical theory.

3.6.2.2.2, Page 3.3-20

Sravice issuranca thrat all zotential targets are evaluatad vhen considering

3.6.2.2.2, Page 3.5-20

Srayvide a “efinicion for limits of strain which are similar %0 strain

lavels a1 cwes in restraint 3lastic memoers.
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rage 3.5-20

plastic instabili

systems are designed so that

-4
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at the design dynmamic and s

alilCh show R

consequenctes

| R

system 3r component.

e
as teen usaed ind an 2xamplie of the studies pertormed.

2 2 11 2 2 E.2%
Febcdely ‘3';8 o L g A4S
’ - = : - . . - ~e 1
It is the staff's sosition that wnen evaluating jet impingement ioads
i posantial targets must Ce evailuated Provicde 3assuranc2s tnat your
,I() S
. - P 1 . .
analysis for jet impingement affacts have incluced all possibie targets.
- - 9 e o 1T 270
Dokesw y Y3GE 3.0=43
. - b | : . .
Ahat service limits are usad for 21ping wnen 2vailuating jet 1mpingenent
)7
- \ N -
£\ 2ads
. A = 3 - T
9.6 ’ ‘3;& 3:0°3V
- ie 1 A4 minad Shas ok dynamic 1aad €acetar (OLF) 1e zyi*abla?
TeN - - ..etE". e; .~~3v -we .j \\ﬁlv el R -fL- / - v -3-'-
) 4 . | o -
< °rovide 3n 2xampi2 QT 1Ts use.
P T 2.1N
3.6.2.3.1, Page 3.5-30
— - - 1A ' - -
for snutpers, wnat are the 'other 3 multanecus loads" that ire combined
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3.56.2.3.3, Page 3.5-33

‘Piping integrity vsually does nat Jepend .pon the pipe whip restraints
far any loading compination.® List all those iccations wiere intagrity
af the piping depsr.: upcn the pipe whip restraints.

3.§.2.3.3, Page 3.3-33

Jhat service limits are usead in the design of the 2ige wnip restriints?

3.6.2.3.3.1, Page 3.5-33

What critical lczaticns inside containment are monitored during hot

b ]

functicnal testing?

3.8.8.3

LN

.1, Page 3.5-40 .

Any lccaticns where the increase in the yield or ultimate strengths,
1f wne matarial us:d “or pige wnip rectraints, 2xceeds 10% must e identified.

Juctification for any increase jreatar than 10% must also Se provided.

, Tables

o
(8]
a

Sravide a scheduls far the zompleticn of any table that is incomplete.

3.8.2 Figure 3.5-88

Are 311 poszulatad sreak locaticns in the recircuiation system shewn?

3.5.2, Figures 3.8-71, 3.5-73, 7.3-74, 3 §-77, 3.5-78, 3.3-79, 31.3-30

Jhers ire Sreaks zostulatad in thase figures?

s

2, Ficure 1.5-73

‘
o

Indicacs =ne locaticn 3f valves in this line.



3.7.3 Seismic Subsystem inalvsis

he di1scussion an “Diffarent Seismic Mcvement of Interconnec®ad

: ’ £4 : Tha ¢ < - im g
n%s" reguires scme ciarification. "The stressas thus chTtiined mor

5 /_ ‘ sach natural moce are thea superimocsed Tor all mod displacements of the
T

— - enee eAr; - P £ - .
structure dy the SKR3S (square root sum QT Lhe 3quad

es) methed." Provide

an 2xample of ~nat w~as dene here.

a 9 9 9 A & - - % 1y
=

3.7.2.1.2.5, Page 3.7-11

Jhat critaria was usad tc determine whether or 710t a mode was significant?

N

o e

- -
, P3C@ J./*

wn

s - - B ke . ATy 2

4hen 3 component is covered by the ASME 3oi
Jade, the stresses due to reiative disp

P rreated 1s sacsndary stresses.

s i )
SURLOrts!:

>
4
’
-
-

'Seismic analyses ~ere performed For those subsystams ThRat Cluld 2
- 4 nodelad o correctly sredict the sei.mic response.’ What procedure was

~ : 1

2 . n & b 3 A ' Al an ~f ‘ S iR P
Jsad “sr the Qother systems. rovide an 2xampie ¢ some Qor Tthaose syscams.

‘

_ f5 vhat is meant 5y "Closely spacad in pnhase modes™?
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,7.3.3.2.1, Page 3.7-23

Part (1) discussing decoupling of main steam and dranch lines is not
3 sriteria.

3.7.3.3.2.2, Page 3.7-24

Mencicn i3 made aF using 33 nertz is 3 frequancy cutoff for seismic
analysis. At scme point in the FSAR the applicant must address the
frequencias of 30 %o 50 hertz and greater than ccme from the supcression
pool nydradynamics.

~3

3.7.3.5, Page 1.7-25

‘Eap flexisle squioment, the aquivalent static lcad is tiaken s the
aroduct af 1.5 times the aguicment mass ind the peak floor response spectrui
«alue." Reguiatery Guide 1.100 ailows the use of the 1.5 factor for
(erifying the integrity of frame type structures. For equipment naving
canfigurations ather than a frame tyce structure, justification is required
for use af the 1.5 facter.

3.7.3.7.1, Page 3.7-25

Jhat srocadure is used for combining closely spacad medes of systams
in the 3CP scspe?

3.7.5 7.2, Page 3.7-26

“he rafarenced equation shculd e is follows
rs‘" §1 | 11/2

P SRR Y % M TR
L;;} | < S\ <SJ

(

—
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3.7.3.3.1, Page 3.7-28

Justification must e provided that the modeiing of valves witn off-
sat motar operators is detailed enougn to provide acceleration values €0
se usac for valve gualification.

3.7.3.3.1, Page 3.7-28

'"In 3d¢iticn, she affects of tne modes not included are addeg to tne
SASS reszonse as one term, using the acceleration at the highest frequency
fram tne SASS ressonsa under 33 nertz to obtain the total resgense.”
Provide an 2xample of what was done here.

Taple 3.7-11, Page 3.7-34

dpavide a detailed explanation of the information in this table.
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VECHANICAL SYSTZMS AND COMPONENTS
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iny referencas 0 the ASME 3gilar 2ind ressure Vessel C should

indicate wnat zart is teing referenced.

1
el |

“r

3.9.1.2, Page 3.
vernods 3¥ verification are required for all NSSS comoutar codes

used in the analysis.

3.3.1.2.5, Page 3.8-16

11 zamoutar programs usad in the dasign and analysis of systams
and comecnents within the 3CP scoce must de listad. Methods 37 verifica-

=ign are requireg “ar a1l 3CP programs.

.

= ig stasad =wnat alastic-slastic metnocs oF nalysis may Se Jsed
“ar 3jcme comocnents.  we ~CUT: like =2 review %ié 3analysis 2rccadures

=nat ~ou 3 te used ‘f an alassic-plastic analiysis w~as icne.

3.3.2, 23ge 1.3-27

More ze%ail is needed for the NS3S anc 3CP areqgaraticnal vidration :es:fng
srsgram.  ahat lccaticns w111 e moniidred. shat tyces 37 instrumentaticn
«i1] Se usac. ahat iare the acsual values that w~ill Se Jsed “or ceflection

ang sTress 1imies.

- el s = - . “. - - T PR - - 3
we 3=3F%'3 sgsitien ¢35 tnas acsestance TUmits for viDratiin snguid
Wl . .- o - - - .- - - -3 -
se sasas :n =3¢ 3¥ tne ancurancs Timit 35 lafineg Iy e ASUR oce it
-
 Fch . $ 1" ‘ - - . & . - - ‘-
3 .yctas. we #1117 recuire 3 230y of sour resu’is fUIm sour Srecienis snal
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3.3.2.1.2, Page 3.

o

'‘The piping systam dces 'snakedown' aftar 3 few thermal expansion
~& cycles.' Provide 2an 2xpianation of this statement.

3.3.2.4, Page 3.5-63

J '"In acdition %o tne above compenents, vibration measurements of the
sare spray sparger ~ill Je measyred curing precperaticnal testing of
1

-"77 that system it the designatad orototype 251 3WR/S plant (Grang uif).'
Show now this is apolicadle to Perry.

3.3.2.4.1, Page 3.3-é6

Sravide 3 commitsent that Perry will 5e in compliance with Regquiatery
“'ff juide 1.20 “ar protatyce reactdrs.

3.3.2.5, Page 3.3-67

"Thesa sericds will Se detarmined frem 2 comprenensive dynamic model
- f) 1% =he 3PV ing intermals witn 12 degrees cof freedom.” It is not clear
wnat aczually dcne here. How can 21 model De somprenensive and have

i3
anly 12 cegrees of freedem?

I+ apgears that some ~esults from Gring Zulf w111 Me used in the

avaluasion and jualification of the reaciar internals it Perry. Shcw
| C> enas the similariey setween :he Two 3215 37 intarmals fs sutficient 2 allow

iirect comoariscns.

Saverl) refsrencas ire -mace tareughcut nds sacticn U3 allcwatie

seressas “3r 3073ing. Scectfically, wnat 3llcwadio sTress 1UMits ire
— [' J$84 “ar 30.3°ng fIr ‘2 acuioment ancnorage, (0 ImIcnent susieris,

ine 3, T anges carnectiing?  shere 3¢ iresa [°7its lefinect
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.3.3.1.2, Page 1.9-7

Car

Are there iny Class | systems in the 80P sccpe of responsidility?

(]

.3.3.4.1, Page 3.9-107

"Car the NSSS scope of supply, all valve cperatdrs which are mounted
sn Class 1 piping will not Se used as attacnment Zoints for ccmponent
supporss.' what asout Class 2 and 3 pioing? This guesticn 3iso applies
<c tne 30P scope of responsibaiity.

31.3.3.4.7, Page 3.3-10¢9

Provide more detail on the testing done cn snubters.

3.3.4.3, Page 3.3-112 !

shat alastic-olassic anmalysis has been done cn sugoerts? Provide
an examole of tnis analysis.

3.3.4.3, Page 3.3-114

lefererce is mace %2 1llcwadle defarmaticn in the title of this
saction sut there is no 2discussion of allicwable deformations in the taxt.

3.9.5.1.1.8, Page 3.3-120

lecently, cracking has bSeen cosarved in 3WR jet dumo nclddown beams.
The resglution of this orsblem may affect the design aor testing of the
Serrv jet sumes (see [3E 3ulletin 30-07).
3.9.5.1.1.10, ° «121
JeTodebols a’ 392 3 ; 181 3"“ "...\-r-—;\and - Qo arn b ne med A calicng

\_f—-\r. 41 P : 2 o 3

ahat feecwatar sparger lesign is used at ferry’ Frovice 3 commitment

20 NURES-J6165.
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3.9.3.3.3, Page 3.3-129

Have the reactor intarnals placad in the "other internals” category
seen seismically inalyzed t3 snow that they w#ill not comoromise the intagrity
of seismically qualified reactsr internals?

3.3.5, Page 3.3-131

There are saveral safety systams cannectad %o the reactor <sglant
sressure Soundary that have design pressure Selcw the rated reacar

1

coclant systam (RCS) sressure. There are 3lso scme systams wnich are
ratad 2t “ul] reactor prassure on the discharge side of pumps Jut have pump
sucsion Selow 3CS sressure. In order %3 sretact these systems from 3CS
sressure, twe Jr nore isglaticn valves are slaced in series to form the
interfaca setween the high pressure CS and the low oressure systems. The
leak-tignt intagrity oFf these valves must Se ansured Dy zeriodic Teak
tasting =0 srevent excaeding the cesign 3ressure Jf the Tow sressure systems
thus causing an intersystem LOCA.

Sressura isglation valves ire recuired to be category A or AC per
IWV-20C0 1nd %o meet the aporspriate requirements of [WV-3420 of Section XI
af the ASME Code except as discussed Selow.

(“0

ions for Oceraticn (LCQ) are required to be iadced t9

Limiting
al cation wnich will require corrective ictien; i.e.,

the technic

r
e’ %

shytdacwn ar system isc

lh

ation ~nen the final acproved leakage !fmx:s are
not met. Also, surveillance requirements, wnich will stata the acceptadie

™

leak rate tasting freguency, shall Se provided in the technical scecifications.
Seriodic leak tasting of 2ach pressure isolation valve is required

=3 ze serormed it 1233% once ser 23¢h -efueling cutage, aftaer valy/e

maintananca ariar =3 return %0 sarvice, and far systems r~itad at 12ss than

-~

-

3CS design pressure 2ach time the valve has meved from its fully

¢
3sad 20siticn unless justification is given. The tasting intarval should
averige aporoximately cne year. L23k testing should 31sc Se gerfirmeq

“

1¥%3r 211 aisturtancas %3 the valves are comolete, srior 3 reaching 2cwer
ration failowing 2 refueling oqutige, maintenance, 2tl
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The staff's present position on leak rate limiting congiticns for
speration must be 2qual t3 ar iess than 1 galleon per minuta for 2ach
/alve [GPM) to ensure tne intagrity of the valve, demonstrite the adequacy
of the re<undant pressure isglaticn functisn and give an indication of
valve degradation over 3 finite period of time. Significant increases
aver this limiting valve would Se an indicaticn of valve cegradation

" from cne tast %0 another.

L2ak ratas higner than 1 3PM will ce consigered i€ the Teak rite
shanges are celcw | GPM apove the previcus tast leak rate or systam design
arecludes measuring | GPM with sufficient accuracy. Thesa itams will de
reviewed an 1 23ase dy case tasis.

The Class 1 %o Class 2 bcundary will be considered the isclation poiat
snich must Se jrotected by radundant isolation valves.

In cases where sressure i;:13t1:n is arovided Sy two valves, 3¢th
¥i11 se incependently leak testad. shen three cr more valves zravice
isalation, only two of the valves need %2 de leak testag.

drvayide a 1ist of a1l sressyre isolation valves included in your
testing program alcrg «ith four sets of 2iping and Instrument Jfagrams
snicn iescrite your reactor ccelant system pressure isglation valves.
11sa 4iscuss in detail how your leak tasting grogram will cenform 2o the

atove stafe position.

Tibla 3.3-7, Page 3.3-114

-2 | Oces this tabie apply %3 derry?

Table 3.3-1, Page 3.3-138

What does "1™v=! pefer 3?7

~ 2.8

Taple 3.3-1, Page 3.3-138

___éz;s 4ow many ADS cycles are included in the design 3f Perry?
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-26

27

-2%

-29

- 30

P

-5

B

"30le 3.3-1, Page 3.3-136

b |

Standard Review Plan 3.3 requires 3 QBEs of 10 cycles each. If
‘ewer cycles are used, justification must De provided.

Taple 3.3-3, Page 3.3-14]

he 1ccaptance criteria should reference the ASME Code Service Limits.

imilar tagle is needed “2r the 3CP.

e
e

Taple 3.3-2a, Page 1.3-143

"The results of stress and ‘atigue usage analysis are given in
darail in tne vessal manufacturer's stress repcrt ind in new loads
avaluation Dy GE within the code limits.” Provide clarification of this

statament. '

rable 3.3.2m, 3.9.30, 3.2.3q and 3.3.3h

scme salues in =nese tables ire missing. Provide 2 schedule for

thetir &om
gt 4 B

Tacle 2.3-3s, Page 3.3-22%

Srayide an axslanation far the results in this table.

Tabie 3.3-28, Page 3.3-282
ahere ire tne lcads used in this tabd.e defined? How ire these

loads comoineg?

Table 1.3-32, Page 3.3-297

4as 3. 5) Seen used? If 3o, oravice the supperting Zdata. If

not, delata the 2gquation frem the tabie.

Table 3.3-33, Page 2.3-238

dave Sas. a), f), or 3) seen usad? [f so, provide the supocrting

- -

sa=a. .f not, delate these 2quaticns from I ~abie.
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3.2~11

3.6 -31

37-33

-34

Table 3.3.34, Page 3.3-201

Has £3. c) been used. [f so, provide the supporting data.
not, delate the egquation from the table.

ACOITIONAL QUESTICNS

Tagle 3.2-1, Page 3.2-3
ahat design requirements were used in the design of <he core support

trycsures?

3.5.2.1.5, Page 3.5-13
Regardless of the ratig of lengitudinal to hoop stress, both 2 longitudinal

i+ and 3 circumfarential oreak should e sossulatag at any lccation where

S -

wr

o

-—t
-

sne ~umuliative ssage factor is greater tnan 9.1.

3.3.1.1.1, Page 3.3-1

docw many cyclas due to SRY discharge are included in the analysis?

3.9.¢.

wn
(%]
w
's]
(14
o
o
.

$

2revicus analyses for other auclear plants have shown that certain reactor
systam ccmocnents ind sheir suppeorss may ce subjectad 0 srevicusly under-
as=‘mated asymmetric lcads under tne ~anditicns that resyi® from the
sestulation of ructures 3% sne reactar csclant 2iping at various locations.

The agolicant has described Ege 3esiqn af the reactor intermals “or
Slawdown Toads enly. The applicant should alse provide informaticn on
asymmetric lcads. It ig, therefore, necassary LJ reassass sne capability of
-mesa reacicor sy$tam cimpenents I3 assure that the calculatad dynamic

symmetric lcads resulting seam =nese Jo0stulated 2ige ruptures %111 ce within
sne scunds necassary =3 provice nign assurancs shat the reactir zan 2e Jrougnt
safely g 3 cold shuticwn <2 gition. The reactor systam lomponents that

reqriire reiassassment snall include:



o a O o »

=
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Reactor pressyre vessel
Core supports and other reactor internals
Control rod drives

crre

CC3 pi1ping that is attached %3 the primary coolant pipi ng
Prvmar/ csclant piping
Reactor vessel supperes

The fallowing infarmaticn shculd be included in the FSAR apout the

affects of sostulatad asymmetric LCCA lcads on the above mentigned reactor

system csmocnents and the various cavity structu.es.

8

Provide arrangement drawings of the reactor vessel sugport systems in
sufficiant detail %o show the gecmetry of all principal 2lements and
matarials of construction.

[¥ a plant-specific anaiysig #ill noct be submittad for your 3lant,
srovice supporting information to demonstrate that the generic plant
analysis under consideraticn adequataly Scunds the pestulatad accidents
at your facility. Include a compariscn of the geometric, structural
mechanizal, and thermal-nydraulic sim.larities.tetween your facility
and tne zase 2nalyzed., OQiscuss the affects of any differencas.

Consicer 111 postulated sreaks in the reactor <oclant piping systam,
including the fecllewing locaticns:
1. Staam line nozzles to piping tarminal ands.
Faedwatar nozzle to piping tarminal ands.
lecireylation inlet and outlaet nozzles o recirculaticn 2iping

o

O

tarminal ends.
Sravide an assassment of the ef ects of asymmetric Jressure 4i¥%grent’~1s*
3n the systams ing csmponents listad abcve in combination with all
axtermal loadings including safa shutlown 2arthquake loads 2nd ¢

-
3lowdown et farces at the locatien of the rupture (reacticn forces),
transient 3i¥ferentia]l pressuras in the annular regicn et veen tne zcmponent
ane %he wall, and srinsient 4i ferenzial oressures acrass the :zore carvel
#iznin tne reactar vessel.



o
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faultad condition loads for the dostulatad Dreaks iescrited atove. This
1ssessment may utilize the following mechanist ic ef<acts as applicadle:

3. Limited displacsment -~ Dreak areas

5. Fluid-structure interaciion

c. Actual time-depencent forcing functicn
4. Reactor support stivfness

a, 3reak opening times.

.
-8

the results of the assaessment on itam 3 abcve indicate loads leading
%9 inelastic action of these systems ar 3fsp1acement axceeding previous
sesign limits, provide an svaluaticn of the inelastic tenavicr (including
strain hardening) of the matarial used in the sysiam :esi;n ind the
2¥%ace 3f =me load transmitsed T3 the backup structyres tJ wnich thesa
systams ire attacned.

Z5r 2]l anaiyses performed, inciude the methed of analysis, th structural
ind nydraulic computar codes amolcyed, drawings oF the mocels am 7yed

and .ompariscns of the caiculatad <9 allowable stressas and . . .35 Qr
a

1o ecsions wish a basis “or the allowasle values.
Jemonserits that safsty-relatad comoonents 4.1. »azain their str. . ral
intagrisy ~nen subjecs2c =3 the combined 1oads resulsing from the loss-

sf-caclant acsicent and the safe snuticwn sarshcuaka.
Jemenssrata sne Suncsisnal zasasility of any assential 2icing wnen
sc=34 %o the comoinea lsagds ~esuliing from the loss-of-caclant

ac=2isen*s and =he safs shutaawn carthcuake.

The 220licant nas outlined his ascroach for detarmining the forcing

f.pcetans sansicered 17 tme systam and iImocnent dymamis analysas oF reacts

P e e -

v

res “sr scrmal soes23icn anc anticisated tramsients. Thesa meticas

3 sarsinasicn 3F analgsizal metnces 2ng srecisticas casec on l2ta fton

- -

arevisus’s 22s7ad -eactsr intarmais 3T R $iméiar deasizn. The forsing tonctic

imSammanian i3 sammingd 41%7 symami:s mec2l 2ralssis T3 ftrme T e ket
mmwaezeien 3 =sa sweacsg=3Tioni’ AnQ F7TT720 3TETTLD tEst g L AT

Maca' ==ss3as zme 237 :.72332 3ns meTatiInsnils are IITET TR laT.sdr 3@NACT
~mg3g 572 S@3¢ 2omDsee~T 3T-Esias fi- 232t T The  Twes Tlas
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3.3.3.3-2, oace 3.9-106

; aaq‘jg.s
Provide justification for using 2 modified static amseweds on the safety

relief valve 2iping in the suporession pool and explain what is used for the
‘::nser?at1§e dynamic load factor" in the analysis.

Provide the time-histary transient forces resulting from the SRV actuation
used in the SRV piping and support desian including the locads developed from
the discharging water slug.

Jiscuss the types of supports used on the SRV 3iping in Soth the drywell
and suppressicon peol and orovide drawings of the supports.

rovide the tvpe of safaty relief valves usad in the plant , the QaIQe
Jpening time, 3and the sequences of valve actuation used in the analysis.

3.9.3.4.5, page 3.9-113

Are .ne stress due to diffarential anchor movements considered as orimary
ar secondary stiresses for 30P supports?
’



DSER 3.2-1 It states in the FSAR that structures, components and sysiems

(3.2.15 designated as Safety Class 1, 2, or 3 are classified as Seismic

Page 3.2-1) Category [ ex-ept for some portions of the radioactive waste
treatment handling and disposal systems. There are several
items in lable 3.2-1 in conflict with this statement.

Response

The response to this question is provided in revised Section 3.2.1 and
Table 3.2-1.



DSER 3. :!-2 "The seismic classification indicated in Table 3.2-1 meets the

(Table 3.2.1, requirements of Regulatory Guide 1.29." It is also stated in

Page Section 1.8 that the Perry plant complies with all the

3.2%2 requirements of Regulatory Guide 1.29. Does this mean that
Seismic Category [ cooling water is provided tn the recirculation

pump during normal operation and following LOCA?

Response

The response to this question is provided in revised Section 3.2.1 and Note 19 to
Table 3.2-1.



DSER 3.2-3 Quality assurance requirements should be addressed in this table.
(Table 3.2-1,
Page 3.2-9)

Respcnse

Quality Assurance requirements are addressed in revised Note 2 to Table 3.2-1

and Section 3.2.4.




DSER 3.2-4 What design requirements were used in the design of the reactor

(Table pressure vessel skirt?
3.2-1,
Page 3.2-9)
Response

The response to this question is provided in revised Table 3.2-1.



DSER 3.2-5 Justify the non-seismic classification of the control rods.

(Table Note 7 does not apply to the control rods.
Jid=i,
Page 3.2-9)

Response

The response to this question is provided in revised Table 3.2-1.



DSER 3.2-6 Provide an explanation for the "I, NA" seismic classification for
(Table relief valve discharge piping.

3.2-1,

Page 3.2-9)

Response

The response to this question is provided in revised Table 3.2-1.



DSER 3.2-7 How much of the main steam piping, between the M.0. stop valve and
(Table the turbine stop valve, is located in the Auxiliary Building?
3.2~1,

Page 3.2-10)

Response

A length of 4'-8-3/8" of main steam piping is located in the Auxiliary Building.

Refer to revised Figure 10.3-1.



DSER 3.2-8 There appears to be a discrepancy in the seismic classification of
(Table the discharge tunnel. The discharge tunnel and the diffuser
3.2-1, nozzle are Seismic Category I. The tunnel entrance structure and
Page 3.2-24) downshaft are not. Provide clarification for this apparent

contradiction.

Response

The discharge tunnel and diffuser nozzle are Seismic Category I because the
alternate emergency service water system intake is through the discharge turnel
and aiffuser nozzle. Refer to Figures 3.8-65 and 3.8-70 for clarification.




DSER 3.2-9 What i1s the seismic classification of the Containment Vessel
(Table Cooling Units?

3.2-1,

Page 3.2-25)

Response

The response to this question is provided in revised Table 3.2-1.



revised




DSER 3.2-11
(Table 3.2-1,
Page 3.2-9)

What design requirements were used in the design of

the core support structures?

Response

The response to this question is provided in revised Table 3.2-1.




kfdﬂlllul} Guide (Rev.;RRRC Category)

1.29 - (Revision 3 W,iH,RRK( Cat 1)

Seismic design classitication

- (Revision 0 - 8/72;RRRC Cat 1)

Quality assurance requirements lox the

installation, i1nspection, and testing o1l
instrumentation and electrical equipment

(Revision 3 - 5/78;RRRC Cat 1)

Control of ferrite content in stainless

steel weld metal

1.32 - (Revision 2 - J///,RRR\ Cat. 1)
Criteria for safety-related electri«

power system: tor nuclean power ylanlw
1.33 - (Revision 2 - 3/78;RRRC Cat. 1)

Quality assurance program requirements
(operations)

FABLE 1.8~1 (Continued)

Degree ol Contormance

PNPP design conforms to Lhis guide, with exceplio
1s stated in Note 19 of Table 3.2-1

PNPP conforms to this guide to the exte
required by ANSI N18.7-1976

Conformance evaluation was based on an extensive
test program which demonstrates that controlling
weld filler metal ferrite at 5% minimum produces
production welds which meets the regulatory
requirements All austenitic stainless steel
weld filler material for PNPP is supplied with

a minimum of 5% ferrite material

lhe design of the PNPP Class 1E power system
conforms to IEEE Standard 308-1974 as modified
by the positions of Regulatory Guide 1.32

PNPP Project conforms to this guide
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TABLE 3.2-1

EQUIPMENT CLASSIFICATION

{2)
rincipal

«)n.nllu' P
\

(<)
Sately Group onstruction

(1)

. (3)
Pring llvnl Component Clas Location Classification Code ry Comment

Reactor dystlem

Reactor vessel . (1i-1
Reactor vessel support skirt 111-1°
Reactor vessel appurtances,

pressure retaining portions A 1i1-1
CRD housing supportls y N/ None
Reactor internal structures,

engineered satety features . ' None
Reactor internal structures, olher S { None
Control Rods 2 N// None
Control rod drives None
Core support structure [11-NG
Fuel assemblies d /| None

ir Boiler System

Vessels, level 1nstrumentation

condensing chambers

Vessels, air accumulators

Piping, relief valve discharge

Piping, main steam, within

outermost 1solation valve

Piping, feedwater within outermost

isolation valve

Pipe supports, main steam

Pipe restrainls, main steam

Piping, main steam, between

isolation valve and M.0.

p valve A

%“ASME Code I1I-., 1971 Edition, up to and including Winter 1972 addenda.

»







TABLE 3.2-1 (Continued)

(2) Quali X Principal(s) (6)
1) Safety 1) Group Construction Seismic
__Principal Compoment® = Class  Location " Classification  Code  Category Comment
XXXV. Heating, Cool ng and Ventilation
Systems
ks Annulus Exhaus. Gas Treatment 2 M N/A AMCA , i
System Units ERDA 76-21
UL-586, ANSI
N509 RDT
M 16-1T,
ANSI N101.1
2. Drywell Cooling Units NSC D N/A AMCA, ARI- N/A
410
9 3. Containment Vessel Cooling Units NSC C N/A AMCA, ARI- N/A o:
o 410
& 4. Purge Supply Units NSC " N/A AMCA, ARI-  N/A
410
L Purge Exhaust Units NSC M N/A AMCA, ERDA |
76-21
UL 586, ANSI
N509 RDT
M16-1T, ANSI
N101.1
6. Piping & Isolation Valves from 2 C,E B 111-2 [
Containment Vessel through outer
Isolation Valves
(ECCS) Pump Rooms Cooling Units 3 A C AMCA, ARIl- I
410, I11-3
8. Emergency Closed Cooling Pump Area 3 M C AMCA, ARI- 1
Cooling Units 410, I11-3
9. Radwaste Building Supply Units NSC W N/A AMCA, ARI- I

410




TABLE 3.2-1 (Continued)

NOTES:

b A module is an assembly of interconnected ccwponents which constitute an
identifiable device or piece of equipment. For example, electrical modules
include sensors, power supplies, and signal processors and mechanical
modules include turbines, strainers, and orifices.

2 1, 2, 3 - safety classes defined in Section 3.2.3
NSC - No Safety Class

All Safety class 1, 2 or 3 sys»ens and components meet the quality assurance M
requirements of 10CFRSO, Agsendlx . Additional details of the quality '
assurance program are provided in Sectiomn 3.2.4. !

- auxiliary building

- inside containment, but outside drywell
- drywell

- within shield building annulus
- offsire locale

any other location

- outdoors onsite

- pump houses

- service uv. lding

- turbine building

- radwaste building

£ 0NODOX"MCO >
'

4. A, B, C, D - NRC quality groups defined in Regulatory Guide 1.26. The
equipment is constructed in accordance with the codes listed in Table 3.2-2.
N/A - Quality Group Classification not applicable to this equipment.

S. Notations for principal construction codes are:

III-1, 2, 3, MC - ASME Boiler and Pressure Vessel Code, Section III,
class 1, 2, 3, or BC

VIII-1 - ASME Boiler and Pressure Vessel Code, Section VIII, Div. 1

API-650 - API 650, Welded Steel Tanks for Oil Storage

TEMA-C - Tubular Exhanger Manufactures Association, Class C

B31.1.0 - ANSI B 31.1.0, Code for Pressure Piping

SRcq - Nondestructive Tests Examinatiun Requirements per ASME Section VIII,
Div. 1

D100 - AWWA-D100, Standard for Steel Tanks, Standpipes, Reservoirs, and
Elevated Tanks for Water Storage

6. I - Constructed in accordance with the requirements of Seismic Category I
structures and equipment as described in Section 3.7, Seismic Design.
N/A - The seismic requirements are not applicable to the equipment.

3.2-30
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DSER 3.6-1 In Section 3.6.1 references are made to "elastic/plastic pipe

£3.8.2, whip restraints or pipe supports which eliminate pipe whip damage".
Page Details of how pipe supports are designed for pipe whip protection
3.6-7) and an example of such an analysis are needed.

Response

The response to this question is provided in revised Section 3.6.1.

No elastic/plastic pipe supports exist for pipe whip protection.









DSER 3.6-4 Plant loading conditions for evaluating pipe break are to
(3.6:2.1.5; include normal and upset conditions plus an OBE. Assurance
Page 3.6-11) must be provided that SRV discharge loads are included in the

upset conditio: 3.

Response

SRV discharge loads are included in code design Specification for piping
stress analysis, as used for determination of break locations. The response

to this question is provided in revised Section 3.6.2.1.5 and Table 3.9-3.



DSER 3.6-5 For ASME, Section III, Class 1 piping designed to seismic
3.6.2.1.5, Category I standards, breaks due to stress are to be

Page 3.6-11) postulated at the following locations:

(1) If Eq. (10), as calculated by Paragraph 3-3653, ASME
Code Secticn III, exceeds 2.4. Sm. then Egs. (12) »ad (13)
must be evaluated. If either Eq. (12) or (13) exceed
2.4 Sm, a break must be postulated. In other words, a

break is postulated if
Eq. (10) > 2.4 Sm and Eq. (12) > 2.4 Sn
(\F

Eq. (10) > 2.4 Sn and Eq. (13) > 2.4 Sa
(2) Breaks must also be postulated at any location where the

cumulative usage factor exceeds 0.1.

The above criteria is evaluated under loadings resulting from
normal and upset plant conditions including the OBE.

Any deviations from the above criteria must be justified.

Response

The response to this question is provided in revised Section 3.6.2.1.5. Perry
has committed to meet the requirements of BTP-MEB 3-1, revision 0 of

November 24, 1975. The respcnse to this question is in accord with Section
B.1.b of this revision. BTP MEB 3-1 Rev. 0 does not require evaluation of
equations (12) and (13) of NB-3653 unless equation (10) exceeds 3.0 Sn’ nor
does it re ,.ire evaluation of cumulative usage factors unless equation (10)

exceeds 2.4 S .
m




found where the mulative
exceeds 2.4 > _, except
orsional and moment restraints. Breaks are

terminal ends regardless of stress range Oor usage

eaks had also been postulated at each torsional aad

noment restraint where the cumulative usage factor exceeds 0.1




DSER 3.6-6 Are there any high energy Class 2, Class 3, or B31.1 lines?

£3.6:%:1.5, 1f so, what criteria is used for postulating breaks in these

Page 3.6-11) lines?
RESPONSE

The respouse to this question is provided in revised Sectionm 3.6.2.1.5.

.



DSER 3.6-7 Any instances where longitudinal break areas are less than

TR 8 D one circumferential pipe area must be identified. The

Page 3.6-13) analytical methods representing test results and based on a
mechanistic approach must be explained or justified. Provide

examples of a typical analysis.

Response

Section 3.6.2.1.6 has been revised to eliminate the reference to l-1gitudinal
break areas less than one circumferential pipe area, since none have been

postulated. No mechanistic approach is used.



DSER 3.6-8 How are energy reserveirs of sufficient capacity to develop a
{3.6.2.1:.06, jet flow determined? What are justifiable line restrictions?
Page 3.6-14) Provide the justific:tion. Any instances where flow limiters

are used should be ideatified and justified.

Response

The response to this question is provided in revised Sections 3.6.2.1.6.d and
3.6.2.2.1. The term "justifiable" has been replaced by more exact descriptions

of the means of analysis.




DSER 3.6-9 For ASME, Section III, Class 1 piping designed to seismic

(3.6:2: 1.

-4

.1, Category | standards, breaks need not be postulated providing

Page 3.6-15) the following stress criteria is met.

(1) If Eq. (10) as calculated by Paragraph NB-3653, ASME Cnde,
Section III does not exceed 2.4 Sm’ a break need not be
postulated.

(2) If Eq. (10) does exceed 2.4 Sm’ Then EQ. (12) and (13) must
be evaluated. If neitlher Eq. (12) or (13) exceed 2.4 Sn, 3
break need not be pestulated. In other words, a break

need not be postulated if
Eq. (10) < 2.4 Sm

or
Eq. (10) > 2.4 S' and Eq. (12) < 2.4 SIll
and EQ. (13) <« 2.4 s

(3) Breaks need not be postulated as long as the cumulative

fatigue usage factor is less than 0.1.

(4) For plants with isolation valves inside containment, the
maximum stress, as calculated by Eq. (9) in ASME Code
Section III, Paragraph NB-3652 under the loadings of
internal pressure, dead weight and a postulated piping
failure of fluid systems unstrea or downstream of the

containment penetration area must not exceed 2.25 Sn.

The above criteria is evaluated under lc:dings rc-uilting from

normal and upset plant conditions including the OBE.



In addition, augmented inservice inspection is required oa all

piping in the break exclusion area.

The applicant must provide assurances that their criteria
for piping in the break exclusion areas complies with the
requirements outlined above and those of Standard Review
Plan 3.6.2.

Response

The response to this question is provided in revised Sections 3.6.2.1.5 and
3.6.2.1.7.1. Perry has committed to meet the requirements of BTP-MEB 3-1,
revision 0 of November 24, 1975. The response to this question is in accord
with Section B.1.b of this revision. BTP-MEB 3-1 Rev. 0 does not raquire
evaluation of equations (12) and (13) of NB-3653 unless equation (10)
exceeds 3.0 Sm' nor does it require evaluation of cumulativs usage factors

unless equition (10) exceeds 2.4 Sy

an augmented in-service inspection program is provided, as referenced by new
Section 3.6.2.1.7.5,

Final code stress analyses for major class 1 lines have been reviewed (see
Tables 3.6-7 and 3.6-9). No locations were found where Equation (12) or (13)
exceeds 2.4 Sp unless Equation (10) also exceeds 3.0 S . No locations were
found where the cumulative usage factor exceeds 0.1 unless (10) also exceeds
2.4 Sn’ except at terminal ends or torsional and moment restraints. Breaks

are postulated at terminal ends regardless of stress range or usage factor.
Breaks are postulated at terminal ends regardless of stress range or usage
factor. Breaks had also been postulated at each torsional and moment restraint

where the cumulative usage factor exceeds 0.1.



DSER 3.6-10 Are there any Class 2, Class 3 or B3i.l1 piping in the break
(3.6.2.1.7.1, exclusion areas? If so, what criteria is used for their

Page 3.6-15) design?

Response

The response to this question is provided in revised Section 3.6.2.1.7.1 and

new Section 3.6.2.1.8.



DSER 3.6-11 A list of all systems in the break exclusion area is needed.
(3.6.2.1.7.1, Break exclusion area should be shown on the appropriate piping

Page 3.6-15) drawings.

Response

The response to this question is provided in revised Section 3.6.2.1.7.1 and
Figures 3.6-5, 3.6-6 and 3.6-7.

The following high energy systems are "in the vicinity of" the containment penetration

area; they are within guard pipe in the penetration area:

1. Feedwater

ro

Main Steam

3. Reactor Water Cleanup
Main Steam Drain
RCIC Steam Line

&

w




DSER 3.6-12 Provide an example of the detailed stress analysis done on a
(3.6.2.1.7.2) welded attachment to the process pipe. In addition, provide
Page 3.6-15) details of the stress analysis done on the head fitting for the

main steam line.

Response

The response to this question is provided in revised Sect .on 3.6.2.1.7.2.



DSER 3.6-13 Provide a list of all locations where limited break opening
£ 368 2.1, areas have been used. Provide justification for each location

Page 3.6-17) and details of any inelastic analysis used.

Response

No credit has been taken for limited break opening areas in high-enecgy
piping. See revised Section 3.6.2.2.1. The details of the inelastic pipe
whip analysis are provided in Section 3.6.2.2.2, which discribes methodology of the GE

computer program PDA used for this analysis.




DSER 3.6-14 Provide a list of all locations where break opeuing times
(3:.6.8.2-1, greater than one millisecond have been used. Provide and

Page 3.6-17) justify any experimental data and analytical theory.

Response

:

The response to this question is provided in revised Section 3.6.2.2.1.



DSER 3.6-15 Provide assurance that all potential targets are evaluated
{30322 when considering pipe whip.

Page 3.6-20)

Response

-

The response to this question is provided in revised Sections 3.6.2.2.2 and
3.6.2.3.2.




DSER 3.6-16 Provide a definition for limits of strain which are siailar to
(3.6.2.2.2, levels allowed in restraint plastic members.
Page 3.6-20)

Response

The response to this question is provided in revised Section 3.6.2.2.2.



DSER 3.6-17 "Piping systems are designed so that plastic instability dJoes
3.0,

Page 3.6-20) unless damage studies are performed which show the consequences

ro

o

re
-

not occur in the pipe at the design dynamic and static loads

do not result in direct damage to any essential system or
component .” Provide a list of where this technique has been

used and an example of ine studies performed.

Response

The response to this question is provided in revised Sections 3.6.2.2.2.e,
3.6.2...4¢,3.6.2.3.2, and Table 3.6-17. No cases exist where more than 50%
of the minimum actual ultimate uniform ¢ rain (at the maximum stress on an

engineering stress-strain curve) has b.. . allowed.



DSER 3.6-18 Question deleted.










DSER 3.6-21 How is it determined that the dynamic load factor (DLF) is
(3:0.2:3.1; suitable? Provide an example of its use.
Page 3.6-30)

Res, nse

The response to this question is provided in revised Section 3.6.2.3.1

for BOP systems.



DSER 3.6-22 For snubbers, what are the "othe: simultaneous loads" that
(3.6.2.3.1, are combined by the SRSS method?
Page 3.6-30)

Resgonse

The response to this question is provided in revised Section 3.6.2.3.1.
Only concurrent vibratory dynamic load cases are combined by SRSS.




DSER 3.6-23 "Piping integrity usually does not depend upon the pipe whip

(3.6.2.3.3, restraints for any loading combination.” List all those
Page 3.0-33) locations where integrity of the piping depends upcn the pipe

whip restraints.

Response

The response to this question is provided in revised Section 3.6.2.3.3. Piping
integrity does not degeund on pipe whip restraints.



DSER 3.6-24 What service limits are used in the design of the pipe
£3.6.2.3.3; whip restraints?
Page 3.6-33)

RESPONSE

The response to this question is provided in revised Section 3.6.2.3.3.



DSER 3.6-25 what critical locatiouns inside containment are monitored
(3.6.2.3.3.1, during hot functional testing?
Page 3.6-33)

Response

The response to this question is provided in revised Section 3.6.2.3.3.1.

All supports and pipe whip restraints are monitored during pre-operational

and startup testing for adequate clearances to accommodate thermal expansion.



DSER 3.6-26 Any locations where the increase in the yield or ultimate strengths,

(3.6.2.3.3.1, of the material used for pipe whip restraints, exceeds 10% must
Page 3.6-40) Dbe identified. Justification for any increa e greater than 10%

must also be provided.

Response

The answer to this question is provided in revised Section 3.6.2.3.3.1.4.c.

No increases greater than 10% have been used.




nevise

nevise

Revised

.

ncnange

response




DSER 3.6-28 Are all postulated break locations in the recirculation system
(3.6:2, shown?

Figure 3.6-66)

Response

All postulated break locations are shown on revised Figure 3.6-66, as determined
by the final ASME Code str-s¢ analysis (General Electric document 22A7140,
Rev. 0).









DSER 3.6-31 Regardless of the ratio of longitudinal to hoop stress, both
5.6.2.1.6, a longitudinal split and a circumferential break should be
. 4 3.6-13) postulated at any location where the cumulative usage factor

is greater than 0.1.

Response

The respoase to this question is provided in revised Sectiouns 3.6.2.1.5 and
3.6.2.1.6. Perry has committed to meet the requirements of BTP-MEB 13-1,
revision 0 of November 24, 1975. The response to this question is in accord
with sections B.3.a and B.3.b of this revision.

The criteria of BTP-MEB 3.1, sections B.3.a and B.3.B, provide means of
discriminating between types of breaks, but refer only t» stress criteria for
class 2 and 3 piping. The ASME code makes no provision for calcvlation of
cumulative usage factors for class 2 and 3 piping.

Revised Section 3.6.2.1.6 extends these criteria to class 1 piping by employing

the corresponding class 1 stress criteria.



3.6 PROTECTION AGAINST DYNAMIC EFFECTS ASSOCIATED WITH THE POSTULATED
RUPTURE OF PIPING

3.6.1 POSTULATED PIPING FAILURES IN FLUID SYSTEMS
3.6.1.1 Design Bases

The foremcst requirement for protection against the effects of a postulated pipe
rupture event is conformance to the offsite dose limits given by 10 CFR 100.

This objective is achieved by plant arrangements which permit habitability of the
control room, assure essential shutduwn system operation and mitigate the
consequences of the piping failure. The plant design provides this protection
primarily by physical separation through spatial arrangement or enclosure within
structures or compartments. Structural barriers and jet impingement shields are
employved as required to further mitigate the consequences of pipe break events.
Where separation or barriers are either insufficient or impractical, protection
by means of pipe whip restraints is used to ensure the operability of equipment

and structures essential for safe plant shutdown.

A comprehensive review of plant fluid systems with respect to postulated rupture
of piping is presented in Section 3.6.1.2. Spatial arrangements of high and
moderate energy lines are shown relative to equipment required for safe shutdown.
Section 3.6.1.3 provides a discussion of the effects of postulated pipe ruptures
coincident with single active failures in required systems. The ability to
safely shut down the plant is discussed with respect to the various combinations
of pipe rupture and single active failure. Environmental conditions for which
equipment is designed to operate in the accident mode are addressed in

Section 3.11.

2.6:1.2 Descriptica .

High and moderate energy lines are listed in Tables 3.6-1 a1 i 3.6-2,
respectively. These lines are illustrated by Figures 3.6-1 through 3.6-47 in
relation to plant layout. These figures also identify systems and components

required for sate shutdown (see Table 3.6-3). As illustrated by Figures 3.6-1
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through 3.6-47, systems and components required for safe shutdown are protected
from postulated pipe rupture, to a large extent, by physical arraugement.
Detailed descriptions of these physical arrangements are presented in

Sections 3.6.1.2.1 and 3.6.1.2.2.

3.6.1.3.1 Physical Arrangement Inside the Reactor Building

s Inside the Drywell

To the greatest poss‘hle extent, the piping, the electrical, and structural
arrangement within the drywell provides for safe shutdown capability in the
event of high energy pipe rupture by means of spatial separation. Both the
main coolant piping (recirculation and feedwater) and the ECCS piping are
evenly distributed around the reactor. Furthermore, the electrical power
divisions serving the various ECCS systems govern the location of system
pipe routing to prevent any single high energy pipe break from jeopardizing
any additional ECCS. A limited number of postulated ruptures could
potentially jeopardize the functioning of an adequatelvy redundant number of
ECCS due to limitations of spatial and barrier separation. Each such case
is discussed in Section 3.6.2.5.3 and resclved either by means of a jet
shield or by analytically establishing the adequacy of separation. These
high energy lines within the drywell are restrained from whipping by
elastic/plastic pipe whip restraints which prevent pipe whip damage to

essential systems and limit structural loads.

b. Between the Drywell and the Reactor Building Wall

Between the drywell and the reactor building wall, portions of three high
energy systems constitute potential pipe rupture sources: the reactor water
cleanup system; control rod drive supply line and standby liquid control
system. In all cases postulated ruptures are located so that spatial
separation provides protection to ECCS from the effects of postulated

ruptures.




In all cases high energy lines between the drywell and the reactor building

wall are restrained from whipping by pipe whip restraints or pipe supports.
3.6.1.2.2 Physical Arrangement Outside the Reactor Building

Building arrangements outside the reactor building are characterized by the

following areas for purposes of the pipe rupture analysis:
a. Inside the Steam Tunnel

A significant design feature of the piant with regard to postulated rupture
of high energy piping is the provision of the steam tunnel. This structure
serves as a conduit for essentially all high energy piping between the
reactor building and turbine building. The steam tunnel is designed to
contain the environmental effects (pressure and temperature) resulting from
a full circumferential pipe break (double ended rupture) of either a main
steam or feedwater pipe. Following such a postulated event, the steam tunnel
vents the blowdown from the break to the turbine building. Rapid closing
isolation valves close to limit the release of mass and energy from the
break. These valves and their operation are discussed in Sectiomns 5.4.5 and
6.2.4. The pressure rise analysis for this design basis event is discussed
in Section 3.6.2.2. A description of the structural design and analysis of

the steam tunnel is presented in Section 3.6.2.3.

High energy piping routed through the steam tunnel is shown in
Figure 3.6-24. Pipe whip restraints are provided to prevent consequen:’al

damage following a postulated pipe break.
b. Inside the Fuei Handling Building
The fuel handling building is free of high energy lines, except for one
2 1/2-inch nominal OD control rod drive (CRD) line which conveys cold water

at approximately 1900 psig. This line is prevented from damaging

surrounding structures by means of closely spaced pipe supports and/or

3.6-3
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restraints of sufficient capacity. No equipment required for safe shutdown
1s located in the vicinity of the route of this line in the lowest elevation
of the fuel nandling building. The consequences of a postulated rupture of
this line are limited to local flooding of the lowest elevation in the fuel

handling building to a depth of approximately 6 inches.
Inside the Intermediate Building
The intermediate building contains no high energy piping.

Moderate energy lines whose failure could result in limited (less than
6 inches in depth) flooding of the lowest level of the intermediate building
present no hazard to the operation of any systems essential fo safe plant

shutdown.
Inside the Auxiliary Buildin}

The auxiliary building, excluding the structurally separated steam tunnel
addressed in Item 2, above, contains three sources of high energy pipe
ruptures. The reactor water cleanup system piping and pumps are located in
a compartment which is vented to a corridor containing safety related
electrical cabling. Analysis of the conditions following the pipe rupture
event indicate the safe shutdown capability of the plant is not jeopardized.
The second source of high energy pipe rupture occurs in a main steam drain
line routed through the same corridor which communicated with the RWCU pump
room. The piping configuration of this drain line is such that the
postulated break occurs within a guard pipe which vents also to the steam
tunnel. Analysis of the effects of this event indicate the safe shutdown
capability of the plant is not jeopardized. The third source of high energy

pipe rupture is the auxiliary steam system.

The main auxiliary steam piping is routed over the auxiliary building roof,

and enters through the steam tunnel roof.
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Breaks in the 10-inch auxiliary steam main in the auxiliary building are

confined to the steam tunnel. A four-inch test line to the RCIC turbine is

normally isolated. Condensate lines through the auxiliary building are

maintained below 275 psig and below 200°F by condensate coolers.




Two RCIC-RHR condensing cooling mode steam ' ‘nes pressurized from the
reactor vessel are located in two RHR k. «Xxchanger rooms. However,
included in the system design is an orifice which restricts the amount of
energy escaping from a full rupture of these lines. The orifice is sized to
assure that safe plant shutdown is not jeopardized by temperature or

environmental effects.
Inside the Control Complex

The control complex is isolated from adjacent structures by 3-foot thick

concrete walls and pressure tight doors where required.

A portion of moderate energy piping is concentrated in two areas of the
control complex. One area, at elevation 599'-0", houses the nuclear closed
cooling water (NCCW) heat exchangers served by service water piping. The
piping and heat exchangers are in a single, enclosed room. Water flowing
from a postulated leakage crack in NCCW or service water piping would either
drain through sleeves in the floor to the next lower elevation at 574'-10"
or discharge direc.ly into that elevation. The area below the NCCW heat
exchanger room at =levation 574'-10" houses the service and instrument air
receiver tanks. Elsevhere at this elevation are essential shutdown systems.
The water would drain to the floor of this space and from there to floor

drain sumps equipped with safety related instrumentation that actuates

alarms upon detection of high level.
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Inside the Radwaste Building

The radwaste building contains a high energy steam line that supplies steam
to the radwaste evaporators. This line is roufed outside the radwaste
building and enters the building, directly into the radwaste evaporator
room, through the roof. Redundant, safety class, active valves with
necessary instrumentation are provided to terminate steam flow following a
postulated rupture of the steam line or any pressure retaining portion of
the radwaste evaporator. Pressure tight doors are provided where required

to isolate the affected area.
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systems. An operational period i1s considered "short" if the total fraction of
time that the system operates within the temperature and pressure conditions
specified for a high energy fluid system is less than 2 percent of the total

operating time for which the system was designed.
3:.6.2.1.3 Postulated Pipe Breaks and Cracks

A postulated pipe break is defined as a sudden, gross failure of the pressure
boundary either in the form of a complete circum:erential severance (guillotine
break) or as development of a sudden longitudinal, uncontrolled crack
(longitudinal split) and is postulated for high energy fluid systems, only. For
moderate energy fluid systems, pipe breaks are confined to postulated controlled
cracks in piping and branch runs. These cracks affect surrounding environmental

conditions, only, and do not result in whipping of the cracked pipe.

All high energy piping systems (or portions thereof) are considered as potential
initiators for a postulated pipe break under normal plant conditions and are

analyzed for potentially damaging dynamic effects.

Portions of piping systems isolated from the source of the high energy fluid
under normal plant conditions are exempted from consideration of postulated pipe
breaks. This exemption includes portions of piping systems beyond a normally
closed valve. Pump and valve bodies are also exempted from consideration of pipe

break because of the greater wall thickness of such components.

A high energy pipe break is not postulated to occur simultaneously with a
moderate energy piping system crack nor is any pipe break or crack outside
containment postulated to occur concurrently with a postulated pipe break inside
containment.

3.6.2.1.4 Exemptions from Pipe Whip Protection Requirements

Protection from p.pe whip is not provided where any one of tlhe following

conditions exist:

a. The postulated pipe break is in a moderate er:rgy piping system.
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The unrestrained movement of either end of the ruptured pipe in any feasible
direction about a plastic hinge formed within the piping, following a sing’e
postulated pipe break, cannot impact any structure, system, or component

required for safe shutdown.

Reaction forces on the broken pipe are insufficient to impart sufficient

energy to the broken pipe to cause unacceptable damage to any structure, -

component or system required for safe shutdown. Any line restrictions
(e.g., flow limiters) between the pressure source and the break location,
and the erfects of either a single ended or double ended flow condition may
be considered in the determination of the reaction forces. The energy of
the broken pipe is consider 1 insufficient to cause unacceptable damage if

any of the following criteria are met:

1. The energy level in a whipping pipe is considered insufficient to
damage another pipe of equal or greater nominal pipe size and equal or
heavier wall thickness in accordance with NRC Branch Technical Position
APCSB 3-1, item 2.b(2).

ro

The reaction force, applied to the broken pipe, is insufficient to
stress the piping to the elastic limit at any point, and the limits of
deflection of the broken pipe, in any direction, do not allow impact of
any structure, system or component required for safe shutdown. Cases

where this criterion and method are used are listed in Table 3.6-17.
3. The impacting energy of the broken pire, detegmined by the strain

energy method, does not impair _ue essential safety function of any

impacted component.
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3.6.2.1.5

These pipe whip analyses are further described in Section 3.6.2.2.2.e.
Damage studies are described in Section 3.6.2.3.2. In all damage
studies a rebound amplification factor of 1.2 is applied to the forcing
function determined for the component, as required by Standard Review
Plan 3.6.2, Section III.2.b.(2). Cases where this criterion and method

are used are listed in Table 3.6-17.

Locations for Postulated Pipe Breaks

Postulated pipe break locations are se.ected in accordance with NRC Branch
Technical Position APCSB 3-1, Appendix B, and NRC Branch Technical Position
MEB 3-1, November 24, 1975.

a.

For piping systems classified as high energy, postulated break locations are

as follows:

The terminal ends of pressurized portions of the run. Terminal ends
are the extremities of piping runs that connect to structures,
equipment, or pipe anchors that are assumed to act as rigid constraiants
to free thermal expansion and any movement, from dynamic or static

loading, of piping.
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Fcr ASME Code, Saction III Class I, Seismic I piping, breaks are

postulated to occur at intermediate locations between terminal ends

whenever the following stiess and fatigue limits are exceeded: o

}

a) The maximum stress range between any two load sets (including the c:
zero lcad set) shall be calculated according to equation (10) of ¢¢
article NB-3653 of the ASME Code, Section III for normal and upset i
plant conditions, including safety elief valv: (SRV) loads, and ki
an operating basis earthquake (OBE) event transient. If this :
value is less than 2.4 Sm, no break need be postulated.

b) If equation (10) exceeds 2.4 Sm but is less than 3.0 Sm and the
cumulative usage factor U of article NB-3653.5 is less than 0.1,
no break need be postulated.

¢) If for a given load set, equation (10) exceeds 3.0 Sm, but the
maximum stress ranges calculated according to equations (12) and -~
(13) of article NB-3653.6 for that loac set are each less than 1\
2.4 Sm and the cumulative usage factor calculated according to ~
article NB-3653.6 (using equation (14) or article NB-3653.3 for :T
S lt) does not exceed 0.1, no break need be postulated. Phe

b
In accordance with article NB-3653.6 and BTP-MEB 3.1, Section
B.1.b.(1)(b), equations (12) and (13) need be evaluated only for
th se load sets for which equation (10) exceeds 3.0 Sm.

For ASME Code, Section III class 2 and 3 piping, breaks are postulated f‘

to occur at all locations where the sum of equations (9) and (10) of Ny

ASME Code Sectiom III, article NC-3652, calculated under all normal and ¥

upset plant conditioams, including safety relief valve (SRV) loads, and 3
an independent operating basis earthquake (OBE) event transient, is L
greater than 0.8 (1.2 Sh + SA)’ except that *the more restrictive lf

criteria of Sections 3.6.2.1.7 and 3.6.2.1.8 apply to containment I?

penetration piping. |
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Breaks are assumed in piping designed to the power piping code,
ANSI B31.1, at each fitting-to-pipe weld, including welds to pumps,
flanges, attachments and valves, except as provided in Section
3:.%:2.0:-7.1,

In the event that two or more intermediate locations cannot be
determined by stress or usage factor limits, at least two intermediate
locations are identified on a reasonable basis for each piping run or
branch run, unless the .1ping is a straight run without fittings,
attachments and valves, in which case only one ir.ermediate location is
chosen. A reasonable basis is one or more of the following:

(a) Each fitting-to-pipe weld, including welds to pumps, flanges,
attachments and valves.

(b) Highest stress or usage factor locations.

Where more than two such intermediate locations are possible using the
application of the above reasonable basis, those two locations having the
greatest damage potential may be used. A break at each end »>f a fittiug may

be classified as two d.screte break locations where the stress analysis is

sufficiently detailed to differentiate stresses at each postulated break.

For piping systems which contain moderate ene'gy fluids, through wall

leakage cracks are postulated at locations as follows:

1.

Locations that demonstrate the adequacy of separation or other means of

protection from required structures, systems and components.
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"o

In moderate energy fluid system piping located within structures and
compartments containing required systems and components. The through
w2ll leakage cracks are postulated to occur individually at locations
appropriate to form the basis for providing required protection from
the hazards of fluid spraying, flooding, pressurization, and other

en' ‘ronmental conditions.

3. Moderate energy fluid system piping or portions thereof that are
located within a compartment or confined area containing a postulated
break in high energy fluid system piping are considered acceptable
without postulation of through wall leakage cracks, except where a
postulated leakage crack in the moderate energy fluid system piping
results in more severe environmental conditions than the break in the
proximate high energy fluid piping system. In such cases the

provisions of tkis section, Item b, apply.
= Criteria for break locations in piping systems in the area of the
containment isclation vaives are provided in Sections 3.6.2.1.7. and
3.8.2.1.4.
3.6.2.1.6 Types of Breaks to Be Postulated in Fluid System Piping

The following types of breaks are pistulated in high energy fluid system piping:

a. No breaks are postulated in piping having a nominal diameter less than or

equal to one inch.

b. Circumferential breaks are postulated only in piping exceeding a one-inch

nominal pipe diameter, except CRD insert lines (1-1/4 inch).

e, Longitudinal splits are postulated only in piping having a nominal diameter

squal to or greater than four inches.
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Circumferential breaks are assumed at all terminal ends and at intermediate
locations identified by the criteria stated in Section 3.6.2.1.5. At each
of the postulazted break locations identified, in piping four inches nominal
diameter or greater, either a circumferential or . longitudinal break, or
both, is postulated according to the following criteria. '"Maximum stress
cange" is calculated as described in Sections 3.6.2.1.5.a.2.a and
3.6.2.1.5.a.3.

If the maximum stress range exceeds the limit of Sectiom 3.6.2.1.5.a.2.a
er 3 and the maximum stress range in the longitudinal direction is
greater than 1.5 times the maximum stress range in the circumferential

direction, only the circumferential break need be postulated.

ro

If the maximum stress range exceeds the limit of Section 3.6.2.1.5.a.2.a
or 3 and the maximum stress range in the circumferential direction is

- B9

greater than 1.5 times the maximum siress range in the longitudinal
direction, only the longitudinal break neea be postulated.

3. If the maximum circumferential and longitudinal stress -anges are
within a factor of 1.5 of each other, or if the analysis does not
differentiate between circumferential and longitudinal stress ranges,

then both types of breaks ire postulated.

4. Circumferential breaks are postulated at fitting joints.

5. Longitudinal breaks are postulated in the center of the fitting at two
diametrically opposed points (but not concurrently) located so that the
reaction force is perpendicular to the plane of the piping and produces
out-of-plane bending.

6. At intermediate locations where stress r;;ges are less than the
criteria of Sect.ons 3.6.2.1.53.a.2 and 3, and breaks are chosen to &
satisfy the criteria for a minimum number of break locatiors, only

circumferential breaks are postulated in accordance with BTF-MEB 3.1,

B.3.b(2)(b).
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tudinal and circumterential after assessing the
ream piping flexibiliti I hipping is assumed
Lping geometry

lane for longi

The dynamic force of the jet discharge at the break location is based up.

the effective cross sectional flow area of the pipe and upon a czlculated
fluid pressure as modified by an analytically or experimentally determined
thrust coetficient. Line restrictions, flow limiters, and the

energy reservoirs may be used, as applicable, in the reduction

iischarge Blowdown calculation methods are described in section

Delow

yllowing through wall leakage cracks are postulated in moderate energy

or portions of systems):

acks are postulated in moderate energy fluid system piping and branch runs

exceeding a nominal pipe size of one inch.

penings are assumed as circular orifice of cross sectional piping
low area equal to that of a rectan; of length equal to one-half pipe
iameter and width of one-half
low from the crack opening is assumed to result in an environment that wets
211 unprotected components within the structure or compartment, with
consequent flooding in the compartment and communicating compartments, based

a conservatively estimated time flow period to effect corrective

Through wall leakage cracks instead of breaks are postulated in the piping

systems that qualify as high energy fluid systems for only

periods as defined in Section 3.6




Criteria for High Energy Piping Systems in the Area of
Containment Isolation Valves

0 ) Sy | Locations for Postulated Breaks

No pipe break is postulated in the portions of high-energy piping between primary

containment isolation valves.

The containment penetration break exclusion region is defined as that secticn of
piping between (1) the weld next outboard of the outboard torsional and moment
restraint adjacent to the outboard containment :solation valve and () the weld
next inboard of the inboard torsional and moment restraint, where such torsional o~
and moment restraints are required to meet these break exclusion region stress )
criteria; or between (1) the outboard weld of the outboard containment isolation
valve and (2) the inboard weld of the inboard containment isolation valve, on
spall piping which does not require torsional and moment restraints to meet the

criteria below.

The break exclusion regions of major high-energy lines are indicated on

Figures 3.6-5, 3.6-6 and 3.6-7. No safe-shutdown components other thar -
containment isolation valves and their auxiliaries are located in break exclusion ’
regions.
The containment penetration region of high energy piping meets the folilowing
criteria for break exclusion regions:
a. For High-Energy ASME Code, Section III, Class 1 Piping:

i. Piping in this region shall meet the requirements of article NE-1120 of .

the Code. -

o

The stress criteria of Section 3.6.2.1.5.a.2, shall be met.

3. The maximum stress in the break exclusion region due to a postulated
rupture of the affected line outside the break exclusion region, as
calculated by equation (9) of article NB-3653 of the Code, shall not
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exceed 2.25 Sm, except that following a failure outside containment
higher stresses are allowed between the outboard containment isolation
valve and the outboard torsional and moment restraint, provided a
plastic hinge is not formed and the operability of the valve is assured
under this loading in accordance with Standard Review Plan 3.9.3.
Primary loads for equation (9) include those loads which are
deflection-limited by restraints.

Design specification criteria for Class 1 penetrations are presented in
the Nutech Corporation design specification for Class 1 piping

penetration assemblies.
b. For High-Energy ASME Code, Section III, Class 2 piping:

1. Piping in this region shall meet the requirements of article NE-1120 of
the Code.

2. The stress criteria of Section 3.6.2.1.5.a.3 shall be met.

3. The maximum stress in the break exclusion region due to a postulated
rupture of the affected line outside the break exclusion region, as
calculated by equation (9) of Article NC-3652 of the Code, shall not
exceed 1.8 Sh. The exceptions permitted for class 1 piping under
Section 3.6.2.1.7.1.a.(3), above, may be applied to piping outboard of
the outboard containment isolation valve, provided that any such piping
between the valve and outboard torsional and moment restraint
constructed to the ANSI B31.1 power piping code shall be provided with
full radiography of all welds, both circumferential and longitudinal.
Primary loads for equation (9) include those loads which are

deflection-limited bv restraints.

c¢. For both Class 1 and class 2 piping, the design and inspection requirements

stated in Sections 3.6.2.1.7.2 through 3.6.2.1.7.5 are satisfied.
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3.6.2.1.7.2 Welded Attachments to the Process Pipe

Welded attachments, for pipe supports or other purposes, to these prrtions of
piping are designed by means of detailed stress analyses to demonstrate
compliance with the limits of Section 3.6.2.1.5. A typical attacnment is a
welded lug for torsional and moment restraints. In addition, the number of
circumferential and longitudinal piping welds are minimized. There are no branch
connections in these portions of the process pipe. Where guard pipes are used,
the enclosed portion of fluid system piping is of seamless construction. The
length of these portions of piping is the minimum practical. The analysis of the
head fitting, including the welds to the main steam pipe and the guard pipe, is
in accordance with the draft GE report NEDO-23652, which has been reviewed by the
NRC and IIT.

3.5.3:4.1.3 Design of Pipe Anchors and Restraints
Pipe anchors and restraints are designed to be 100 percent volumetrically

examinable in service and a detailed stress analysis is performed to demonstrate

compliance with the limits stated in Section 3.6.2.1.5.

3.6-15b
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32114 Guard Pipe Design
Design criteria for guard pipe assembly are as follows:
o Neither the guard pipe to head fitting circw'ferential weld nor any

circumferential weld in the guard pipe is located in the annular space

between the drywell wall and containment wall.

b. Construction requirements satisfy Subsection NE of Section III of the ASME
Code.
c. The guard pipe is designed to a temperature and pressure equal to or greater

than the normal operating temperature and pressure of the process pipe.

d. The guard pipe is pressure tested in accordance with SA-530-5 of the ASME
Code, either by the materials manufacturer or the guard pipe fabricator.
This test may be performed prior to fabrication of the complete assembly.

e. A 100 percent volumetric examination is performed in accordance with the
requirements of the ASME Code, Section III, Subsection NE, for all
longitudinal welds (Category A) and all circumferential welds (Category B)
in the guard pipe.

£. A 100 percent volumetric examination is performed in accordance with the
requirements of the ASME Code, Section III, Subsection NB or NC, depending

upon class, for the head fitting to process pipe well as a full penetration

Category C weld.
3:6.8:1:7.% Augmented In-Service Inspection

Augmented inservice inspection for high energy piping systems in the area of

containment isolation valves is described in Sectiom 5.2.4.3.

3.6-16
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3.6.2.1.8 Criteria for Moderate Energy Piping systems in the Area of

Containment [solation Valves

No pipe break is postulated in the portions of moderate-energy piping between
containment isolation valves. The containment penetration break exclusion region
is defined as that section of piping between the outboard weld or flange of the
outboard containment isclation valve and the inboard weld or flange of the
inboard containment isolation valve. Where an approved design allows placement
of both isolation valves ca the same side of containment, the boundary of the
containment penetration break exclusion region extends to the weld defining the

boundary between class 2 and class MC components.

Moderate-energy class 2 containment penetration break exclusion regions meet the

following criteria:

a. The requirements of article NE-1120 of the ASME Code, Section III must be

met.

b. The maximum stress range calculated as the sum of equations (9) and (10) of
article NC-3652 of the ASME Code, section III, under normal and upset plant
conditions including safety relief valve (SRV) discharge loads, and an
operating base earthquake (OBE) event tramsient, may not exceed
0.4 (1.2 Sh + SA)'

3.6.2.2 Analytical Methods to Define Blowdown Forcing Functions and Response
Models
3.6.2.2.1 Analytical Methods to Define Blowdowa Forcing Functioams

Rupture of a pressurized pipe causes the .low characteristics of the system to
change, creating reaction forces which can dynamically excite the piping system.

The reaction forces are a function of time and space and depend upon fluid state
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within the pipe prior to rupture, break flow area, frictional losses, plant
system characteristics, piping system, and other parameters. A more detailed
description of the analytical computer model used in defining the blowdown forces

is presented in GAI Topical Report lO&P(l).

Criteria used for calcu'ation of fluid blowdown forcing functions include the

following:

a. Circumferential breaks are assumed to resu't in pipe severance with a break
area equivalent to the pipe's cross sectional area and separation amounting
to at least one diameter lateral displacement of the ruptured piping

sections.
Longitudinal breaks are equal to a full circumferential break.

b. The dynamic force of the jet discharge at the break location is based upon
the effective cross sectional flow area of the pipe and upon a calculated
fluid pressure as modified by an analytically determined thrust coefficient.
Line restrictions, flow limiters, positive pump controlled flow, and the
absence of energy reservoi.~ are taken into account in the reduction of jet

discharge.

Sections of broken piping withou. connecting pumps or tanks, containing only
cold water or a negligible volume of steam or compressed water above 212°F,
compared to the cross sectional area of the break, and separated from other
pressurized sources by normally closed valves or check valves, are
considered to contain insufiicient energy to develop a jet. Frictional
effects of piping, components, flow limiters, filters, and metering orifices
and venturis may be included in determination of the steady-state portion of
the blowdown, as described beiow. Frictional effects and flow limiters are
considered for all blowdown calculations, other than assumptions of 2.0 POA
for cold water and 1.26 POA for steam and flashing water. No mechanical

devices have been added solely to reduce jet discharge.
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Cs NSSS analyses assume instantaneous breaks. For the balance-of-plant
analyses, a rise time of one millisecond is used for the initial pulse,
except where longer crack propagation times or rupture opening times can be
substantiated by experimental data or analytical theory. Break opening
times greater than one millisecond are used only for main steam longitudinal

breaks outside containment, as reflected in Table 3.6-12.

The break opening time for a longitudinal break of main _team lines was

calculated using the BMI relationship (9]

2 1/2

_ t° + 1.96 i
A=4.43¢ e 1.27 , >
~.
|
where:
)
A = opening area, in”

(ad
"

time, milliseconds

Based on this equation, the longitudinal break in the 28 inch main steam

‘ line would reach one pipe flow area in 0.0118 seconds.
Blowdown forcing functions are determined by either of the two following methods:

a. Predicted blowdown forces on pipes fed by a pressure vessel can be described
by transient and steady state forcing functions. The forcing functions used
are based upon methods described in Reference 1. These may be described as

follows:

1. The transient forcing functions at points along the pipe results from
the propagation of waves (wave thrust) along the pipe and from the
reaction force due to the momentum of the fluid leaving the end of the

pipe (blowdown thrust).
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3.6.2.2:2 Pipe Whip Dynamic Response Analyses

The predicticn of time depeident and steady thrust reaction loads caused by
blowdown of subcooled, saturated, aud two-phase fluid from a ruptured pipe is
used in design and evaluation of dynamic effects of pipe breaks. A detailed
discussion of the analytical methcds employed to compute these blowdown loads is

presented in the followinj paragraphs.

Criteria used in performing pipe whip dynamic response analyses include the

following:

a. A pipe whip analysis is performed for each postulated pipe break. However,
a given analysis can be used for more than one postulated break location if
the blowdown forcing functiomn, piping and restraint system geometry, and

piping and resiraint system properties are conservative for other locations.

b. The analysis includes the dynamic response of the pipe in question and the

pipe whip restraints which transmit loading to the structures.

c. The analytical model adequately represents the mass/inertia and stiffness

properties of the system.

d. Pipe whipping is assumed to occur in the plane defined by the piping
geometry and configuration and to cause pipe movement in the direction of

the jet reaction.

e. Piping within the broken loop is no longer considered part of the reactor
coolant pressure boundary. Plastic deformation in the pipe is considered as

a potential energy absorber. The following strain limits are used:
1. Fifty percent of the minimum actual ultimate uniform strain (at the

maximum stress on an engineering stress-strain curve) based upon

restraint material tests; or

3.6-20
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2. One-half of minimum percent elongation as specified in the ASME Code,
Section III, or ASTM Specifications, as applicable, when demonstrated

to be as, or more, conservative than Item (1), above.

These limits are the same as those imposed on the energy absorbing,

plastically deforming pipe whip restraints (see Sectiom 3.6.2.3.3.1.3.a.3).

Piping systems are designed so that plastic instability does not occur in
the pipe from the design dynamic and static loads. Damage studies are
pecformed to show that the broken pipe does not result in damage to any
essential system or component. Damage studies are described in

Sections 3.6.2.3.2 and 3.6.2.1.4.
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Criteria used for evaluating the effects of fluid jets on safety related

structures, systems, and components are as follows:

a. Safety related structures, systems, and components should not be so impaired

as to preclude essential functions.

b. Safety related structures, systems, and components which are nct necessary
to safely shut down the plant for a given postulated pipe break need not be

protected from the consequences of the fluid jet.
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Safe shutdown of the plant following postulated pipe rupture in the reactor
coolant pressure boundary must not be aggravated by sequential failures of

safety related piping and required ECCS performance must be maintained.
Offsite dose limits specified in 10 CFR 100 must be met.

Postulated design basis breaks resulting in jet impingement loads are
assumed to occur in high energy lines at full (100 percert) power operation

of the plant.

Through wall leakage cracks are postulated to occur in moderate energy lines
and are assumed to result in wetting and spraying of safety related

structures, systems, and components.

Reflected jets are considered only when there is an obvious reflecting
surface (such as flat plate) which directs the jet onto a safety related

target. Only the first reflection is considered in evaluating potential

targets.

The analytical methods used to determine which targets will be impinged upon by a

fluid jet and the corresponding jet impingement load include the following:

The direction of the fluid jet for purposes of determining impingement loads l
is based upon the position of the pipe during steady state blowdown.
Intermediate positions are also reviewed to identify all impacted l

structures, systems and components.
The impinging jet proczeds along a straight path.

The total impingement force actirg upon any Cross sectional area of the jot
is time and distance invariant, with a total magnitude equivalent to the

fluid blowdown force as defined below.

The jet impingement force is uniformly distributed across the cross

sectional area of the jet and only the portion intercepted by the target is

considered.



The break opening may be assumed to be a circular orifice of cross sectional

flow area equal to the effective flow area of the break.

The jet impingement force is equal to the steady state value of the fluid
blowdown force as calculated using the methods described in

Ssction 3:.6.2.2.1.

The distance of jet travel is divided into two or three regions. Region 1
(see Figure 3.6-50) extends from the break to the asymptotic area. Within
this region the discharging fluid flashes and undergoes expansion from the
break area pressure to atmospheric pressure. In region 2 the jet remains at
a constant diameter. For partial separation circumferential breaks the area
increases as the jet expends. Therefore, it is assumed that region 3 never
occurs. In region 3 (except in partial separation circumferential breaks)
interaction with the surrounding environment is assumed to start and the jet
expands at a half angle of 10 degrees.

(6) has developed a simple analytical model for estimating the

Moody
asymptotic jet area for steam, saturated water and steam-water blowdown
conditions. For fluids discharging from a break and which are below the
saturation temperature at the corresponding room pressure or have a pressure

at the break area equal to the room pressure, expansion does not occur.

The distance downstream from the break where the asymptotic area is reached
(region 1) has been found by Moody (for circumferential and longitudinal
breaks) to be approximately equal to five pipe diameters. Assuming a linear
expansion from the break area to the asymptotic area, the jet shape can be
defined for region 1, as well as for regions 2 and 3. Figure 3.6-51 is used

to determine the asymptotic area.
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(a) Flat Surface

For a case where a target with physical area, At' is oriented at
an angle, @, with respect to the jet axis and with no flow

reversal, the effective target area, Ate' is as follows:

Ate = At sin @

(b) Pipe Surface

As the jet hits the convex surface of the pipe, the forward
momentum of the jet is decreased rather than stopped. The jet
impingement load on the impacted area is therefore reduced. The
analytically determined shape factor for a cylindrical surface is

0.5. The effective target area, Ate’ is as follows:

Ate - DA(D)
Where:
DA = Diameter of the jet at the target interface.
L = OD of the target pipe for a fully submerged pipe.

when the target pipe is larger than the area of the jet, the

effective target area equals the expanded jet area:

Are = A

(c) For all cases the jet area, Ax’ is assumed to be uniform and the

load is uniformly distributed on the impinged target area, Ate'
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m. For the partial separation circumferential break described in Item k, above,
the target loads are calculated in a similar manner, except that the jet
cross section appears as shown by part (B) of Figure 3.6-50 and AR equals Ax

and DA equals M and is calculated in accordance with Item k.7, above.

Evaluation of the ability of potential targets to withstand the jet impingement

loads is performed using the following methods:
a. Evaluation of Piping Systems under Jet Impingement Loads
1. General Electric piping:
(a) Jet impingements on piping are considered faulted loads,

therefore, only primary stresses are considered when comparing to

ASME _ode Section III service level D allowables.

- a0

(b) Motions of piping due to jet impingement loads due to yielding are
limited by structural steel, pipe whip restraints, snubbers or
other equipment capable of carrying the jet load. These motions
are self-limiting; therefore, they are considered secondary

stresses and are not included in the primary stress calculations.

L

Balance-of-plant piping:

Jet impingement loads on piping are considered emergency loads and are
evaluated as primary stresses in ASME Code Section III piping analyses.

Emergency service limits are used. Upset service limits may be used

— 2

for piping whose function is required for the given event.

3 Each jet impingement load is applied independently to the piping system
and the load which supplies the largest bending moment for each
particular component is used for the evaluations of the pressure

retaining capability or functionality of that component.
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4. Jet impingement load can be characterized as a two part load

application on a piping system as follows:

(a)

(b)

Dynamic Load Portion

Where static analysis methods are used, a suitable dynamic load
factor (DLF) is applied to the static load. Dynamic load factors
are conservatively estimated using Reference 10. Snubbers are
assumed to be activated and the calculated moments or stresses are
combined with concurrent vibratory dynamic load cases by the
square root of the sum of the squares (SRSS) method.

Static Load Portion

Where a steady state static load is being applied to the piping
system, snubbers are not activated and the calculated moments or
stresses are combined with other simultaneous loads using the
absolute sum method.

b. Evaluation of Structural Components under Jet Impingement Loads

1. Each jet impingement load is applied independently to the structure and

the load which results in the largest internal stress is used for

evaluation of the structural component.

2. Specifically designed jet impingement barriers, wherever installed, are

considered structural components.

3. Jet impingement load can be characterized as a two part load

application as follows:

(a)

Dynamic Load Portion
where static analysis methods are used, a suitable DLF is applied

to the static load. Dynamic load factors are conservatively

estimated using Reference 10. The ratio of the duration of the
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applied load and the period of the structure in the direction of
the applied load is used in the appropriate response curves shown
in this reference. Stresses are combined witn concurrent

vibratory dynamic load cases by the SRSS method.
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conditions. Design of special supports for rigid conduit and routings of
flexible connections to equipment consider individual load conditions from
impacting jets. Jet shields are used to protect against jet impingement if

protection by support design and by routing is not feasible.
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Evaluation of Jet Impingement Loads on Instrument Racks and Panels

No safety related instrumentation racks or panels are subject to impingement

by high energy jets.
3.6:.2.3.2 Pipe Whip Effects on Safety Related Components
Potential pipe whip effects are identified by comprehensive reviews of all areas

of the plant which contair high energy piping. Potential whips due to each

postulated circumferential break, and displacement due to each longitudinal

15

breal, are evaluated. All structures, systems and components that can possibly

be struck by each whipping or displacing pipe are reviewed to determine which are

safety related.

Pipe whip (displacement) effects on safety related structures, systems, and
components can be placed into two categories: pipe displacement effects on
components (nozzles, valves, tees, etc.) located in the piping run in which the

break occurred; and pipe whip or controlled displacements onto external

components, such as building structure or other piping systems.
a. Pipe Displacement Effects on Components in the Same Piping Run

1. Criteria used for determining the effects of pipe displacements on

in-line components are as follows:

(a) Components, such as vessel safe ends and valves which are attached
to the broken piping system and do not serve a safety function or
the failure of which would not further escalate the consequences
of the accident, need not be designed to satisfy ASME Code,
Section III, imposed limits for essential components under

emergency loading.

(b) If these components are required for safe shutdown or serve a

safety function to protect the structural integrity of an



essential component, limits to satisfy ASME Code requirements for

component emergency conditions and limits to ensure operability,

if required, are satisfied.
2. Methods used to calculate pipe whip loads on piping components located

in the piping run where the break is postulated to occur are described

in Section 3.6.2.2.2.
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b. Pipe Displacement Effects on Structures, Other Systems, and Components

1. The criteria used to assure the mitigation of the effects of high
energy pipe whip on structures, systems, and components require that
the arrangement of pipe whip restraints, supjorting structures, and
piping system components preclude impact of whipping pipe on any
structure, system; or component essential to the safe shutdown of the
plant in the event of occurrence of a given postulated pipe rupture.

In exceptional cases a damage study as described in section 3.6.2.1.4.c
above is used to show that pipe whip impact on any structures, sysiems
or components essential to safe shutdown does not compromise the safe

shutdown function of these structures, systems or components.

o

M. .tiods used to calculate the pipe whip dynamic response from high
energy pipe rupture are given by the piping configuration and are
discussed in Section 3.6.2.2.2. Loading combinations and design
criteria used to assure the physical limits of motion of ruptc- d pipe
are presented in Section 3.6.2.3.3.1.

3.6.2.3.3 Loading Combinations and Design Criteria for éipe Whip Restraints

Pipe whip restraints (i.e., those devices which serve only to control movement of
a ruptured pipe following gross failure , and torsional and moment restraints, as
differentiated from simple piping sur orts, are designed to function and carry
load for an extremely low probability gross failure in a piping system containing
high energy fluid. Piping integrity does not depend upon the pipe whip
\2straints for any loading combination. Piping integrity in high energy
containment penetration regions is assured by torsional and moment restraints.
When piping integrity is lost as a result of the occurrence of a postulated
break, the pipe whip restraints act to limit movement of the broken pipe to an
acceptable distance. Pipe whip restraints are subject to once in a lifetime
loading. For purposes of design the pipe break event is considered to be a
faulted plant condition and the pipe, associated restraints, and structures to
which restraints are attached are analyzed and designed accordingly. Pipe whip

restraints are designed to strain limits as described below in this section.
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Some piping supports are also designed to accommodate pipe rupture loads.

Torsional and moment restraints are also designed for piping support loads.

- 1.3’—‘2¢1

3.8.2-3.3:1 Main Steam Pipe Whip Restraints - Inside Containment

Pipe whip restraints designed, tested, fabricated, and installed by GE for the
main steam piping use emergy absorbing U-rods to attenuate the kinetic energy of
a ruptured pipe. A typical pipe whip restraint is illustrated by Figure 3.6-54.
A principal feature of these restraints is that they are installed with several
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inches of annular clearance between the restraint and the process pipe. This
arrangement allows for installaticn of normal piping insulation and unrestricted
thermal movement of the piping. All supports and pipe whip restraints ar®

monitored during pre-operational testing to provide verification of adequate

clearances prior to plant operation.
3.8 2:3:3.3:} Restraint Design Objectives
Specific design objectives for the restraints are as follows:

a. The restraints must in no way increase reactor coolant pressure boundary

stresses during any normal mode of reactor operation or coadition.

b. The restraint system must function to stop movement of a failed pipe (gross
loss of piping integrity) without allowing damage to critical components or

missile development.

- Restraints should produce minimum hindrance to performance of inservice

inspection of process piping.
3.0.2.3:3.1.3 Restraint Dynamic Loads

For purposes of design the pipe whip restraints are designed for the following

dynamic loads:

a. Blowdown thrust of the pipe section that impacts the restraint.

b. Dynamic inertia loads of the moving pipe section which is accelerated by the

blowdown thrust and subsequent impact on the restraint.

Design characteristics of the pipe whip restraints are included and verified by
the pipe whip dynamic analysis described in Section 3.6.2.2.2. Since the pipe
whip restraints are not contacted during normal plant operation, the postulated

pipe rupture event is the only design loading condition.
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3:.0.2:3. 313 Restraint Components

The main steam pipe whip restrzints are composed of several components, each of
which performs a different function. These components are categorized as

Types I, II, III, and IV, as described below:
a. Type I - Restraint Energy Absorption Members

Restraint energy absorption members, under the influence of impacting pipe
(pipe whip), absorb energy by significant plastic deformation (e.g.,
U-rods).

b. Type J. - Restraint Connectin, Members

Restraint coanecting members are those components which form a direct link
between the restraint plastic members and the structure (e.g., clevises,

brackets, pins).
€. Type III - Restr.int Connecting Member Structural ‘Attachments

Restraint connecting member structural attacnments are those fasteners which
provide the method of securing the restraiut connecting members to the

structure (e.g., weld attachments, bolts).
d. Type IV - Structural and Civil Components

Structural and civil components are the steel and concrete structures which

ultimately must carry the rest-aint load (e.g., biological shield, trusses).

Each of the types of components (I through IV) is typically constructed of a
different material, with a different design objective, to perform the overall
design function. Therefore, the material and .nspection requirements and design

limits for each type of component are somewhat different. The requirements for

each type of component are as follows:
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(d) Procedures and welders will be qualified in accordance with the

latest AWS Code for w~elding in building structures.

d. Type IV Restraint

Material, inspection, and design requirements for structural and civil
components are provi.>d by industry standards, such as AISC, ACI, and ASME
(ASME Code, Section III, Division II), along with appropriate requirements
imposed for similar loading events. These components are also designes for
other operational and accident loadings, seismic loadings, wind loadings,
and tornado loadings.

The design basis approach of categorizing components is consistent in allowing
less stringent requirements for those comporents subject to lower stresses.
Considerable strength margins exist in Type II through IV components even to the
limit of load capacity (fracture) of 2 Type I component. Impact properties in
all components are considered since brittle type failures could reduce restraint
system effectiveness.

3.6.2.3.3:1.4 Restraint Material Allowables

lr. addition to the design considerations discussed above, strain rate effects and
other material property variations have been considered in the design of the pipe
whip restraints. The material properties used in desigr have included one or
mor: of the following methods:

a. Code minimum or specification yield and ultimate strength values for the
affected components and structures are used for both the dynamic and steady

state events; or

b. Not more than a 10 percent increase in code or specification values is used
when designing Type TV components or structures for the dynamic event. Code
minimum or specification yield and ultimate strength values are used for the

steady state loads; or

c. Representative or actual test data values are used in the design of

components and structures; or
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b. Control Rod Drive Bundles at Reactor Pressure Vessel Azimuths 106° and 254°

The CRD bundles are not essential, in themselves, and could be overstressed
by the impact of a main steam jet. Only open withdraw lires are essential
for safe shutdown since lines may be broken or damaged, but not crimpeu

ciosed. Figure 3.6-82 shows the physical arrangement and impact loads.

The main steam jet impact loads noted in Items a and b, above, are resolved as

follows:
&s High Pressure Core Spray Inje..ion Pipe

The impact on the HPCS pipe of a jet frem ihe ruptured main steam line was
analyzed as both an impact load and as a steady state load in combination
with thermal, deadweight, aud seismic loads acting on the pipe
simultaneously. At no time was the maximum allowable stress exceeded at any

point in the impacted HPCS piping run.
b. Control Rod Drive Bundles at Reactor Pressure Vessel Azimuths 106° and 254°

The impact of a jet from the ruptured main steam line was analyzed as
described in Items a and b, above, for the HPCS and LPCI A piping for both
pipe stress and support adequacy. The entire bundle of CRD insert and
withdraw lines is sujported by a single set of supports. These supporcs
adequately withstand the jet load in combination with *“ermal, deadweight,
and seismic loads. How ver, the individual withdraw lines would be over
stressed if impacted by the full force of the jet from the postulated main
steam line rupture; there are no reliable analytical models which could be
used to show the line overstresses could not result in crimping.
Therefore, a jet shield is provided above the CRD bundle arrangement to
prevent overstressing of individual pipes as a result of this postulated

event (see Figure 3.6-83).
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3.6.2.5.3:2 Jet Effects for Postulated Ruptures of Recirculation Piping
System - Inside Containment

Fluid jet thrusts for each of the postulated break locations in the recirculation
piping system are listed in Table 3.6-13. Structures, systems, or components
essential to safe plant shutdown in the case of a particular pipe break and
subject to impact by the steam jet from the particular break are discussed in the

following paragraphs:

a. High Pressure Core Spray Piping
Figure 3.6-84 illustrates the physical arrangement and impact loads.

b. Control Rod Drive Bundles - Longitudinal Break
Similar jets from four different postulated recirculation line breaks could
impact any of the four CRD bundles at reactor pressure vessel azimuths 4",

106°, 254¢ or 286°. Figure 3.6-85 illustrates the physical arrangement and
impact loads.

The recirculation line jet impact loads noted in items a and b, above, are

resolved as follows:
a. High Pressure Core Spray Piping

The impact on HPCS pipe of a jet from a ruptured recirculation discharge
header was analyzed as both an impact load and as a steady state load in
combination with thermal, deadweight, and seismic loads acting on the pipe
simultaneously. At no time was the maximum allowable stress exceeded at any

point in the impacted HPCS piping run.
b. Control Rod Drive Bundles - Circumferential Break
A circumferential break in the recirculation discharge header connection at

any of four locations, 60°, 120°, 240°, or 300°, was found to result in a

jet impact that caused overstress of individual withdraw lines and exceeded
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the design capacity of the entire impacted CRD tube bundle supports if a jet
shield were supported from the bundle. Therefore, a jet shield is provided
around the CRD bundle arrangen 'at to prevent over stress of individual
withdraw pipes or tube bundle su, ports as a result of the postulated event
(see Figure 3.6-86).

3.6.2.5.9:3 Jet Effects for Postulated Ruptures of Feedwater Piping
System - Inside Containment

Fluid jet thrusts for each of the postulated break locations in the feedwater
piping system are listed in Table 3.6-14. Structures, systems, or components
essential to safe shutdown of the plant in the case of a particular pipe break
and which are jeopardized by the jet cesulting from a particular break are

discussed in the following paragraphs:

a. Control Rod Drive Bundles at Reactor Pressure Vessel Azimuths 74° and 286°
Figure 3.6-87 illustrates the physical arrangement and impact loads for loop
A piping. Loop B piping is a mirror image and affects the CRD buadle at
azimuth 286°.

b. Low Pressure Core Injection B Piping

Figure 3.6-88 illustrates the physical arrangement and impact loads.

The feedwater line jet impact loads noted in Items a and b, above, are resolved

as follows:
8. Control Rod Drive Bundles at Reactor Pressure Vessel Azimuths 74° and 286°

The full circumferential break in the 20-inch feedwater header results in

a jet which was found to overstress individual withdraw lines and exceed
the design capacity of the entire impacted CRD tube bundle supports if a
jet shield were supported from the bundle. A jet shield is provided around
the CRD bundle arrangement to prevent overstress of individual withdraw

lines or tube bundle supports as a result of the postulated event (see
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TABLE 3.6-1
HIGH ENERGY LINES'!)

System Number System Designation

B-21 Main Steam - inside containment

N-11 Main Steam - outside containment

N-27 Feedwater System

B-33 Recirculation System

N=22 Main Steam System Drains - including RCIC steam drain

E-51 Reactor Core Isolation Coolizng System - steam supply
from main steam line "A" out to E51-MOF045 and
E12-MOF052

E-51 RCIC Head Spray - from RPV to E51-A0F066

G-33 Reactor Water Cleanup System

G=-36 RWCU Filter/Demineralizer System

E-12 Low Pressure Core Injection Loops "A", "B" and "C"
(RHR) - from RPV to E12-F041A, B & C

E-21 Low Pressure Core Spray - from RPV to E21-F005

E-22 High Pressure Core Spray - from RPV to E22-F005

c-11 Control Rod Drive Hydraulic System

C-41 Standby Liquid Control Supply Line - from RPV to
C41-F007

B-21 RPV Head Vent to Main Steam Line "A"

P-61 Auxiliary Steam System

M-29 Control and Computer Room Humidification System

NOTE:

Fluid systems that, during normal plant conditions, are either in operation
or maintained pressurized under conditions where either or both of the
following are met:

a. maximum operating temperature exceeds 200°F, or

b. maximum operating pressure exceeds 275 psig
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TABLE 3.6-2
MODERATE ENERGY LINES' ’

System Number System Designation

P-43 Nuclear Closed Cooling Svstem

P=-50 Containment Vessel Chilled Water System

P-54 Fire Protection System

P-11 Condensate Transfer - Storage System

P-46 Turbine Tailding Chilled Water

pP-47 Control Complex Chilled Water

R-44 Diesel Generator Starting Air - from receiver tank
to start air admission valves

N-71 Circulating Water System

N-26 Low Pressure Heater Drain System

N-23 Condensate Filtration Svsten

N-24 Condensate Demineralizer System

G-50 Liquid Radwaste System

G-41 Fuel Pool Cooling and Cleanup System

P-71 Potable Water System

P-41 Service Water System

P-20 Make-up Water System

E~12 Residual Heat Removal System - except high energy
(Table 3.6~1)

P=55 Building Heating Hot Water System

N-21 Condensate System

N-11 Condenser Air Ejector Steam System

P-12 Condensate Seal Water System

P-21 Two-Bed Demineralizer Water System

P-22 Mixed Bed Demineralizer Water System

E-32 MSIV Leakage Control System Downstream of Normally
Closed Isolation Valves

E-51 RCIC - Except High Energy.Lines (Table 3.6-1)

NOTE:
k. Fluid systems that, during normal plant conditions, are either in operation

or maintained pressurized (above atmospheric pressure) under conditions
where both of the following are met:

a. maximum operating temperature is 200°F or less, and
b. maximum operating pressure is 275 ps’g or less
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a. Main Steam "A" Piping:

TABLE 3. 6-7
SUMMARY OF MAIN STEAM PIPING SYSTEM OPERATING STRESSES AT BREAK LOCATIONS

BREAK NODE G.E. REF: -  STRESS RATIOS
1.D. NO: NO. 22A7l3?2) EQ. (10) EQ. (12) EQ. (13)
P - PAGE: ° Sn/Sm Sn/Sm Sn/Sm
SA1l 001 8o, 88 > 48 l87 1.146 1.338
SA2 002 93, 95 3.62 2.718 0.987
SA2LL 002 93, 95 3.621 2.718 0.987
SA3C 029 298, 300 2.181 0.798 1.392
SA3A 021 284, 286 2.199 1.140 1.008
SA4LL 030 173, 175 3.084 0.585 1.899
CRITERIA: 2.4 or - 2.4,
3.0 and (10) and (10
> 3.0 > 3.0
b. Main Steam "C" Piping ("B" is a mirror image of Main Steam "C"):
BREAK NODE G.E. REF: B  STRESS RATIOS -
1.D. NO: NO. 2£n7l3?3) EQ. (10) EQ. (12) EQ. (13)
ull SEHE g _PAGE: " Sn/Sm Sn/Sm Sn/Sm
SC1 001 105, 107 2.082 0.957 1.350
SC2 002 112, 114 3.135 2.175 0.984
SCALL 030 194, 196 3.018 0.621 1.962
SC3cC 023 427, 429 2.751 0.543 1.227
SC5LL 046 227, 229 .961 0.618 L.586
SC3A 020 413, 415 2.049 0.972 1.053
CRITERIA: 2.4 or 2.8, -
3.0 and (10) and (10)
> 3.0 > 3.0

USAGE
FACTOR

0192
L0389
.0389
.2519
.0055
.0927

oooQCe

.10,
(10)
2.4

Iveae

USAGE
FACTOR

(1)

BREAK
TYPE

Circ.
Circ.
Long.
Circ.
Circ.
Long.

BREAK
TYPE

Cize.
Circ.
Long.
Circ.
Long.
Circ.

BREAK BASIS
SECTION
_No.

Ter-nual knd
Terlnnal End
3.6.2.1.5.a.2. (bﬁ

BREAK BASIS

SECTION

NO.

Terminal End
3.6.2:1.5%.8.2.4¢
3.6.2.1.5.1.2.(b
3.6.2.1.5.a.2.(b
3.6.2.° 5.0.2.00)
Termin: | End
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TABLE 3.6-7 (Continued)

¢. Main Steam "D" Piping:
BREAK NODE G.E. REF: ~ STRESS RATIOS USAGE BREAK BREAK BASIS
1.D. NO: NO. 22A713?“) EQ. (10) EQ. (12) EQ. (13) FACTOR TYPE SECTION
T S PAGE: ~ ~ Sn/Sm_ Sn/Sm Se/Sm__ v __No.
SD1 001 88, 90 2.178 1.140 1.365 0.0187 Circ. Terminal End
SD2A 002 95, 97 3.570 2.709 1.023 0.0364 Circ. 3.6.2.1.5.a.2.(c
SD2LL 002 95, 97 3.570 2.709 1.023 0.0364 Long. 3.6.2.1.5.a.2.(c
SD3cC 024 312, 314 2 367 0.804 1.782 0.6153 Circ. 3.6.2.1.5.a.2.(b
SD4LL 030 153, 155 3.054 0.588 2.040 0.0977 Long. 3.6.2.1.5.a.2.(b
SDSLL 046 228, 230 2.937 0.465 2.033 0.1028 Long. 3.6.2.1.5.a.2.(b
SD6LL 062 263, 265 2.862 0.417 <. /64 0.1020 Long. 3.6.2.1.5.a.2.(b
SD7LL 090 193, 195 2.988 0.522 2.034 0.0968 Long. 3.6.2.1.5.8.2.(
SD3A 021 298, 300 2.238 1.152 1.101 0.0060 Circ. Terminal Enc
CRITERIA: 2.4 or 2.4, 2.4, 0.10,
3.0 and {10) and (10) and (10)
> 3.0 > 3.0 > 2.4
NOTES :
1. Underlining () indicates determinative criteria for postulating a break. Partial underlining ( ) indicates

a break is postulated even though the value is slightly less than the criterion.

- 8 Reference: General Electric Docuw~ * 22A7134 Rev. 2, "Design Report - ASME Boiler and Pressure Vessel Code,
Section I11: Line A Steam Piping Project: Perry Nuclear Power Flant 1 and 2."

3 Reference: General Electric Document 22/ 7135 Rev. 2, "Design Report - ASME Boiler and Pressure Vessel Code,
Section I1I: Line C Steam Piping. Project: Perry Power Plant 1 and 2."

4. Reference: General Electric Document 22A7136 Rev. 2, "Design Report - ASME Boiler and Pressure Vessel Code,
Section I11: Line D Steam Piping. Project: Perry Power Plant 1 and 2."
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BREAK NODE
1.D. NO: NO.
RS1 100
RD1 202
RD2 183
RD3 151
RD4 184
RDS 203
RD6LL 169
RD7LL 141
RDSLL 139
RDILL 166
RD10 116
NOTES:

G.E. REF:
22A714
PAGE: ?2)

183
206, 307
311
315
319
323, 324
336, 338
350, 352
364, 366
378, 380
435, 436

CRITERIA:

EQ. (10)
Sn/Sm

.869
.568
.001
.893
.130
121
4.188
3.981
3.585
4.170
4.230

SRN =N -

w N
e &

TABLE 3-6-9
SUMMARY OF REC1 CULATION PIPING SYSTEM OPERAYVING STRESSES AT BREAK LOCATIONS

STRESS RATIOS
EQ. (12)
Sn/Sm

-325
. 188
.843
471
.105
.263
.178
911
. 188
.118
.235

NN OO O ~=0

.509
.629
.602

DO RO et e o e e
o
-
S

Underlining indicates determinative criteria for postulating a break.
a break is postulated even though the value is slightly less than the criterion.

Reference: General Electric Document 22A7140 Rev. 0,
Section IIl, Recirculation Piping, Volume 1.

Project:

EQ. (13)
Sn/Sm

BREAK
TYPE

Cizc.
Circ.
Circ.
Circ.
Circ.
Circ.
Long.
Long.
Long.
Long.
Circ.

Partial underlining(

(1)

BREAK BASIS
SECTION
NO.

Terminal End

Ter-nnal End

Terminal End

Ternlnal End
Terllnal End

TEI’II nal End

3.6.2.1.5.a.
3.6.2.1.5.%
3.6.2.1.5.a
3.6.2.0. 5.4
3.6.2.1.5:8

) indicates

"Design Report - ASME Boiler and Pressure Vessel Code,
Perry Nuclear Power Plant - Units 1 and 2

2.(b)

.2.(b)(c)
.2.(c)
.2.(b)
.2.(c)




TABLE 3.6-12

FLUID BLOWDOWN THRUST T'ME HISTORIES FOR
MAIN STEAM PIPIG SYSTEM

(1
a. Line A - Inside Containment (for NSSS Design ard Analysis): )

BREAK TYPE OF SIDE OF ¥,

(1) ' int ¥ t t
LOCATION BREAK BREAK kifs)  (kiBE)  (ifs)  (sed)  (sdo)

SAl Circ. Turbine 440 312 208 .0037 .0988
SA2A Circ. Vessel 4406 497 .00187 .01227
SA2A Circ. Turbine 312 208 .0037 .0988
SA2LL Longit. - 446 519 .00122  .00263
Circ. Vessel 312 461 .01425 .05736
Circ. Turbine 208 .00086  .03323
Circ. Vessel 461 .01425 .05736
Circ. Turbine 208 .00086  .03323

Longit. - 94 .00113 .00209




TABLE 3.6-12 (Continued)

b. Lines B, C - Inside Containment (For NSSS Design and Analysis)

s (1)
LOCATION

SC1
SC2A

SC2A

SC3A
SC3C
SC3C
SC4LL

SC5LL

(1)

TYPE OF  SIDE OF ¥ F. F t t
BREAK BREAK kifs) (eiBH)  kiBs)  (sed)  (séo)
Circ. Turbine 446 312 208 .0037 . 0948
Cire. Vessel 446 446 506 ,00187  .01227
Circ. Turbine 446 312 208 .0037 .0948
Longit. - 4bé 446 521 .00122  .00274
Circ. Vessel 446 312 486 ,01971  .06609
Cire. Turbine 446 312 208 .00694 .01523
Circ. Vessel 446 312 486 .01971 .06609
Circ. Turbin * 446 312 208 00094  .01523
Longit. - 83 83 94 .00113  .00209
Longit. - 83 83 94 .00113  .00209
|
|
I F F
ai.
el [
Fluid ’ |
Thruse | _iac
|
I
i % ''¥
N Ez Time
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TABLE 3.6-12 (Continued)

(1)

c. Line D - Inside Containment (for NSSS Design and Analysis;:
BREAK (1) TYPE OF SIDE OF F F. F t t
LOCATION BREAK BREAK  (kifs) (kiBE)  kifs)  (sed)  (sdo)
SD1 Circ. Turbine 440 312 208 .0G37 .0988
SD2A Circ. Vessel 446 446 497 .00187 .01227
SD2A Circ. Turbine 4ab 312 208 .C037 .0988
SD2LL Longit. - 446 446 519 .00122 .(0263
SD3A Circ. Vessel bbb 312 461 .01425 .05736
SD3A Cire. Turbine 446 312 208 .00280  .03323
SD3C Circ. Vessel 446 312 461 .01425 .05736
SD2C Circ. Turbine 446 312 208 .00086 .03323
SD4LL Longit. - 83 83 94 .00113  .00209
SD5.L Longit. - 83 83 94 .00113  .00209
SDoLL Longit. - 83 83 4 .00113  .00209
SD7LL Longit. - 83 83 9% .00113  .00209

I

I

Fluid | t 5 1
Thrust | gz

I

|

| " .

£, £, Time

3.6-70b







NOTES :

1. See Figure 3.6-65 for identification of postulated break locations.
I.D. of piping is 23.65". Credit is taken for the main steam flow element
(I.D. = 12.125") on one side of full circumferential breaks.

Will decrease after this tiane.
4, Break designations are as follows:

a. Break No. 1 - 3 feet outboard of column line AXA in the Turbine
Building steam tunnel - Double-ended and longitudinal breaks (SAl on
Figure 3.6-75).

b. Areak No. 2 - 46 feet outboard of column line AXA in the turoine
building steam tunnel - longitudinal break only (SAZ on Figure 3.6-75).

. Break No. 3 - 18 feet of piping from Break #2 toward the turbine -
Double ended reactor side (SA4 on Figure 3.6-75).

3.6-70d




TABLE 3.6-13

FLUID BLOWDOWN THRUST TIME HISTORIES FOR

RECIRCULATION PIPING SYSTEM

BREAK (1) TYPE OF SIDE OF F F. F t. t
LOCATION BREAK BREAK  (kiBs) (kIS dfs) (sde)  (sdo)
RD1 Circ. Pump 135 115 128 .00183 .02733
RD2 Circ. Pump 135 115 128 .00183 .02733
RD3 Circ. Pump 135 115 128 .00183 .02733
RD4 Circ. Pump 135 115 128 .00183 .02733
RD5 Circ. Pump 135 115 128 .00183  .02733
RD6LL Longit. - 214 189 196 .00036 .03348
RD7LL Longit. - 214 189 196 .00036 .03348
RDSLL Longit. - 214 189 196 .00036 .03348
RDYLL Longit. - 214 189 196 .00036 .03348
RD10 Circ. Jet Pump 135 93 52 00212 .01798
RD10 Circ. Pump 135 101 115 .00036 .02386
RS1 Circ. Pump 323 285 149 .00178 .08104
NOTE:
1. See Figure 3.6-66 for identification of postulated break locations.

|

|

| F S5

Fluid ' |
T— | —iac

|

|

' - .

S £y Time
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TABLE 3.6-14

FLUID BLOWDOWN THRUST TIME HISTORIES FOR
FEEDWATER PIPING SYSTEM

This information is presented by Figures 3.6-95 through 3.6-98.
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TABLE 3.6-15

FLUID BLOWDOWN THRUST TIME HISTORIES FOR
" EMERGENCY CORE COOULING PIPING SYSTEM

L

Time (sec.) Thrust (kips)
0-0.001 0 - 128
0.001~= 128

3.6-73
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Main Steam System Piping
Postulated Break Locations
and Restraint Locations

Figure 3.6-65 (Sheet 1 of 2)
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DSER 3.7-4
£3:7.3:0:0

, Page 3.7-20)

"Seismic analyses were performed for those subsystems that could be

"

modeled to correctly predict the seismic response. What procedure
was used for the other systems? Provide an example of some of those

systems.

Response

When satisfactory mathematical models of subsystems cannot be
developed, seismic qualification is achieved by using conservative
static criteria, such as designing to floor response spectra or by
dynamic testing. As an example, a structural item which may be
designed using the floor response spectra 7. electrical cable tray
supports. Electrical cabinets and console , often with attached

equipment, are qualified by dynamic shaking table testing.



DSER 3.7-5
(3.7.3.1.1, Page 3.7-21)

What is meant t ~ "(Closely spaced in phase modes"?

Respoase

Closely spaced modes are defined in accordance with Regulatory
Guide 1.92.




DSER 3.7-6
(3.7.3.2.1, Page 3.7-21)

How many stress cycles are used in the BOP design?

Response
The response to this question is provided in revised Section 3.7.3.2.1.






DSER 3.7-8 Part (a) discussing decoupling of main steam and branch lin. is
(3.7.3.3.2.1, not a criteria.
Page 1.7-23)

Response

The recponse to this question is provided in revised Section 3.7.3.3.2.1.



DSER 3.7-9 Mention is made of using 33 hertz as a frequency cutoff for
(3.7.3.3.2.2, seismic analysis. At some point in the FSAR the applicant must
Page 3.7-24) address the frequencies of 50 to 60 hertz and greater than some

from the suppression pool hydrodynamics.

Response

Frequencies higher than 33 Hz have been considered in the New Load analysis

documented in Section 3.9.



DSER 3.7-10 "For flexible equipment, the equivalent static load is taken

35739, as the product of 1.5 times the equipment mass and the peak

Page 3.7-25) floor response spectrum value.” Regulatory Guide 1.100 allows
the use of the 1.5 factor for verifying the integrity of frame
type structures. For equipment having configurations other
than a frame type structure, justification is required for

use of the 1.5 factor.

Response

The response to this question is provided in revised Section 3.7.3.5.




DSER 3.7-11
(3.7.3.7.1, Page 3.7-26)

What procedure is used for combining closely spaced modes of systems

in the BOP scope?

Response
The grouping method of Regulatory Guide 1.92 is used.



DSER 3.7-12 The referenced equation should be as follows:
(3.7.3.1.2,
Page 3.7-26)

NN
p=Lz i IRKRS{ exs]m

=] §=1

Response

The response to this question is provided in revised Section 3.7.3.7.2.



DSER 3.7-13 Justification must be provided that the modeling of valves with

(3.7.3.8.1, offset motor operators is detailed enough to provide acceleration

Page 3.7-28) values to be used for valve qualification.

Response

A valve with an offset operator is modelled either as a lump mass representing

the valve/operator assembly or as lump masses of the valve ard operator. The
member between the pipe centerline and the center of gravity of the valve/operator
assembly is modelled to represent the stiffness of the valve structure. The
dynamic characteristics of the assembly are thus represented to account for the

offset effects of the valve and operator.









The relative displacement between supports is determined from the dynamic
analysis of the structure. The relative support point displacements are used
for a static analysis to determine the additional stresses due to support

displacements. Further details are given in Section 3.7.2.1.2.5.
3.7.2.1.2.5 Differential Seismic Movement of Interconnected Components

The procedure for considering differential displacements for equipment
anchored and supported at points with different displacement excitation is

discussed in the paragraphs that follow.

The relative displacements between the supporting points induce additional -~
stresses in the equipment supported at these points. From the dynamic |
analysis of the complete structure, the time history of displacement at each
supporting point is available. These displacements are used to calculate

stresses. |

In the static calculation of the stresses due to relative displacements in the
response spectrun method, the maximum value of the modal hisplaceﬂent is used.
Therefore, the mathematical mcdel of the equipneﬁt is subjected to a maximum
displacement at its supporting points obtained from the modal displacements.
This procedure is repeated for the significant modes (modes contributing most
to the total displacement response at the supporting point) of the structure.
The total stresses due to relative displacement are obtained by combining the
modal results using the SRSS method. Since the maximum displacement for
different modes do not occur at the same time, the SRSS method is a realistic

and practical method.

when a component is covered by the ASME Boiler and Pressure Vessel Code, the
stresses due to relative displacement as obtained above are treated as

secondary stresses.




response using the square root of the sum of the squares method. The absolute
sum of the responses is considered for closely spaced, in phase modes as set
forth in Section 3.7.3.7. In cases for which some dynamic degrees of freedom
do not contribute to the total response, kinematic condensation was employed

in the analysis.

U By Components and Equipment Provided by the NSSS Vendor

Seismic analysis methods for subsystems withia General Electric scope of

responsibility are given in Section 3.7.2.1.2.

. 9 2% Py Determination of Number of Farthquake Cycles

3: T3 23 Balance of Plant

In accordance with Section III of the ASME Code(‘), the effects of cyclic
loadings are considered for Class 1 piping and Class MC components. During
the plant life one safe shutdown earthquake (SSE) and five operating basis
earthquakes (OBE) are considered with 10 maximum stress cycles per earthquake.
Two hundred cycles were considered in the fatigue analysis of equipment as

follows:

a. When the dominant frequency of the equipment fell on or within the
widened peak of the floor response spectrum, the initial 100 cycles were
taken at the maximum amplitude loading, and the re iining cycles were

considered at one-half the maximum amplitude loading.

b. Wwhen the dominant frequency of the equipment fell outside the widened
peak of the floor response spectrum, the initial 30 cycles were taken at
the maximum amplitude loading, and the remaining cycles were considered

at one-half the maximum amplitude loading.

These criteria provide a conservative fatigue evaluation of BOP equipr-nt and

are applicable to OBE and SSE.

3.7-21
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The safe shutdown earthq ake has the highest level of response. However, the
encounter probability of the SSE is so small that it is not necessary to
postulate the possibility of more than one SSE during the 40-year life of a
plant. Fatigue evaluation due to the SSE is not necessary s.n-e it is a

taulted condition and thus not required by ASME Section III.

The OBE is an upset condition and therefore, must be included in fatigue
evaluations according to ASME Section III. Investigation of seismic histories
for many plants shows that during a 40-year life it is probable that five
earhtquakes with intensities one-tenth of the SSE intensity, and one
earthquake approximately 20 percent of the proposed SSE intensity, will occur.
Therefore, the probability of even one OBE is extremely low. To cover the
combined effects of *hese earthquakes and the cumulative effects of even
lesser earthquakes, one OBE intensity earthquake with 10 peak stress cycles is
postulated for fatigue evaluation.

3. 733 Procedure Used for Modeling

S7.3.3:3 Balance of Plant

Equipment within the balance of plant scope is modeled as a series of discrete

mass points, connected by mass free members, having sufficient mass points to

3.7-22a
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ensure adequate representation of dynamic behavior. Detailed modeling of

piping systems is described in Section 3.7.3.8.

3.7.3:3:3 Equipment and Components Provided by the NSSS Vendor

3:.7:3.3:.2.1% Modeling of Piping Systems

The continuous piping system is modeled as an assemblage of three dimensional
straight or curved pipe elements. The mass of each pipe element is lumped at
the nodes connected by weightless elastic members, representing the physical
properties of each segment. The pipe lengths between mass points is no
greater than the length which would have a natural frequency of 33 Hertz when
calculated as a simply supported beam. In addition, mass points are located
at all points on the piping system where concentrated weight such as valves,
motors, etc. are located and also at points of significant change in the
geometry of the system. All concentrated weights on the piping system such as
main valves, relief valves, pumps, and motors are modeled as lumped masses.
The torsional effects of the valve operators and other equipment with offset
cent>r of gravity with respect to center line of the pipe is included in the
analytical model. If the torsional effect is expected to cause pipe stresses

less than 500 psi, this effect may be neglected.

The criteria employed for decoupling the main steam and recirculation piping
systems for establishing the analytical models to perform seismic analysis is

given below:

a. The small branch lines (6-inch diameter and less) decoupled from the
main steam and recirculation piping systems are analyzed separately,
because the dynamic interaction is insignificant due to the disparity in

the moment of inertia of the two lines.

b. The stiffness of all the anchois and their supporting steel is large
enough to effectively decouple the piping on either side of the anchor
for analytic and code jurisdictional boundary purposes. The RPV is very
stiff compared to the piping system and thus during normal operating
conditions the RPV is also assumed to act as an anchor. Penetration

assemblies (head fittings) are also very stiff compared to the piping

3. 723




3.7.3.4 Basis for Selection of Frequencies

3.2:3.5.1 Brlance of Plant

The selection of a "rigid" frequency to preclude resonance is based on the
floor response curves. This "rigid" frequency is the one bayond whichn no
secondary peak is present and is relaied to the frequency value at which the
ground design spectrum approaches maximum ground acce .eration (33 Hertz)
beyond which there .s no significant structural mode. Hence the "rigid"
frequency for equipment setting ir.ide a puilding can be specified as

33 Hertz.

> 1:3.5.3 Equipment and Components Provided by the NSSS Vendor

All frequencies in the range of 0.25 to 33 Hertz are considered in the
analysis and testing of structures, systems and components. These frequencies
would cover the natural frequencies of most of the components and structures
under consideration. If the findamental frequency of a component is greater
than or equal to 33 Hertz, it is treated as rigid and analyzed accordingly.
Frequencies less than 0.25 Hertz are not considered as they represent very

flexible structures which are not encountered in this plant.

The frequency range of 0.25 to 33 Hertz covers the range of the broau »2.d

response spectrum used in the design.

3:.7.3.5 Use of Equivalent Static Load Method of Analysis

The equivalent static loads, for flexible equipment having simple frame type
structural configurations, are taken as 1.5 times the product of the equipment
masses and the peak spectrai accelerations of the applicable floor response

spectra.

(O

When static coefficient analyses are performed for equipment with other more
complex configurations, justification based on the equipment eigenvalue and
frequency/amplification content of the applied loads will be provided for the

value of the static coefficient used.

3.7-25



3.7.3.8 Three Components of Earthquake Motion

Responses to the two horizontal and the vertical component seismic inputs are
calrulated separately for the entire subsystem. The maximum value of a
particular response due %o simultaneous action of three components of
earthquake were obtained by taking the square root of the sum of the squares
of corresponding maximum response values to each of the three components
calculated separately. This procedure is in conformance with the guidance of

Regulatory Guide 1.92.

3.7:.3.7 Combination of Modal Responses

3.7.3.7.1 Balance of Plant

Modal responses and spatial components of earthquake in seismic respon~e
analysis were combined in accordance with the guidince of Regulatory Guide
1 -

3.7.3.17.2 NSSS

In a response spectrum modal dynamic analysis, if the modes are not closely
spaced (i.e., if the frequencies differ from each other by more than

10 percent of the lower frequency), the modal responses are combined by the
square root of the sum of the squares (SRSS) method as described in

Section 3.7.3.7.2.1. If some or all of the modes are closely spaced, a double
sum method, as described in Section 3.7.3.7.2.2, is used to evaluate the
combined response. In a time-history method of dynamic analysis, . “—ector
sum at every step is used to calculate the combined response. The use of the
time-history aﬂilysis method precludes the need to consider closely spaced

modes.

3.7-26
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- e 0% B O Square Root of thz Sum of the Squares Method

Mathematically, this SRSS method 1s expressed as:

. 1/2
3 =(Az ® )*

=1

\
where:
= Combined Response,
; * Response in the ith mode, and
n = Number of modes considered in the analysis
3.7.3.7.8.23 Double Sum Methcd

This method is defined mathematically as:

r N 1/2
} |

R= |2 z (R Rs[e
L§=l s=1 ! k ks
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TABLE 3.7-11
NUMBER OF DYNAMIC RESPONSE CYCLES EXPECTED DURING A SEISMIC EVENT

Frequency Bandwidth (Hertz)
0 - 10 10 - 20 20 = 50

Total Number of Seismic Cycles 168 359 643

No. of Seismic Cycles (0.5% of
Total) between 75% and 100% of
Peak Loads 0.8 1.8 3.2

No. of Seismic Cycles (4.5% of (0
Total) between 50% and 75% of ~
Peak Loads 7.5 16.2 28.9 \

3.7-54




DSER 3.9-1 Any re{.rences to the ASME Boiler and Pressure Vessel Code
€3.9. should indicate what part is being referenced.
Page 3.9-1)

Response

T' e response to this question is provided in revised Section 3.9.1.1.



|

7

DSER 3.9-2 Methods of verification are required for all NSSS computer codes

{3.9.1.2, used in the analysis.
Page 3.9-1)
Response

Response to this juestion is presently being prepared.



DSER 3.9-3 All computer programs used in the design and analysis of systems
(3.9.1.2.6, and components within the BOP scope must be listed. Methods
Page 3.9-16) cf verification are required for all BOP programs.

Response

A list of computer programs used in the design and analysis of BOP systems
and components is being prepared and will be forthcoming.



DSER 3.9-4 It is stated that elastic-plastic methods of analysis may be
£3.9:1.4,12, used for some components. We would like to review the
Page 3.9-26) analysis procedures that would be used if an elastic-plastic

analysis was done.

Response

The procedures used for elastic-plastic analysis are described in Section 3.6.2.2.2.
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from vour preoperational vibration testing program
Response
i
n Sections 3.2.1.1.2 through ).2.1.1.4, the main steam and
piping are i1nstrumented witll ransducers to measure temperature,
ement and vibration deflections As explained in Section 3.9.2.1.1.1,
stional vibration testing of recirculation piping, visual
i manual measurements by hand-held vibrograph are made to
remote measurements.
tems are tested for both steady-~state vibration and vibration due
ransients A different acceptance criterion is established for
bration
te vibration the piping peak stress (zero to peak) due to vibration
ng pressure) will not exceed 10,000 psi for Level 1 criteria and
Level 2 criteria. These limits are below the piping material
nce limits as defined in Design Fatigue Curves in Appendix I of
10° cycles
transient vibration the piping bending stress (zero to peak) due to
sient only will not exceed 1.2 Sm or pipe support loads will not
vice Level D ratings for Level 1 criteria The 2S  limit
he total primary stress including pressure and dead weight will not
the new Code Service Level B limi Level 2 criteria are based on
and support loads not to exceed design basis predictions Design




basis criteria require that operating transient stresses and loads not to exceed
any of che Service Level B limits including primary stress limits, fatigue usage

factur limits, and allowable loads on snubbers.

If all Level 2 critecia are satisfied for both steady-state vibration and
operating transient vibration there will be no fatigue damage to the piping
system due to steady-state vibration and all operating transient vibrations »re
less than the calculated values in the stress report. If any Level 2 limits
aren't satisfied, detailed engineering evaluation is needed to develop corrective
action or to show that the measured results are acceptable. Any resolution must

be properly documented and approved as described in Section 3.9.2.1.4.2.

The response to this question is provided in revised Sections 3.9.2.1.4.1 and
3.9.2.1.6.3.




DSER 3.9-6 "The piping system does 'shakedown' after a few thermal expansion

(3.9.2:1.%, cycles." Provide an explanation of this statement.
Page

3.9-29)

Response

All components, ifter a few thermal cycles, will settle down to their stablized
positions.

This above quoted sentence is deleted, since the implication is already in
Section 3.9.2.1.2a.




DSER 3.9-7 "In addition to the above components, vibration measurements of

{3.9.2, the core spray sparger will be measured during preoperational

Page testing of that system at the designa.ed prototype 251 BWR/6

3.9-65) plant (Grand Gulf)." Show how this is applicable to Perry.
Response

Eveu though Grand Gulf and Perry are of different sizes, the flow condition and
the core spray sparger design are similar. The pre-op testing of this system in
Grand Gulf will provide additional data to verify the predicted performance of a

similar system under a similar flow condition.




DSER 3.9-8 Provide a commitment that Perry will be in compliance with
k3. 9. 2.5.1, Regulatory Guide 1.20 for prototype reactors.

Page

3.9-66)

Response

The response to this question is provided in revised Section 3.9.2.4.1.



DSER 3.9-9
(3.9.2.5,
Page 3.9-67)

"These periods will be determined from a comprehensive dynamic
model of the RPV and internals with 12 degrees of freedom.”" It
is not clear what is actually done here. How can a model be

comprehensive and have only 12 degrees of freedom?

Response

The response '> this question is provided in revised
Section 3.9.2.5.




DSER 3.9-10
(3.9.2.6,
Page
3.9-68)

It appears that some results from Grand Gulf wili be used in the
evaluation and qualification of the reactor internals at Perry.
Show that the similarity between the two sets of internals is

sufficient to allow direct comparisons.

Response

The response to this question is provided in revised Section 3.9.2.6.



DSER 3.9-11 Several references are made throughout this section to allowable

£3:9.3, stresses for bolting. Specifically, what allowable stress limits

Page 3.9-68) are used for bolting for (a) equipment anchorage, (b) component
supports, and (c) flanged connections? Where are these limits
def ined?

Response

Response to this question is presently being prepared.



DSER 3.9-12 Are there any Class 1 systems in the BOP scope of responsibility?
(3.9.3.1:2;
Page 3.9-78) Response

Yes.

See revised Sectiom 3.9.3.1.2.



DSER 3.9-13 "For the NSSS scope of supply, all valve operators which are
(3:9.3.4:.1,; mounted on Class 1 piping will not be used as attachment points

Page 3.9-107) for component supports.” What about Class 2 and 3 piping? This

question also applies to the BOP scope of responsibility.

Response

Valve operators are not used as attachment points for component supports.
See revised Section 3.9.3.4.1.



DSER 3.9-14
(3.9.3.4.1,
Page 3.9-109)

Provide more detail on the testing done on snubbers.

Response

Two snubbers of each size and each model were tested under upset and faulted

loads in the manner described below:

. Snubbers were tested dynamically to ensure that they could perform as

required under upset loading conditions in the following manner:

1. The snubbers were subjected to a force that varied approximately as

a sine wave.

2. The frequency (Hz) of the input force was in increments of 5 Hz

within the range of 3 to 33 Hz.

i The test w.; conducted with the snubber at room temperature and at
200° F.
4. The peak load in both temsiou and compression was equal to or higher

than the rated load of the snubbers.
L The duration of the test at each frequency was 10 seconds or mcce.

b. Snubbers were tested dynamically to ensure that they could perform as

required under emergency and faulted loading conditions in the following

manner:
1. The snubbers were subject to for * th.t varied approximately as a
sine wave.

s The test was conducted witr the suubbers at room temperature.



Question 3.9-14 (Comt'd)

3. The peak load in both tension and compression was equal to 1.5 times

the rated load of the snubbers.
4. The duration of the test was 10 seconds.

Snubbers are qualified for service by General Electric vy testing for bleed
rate, lockup rate, drag or friction force and for response to dynamic loading.
The dynamic loading test is accomplished by subjecting the snubber to a
sinusoidal force that is equal to the rated load of the snubber. The force

is applied at frequencies that are at 5 Hz increments within the range of

3 Hz to 33 Hz. The dynamic load tests are conducted with the snubber at both
room temperature and at 200° F.

The snubbers are modeled as linear elastic springs in the dynamic analysis of
the piping system. The vast majority of all dynamic loadings occur with
frequencies ranging from 3 Hz to 33 Hz. By using the results of the dynamic
testing, spring constants are calculated. These constants increase with
higher frequencies. The average spring constant, including all lost motions
(dead band, etc.) of the snubber, is then used by General Electric in the

analytical model of the snubber.

In addition to the testing of the snubbers by themselves, General Electric has

s sjected our safety relief valve piping to safety relief valve discharge while
monitoring the piping system for stresses. The safety relief valve discharge
creates acoustic waves that propagate through the safety relief valve piping

and impose momentary forces on the pipe at each change in direction. The

results of this testing of the piping system show a satisfactory correlction
between actual stresses and predicted stresses in the pipe. Since the analytical
model of the ﬁlping system uses the spring constants obtained from the
aforementioned snubber test, this correlation serves as a calibration of the

snubber spring constant.

Although the frequencies induced on the snubbers have not bee measured directly,

the vibration frequencies of the piping have been obtained for the main steam



Question 3.9-14 (Cont'd)

line during the Monticello and Match 2 tests and the frequencies of the main
steam and recirculation piping have been measured during the Caorso test. The
frequencies induced on the snubbers may be assumed to be closely related to

the piping vibrating frequencies.

Although frequencies were measured from 5 Hz to 50 Hz, the dominant frequencies

varied from 12 Hz to 36 Hz.

The tests at Monticello and Hatch 2 measured responses of the piping system to
the acoustic wave in the SRV discharge piping following SRV opening. These

loads are a function of the configuration of the discharge piping and are not
related to the configuration of the containment. The Caorso tests measured

the responses of the piping system to the acoustic wave in the discharge piping
and also measured the responses of the piping to the hydrodynamic load associated
with the SRV discharge. Although the Mk II and Mk ITI containments are different,
the Caorso tests show that the structural responses (accelerations) to the
hydrodynamic load in the suppression pool was much smaller than the calculated
values at desigr conditions. It is expected that the load for Mk IlI contzinment
due to SRV will also be much smaller than the calculated values. The frequencies
at which the piping responds to the hydrodynamic loads are not expected to differ

significantly in the Mk III containment.

The stresses in the main steam branch pipe of a BWR due to safety/relief valve

blowdown were measured from an insitu piping system test (}atch). The test

results were compared with analytical results. The calculated stresses for
SRV discharge piping response loads were found to be conservative when compared

to measured stress values. The ratios of measured to calculated stress value

are as follows:




issuming 2ar 7 with piping stresses, expected that:

ted snubber load

‘ulated snubber load

snubber load is less than the snubber capacity, 1t can be

redicted snubber load is less than 67% of the snubber capacity.







DSER 3.9-16 Reference is made to allowable deformation in the title of this

(3.9.4.3, section but there is no discussion of allowable deformations in
Page the text.
3.9-114)

Response

The acceptance of the drive is based on the stress analysis reported in
Table 3.9-3. The deformation is not a controlling factor. Accordingly,

Section 3.9.4.3 has been revised.



DSER 3.9-17 Recently, cracking has been observed in BWR jet pump holddown
(3.9.5.1.1.8, beams. The resolution of this problem may affect the design or
P:ge testing of the Perry jet pumps (see I&E Bulletin 80-07).
3.9-120)

Response

CEI is currently evaluating the two alternates whether to de-tension the existing

beams or to replace the existing beams by new beams with the updated design.






DSER 3.9-19 Have the reactor internals placed in the "other internals" category
{3.9.5.3.3, been seismically analyzed to show that they will not compromise

Page 3.9-129) the integrity of seismically qualified reaccor internals?

Response

Response to this question is presently being prepared.



DSER 3.9-20
£€3.9:65
Page 3.9-131)

There are several safety systems connected to the reactor coolant
pressure boundary that have design pressure below the rated reactor
coolant system (RCS) pressure. There are also some systems which are
rated at full reactor pressure on the discharge side of pumps but

have pump suction below RCS pressure. In order to fretect these
systems from RCS pressure, two or more isolation valves are placed

in series to form the interface between the high pressure RCS and

the low pressure systems. The leak-tight integrity of these valves
must be ensured by periodic leak testing to prevent exceeding the
design pressure of the low pressure systems thus causing an intersystem

LOCA.

Pressure isolation valves are required to be category A or AC
per IWV-2000 and to meet the appropriate requirements of IWV=-3420
of Section VI of the ASME Code except as discussed below.

Limiting Conditions for Operation (LCO) are required to be added to
the technical specification which will require corrective action;
i.e., shutdown or system isolation when the final approved leakage
limits are not met. Also, surveillance requirements, which will state
the acceptable leak rate testing frequency, shall be provided in the

technical specifications.

Periodic leak testing of each pressure isolation valve is required

to be performed at least once per each refueling outage, after valve
maintenance prior to return to service, and for systems rated at

less than 50% of RCS design pressure each time the valve has moved
from its fully closed position unless justification is given. The
testing interval should average approximately one year. Leak testing
should also be performed after all disturbances to the valves are
complete, prior to reaching power operation following a refueling

outage, maintenance. etc.

The staff's present position on leak rate limiting conditions for
operation must be equal to or less than 1 gallon per minute for each

valve (GPM) to ensure the integrity of the valve, demonstrate the

adequacy of the redundant pressure isolation function and give an




indication of valve degradation over a finite period of time.
Significant increases over this limiting valve would be an

indication of valve degradation from one test to another.

Leak rates higher than 1 GPM will be considered if the leak
rate rhanges are below 1 GPM above the previous test leak rate
or system design precludes measuring 1 GPM with sufficient accuracy.

These items will be reviewed on a case by case basis.

The Class 1 to Class 2 boundary will be considered the isolation

point which must be protected by redundant isolation valves.

In cases where pressure isolatior is provided by two valves, both
will be independently leak tested. When three or more valves provide

isolation, only two of the valves need to be leak tested.

Provide a list of all pressure isolation valves included in your
testing program along with four sets of Piping and Instrument Diagrams
which describe vour reactor coolant system pressure isolation valves.
Also discuss in detail how your leak tes-. g program will conform to

the above staff position.

Response

CEI will supply details of the leak testing program at a latcr date.



DSER 3.9-21 Does this table apply to Perry?
(Table 3.9-1,
Page 3.9-134)

Response

Yes; however, further clarification is provided in revised Table 3.9-1.



DSER 3.9-22 What does " 1% %" refer to?
(Table 3.9-1,
Page 3.9-135)

Response

Response to this question is provided in revised Table 3.9-1.



DSER 3.9+23 How many ADS cycles are included in the design of Perry?
(Table 3.9-1,
Page 3.9-135)

Response

Analysis shows that the prohability of an inadvertent ADS actuation is 10-4 to
10-2 per year. Therefore, on: inadvertent ADS cycle for the 40-year plant life

1s conservative.



DSER 3.9-24
(Table 3.9-1,
Page 3.9-136)

Standard Review Plan 3.9 requires 5 OBE's of 10 cycles each. If fewer cycles

are used, justification must be provided.

Response

A GE generic study serves as the basis for one OBE with 10 cycles. 'This studv
included a large sample which bounds the Perry plant. In summary, the

probabi ity of one OBE iutensity earthquake (50% of SSE intensity) is extremely
low. .. assumption that OBE envelopes the cumulative fatigue damage of

20 quarter-SSE's is more realistic. In addition, the use of 10 peak

magnitude cycles is conservative as compared to 3 or 4 peak cycles shown by
this study. Section 3.7.3.2.2 (see response to question DSER 3.7-15) nas been
revised to briefly describe this study. The following table shows a comparison

between Perry and the actual earthquakes use. in the base study.

Duration Max Accelerat.ion

Earthquak: Component (sec) (g)

1. El Centro, California NS 29.4(3:3) 0.3.(V
(May 18, 1940)

2. Taft, Talifornia S69E 30.0(4+3) 0.18V
July 21, 1952)

3. Golden Gate Park S80E 13.24(5) 0.13(1)
March 22, 1957)

4. Perry Site Horiz. - 0.007(6)

5. Perry Site Boriz. 10.0(2) 0.15¢%)

(Design Basis) (SSE)



NOTES:

1 Reference - "Earthquake Engineering"”, Robert L. Wiegel, Coordinating
Editor, Prentice-Hall, Inc., 1970 - Table 4.8, page 83.

ro

Reference - "Perry Nuclear Power Plant - Units 1 and 2 FSAR", page 3.7-2
and Figures 3.7-1 through 3.7-10.

3. Reference - "Earthquake Engineering"”, Robert L. Wiegel, Coord nating
Editor, Prentic -Hall, Inc., 1970 - Figure 6.7, page '13.

4. Reference - "Earthquake Engineering', Robert L. Wiegel, Coordinating
Editor, Prentice-Hall, Inc., 1970 - Figure 6.2, page 109.

5. Reference - General Electric Company internal study, "Seismic Safety of
Nuclear Power Plants", Tables 1, 2, and 3, on pages 6.2, 6.4 and 6.5,

respectively.

6. Reference - General Electric Company internal study, "Ratic of Ground

Acceleration to SSE Accelerations', Table 2.



DSER 3.9-25 The acceptance criteria should reference the ASME Code Service
Table 3.9-3, Limits. A similar table is needed for the BOP.
Page 3.9-141)

Response

The response to this question is provided in revised Table 3.9-3 which refers

to the ASME Code Service Limits.

A similar table for BOP is attached.



DSER 3.9-26 “The results of stress and fatigue usage analysis are in detail in

(Table the vessel manufacturer's stress report and in new loads
3.9-3a, evaluation by GE within the code limits.”" Irovide clarification
Page of this statement,
3.9-143)
Response

The response to this question is provided in revised Table 3.9-3a.






DSER 3.9-28 Provide an explanation for the results Za this table.
(Table

3.9-3s,

Page

3.9-225)

Response

The response to this question is provided in revised Table 3.9-3a.



DSER 3.9-29 where are the loads used in this table defiried? How are these
(Table loads combined?

3.9-28,

Page

3.9-282)

Response

The loads are defined at the end of the table under "LOADING LEGEND".

The loads are combined by vector summation.




DSER 3.9-30 Has Eq. b) been used? If so, provide the supporting data. If

(Table 3.9-32, not, delete the equation from the table.
Page 3.9-297)
Response

Response to this question is presently being prepared.



DSER 3.9-31 Have Eqs. e), f), or g) been used? If so, provide the supporting
(Table 3.9-33, data. If not, delete these equations from the table.
Page 3.9-298)

Response

Response to this question is presently being prepared.



D3ER 3.9-32 Has Eg. ¢) been used. If so, provide the supporting data.
(Table 3.9-34, delete the equation from the table.
Page 3.9-301)

Response

Response to this question is presently being prepared.

If not,



DSER 3.9-33
(3.9.1.1.1, Page 3.9-1)

How many cycles due to SRV discharge are included in the analysis?

Response

There are 1800 actuations/40 years on Lo-Lo set mechanism.



DSER 3.9-34 Previous analyses for other nuclear plants have shown that certain

£3:9:2.3, reactor svstem components and their supports mav be subjected to

Page 3.9-67) previously underestimated asymmetric loads under the conditions that
result from the postulation of ruptures of the reactor coolant piping

at various locatiomns.

The applicant has described the design of the reactor internals for
blowdown loads onlvy. The applicant should also provide information
on asymmetric loads. It is, therefore, necessary to reassess the
capability of these reactor system components to assure that the
calculated dynamic asymmetric loads resulting from these postulated
pipe ruptures will be within the bounds necessary to provide high
assurance that the reactor can be brought safely to a cold shutdown
condition. The reactor system components that require reassessment
shall include:

a. Reactor pressure vessel
b. Core supports and other reactor internals
N Control rod drives

d. ECCS piping that is attached to the primary coolant piping
e. Primary coolant piping

£. Reactor vessel supports

The following information should be included in the FSAR about the
effects of postulated asymmetric LOCA loads on the above mentioned
reactor system components and the various cavity structures:

1. Provide arrangement drawings of the reactor vessel support

systems in sufficient detail to show the geometry of all principal

elements and materials of construction.



2 If a plant-specific analysis will not be submitted for your
plant, provide supporting information to demonstrate that the
generic plant analysis under consideration adequately bounds the
postulated accidents at your facility. Include a comparison
of the geometric, structural, mechanical, and thermal-hydraulic
similarities between your facility and the case analyzed.

Discuss the effects of any differences.

3 Consider all postulated breaks in the reactor coolant piping

system, including the following locatioms:

a. Stean line nozzles to piping terminal ends.

b. Feedwater nozzle to piping terminal ends.

&s Recirculation inlet and outlet nozzles to recirculation

piping terminal ends.

Provide an assessment of the effects of asymmetric pressure
differentials* on the svstems and components listed above
in combination with all external loadings including safe
shutdown earthquake loads and other faulted condition

loads for the postulated breaks described above. This
assessment may utilize the following mechanistic effects as

applicable:

a. Limited displacement -- break areas

b. Fluid-structure interaction

S Actual time-dependent forcing function

d. Reactor support stiffness

e. Break opening times

*Blowdown jet forces at the location of the rupture (reaction forces), transient
differential pressures in the annular region between the component and the wall,
and transient differential pressures across the core barrel within the reactor vessel.



If the results of the assessment of item 3 above indicate
loads leading to inelastic action of these systems or
displacement exceeding previous design limits, provide an
evaluation of the inelastic behavior (including strain hardening)
of the material used in the system design and the effect of

the load transmitted to the backup structures to which these

systems are attached.

3 For all analyses performed, include the method of analysis, the
structural and hydraulic computer codes employed, drawings
of the models emploved and comparisons of the calculated to
allowable stresses and strains or deflections with a basis

for the allowable values.

6. Demonstrate that safety-related components will retain their
structural integrity when subjected to the combined loads
resulting from the loss-of-coolant accident and the safe

shutdown earthquake.

' Demonstrate the functional capability of any essential piping
when subjected to the combined loads resulting from the

loss-of-coolant accident and the safe shutdown earthquake.

The applicant has outlined his approach for determining the forcing
functions considered in the system and component dynamic analyses of
reactor structures for normal operation and anticipated transients.
These methods are a combination of analytical methods and predictions
based on data from prev . .sly tested reactor internals of a similar
design. The forcing £ tion information is combined with dynamic

modal analysis to form a basis for interpretation of the pre-operational
and initial startup test results. Modal stresses are calculated and
relationships are obtained between sensor responses and peak component

stresses for each of the lower modes.

Response

Response to this question is presently being prepared.




DSER 3.9-15 Provide ‘ustification for using a modified static analys‘s on
(3.9.3.3.2, the safety relief valve piping in the suppression pool and explain what
Page 3.9-106) 1is used for the "conservative dynamic load factor" in the analysis.

Provide the time-history transient forces resulting frrm the SRV
actuation used ia the SRV piping and support design including the
loads developed from the dischargiag water slug.

Discuss the types of supports used on the SRV piping in both the
drywell and suppression pool and provide drawings of the supports.

Provide the type of safety relief vaives used in the :laat, the
valve opening time, ard the sequences of valve actuation used in

the eznalysis.

Response

The modified static analysis is accepted by the industry as an alternative to
dyn;uic analysis for the purposes of pip}ﬁg stress analysis and support design.
A dynamic load factor of 2 was used. This methodology agrees with Regulatory

Guide 1.67 position C.4 and our experience shows it to be conservative.

The SRV piping system does not use a water seal and is sloped to avoid any wate:
or condensation accumulation in the pipe. The only water slug in the submerged
portion of the discharge pipe tends to dampen the peak of the unbalanced force

exerted on the pipe sections during the discharge flow transient.

Although the static analysis is considered conservative, GAI is in the process

of refining the analysis by using analysis codes such as RELAPS/TPIPE to perform
complete thermohydraulic/structural time domair dynamic analyses for some of

tie lines in order to obtain more realistic design data. The effects of the water

column in the submerged pipe on the transients also will be included.

The SRV piping uses anchors, guides, springs, snubbers (mechanical and hydraulic),
and struts to obtain a -igidly restrained dynamic arrangement while allowing the
needed flexibility for mi. imization of constraint to the thermal expansion of

the piping.



The suppori and piping isometric drawings are attached for one

typical SRV piping.
The SRV - ves are made by Dikkers. They are described in

3ection 5.2. The valve set pressures are also included in

Section 5.2. The valve cpening time is .020 seconds (minimum).



DSER 3.9-36 Are the stress due to differential anchor movements considered
(2.9.3:4.6, as primary or secondary stresses for BOP supports?
Page 3.9-113)

Response

Strusses due to differential anchor movements are considered as secondary
stresses in BOP supports. However, for some BOP supports, differeantial anchor

movements are considered as primary stresses for the sake of simplicity.



3.9 MECHANICAL SYSTEMS AND COMPONENTS

3.9.1 SPECIAL TOPICS FOR MECHANICAL COMPONENTS

3.9.1.1 Design Transients

A summary of design transients used in the design and/or fatigue¢ analysis of a
typical plant are listed in Table 5.9-1. The number of cycles or events
associated with each transient are included. Transients or combinations of
transients are classified with respect to the plant and system operating
condition categories identified as "Normal", "Upset", "Emergency"”, "Faulted"
(service levels A, B, C, D respectively) or "Testing" in the ASME Code

Section I[II, Division I, NA-2140, as applicable.

3.9.1.1.1 Architect/Engineer Defined Component Transients

The ASME Code Class 1 components not supplied by the NSSS vendor are comprised of
piping, valves, containment penetrations, and pipe supports. These components
have been specified and designed if accordance with the system design tgahsients

listed in Table 3.9-2.

3.9.%.2 Computer Programs Used in Analyses

The following sections discuss computer programs used in the analysis of the
major safety related components. Computer programs were not used in the analysis
of all components, thus, not all components are listed; e.g., main steam

isolation and safety/relief valves and recirculation gate valves.

The GE computer programs are maintained either by General Electric or by outside
computer program developers. In either case, the quality of the programs and the
computed results are controlled. For each program, one or more engineers ire

assigned, whose duties are:

a. To keep abreast of the capability, the software contents, and the theory of

the program.

3.9-1



3.9.2.1.23 Thermal Expansion Testing of Main Steam and Recirculation Piping

A thermal expansion preoperational and startup testing program, performed through
the use of potentiometer semsors, has been established to verify that normal
thermal movement occurs in the piping systems. The main purpose of this program

is to ensure the following:

a. The piping system during system heatup and cooldown is free to expand,
contract, and move without unplanned obstiuction or restraint in the x, y,

and z directions.

b. The piping system is working in a manner consistent with the assumption of

the NSSS stress analysis.

e There is adequate agreement between calculated values of displacements and

measured value of displacement.

d. There is consistency and repeatability in thermal displacements during

heatup and cooldown of the NSSS systems.

Limits of thermal expansion displacements would be established prior to start of
piping testing to which the actual measureu displacements can be compared. to
determine acceptability of the actual motion. If the measured displacement does
not vary from the acceptance limits values by more than the specified tolerance,
the piping system is responding in a manner consistent with predictions and is
therefore acceptable. Two levels of limits of displacements would be established

to check the systems as explained in Section 3.9.2.1.4.
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Based on t'e above criteria, Level 1 displacement limits are established for all
instrumented points in the piping system. These limits shall be compared with
the field measured piping displacements. Method of acceptance shall be as

explained in the following section.

3:9.2.1.6 Test Evaluation and Acceptance Criteria for Main Steam and
Recirculation Piping

The piping response to test conditions shall be considered acceptable if the
organization responsible for the stress report reviews the test results and
determines that the tesis verify that the piping responded in a manner consistent
with the predictions of the stress report and/or that the tests verify that
piping stresses are within code limiis (ASME Code, Sectica III, NB-3600).
Acceptable deflection and acceleration limits are determined after the completion
of piping systems stress analysis and are provided in the startup test
specifications. To insure test data integrity and test safety, criteria have
been established to facilitate assessment of the test while it is in progress.
These criteria, designated Level 1 and 2, are described in the following

paragraphs.
3.9.2.1.4.1 Level 1 Criterion

Level 1 establishes the maximum limits for the level of pipe motion which, if

exceeded, makes a test hold or termination mandatory.

[f the Level 1 limit is exceeded, the plant will be placed in a satisfactory hold
condition, and the responsible piping design engineer will be advised. Following
resolution, applicable tests must be repeated to verify that the requirements of

the Level 1 limits are satisfied.
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the component dynamic analyses. Comparison of measured vibration amplitudes
to be predicted and allowable amplitudes will then be made on the basis of
the analytically obtained normal mode which best approximates the observed

mode .

The visual inspections conducted prior to and following preoperational
testing are for the purpose of detecting evidence of vibration, wear, or
loose parts. At the completion of preoperational testing, the reactor
vessel head and the shroud head will be removed, the vessel will be drained,
and major components will be inspected on a selected basis. The inspections
will cover the shroud, shroud head, and core support structures, the jet
pumps, and the peripheral control rod drive and incore guide tubes. Access

will be provided to the reactor lower plenum for these inspections.
3.9.2.4.1 Compliance With Regulatory Guide 1.20
PNPP is committed to comply with Regulatory Guide 1.20.

Regulatory Guide 1.20 describes a comprehensive vibration assessment program for
reactor internals during preoperational and initial startup testing. The
vibration assessment program meets the requirements of Criterion 1, "Quality
Standards and Records", of Appendix A to 10CFR50 and 3ection 50.34, "Contents of
Applications: Technical Information", of 10CFRS50.

Vibration testing of reactor internals is performed on all GE-BWR plants. Perry,
being the first BWR/6 238 plant, will be considered a prototype and will be
instrumented and subjected to preoperational and startup flow testing to
demonstrate that flow-induced vibrations similar to those expected during

operation will not cause damage.
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General Electric is committed to confirm satisfactory vibration performance of
internals in these plants through preoperational flow testing followed by
inspection for evidence of excessive vibration. Extensive vibration measurements
in prototype plants together with satisfactory operating experience in all eleven
BWR/4 plants have established the adequacy of BWR/6 reactor internal designs.
General Electric will continue these test programs for the BWR/6 238 plants to
verify structural integrity and to establish the margin of safety.

3:9.2.5 Dynamic System Analysis of the Reactor Internals Under Faulted
Conditions

In order to assure that no significant dynamic amplification of load occurs as a
result of the oscillzcury nature of the blowdown forces (Figures 3.9-16 and
3.9-17), a comparison will be made of the periods of the applied forces and the
natural periods of the core support structures acted upon by the applied forces.
These periods will be determined from a 12 node vertical dynamic model of the
BWR6-238 RPV and internals. Only motion in the vertical direction will be
considered here; hence, each structural member (between two mass points) can only
have an axial load. Besides the real masses of the RPV and core support

structures, account will be made for the water inside the RPV.

Typical curves of the variation of pressures during a steam line break are shown
in Figures 3.9-16 and 3.9-17. The accident analysis method is described in
Section 3.9.5.2.

The time varying pressures are applied to the dynamic model of the reactor
internals described above. Except for the nature and locations of the forcing
functions and the dynamic model, the dynamic analysis method is identical to that
described for seismic analysis and is detailed in Section 3.7.2.1. The dynamic
components of forces from these loads will be combined with dynamic force
components from other dynamic loads (including seismic and hydrodynamic), all
acting in the same direction, by the square root of the sum of the squares (SRSS)
method. This resultant force will then be combined with other steady state and
static loads on an absolute sum basis to determine the design load in a given

direction.
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A summary of the results of the dynamic analysis of the reactor internals is

given in Table 3.9-3b.

3.9.2.6 Correlations of Reactor Internals Vibration Tests with the
Analytical Results

BWR 4 and 5 reactors now in service provide the basis for analytical prediction
of vibrational behavior during the component design stage. GE Licensing Topical
Report NEDE-24057-P presented to the NRC for Susquehanna SER contains results of
such tests and measurement. However, the BWR 4 and 5 operational experience has
not been used in lieu of a vibration measurement for the Perry reactor internals.
Perrs's component design adequacy for flow-induced vibration is confirmed through
actual in-reactor measurements. Additionally, Grand Gulf, with similar flow
characteristics and internal design as Perry, is also the BWR/6 prototype for

Perry.

Prior to initiation of the instrumented vibration measurement program for the
prototype plant, extensive dynamic analyses of the reactor and internals are
performed. The results of these analyses are used to generate the allowable
vibration levels during the vibration test. The vibration data obtained during
the test are analvzed in detail. The results such as vibration amplitudes,
natural frequencies, and mode shapes, are then compared to those obtained from

the dynamic model for seismic and LOCA analyses.

3.9.3 ASME CODE CLASS 1, 2, AND 3 COMPONENTS, COMPONENT SUPPORTS, AND
CORE SUPPORT STRUCTURES

3.9.3.1 Loading Combinations, Design Transients, and Stress Limits

This section delineates the criteria for selection and definition of design
limits and loading combinations associated with normal operation, postulated
accidents, and specified seismic and hydrodynamic events for the design of safety
related ASME Code components (except containment components) which are discussed

in Section 3.8.
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Table 3.9-3c shows the calculated stress values and allowable stress limits for

the heat exchangers.

3.9:3.1.2 Loading Combinations, Design Transients, and Stress Limits for
Balance of Plant Components and Supports

Balance of plant systems and components are identified in accordance with ASME
Code Class and Safety Class as discussed in Section 3.2. Design limits and
loading combinations for Seismic Category [ fluid system components are in
compliance with the recommendations of Regulatory Guide 1.48. ASME Code Class 1
components are discussed in Section 3.9.1.1.1. ASME Code Class 2 and 3 systems

and components are designed to operate under the following plant conditions:

a. ASME Code Class 2 and 3 systems and components are designed to operate under
anticipated environmental conditions, such as pressure, temperature,
irradiation, etc., that may occur during normal plant operations and
transients, including startup, power generation, relief valve operation and

shutdown.

5. Components of essential systems, required to function during and/or after
any of the abnormal events identified in Section 3.9.1 are designed to
function under environmental conditions that would occur during aad after
such events. Section 3.11 describes environmental design conditions

associated with such abnormal events.

The plant conditions postulated to occur during the life of the plant are

identified in Section 3.9.3.1.1.1.
Loadings considered in component design are those effects derived from plant and
system conditions of operation, natural phenomena, and site related hazards.

These loadings include, but are not limited to, loading effects resulting from:

a. Internal or external pressure.

3.9-78
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The design criteria and dynamic testing requirements for component supports are

given below:

Component Supports

All component supports are designed, fabricated, and assembled so that they
cannot become disengaged by the movement of the supported pipe or equipment
after they have been installed. All component supports zre designed in
accordance with the rules of Subsection NF of th. ASME Code. For the NSSS

scope of supply, valve operators which are mounted on all safety-graded

-3

piping systems are not used as component supports.
b. Hangers

The design load on hangers is the load caused by dead weight. The hangers
are calibrated to ensure tkat they support the design load at both their hoc
and cold load settings. Hangers provide a specified down travel and up

travel in excess of the specified thermal movement.
£; Snubbers
1. Required Load Capacity and Snubber Location

The entire piping system including valves and suspension system between
anchor points is mathematicallv modeled for comple’c structural
analysis. In the mathematical model, the snubbers are modeled as a
spring with a given spring stiffness depending on the srubber size.

The analysis determines the forces and moments acting on each piping
component and the forces acting on the snubbers due to all dynamic
loading conditions defined in the piping design specification. The
design load on snubbers includes loads caused by seismic forces
including hydrodynamic forces (operating basis earthquake and safe
shutdown earthquake), system anchor movements, reaction forces caused

by relief valve discharge and turbine stop valve clcsure.
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e Hydraulic power supply (pumps),

d. Interconnecting pipinsg,
e. Flow and pressure and isolation valves and,
f. Instrumentation and electrical controls.

Quality group classification is not applicable to the CRD.

Those components of the CRD forming part of the primary pressure boundary are
designed according to the ASME Code, section III.

The quality group classification of components of the CRD hydraulic system is
outlined in Table 3.2-1 and are designed according to the codes and .tandards

governing the individual quality groups.
Pertinent aspects of the design and qualification of the CRD components are
discussed in the following locations: transients in Sectien 3.9.1.1, faulted

conditions in Section 3.9.1.4, and seismic testing in Sectiom 3.9.2.2.

3.9.4.3 Design Loads, Stress Limits, and Allowable Deformation

The ASME Code components of the CRD system have been evaluated ana.ytically and

the design loading cunditions, stress criteria and calculated stresses, and the

allowable stresses are summarized in Table 3.9-3. For the noncode components,

experimental testing was used to determine the CRD performance under all possible

conditions as described in Section 3.9.4.4. Deformation has been compared with

the allowabies and is not a limiting factor in the analysis of the CRD componeants Qf
|

since the stresses are in the elastic region.

3.9.4.4 CRD Performance Assurance Program

The CRD test program consists of the following:

P Development tests

b. Factory quality control tests

g, Five year maintenance life tests
d. 1.5X design life tests
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lemperature/Flow Transients

‘Esqp. and lesting nditions

1
i

Design Hydrostatic Test

Leak Checks at 400 psig prior to power

yperation, 5 Cyclies startup
startup (100°F/hr Heatup Rate)’
a1ly Reduction to
Weekly Reduction 507

>d Pattern Change

Heaters

-
A

irbine Generator Trip, Feedwater On,
[solation Valves Stay Open

ther Scrams
Loss of Feedwater Pumps, Isolation Valves

Turbine Bypass, Single Safety or Relief
Valve Blowdown

Reduction to 0% Power, Hot.Standby, Shutdown
1N ~ 1 -~ )
100°F/hr Cooldown Rate)’




TABLE 3.9-1 (Continued)

b. (Pressure/Temperature/Flow Transients)
Emergency Conditions

Y: Scram:

a. Reactor Overpressure with Delayed Scram,
Feedwater Stays on, Isolation Valves Stay Open

b. Automatic Blowdown (ADS)
2% Improper Start of Cold Recirculation Loop
3. Sudden Start of Pump in Cold Recirculation Loop

4, Hot Standby with Reactor Droia Shut Off
Followed by Pump Restart

" Faulted Condition

1. Pipe Rupture and Blowdown

s Safe Shutdcwn Earthquake during Refueling

No. of Cycles

NOTES:

1. Applies to reactor pressure vessel only.

2z Bulk average vessel coolant temperature change in any l-hour period.

3. The annual encounter probability of the one cycle event is <l().2 for
emergency and <10 = for faulted events.

4. Includes 10 maximum loading cycles per event.
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TABLE 3.9-1 (Continued)

In addition to the above temperature/pressure/flow transients the following
dynamic load transierts have been considered to the design and/or fatigue
evaluation of a typical BWR 6 standard plant:

d.

o ~N O wnm

Dynamic/Transient Load Category Cycles/Events

1. Operating Bfgjs Earth- Upset 10 cyrles
quake (OBE)

2. Safe ShutdoYE)Earth° Faulted 1 cycle
quake (SSE)

3. Turbine Stop Y,}ve Upset 690 cycles
Closure (TSV)

+. Safety Relief Valve Upset 5460 cycles
Actuat’gn (Acroustic
wave)

5. Safety Relief Valve Upset 660 full range cycles
Actuation(6§tructura1 880 half range cycles
Feedback)

6. Loss of Collant Accident
(LOCA):

Small break LOCA Emergency/faulted 1 event
Intermediate break LOCA Faulted 1 event
Large break LOCA Faulted 1 event

One 50% SSE event includes 10 maximum load cycles.
One stress reversal cycle of maximum seismic amplitude.
Applicable to main steam piping system only.

Applicable to main steam and recirculation piping systems only; however for
core support and reactor internals components, the cycles used are 2,600
based . distributed SRV loadamplitudes.

3.9-136

— — — —



a.

TABLE 3.9-3

DESIGN LOADING COMBINATIONS OF :SME CODE CLASS 1, 2 AND 3 COMPONENTS

NSSS

Load
Case

(1)

1
2

3

10

< < B e ke w ] B > E > 1=

- - - - -

SRV, (4) SRV

X

X

X
X
X
X

X

X

X

X
X
X
X
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NOTES:

1.

See legend for definition of terms.

All ASME Code Class 1, 2, and 3 piping systems which are required to
function for safe shutdown under the postulated events shall meet the
requirements of NRC's "Interim Technical Position-Function Capability of
passive components' - by MEB.

SBA or IBA whichever is greater.

SRVALL or SRV, - whichever is controlling will be used.

For load case 2, all ASME code service level B requir=ments are to be met,

excluding fatigue evaluation.
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TABLE 3.9-3a

REACTOR PRESSURE VESSEL AND SHROUD SUPPORT ASSEMBLY''’:

The reactor vessel is designed and analyzed to comply with ASME Code, Section
III (NB-3200). The results of stress and fatigue usage analysis are given in
detail in the stress report. They are within the code allowables, as

demonstrated by the following tabulation.

The shroud support is designed and analyzed to comply with the ASME Code
Section III, subsection NG. Stress and fatigue analysis results are completed

by GE and all results are within the Code limits.

NOTE:

{ I8 The vessel, support skirt, and shroud support, including legs, cylinder,

and plate, are furnished as a completed assembly by the vessel manufacturer.

3.9-143
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TABLE 3 . 9% Loul inued)

Fuel Assesbly (lacludiang Channel)

()

I A
Comb i ned Design Basis

Acceptaace Criteria Loading Accelerstion Acceleration

Based on Methodology contained in
GE Document Number NEDE-21175-P
Normal & Upset Condition
I. Peak pressure Acceleration
2. Operating Basis Esrthquake profile
3. Salety Relief Valve

Esergeacy/Faulted Condition

1. Peak pressure Accelerstion
2. Safe Shutdown Earthquake profile

3. Anoulus pressurization

NOTES

The design sasessaent show that the appropriately combined accelerstions, o8 per Table 3.9-3, are lower than the desige
basis accelerstions

The acalysis resulta of the limiting vertical load cases, ip ., ORE+SRV+SCRAN for sormal/upset evenls and SSE+SRV+SCRAM fox
emergency/fauited eveats, indicste that the fuel lift does sot occur

The fatigse snalysis indicates that the fuel asembly has adequate fatigue capability te withatand the losdings resuiting
from multiple SKV actustions sad the OBE+SRV eveat




TABLE 3.9-28

SUMMARY OF RESULTS
ASSURANCE OF OPERABILITY ANALYSIS
CONTROL COMPLEX CHILLED WATER PUMPS & EMERGENCY CLOSED COOLING PUMPS

Combined Stress Calculated Allowable
Component Designation Loads Stress, psi Stress, psi
Casing Bending 1 10396 14000
Flange Bo'ting Direct 1 15139 25000
Suction Flange Longitudinal 1 +4 5154 21000
Radial ' 1+ 4 1400 21000
Tangential 1 + 4 1901 21000
Longitudinal Y% 3 5733 31500
Radial 1+3 1564 31500
Tangential 1+5 2123 31500
Discharge Flange Longitudinal 1 +4 8959 21000
Radial 1 +4 3231 21000
Tangential 1 +4 3278 21000
Longitudinal WL - 9742 31500
Radial 1+5 3528 31500
Tangential %5 3580 31500
Mounting Foot Direct + Bending 2+3+4 4227 14000
Shear 2+3+4 945 8400
Direct + Bending 2+3+5+6 5.18 21000
Shear 2+2+5+6 1144 12600
Feet Bolts Normal 2+3+4 35140 35640
Normal 2+ 3+5+6 42590 53460
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TABLE 3.9-28 (Continued)

Combined Stress Calculated Allowable
Component Designation Loads Stress, psi Stress, psi
Feet Shear Pins Shear 2+3+4 15352 16800
Shear 2+3+5+6 18464 25200
Mounting Pad Direct + Bending 2+3+4 2547 18000
Weld Shear 2+3+4 837 12000
Direct + Bending 2+3+5+6 3083 24000
Shear 2+3+5+6 1006 16000
Top-plate Bending 2+ 4 13192 18000
Bending 2+5+6 17317 24000
Foundation Bolts Normal 2+3+4 11286 18410
Shear 2+3+4 5990 10800
. Normal , 2+3+5¢+6 14224 27615
Shear 2+3+5¢+6 7403 16200
Stuffing Box Normal 1 6786 25000
Bolts
Shaft Shear 3 1885 7500
LOADING LEGEND

1.

Design Pressure

Deadweight

Shaft Tourque

Normal or steady state nozzle loads
0.B.E./S.S.E. Nozzle Loads

Safe Shutdown Earthquake
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