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ABSTRACT

A serfes of confirmatory piping and pipe suppars analyses have Deen
performed to ensure that the criteria and methodology employed by Southern
Califernia Ediscn Company (the licensee) in seismically upgrading the San
Cnofre Nuclear Generating Station, Unit 1 (SONGS 1), are acceptable. Faur
piping systems--SI-81, SI-Q4, SI-158, and a run of SI-51 tubing==-were
subjected to confirmatory finite ;1¢ment analysis. These analyses were
serformed =2 tne requirements of the USNRC Sys:ematfcbivaTuatfon Pragram
(S87) guicelines and current industry ariactica. In acditien, she run of
tubing was subjected to a canfirmatery hand calculation. Supperts for the
SI-51 and SI-04 systems, a total of S0 supporss, were also analyzed.
Results of the confirmatory finfte element analyses were compared with
those of the Ticensee. Results were compared for the tubing tetween the
finfte element analysis and the hand calculation. The conclusion was drawn
that the criteria and methedology employed by the licensee in analyzing the
p{pfnq angd pipe surports of SONGS 1 meet the regquirements and are
acceptatie.
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LTS PRCGRAM
CONFIRMATCRY ANALYSIS
QF SCONGS 1
PIPING AND RPIPE SUPPORTS

1. INTRCOUCTICN

A confirmatory analysis of the piping and sugperts at the San Cnofre
Nuclear Generating Staticn Unit 1 (SONGS 1) was requestad 5y the Nuclear
Regulatory Commission (NRC). This analysis was performed in an effors %o
verify a portion of the SCNGS 1 Long Term Service Sei:smic Reevaluation
Prcgran,' (Reference 1) specifically, the analysis technigues utilized by
the SONGS 1 piping and suppors analysts for she LTS Pregram. Three Safety
Injection System (SIS) piping mecels anc cne SIS subing mede! were salecsed
to represent the wide varfety of pige sizes incsrporated in the plant. The
four 2ipe sactions chosen for Zetailed examinasion were Si-81, SI-04,
SI-158, and SI-31 (tubing). Zmpnasis was placag an woceling tecnnigues,
accuracy, loading conditions, and pipe and supcors stresses. This repors
summarizes the confirmatory analyses pe~formed on the four mecels and
asscciated supporss. It also provices a comparisen of results for the
analyses done by 253G an. oy the licensee, Scuthern California Edison Co.

3. Hereafier referred %0 as tne LTS Pragram.
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2. PIPING SYSTEM CESCRIPTICN

Information pertaining %o the details of these piping systems was
provided by the licensee. Much of it was verified by incepencent line
walkdowns by the author. The information provided contained the latest
as-buflt pipe dimensicns, pipe specificaticns, valve weights, response
spectra, seismic and thermal anchor movements, detailed pipe suppors
drawings, and other miscellanecus Zata required %0 serform the indepencens
piping analyses.

SIS problem SI-31 includes the piping between faedwater pumps FWS-G-2A
and FWS=G-38 and the six=inch branch piping frem shis line %o the
containment sghere. Figures 1 through 6 are computer mecel slots defining
problem SI-31. The non-safaty relc.ad piping incluced in this analysis,
shown in these computar plots, was provicded %2 fnclude (ts effects an the
safety relatec ciping. SIS predlem SI-04 incluces =he pining between pump
SIS=G-30A and feecwater pump FWS-3-3A. Computer moce! piots, Figures 7
through 3, cescribe the pradlem in mcre cetail. SIS arebiem SI-183, seen
fn Figures 10 <hrough 13, is a small medel wnich incluces six=inch stping
from the containment sphere penetration 3-18 t3 the caoicd leg of reactor
csolant loop C. Finally, tubing proolem SI-31 is defined in Figures 14 and
1S. The tubing ruas from flow trancmitzer SIS-FT=912 3 valve
870€-3/4"~TS7 (on the SI-51 piping).

TadTes 1 tnrcugn & Tist the s‘gnificans 2ise 2ata and material
scecificaticns ytilized in the analysas zescrited fa sais summary. Cesign
and services conditicns are also included in thesa =ables.

Varicus service levels were analyzed. This incluced ceacweigns,
pressure, thermai expansion, tnermal anchor movements, and the inertial and
ancnor aotions due t3 the 0.57 g modified Housner response specsra
earthguaka. These analyses were performed us!! 2ing the ASME Code Class 2
rules (Reference 2) as specified by the SEP Guicelines (Refarencs 2) and
cimparec I the stressas calculated 2y the licansee.
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3. PIPING SYSTEM SEISMIC ANALYSES

A1l four finite element analyses were performed using the program
NUPIPE-II, a proprietary program developed by Quadrex Corparaticn.
NUPIPE-II capabiiities are briefly dezcribed fn Appendix A. Idaho National
Engineering Laboratary (INEL) program medule V4AGINL was utilized for these
analyses.

The piping systam cata, drawings, and resgonse spectra necessary for
these analyses were proviced by the licensee. The fcllewing assumptions
Dased on experience and engineering judgment were employed where
faformation was missing or incomplete:

1. A1l components meet tne dimensional requirements of the stancards
Tisted in Taole NC=3132-1 of the ASME Cace.

2. The requirements of the ASME Cace, Section III, Sutarsizle
NC-3640 are satisfied. This subarticle ceals wish ensuring
adequata wall tnickness of the comgonents far the Qesign Fressure
at the Desfgn Temperature. Since the change in design
requirements invoives the sefsmic lcad case only and pressure
stress has been included in the seismic analyses, an explicit
check for adequate wall thickness was deemed unnecessary.

3. The cnly tnermal moce assumed was the nermal Jperating mcce.

A summary of weignt and czenter of gravity ‘nfarmaticn for a1l valves
3 g 7

on the four safety injecticon piping mocels is contained in Table 5. This

table alse fncluces the face=-<o-face dimension for each of she valves.

The four mocels were analyzed far weight, thermal expansicn plus
thermal ancnor movements, earsnhcuaka, and saismic ancher motio (SAM)
Teads. Al were analyzea in aczarcance with the SEP Guicdelines
(Reference 3). Details of the analysas not specified in =his documen: were
tn accors with standard S3&4G piping analysis sricsice. These cdezails were



at a level not contralled expliicitly By the regulatory pracess. There is
one excapticn t3 this. EG&C SAM load generaticn methcdelogy involves
envelopment of strucstural motion displacaments in :he area of the suppors
to cbtain SAM values. These are then applied fndividually, with the
results cembined by square raot of the sum of the squares (SRSS)
compinaticn. Preliminary result compariscns showed significant differences
Detween ECAG and utility SAM stressas. This initiated an favestigaticn %o
fdentify the scurce of the differences. A differenz SAM load generation
nethedolegy s used Dy the licensee. SAM values are cbtained By
interpoiation Setween appropriate strucsural motion displacaments, wizh
efther algebraic or absolute value comoination of lcadings cepending on the
Tocaticn and directicn of she supgorss. Tne basis for this methedology was
evaluated, and it was found accaptable. There are a sufficient aumber of
soints on the structural stael medel with assoctated SAM 2aza 22 alleow
faterpolation far suppors point attachmens SAMs. Algebraic combination of
specified airecticns and locasions is Based an a study of the moticn of she
Suildings wnich csncluced that these sarticular girections and locazicns
move fn ghase. Absolute summatisn of the remaincer is censervative. The
licensae's metncdoiogy was idopted in she 3320 aralyses n gorder %o srevans
the potential masking of ctner sources of discrepancy.

Am additicnal analysis was cone for the SI-31 tubing mecdel. The
secend analysis of the SI-31 tubing was done according ta the alternate
calculation methedaleogy allowed Sy the licensee's small-zcre piping

sriteria. This methedelegy was found =0 grecdecminate in thne small-acra
piping caleylaticns aucditeg. [t c2nsisss of an equivalent stasic amalyseis

Sdsac on 3 simply supcorted Seam calculazisn.

PYRC camping specsra cbtained frem the licensee's s=ru wural analyses
were apprepristely envelopesd far eacn sarticular piping mcde! ang used for
the earincuake Tcad case in these analyses. These snvalcped resgonse
SSectira curves are shown in Figures 16 through 27. The scecir: were
ioplied ‘n a1l zhree direcsions simuitaneously and *he results were
com2fnec using tne square=rcot sum of the scuares (SRSS) meshod. Al
sefsmic anchor movemenss were azplied and zomoined using the li_ensee's
methcdeisgy, as discussed adove.
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- Appendix 3.
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cpies of the finite element analysas are contained in

The small-bore piping nand calculaticn is contained in
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4. PIPING ANALYSIS RESULT CCMPARISONS

The piping finite element analysas were performed per the reguirements
of the SE? guiceifnes ana the ASME Class 2 equations specified there. The
results cbtained from the Toadings previously described were used o
calculate the piping stresses. The small-bare piping hand calculaticon was
performed using the methodology found % predeminate in the audits af
smali-ccre piping caleulaticons. Allowable stresses, oer the SEP

.

guicelines, were 2.45h for the equivaient of Class 2 piping and 1.33a far
the equivalent of Class 1 piping. Except for a small leagsh of pipe near
the reacter csolant lcop, the piping analyzed fs the equivalent of (lass 2

piping.

Althougn calculateg stresses were czmpared to allowable stresses, tne
focus of this work was a comparisen of siresses as calculased Sy 234G anc
the Ticensse 2 ensure that the stress calculaticn critaria and methcdelegy
employed By tne licansee ‘s ae: ptable. Scme cifferences in mezhoca! iegy
were found. Qifferent technicues were fritiaily used %0 combine sefsmic
anchor metion (SAM) lcads. This is 3iscussed in zetai] in Seczion 3 of
this report. The licensee's technique was found acseptable and acopzec ‘n
the EC4G analyses to prevent the differences in this methcdology from
masking any cther differencas which may have existed. Other &kfforencus tn
methedology were found. This fncludes differsncas in valve and reducer
meceling tachniques ind anchor pcint s=iffness caleulations. These are
Ciscussed in the f3llowing naragripns.

As {s commen indussry sractice, all meces of vibraticn with nasural
frequencies under 33 Hz were included in the cynamic analyses. The effac:s
of the higner frequency mcdes, the "mnissing mass effecs" were autcmasically
incluced in the resulss by sne NUPIPE-II program. Taples § through 3 shew
the first ten moces of vibraticn for each of the piping mocels. The SI-51
mcce! was calculated =0 have 32 natural “requencies Selow 13 42 with rzd
nangers moceled rigidly and 30 without raod hangers. The SI-04 mcce!
displayed 42 natural frequencies uncer 33 Hz wich rigid red hangers an

¥



43 without rod hangers. The SI-138 mcdel, which has neo red hangers, had
13 natural frequencies under 33 Hz. The SI=31 tubing mocde] exhibited
17 natural frequencies beleow 33 Hz.

Compariscns of stress results are presented in Tables 10 through 13.
The first column of each table identifies the £GG ncde point and th
licensee's cata point at which stresses are compared. The E34G noce point
(the first numcer) can be used %o locate the pofnt under cansiceration in
the plots of the mocels (Figures 1 through 18). The nex: two calumns
fdentify the type of ccmpenent Seing analyzed and 1%ts asscciated stress
fntensificaticn facter (SIF). The remaining ;1: calumns are divided into
two sets, ore for the seismic inertia plus normal cperating lead (SI)
stress, and one for the sefsmic ancher motion lcad (SAM) stress. This
separation aliowed a clear identificaticn of the source of any differences
In stress resuits. There are three columns for each type cf ssress. The
first is for stresses frem the E34G analysis, she secand for tae fcansee's
siresses, and tne tnird for tne percent difference setween the two sats of
results, with the average value usad listed in the percentage calumn
heacer. This type of compariscn was shosen because & ampnasiZad the mos:
significant differences, those in the areas of maximum stress, and because
it allows a compariscn of resulss among the models.

Stress results compariscns were limited %2 goints in the mocels with
SIF greater than 1.0, and at supgors points fn the straight runs of piping,
sinca these represent lccal stress maxima. Oue %2 the large size of ta
SI=31 mccel, stress resylss were zzmpared enly in areas of maximum ssress,
which were found 22 De 1n the same areas of the mece! in =0%h sets of
results. Thesa areas were found in the vicinity of both feedwater pump
nozzles and fn the vicinity of the branch point far the wess side §-in.
line running to containment. Stress result comparisons were presanzad ‘ar
all of the SI-04 medel except for nodes 3 through €0 and these ncces
dssocfated with bouncdary condition piping (nen=safaty related), where he

.
'

cemparison yfelced fcentical srends %2 *nose presentad. All stress resy

-
-

comparisons are presented far the 5I-133 mecel.
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omparisen of stress resulss for the SI-31 analyses shows close

agreement (see Tadble 10). The £38G stresses are based on as-nuils cata and
tanc'rd practice at I34G with the following excepticns. The rad hanger
support at noce 145 (Figure 3) was given full credit for versical suppors.
Although nst in agreement with the as-buils conditicn, this refiecss the
Ticensee's cecision %o upgrade the rod hanger tc a full vertical suppors
(typically done by adaing a bumper near the rod hanger %2 restrain uplifs
of the piping). This medificasicn %o SGAG's SI-31 mece! was dene %o optain
an fdentfcal supgors configuraticn wish the licamsee's mecel. A two
element reducer mccel was usad in the =333 analysis, each element having
the secticn properties of the astached piping. This s in contrast wish
standard EGAG practice, which fs %o use a single alement wish she sectien
properiies of the smaller of the attached pipes, and %9 increasa tne ssress
on the large end of tne reducer %2 reflecs the larger pressure strecss
there. This sractice is known %2 Se cverly conservative, and the refinec
twe 2lement mccel s used at S35 n cases whera the stancard moce!
indicates an overstress.

There were 1lso instances of I32G commeon srsesice gifferent frem 2ne
Ticensee's wnich were not changed. [n EG&G common practice, ancher
stiffness is based on the asscciated pipe secticn properties, while 2he .
Ticensee uses a single fixed value. These are the default procedures found
fn the two computer analysis codes used. EG2G valve element stiffnesses
are 2ased 3n 3 faciored stiffness for the equivalent piping element, while
the lfcensee's are cased sn the asscciasad nipge alement wish a doudled wall
tnickness. Y/alve masses are gistrisutag aifferently, although she canser
of gravity of the valve anc total mass are the same. 2328 Jses a single
mass for Doin the valve 2edy and the cperator; the licensse usas a separase
mass for 2ach. Since the valve mecdels are incluced only %2 simulate %he
effect of the valves on the piping, tnese differences are negligidie.
Canterline offsets for axial supoorss are meceled Sy SG&G but net Sy the
licensae.



Oifferences in common practice between £38G and the licensee had ne
significant effect on the stress results, as indicated in Tasle 10.
tremely close agreement was obtafned, with the maximum differenca
appearing fn the area of tee components. These differences are atiributed
to the accumulatzicn of the differencas in stiffness along each porsicn of
the piping that terminates at the tee.

The results of the SI-04 analyses dicd not compare as faverably as
those for the SI-S1 analyses (see Table 1l). The E323 mcdel was stricsly
as=2uflt. This resulted fn two differsnces between Z34G's and the
licensee's models. The vertical suppor: at noce 265 (Figure ¥) in the EG&G
model was located at the positica corresponding to ncde 280 in the
Ticensee's mecel. The reducer between ncces 335 and 340 of the £GG mecel
was mcceled as 14 tn. leng in the EC&4G mocel, and 7 in. leng in the
licensee's model. In both cases, the E33G mecel was closer $o the as-suile
cenfiguraticn, Sut 2eth variations in she licensee's mccels were within IS
Sulletin 79~14 zolerances. The same cifferencas in cammon practica found
fn the SI-31 mocels were also found. Reducer mocel refinements mace in
ESAG's 3I-31 analysis were not mace in =he SI-04 zna! Tysis.

Since the d1ff¢rence£ fn stress results for the SI-04 analyses were
larger than those for the SI-31 analyses, an attempt was made %o fsolata
the cause. The EGIG SI-04 mocel was medified to duplicate the licensee's
support cenfiguration, valve and reducer mocels, and ancher stiffnesses.
Stress results from analysis of the medifisd moce] were csmparecd wish no
fmprovement seen. The lecation of stress varfasion was different, Byt the
cagree anc numcer of variations wers the same. The models were closely
cempareg anc found %o 2e as near =g fdentical as could bc obtaineg using

different analysis computer cocdes.

The source of diffarencas in stress results was faund in a contrast
Setween the SI and SAM stress comoarisons for the SI-04 analyses. The
agreement fn stresses s much better far the SAM load. This indicates =mas
the discrepancies affect the aynamic analyses more s:rongTy than the ssatic

araiyses. [Cffferences in SAM stress greater than 10% scz r only in




reducers and elbows. This fs not ancmalous for ¢ recucars, wnich are
mcdeled df ffarently, but 1t indicates that ellow element stiffness
formulations ciffer sligntly. The effect of this small variasion is
negligible for the static (SAM) analyses, Sut can be significant in the
dynamic (SI) stress results. Such varfations would have listle effecs on
the calculaticn of the lower frequency meces of vibraticn, wnich are mcre
accurateily cefined than the higher frequency mecdes in dynamic analysis.
This characteristic makes the affecst of minor varfations in elbow stiffness
on stress results cepencent con the frequency contant 3f the resacnse
Spectri usad fn the cynamic analysis. Response ssecsri wish refatively
more excitaticn in the low frequencies, such as the SI-31 spectra, generate
resultant stresses with larger contribution “rem the low fregquency moces.
The effects of the elbow stiffness variatien are atlenuated, and b

tresses compare closaly. The SI-04 spec:ra, having relatively less low
frequency excitasion, generate resuyltans stresses with relazively mecre
contriSution frem the higher frequency moces. The affect of she elbow
siiffnass variation is emphasized, and the stress zsmoariscn is less
faveratle.

The existanca of small variations in elbcw stiffness formulation s
net particularly harmful in sefsmic analysis, Secause tne effecss of the
variaticn are concentrated fn the calculation of the higher frequency
response. Sefsmic events are essentially low frequency events, a resyls of
the fiit that nigh frequency mesicn 45 r2pidly attenuated in sransmission
tArCUgn tne 3raund.  Large saismic siresses are therefore 3ssociited wisa
low freguency resgconse, wnere the varfatian in elcow stiffress is nes
significant. This 2an Se seen in a cimparison Zetween the maximum stressas
calculated in she SI-31 ane 5I-24 inalyses. The average maximum S$I-31
analysis stress, which is in =ne range of the SEP gufcelines allowadle
stress, is 2.8 times Targer znan tne $1-04 average maximum stress.

A comoarison of stresses for the 31-1%23 analysas a2 presantad ‘n
acle 12. Geced agreemen:t s incigized. These ~esults zomolimens she

concliusicns drawn in tne 2iscussicn 2f :he SI=21 anc 5I-04 resylss.



. For an overall comparison, the differences in siress for all entries
of Tables 10 through 13 were averaged for the seismic inertia and SAM
_stresses.. On the average, EG&G seismic inertia stresses were 1.0 ksi
higher, and the SAM stresses differed by less than 0.1 ksi. The difference
fn seismic fnertifa stress can be attributed to differences in spectral
definition. EGAG spectra were limitad to 30 points, while the licensee's
spectra contained 160 points. In performing the reducticn, envelopment
criteria were imposed, which would result in a marginaily higher stress
calculated using the recuced spectira.

A comparison between finite element calculated stresses and allcwable
stresses showed the ECAG analyses and the licensee's analyses to be in
exact agreement fn terms of a conclusion of adequacy. SI-04 and SI-128 are
acceptable with goed margin. SI-S1 had two components with stresses thas
exceeded allowabdle stressas. Soth were reducers located on the discharge
side of the feecwater pumps. This indicates that the licensee's criteria
and methedology produce csmparable results to those of the SEP guicelines.
Supports have been added a2 the SI-31 piping to reduce siresses o
acceptabie levels.

A conpar1son'bctween stresses calculated for the SI-51 tubing model
using finfte element analysis and hand calculations showed the hand
calculatfon to be conservative. The maximum finite element analysis stress
was 14.5 ksi, versus 3 hand calculated maximum stress of 71.8 ksi.
Accerding to the hand calculation, the tubing is severely overlsacead.
According to the finite element analysis (which is mere accurate, and henca
controls the conclusion concerning acequacy of the tuting), the tubing !s
acceptable to the SEP guideline 1imits with large margin.

Based on the detailed comparison of the results of three piping system
finite element analyses, the criteria and methccology used by the licensee
in analyzing piping were found to Se in keeping with the SEP guicelines and
current industry practice and are acceptadle. The ccmparison of the
cenfirmatory finite element analysis for the subfng with the confirmatory
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hand calculation shcwed the hand calculation to 2e conservative and

acceptable.



§. PIPE SUPPORT ANALYSIS RESULT CCMPARISCNS

Pipe support analysas were performed per the reguirements of the SEP
guiceliines and.current industry practice. Hand calculaticns were
predeminately used. Nominal stresses were calculatad based on the loads
supplied by the confirmatory piping analyses and nominal member secticon
properties. Loade on cataleg compenents were compared ta vendor supplied
allowable loads. Cetailed finfte element stress analyses were used in
cases not amenable %o hand calculation. Weight and thermal locads were
considered for normal cperating locads. Thermal loads were incluced cnly if
they increased the resultant stress. Sefsmic inertia and sefsmic anchor
motion lcads were combined by the square root of the sum of the squares
methed, and then acded and subtracted tc the normal cperating loads to
ootain the range of loads used in calculating the seismic stress. In cases
where the support gecmetry or lcading was tco complex for hand analysis,
cetailed finite element stress analyses were performed. The resulting
stressas were Iompared to allewable stresses cdefinec in the SEZP guicelines.

All supports on safety related piping of the SI-51 and SI-04 mecels
were analyzed. Since this led to the analysis of scme 30 suppers:s,
analyses cf the SI-04 suppores were nct performed. The analyses are
containecd in Appendix 0. The supports for the SI-51 and SI-158 piping were
then ranked according to decreasing stress ratie. The stress ratic for a
support is defined %o bDe the maximum ratio of calculated %o allowable
stress for all comporents of the -uspers. Hence the suspors wisth the
hignest stress ratio is the most highly lcaded relative %2 i%s alleowabie
load. The licensee was requested =2 similarly rank the suggorss af Soth
systems and tc identify the sugports with the largest stress ratic. For
each piping system, the five supperts with the largest stress ritio
according <0 the 284G anaiyses and the five according to the Iicensee's
anaiyses were merged ‘ntc a list. The lists were reviewed and found =2
centain a representative sampie cf the wypes of components faund in pice
supperss. The calculations supporting the stress ratios appearing on o2
Tists were tnen subjectad %5 3 cetailed compariscn. The surscse af s=e
c3mpariscn was 3 Jetermine if tne criteria *~2 metnccology apolied sy =n

liceansee w~ere accagzadie.



Results of the comparison between suppert C3
for the SI-31 pipigg supparts in Tatble 13, ang for <he SI-138 supporss in
Table 14. Several cifferences in stress ratio were found, as indicated and
discussed in the tables. No application of unacceptable criteria or
methodclogy was found. Supports identified as overlcaded by the £G&G
analysis had either been forwarded %o the support cesign group for
modification, or shcwn t2 be acceptable by analysis of an improved supsers
configuration. As noted in Secticr 4 of this repors, supports were icced
to the SI-51 piping to reduca loads on the feedwater zump nozzles. Laacds
used fn the licensee's sugpers analyses we2 taken from the analysis of the
piping with the improved sugpert configuration. In some cases, the
presence of acdded suoports reduced lcads on neardy supporss, SO that scme
of the supperts identified as unacceptable in the EGAG analysis wer2 shown
acceptable uncer the reducec lcading in the licensee's analysis.

Sased on cetailed comparison of the resulss of 14 suppersing analyses,
the criteria and metznecdolsgy used Sy the licensae in analyzing pipe
Supports were shown to De in keeping with the SEP guidelines and currens
industry practica ang are aczepsaole.



6. CONCLUSICN

~ Four confirmatory finite element analyses and one confirmatcry hand
calculation were performed for piping systems. Pipe supperts of two of the
systems were subjected to confirmatory analysis. Results of the
confirmatory analyses were compared to corresponding results of the
licensee's analyses. The confirmatory hand calculation results were
compared to the results of a confirmatory finite element analysis. B2ased
on the comparisons, the licensee's criteria and methodclegies for analyzing
piping and pipe suppor:ss were found in keeping with the SEP guideiines and
current industry practice and are acceptable.
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A E 1.

L e nusdicr

00 (inches)

Ihbckmes: (inches)

Welghtd (Iu/tt)
Mater lal
et (K2 pst)
Sy ()

Des lgn Leaperature (*F)

Oper ot lng temperstwe (*F)

Design pressure (psi)

Operating presswre (psl)

o, Includes welght of pipe, contents, ond Insulatfon,

PIFE DATA AND MATERIAL SPLCIEICATIONS--S1S PROBLEM SI-5)

007 &- 1300
600U8-6- 15011
6.62%

0.43%2

1966

AJIZ, TP-3ie
28.3

18100

120

120

900

900

H9-12-ta
320-12-£6
12.7%
0.08)
10,12
Alo-8

209

15000
340
30
130
150

G- 14- 1501k
1.0

0.58

199.21

ASIZ, IP-106
26.4

V00

120

120
Y00
Y00

319-10-t6
320-10-€6
10.7%
0.593
101.97

Alob-8
21.9
15000

o
1150
1350




TABLE 2. PIPE DATA AND MATERIAL SPECIFICATIONS--SIS PROBLEM SI-04

Line number 6002-16-151R  318-14-GG 338-8-GG
00 (inches) 16.0 14.0 8.625
Thickness (inches) 0.37% 0.375 0.322
weight® (1b/ft) 141.68 122.38 $0.2¢
Material A312, TP=304  AS3-3 AS3-8.
Eoq1q (10° psi) 28.3 27.3 27.9,
Sy (pst) 18600 15000 13000
Design temperature (°F) 120 340 95
Operating temperature (°F) 120 340 35
Oesign pressure (psi) 140 360 360
Ocerating pressure (psi) 140 360 360

a. Includes weight of pipe, z2ntents, and insulatien.
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TABLE 3. PIPE CATA AND MATERIAL SPECIFICATIONS==-318 2RC2L:EM S$I-123
Line numcer 6007-6~-1301R 6007-6-2501R
C0 (inches) 6.625 6.625
Thickness (inches) 0.432 0.718
weight? (1b/f2) 39.86 60.46

Material

§

s 1
Seala (107 2s1)

Sy, (pst)

Cesign temperature (°F)

Cperating temperasture (°F)

Jesign pressurs (asi)

Ccerating sressure (ps?)

a.

SA312, TP=3l¢
28.3

18800

Incluces weigns of zipe, contants, and insulatica.

SA312, TP=316

28.3




. TABLE 4.

PIPE CATA AND MATZRIAL SPECIFICATIONS--SIS PROBLEM SI-51 TUBING

ve 'V

Q0 (inches)
Thickness (inches)

weight? (1b/f%)
Material

Ecald (105 psi)

Sy (pst)

Desfgn temperature (°F)
Operating temperature (°F)
Oesign pressure (psi)

Cperating pressure (psi)

a. Inclucdes weight of pipe, contents, anc insulation.

0.378
0.049

0.2
316 SST

28.3

18800
120
120
900
¢00




TABLE 5. PIPING SYSTEM VALVE 0ESCRIPTIONS
Weight Face-to-Faca
(15,) Dimensicn
Medel Valve f (in.)
§1-31 HVESIA & 8 2960/2338% 38
HVB8S2A & 8 2160/2338 33
12-600~-222 1463/~ 33
SI-04 862-12-C42 78Q/~- 27.5
HY=-3852A 253Q/127% 33
HV=-354A 2210/1108 30
14-300~438 1473/737 32.5
"861A-16-G42 1083/827 16
SI-188 MOV-85(3C 801/393 21
867C-5-C33 285/+- 17
SI-81 Tubing 370E=3/4%-T3 5/= -
SIS=-FT=812 iso valve 3/Q 2

a. The first numcer is the weight 3f the valve Socy and the secend is the
weight of che valve stem,

18



TABLE 6. SUMMARY OF FIRST TEN NATURAL FREQUENCIES AND PERI00S OF
- VISRATION=-SIS MCOEL $I-51
f T f T
Mode (Hz) (second) (Hz) (second)
1 4,739 0.211 4,455 0.225
2 §.518 0.181 §.147 0.19¢
3 5.794 0.173 5.794 0.173
4 7.731 0.129 6.111 0.164
3 8.298 0.121 7.645 0.131
- 8.355 0,120 8.271 0.121
7 9.127 0.110 8.380 0.119
8 3.808 0.102 8.205 0.114
E 10.697 0.094 9.463 0.106
10 11.037 8.081 10.464 0.096

43
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TABLE 7. SUMMARY QF FIRST TEN NATURAL FREQUENCISS AND PERICCS OF
VISRATION=--SIS MCCEL SI-04
W _Rods W/Q Reds
f T f T
Mece (Hz2) (secand) (Hz) (second)
1 1.02¢ 0.877 1.024 0.976
< 3.277 0.308 3.219 0.311
3 4,548 0.220 3.63¢ 0.278
4 §.384 0.186 4,843 0.229
s 7.209 0.139 §.364 0.187
§ 7.433 0.135 7.209 0.138
7 7.388 0;132 7.437 0.134
8 8.638 0.116 7.83¢ ¢.132
3 8.968 0.112 3.638 0.116
10 9.802 0.104 8.372 0.122

on

o




TABLE 8. SUMMARY OF FIRST TEN NATURAL FREQUENCIES AND PERIOOS OF
VISRATICON--SIS MCOEL SI-138

Moce _Lé;)_ gse:ondz
1 6.288 0.1%9
2 11.141 0.0s0
3 13.236 0.076
- 14.010 0.071
s 15.829 0.084
6 16.157 0.062
7 1§.456 0.084
8 15.290 0.082
9 20.911 0.048
10 23.71§ 0.042

w
=1

S\ TRey

ot e

.



TABLE 3. SUMARYGREEIRST TEN NATURAL FRECUENCIES AND PERICOS OF
VISRATIC

-S1S MCCEL SI-31 TUBING

o
o



TABLE 10, COMPARISON OF SIMESS RESILTS FOR SI-S)

Inertiel Stress: fquation 9 2{SAM) Stress: Equstion 10
X Difference % Ditference
Stress (ksi) Based on Stress (ksi) Based on
Node /1P SIF Max. Slress Max. Stress
ELLG/L tcensee Component tGlu/Licensee  EGEGE  lwpell  (02.5 ksi) EGEG  Licemsee  (1).2 ksi)
s Reducer-Ir 3.000 83.9 (1] . 9.1 9.3 ]
15/ Reducer -sm 3.000 36. H. 3 5.2 5.4 |
2025 Stralght pipe 1.000 12.9 12.2 ] 1.5 I.6 I
22730 Straight pipe 1.000 12.8 12.0 ] 1.5 1.6 |
/e Tee-run 1.422/0.4 13.9 12.9 2 2.0 2.3 2
S0/4% Tee-branch 1.42171,.428 5.4 10.6 ] j.o 3.1 ]
~North run 1.42171.426 M4 13.2 2 18 kN |
~Soulh run 1. 42771428 12.5 12.6 0 3.2 3.2 0
55/5%0 Reducer-Irg 2.000 5.9 1.2 5 $.0 4.8 |
60/55 Reducer -sml 2 .00 15.1 1.1 $ 4.5 4.2 2
830/ 300 Straight pipe 1.000 1.3 9.2 3 I.8 1.7 L}
Buse2 Straignt pipe 1,500 0.5 9.5 2 2.6 2.6 0
ol braanch
95/ oo £ lbow |.000 8.2 1.2 2 2.0 1.9 ]
105/ 16e £ lbow 1.000 8.8 8.0 ) 1.9 1.8 L}
110/ 760 £ lbow 1.000 8.3 8.6 0 2.3 2. |
145/ 1054 € bow 1.000 8.8 8.8 0 9.3 4.4 !
180/ 115 Straight plpe |.000 1. 1.0 0 10.1 9.4 )
84471305 Stratght pipe  1.000 12 9.8 - 1.7 1.7 0
near valve
450/ 110a £ lbow 1.848 16.3 2.2 7 4.9 4.6 : 3
815/ Kha Elbow |.848 .2 10.6 6 5.2 44 5
BuS/3wa £ Wbow 2.y 12.2 1.0 4 3.0 3.6 ]
S00/910e £ lbow 1.448 10.4 0.2 0 I.8 1.6 ]
915/908a € lbow I.848 8.0 7.4 ] 0.3 0.1 |
20/ 158 B anch, 2.0 n.2 1.0 4 6.5 1.8 ]
Weatl run
100/849 £ loow 1.64) 8.8 8.} 1] W.e 16.5 [
425/200 Heducer-sml 2.000 6.4 29.2 4 5.0 5.2 [}
430/ 205 Reducer-lryg 2.000 270 20.9 3 5.2 5.4 3
4157 150 Tec-tranch 1.427/71.426 9.9 2.5 4 5.2 3.9 "
~North run 1.42771.426 21.6 22.8 2 3.8 4.5 4
~South run 142070 .42 5.0 0.4 8 5.3 1.4 12
4507395 Straight pipe  1.000 18.7 1.0 3 2.4 3.0 3
oblf 355 fee-branch 1.42171.42% 26.8 23.8 s 2.9 4.8 1
~Suulh run 1.42771 420 6.9 2%.0 S 2.9 4.5 9
eJ5/30 £t lbow I.uan 5.5 15.6 0 1.0 3.8 3
buu/ 3 £ loow .64 2.3 212 3l 4.4 4.2 L}
it/ 380 Reducer-cal 3000 Moo 3.8 . I 6.8 2
LS/ 382 Reducer - Irg 3.000 50.4 S48 } 125 1.6 6

- w"\'\ .



FABLE 11, COMPARISUN OF SINESS NESIRTS FOR S1-04

— ——— e g

Inertial Stress: Equation 9 2(5AM) Stress:  Equation O

= P 3 Difference 1 Difference
ress (hsl) Hased on Stress (ksi) Based on
Moy /U SiF . Max. Stress Max. Stress
Lhdia/t teensee Lomponent PLBGL/L lcenses E6MA L fbcemses  (20.45 ki) EGEG  picensee (1105 ksi)
s/ lu Straight plpe 1000 ““ 5.0 3 0.5 0.4 {
T/ 80 Stralght plp. 1.600 5.4 L 3 0. 0.6 )
15190 Stratght pipe 1.000 4.5 i.e 1 0.6 0.6 0
857 W00 Stralght pipe 1.000 1.4 1.5 n 1.6 1.5 ]
o/t e Stratght pipe 1000 10.4 0.5 (1} 0.8 0.8 0
1167120 Stratght plpe | .00 8.0 1.9 0 0.} 0.7 0
10/130 Stratght pipe 1600 12.3 12.5 I 0.6 0.6 0
130/ 140 Stratght pipe R 8.2 3.3 ) 1.4 4 0
1157185 t low 31.221713.225 1.6 1.6 1" 4.4 49 |
a0y 148 £ 1o y.22113 "2 1.0 13 5.0 5.0 0
57150 Stratght pipe 1.000) 1.2 8.0 b I.e 1.6 0
1507153 Stralght pipe | oo0 . 8.8 ).2 ] 1.9 2.0 |
1557 154 t low 3.22013.22% 19.1 15.) 5 5.8 5.5 )
foti/ 155 £ lbow 3.22173.22% 154 12.4 L §] 1.1 4.2 )
[ FEVETEY Stralgnt pipe 1.000 235 6.2 n 5.5 54 i
(A VY Stratght pipe |00 .7 1] 2 6.1 (.0 [}
2oty 190 Straight pipe R 10.5 9.2 5 1.9 1.9 0
ULV Stratgnt pipe 1000 1.4 .4 4 1.9 2.1 2
Zis/2w Stratght pipe T e./ X P 1.9 Ja I
2207815 f lbow y.22073.228% (1) 2.0 B 1.2 10.9 3
225215 t Ibow 1.22173.22% 1.9 e 1 8.2 3.7 HY
230220 £ lbow 1.22013.22% 15.0 1.4 ) 8.6 8.3 3
2354220 t o 1.22173.22% .2 2.0 9 9.1 9.2 |
250225 £l .22013.02% (L) 1.8 ) 2.% 8.0 S
2554225 t loow 3.22013.225 n.a ".2 ¢ 6.9 2.9 ]
2657230 [ 3.22073.22% 0.1 54 20 8.2 1.2 9
FUre ] £ tbow 3.22010.22% 9.8 $.9 o 5.6 6.4 1
2ush/2 ¥y t Lo 4.2294.20 1.5 8.1 23 2.3 6.1 1
Fe PSS tlbuw Q82w 6.8 8.2 32 6.1 b.b k]
Jonjean Tee brench 2.519/72.508 i1.4 9.4 \ 4.6 5.0 R
~Nor bk run 2.5 8.9 1% 4.6 5.0 4
/el Modueer-lry 2 .000 s 1.0 19 3.9 3.1 )
Ho/241 Redacer -ml 2000 0.2 1.2 1 3.3 Jo 3
3288 £ lbow ERCAVEN 1} 16.9 .o 24 6.2 6.1 1
0258 £ lhow Jousi/).84) 9.0 1. 25 6.3 5.8 5
b/ 260 lec branch 2.30072.3% 1.5 9.9 15 1.8 1.9 |}
“Last vun ".2 .t n 3.6 4.0 q
“North roa "2 12.5 ] 1.9 2.0 ]
TR Reducer - b PR 9.2 4.2 Z1 5.0 6.9 1
sz Reduoer - um 2000 20.% 1. N $.0 3.8 1
s/ 2us Libuw J.usis3 000 0.9 . lo 3. 2.6 s
s ens £ Moo 1.85173.4) u.2 4.5 24 3.2 1.6 "4
ER VRS b lbow Jusiyeel 0.2 s 24 3.2 1.6 14
19510 b lbow busizi sl 4. .S tu .9 I.4 [}




At 12, COMPARISOUN OF SIRESS RESLTS FOR S1-156

Inertial Stress: fquetion 9 2(SAM) Stress: Equation 10
S Difference % Difference
Stress (ksi) Based on Stress [ksi) Based on
Node /P SIF Max. Stress Max. Stress
LGRL/L Hcensee Component !Glgltjga L6k L icensee {131 lgl] teLs L icensee (6.5 ksi)
S/ 100 Straight pipe 1.000 5.5 5.0 4 2.2 3. 13
20/ 0w Stralght pipe 1000 4 3o o 0.2 0.2 0
5/ W Straeight pipe 1009 R M | 4.3 b 0.8 1.0 3
40/ 100 Stratght pipe 1.000 e g 4.9 4.1 [ 10 1.0 1
5/C 10w tlbow 1.643 K 1.8 5 08 0.6 3
S0/C 108 Elbow 1.643 4.2 3.6 s 0.0 0.6 0
S9/C90 £ lbow 1.643 4. 3.3 3 1.0 (Y ]
Bu/CIA £ lbow 1.643 4.3 34 ) 1.2 F ] 15
Joscus [ 1.64) - 4.2 3a [ 1.6 1.2 [
15/08A € 1bow 1.64) 42 3.5 1.2 0.9 o
sosC’e tlbow 1.043 \ 4.2 Y $ 0.8 1.0 3
BS/CIA £ lbow 1.64) 4.2 3.8 ) 0.8 V.6 12
95/Cel £ lbow 1.64] 4.3 4.0 ¥ . 1.2 1) ]
lou/CoA £ lvow 1.643 4.2 39 2 V.2 1. ]
Wis/ 1206 Straight pipe 1.000 ' 1.6 4 0.8 0.6 3
11571290 Stralght plpe 1.000 4.0 3.7 2 0.6 0.8 3
2o/ 1320 Stratght | .000 4.2 4 2 V.2 1.2 0
1257058 (ho-’ oo 1.600 4. 4.4 | 1.2 1.2 0
130/705A tibow 10 4.5 4.4 1 1.4 . ]
1357130 Straight plpe 1.000 4.6 4.4 2 2.0 L% ] 4
14071350 Run @ branch 1.500/2, 1000 5.2 6.2 8 14 4.2 12
l45/048 [ ) 1.643 5.6 $.7 ] 4.0 3.6 6
150/ £ lbow 1.64} $.9 6.4 « 4.5 4.2 6
155/ 140 Stralght pipe 1.0 5.5 6.2 s 1.0 2.6 6
160/ 1440 Stralght pipe 1.000 $.5 5.9 3 3.0 2.6 6 '
05/ M0 Stratght plpe 1.000 4.9 5.3 3 1.8 1.9 |
195/C38 £ bow 1.4} 6.2 J.u 12 8.l 6.8 19 '
200/C38 £ lbow 1.641 $.! e.1 18 1.0 6.5 ]
205/v2C Stralght pilpe 1.000 5.2 1.5 1) 38 3.0 ]
230/ 1o & lbow 1.099 9.2 0.6 3] ] 2.1 113
2357004 £ lbow 1.09% 3.6 10.9 10 4.0 2.8 18
2357 s £ loow 1099 9.6 .3 (3 4.0 2.9 is
240/ Hive t lbow 1.099 0.0 1.5 19 4. 3.2 21
P U Stretght plpe I 000 1. 13.5 [y 4.0 2.8 1}

¢. Ihe EGEG enalyst sssumcd o full penciration weld in ploce below the filict weld per common nuclear grade weld
proctice. The licensee's enalyst conservelively osssumed that only the visinle weld could be credited. This led to

the diffcrence tn SIF.

p 2% ;i}‘r;’ié I‘.‘ v



TABLE 13. CCMPARISCN OF STRESS RATIO RESULTS FOR SI-31 SUPSCRTS

Stress Ratio

Suopert ID Tyoe Node/CP  Compcnant 234G Licensee Notes

S1-08-0320-H013 saycber 22/30 anchor 1.6 .- 1
belt

SI-05-6005-~Q06 trut 260/157 <lamp 0.3 0.9 2

SI-02-8005~-=008 sauccer 375/22% saubter 1.8 1.8 3

SI-06-6005-+C04 saybber 280/230 clamp 1.8 1.0 B

$I-06-0319-5007 sautter 485/837 ancher 2.0 0.9 5
bole {

§I-08-0320-4017 spring 883/310  spring g.86 0.87

hanger o hanger
§1-08-Q320-4011 snutter 261-315  anche: J.84 0.%6 §

bole

1. The supper=s acced %o $I-21 mace :he snuCCer ynnecassary and 't was
ramoved.

2. Based on the shape and dimensicns recarced in the field, the EGLG
analyst cencluded the clamp was pars of the snubber assembiy originally
fnstalled. The licensee's analys: mace note of the discrepancy, bdut used
the Toad rating for the clamp associated with she strut assembly thas
replaced the sautter. This was zonservative.

3. The subper: had seen surted sver %5 she Ticensae's cesign grsus ‘2r
necification %3 increase lcac capacisy.

4. The 534G ana'yst used ire suslisnes cataiog Teac rating. The licensae's
inalyst cantactad the manufacturer and aciained an fncreasac lcad rasing for
the clamp.

§. Suoperts acced %3 :he 2'2ing in tne vicinfty of wnis suppers recuces he
leags an ft %0 accepsaole levels.

§. Succerts acced %2 the ziaing in the vicinity af shis suppers increasac
125 loads.




-
Ao e,
Lcmpenent

clamp
baseplate
caseplate

Sasepiate

-
i

ho
bolts

spring 1300 spring
hanger hanger

spring 1 spring
hanger nanger

The EG&S analyst did a finite elemen nalysis,
imple Seam caleculation. Both are aczeptable.
The E64G analyst did a simple Sean calculation, the licansee's
infte element analysis. Both are acceptadble.

analysis %o account for different ‘cads. In the previcus analysis suppors
loads had been fncreased %o ac=suit for the possibility of suppors dynamic
response. Current criteria ensure suppors rigid response, so that susoors
loads need not e increased.

3. The licensee's analysis was based on factaring the results of a previous

et T R e e e W P gt G = A
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APPENDIX A

QMPUTER PROGRAM QESQRIPTICN

The NUPIPE-Il computer program performs linear elastic analysis of
three-dimensiconal piping systams suoject %o thermal, deacweignt, seisaic,
and other static ird dmamic loads. The NUP[PE-II program is also designed
t3 perform stress and fatigue analyses in acsordance with the ASME 3ailer
and Pressure Vessael Code, Section [[I, Nuclear Power Plant Comoonents, 1974
Edition Tirqugn the Sumer 1975 Adcenda; ang e ANSI 331.1 Coce, 1967 ane
Summer 1973 versions. NUPIPE-[! may alse De utilized 3 assure compliance
with later piping csde requirements proviced the analyst takes inte
consideration iny possible changes. Piping systams of mere than cne
classification can e analyzed.

NWPIPE-(] ytilfzas tne finita element metnod of analysis with sgecial
features incarperatad %o icsammocata specifis requirements of siping systam
analysis. [n aczardance with the finita element mewicd, tne santinuous
piping 1s matnematically fdealizea as an assemoly of elastic structural
memters cinnnecting discreta nocal joints. Ncdal points are alaces fn suen
A qyner as 13 isglata particular types of piping elements, such as
STraignt runs of pige, eldews, valves, etc., for wnich force-deformation
aracteristics can Be catagorized. MNodal points are also places at all
discantinuities, such as piping supperts, concentrated weignts, Sranen
Tines, and changes in cross-section. Systam loads suen as weignts,
equivalent nermal forces, and eartnquake inertia forcas are 0ol feq 4t the
10cal z0ints. For the deacweignt ina cymamic time-n1sIiry and ~esscnsa
SoeCT Y anaiyses, 3fstidutad weignt ;raperties 3F tne 212ing as «e!! as
cancantratad ~eignts, such as valves, pumps, or snucocers, can e
cansidered. A lumped mass mecel of tne 21ping syssam is ysag far all
dynamic inaiyses. 3ot translaticnal ang rotational cegrees-of -frsedom nay
De censicereq.,

For furtner informacion cancerning NUPIPE.[] cagaoilities or
wnalytical srececures, z2ntact “colied “ecnanics Iranen of 2346 lsane, lnc.

A=2
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" APPENDIX 3

MICROFICHE OF CCMPUTER CUTAUT .



NOTE: MICROFICHE OF CCMPUTER QUTPUT

(PAGES B-2 TO 5) ARE AVAILABLE
IN THE PUBLIC DOCUMENT ROOM and
LOCAL PUBLIC DOCUMENT ROOM
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 APPENDIX G

SMALL=SCRE PIPING WAND CALCULATION
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Distribution Copies:
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Local PDR

PAD#1 r/f

PAD#1 p/f

TNovak, Actg Div Dir

GLear

RDudley

EMcKenna

PShuttleworth

NThompson, DHFT

OELD

LHarmon

EJordan

BGrimes

JPartlow

EButcher, TSCB

TBarnhart (4)

WJones

FOB, DPLA

Tech Branch that had input in package

ACRS (10)

OPA

LFMB (w/cy of TAC w/Amd No. & date issued)



