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1.0 Introduction

1.1 PURPOSE AND BACKGROUND

This report provides technical evaluations of the Licensee's analysis of
safety-related structures (including mcdeling techniques, methods of analysis,
and results) with respect to the compliance with the Systematic Evaluation
Program criteria, applicable industrial codes, and the applicable Nuclear
Regulatory Commission (NRC) criteria. In the event that upgrading was
necessary, the upgraded plan's methods and procedures were reviewed for
acceptability.

The NRC determined that the mocdified Housner grounc response spectrz (a 10%
increase in the 0.07 %o 0.25 second period range for the horizontal component
of acceleration and a 10% increase in 0.05 to 0.15 second period range for the
vertical component) anchored at 0.67g was the appropriate ground mction for

" : : . -~ S -~ s ..‘ ”" .. L ¢
the seismic reevaluation ¢f the San Cnofre Nuclear Generating Staticn Unit

e 3 & - A LA™ ‘ - 5 =

SSNGS « his Spectruxr is referred tc as :ne .87 mesilied=Housner
ssecLrum,

ol T e » s o or\ TQR/! 1 ‘e wr
SONCS ' was shut down from ly 1982 to late 1984, Many structures, systems,
- . e - ‘ 4 . i

ancé components were ,:5?5-9: ¢uring this time oy a2 program kncown as the

Return-To-Service (RTS) prograz. The plant was then allicwed to resurme
operation, provided that the remainder of the seismic reevaluation program and
the resulting plant modifications were completed prior to startup from tne
current refueling cutage.

Im a zeeting w.th the NRC staff cn Fedruary 12, 1588 (Ref. 1.1]), and through 3
letter cated March 12, 1985 (Ref. '.2), the Licenrses prcopcosec thair criteris
and analysis mezhogoliogy for the Long~Term-Service (LTS) upgrading. Further
neetings and subtnittals clarified and, ir some cases, mocdifiegd trhe Licensee's
SPERTSELS.,
Secticn 2 of this repcrt presents an evaluation of the refueling water stsrags
tark, ang Secticn 3 gives an evaluation of the turtine~buiiding filccr-
regnonse~gnecirun generstlisn. Section - 2valuiates grace teans, s_sctirilal
dust harus. arnd the Surbins suilding south extensisn., Se2ii2n & evaluates the
vent stack, Secticrn 6 evaluates the Steel-mamber design o3 sulations, Section
7 sresents our conciusicns.
1.2 EvALUATION CRITERIA
ONGS ' is one of the NRT designate? Systenstic Evaluszicr Program 850
slante, which were nct designed to current codes anc s:a::a"cs. ard %S currenc
N”C licensing requ.rémencs. Therefore, the NRC has develgped a set of

riteria anc guidelines for use in reviewing these plants. The foil
documents were used during the review of the SONGS 1 structure desi{gn:

A
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a. NUREG/CR-00¢8, "Development of Criteria for Seismic Review of Selected
Nuclear Power Plants,” by N. M, Newmark and W. J. Hall, May, 1978.

b. "SEP Guidelines for Soil-Structure Interaction Review," by SEP Senior
Seismic Review Team, December 8, 1980.

¢. Letter from W. Paulson, NRC, to R. Dietch, the Southern California
Edison Company (SCE), "Systematic Evaluation Program Position Re:
Consideration of Inelastic Response Using NRC NUREG/CR-0098 Ductility
Factor Approach," June 23, 1982.

d. Letter from W. Paulson, NRC, to R, Dietch, SCE, "SEP Topic III-6,
Seismic Design Consideraticons, Staff Guidelines for Seismic Evaluation
Criteria for the SEP Group II Plants-Revision I," Septembder 20, 1982,

For cases not specifically covered by these criteria, the following Standard
Review Plan (SRP) sections and Regulatory Guides were used:

Lo amad - ¢ me b B Camnela -
a. Standard Review 2lan, Sections 2.
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B. Regulatory Cuiges 1,26, 1.29, 1.60, 1.92, 1.'3C, ang 1,122,

- -y

3
-
-
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he Licensee's proposed methodology and criteria deviated from these review
riteria and guidelines, we reviewed and evaluated the justification presented
by the Licensee, based on our experience and best engineering judgment, we
understand that plant-specific deviations may be found acceptable on a case-
vy-case basis, as long as they reasonably meet the intent of the SEP review
guicelines,

0 vt

crancum from E, McKenna to T, I. Crimes, cated Fetruary 12,

“ ManmaAah
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1.2 Letter from Mark Medford, SCE, to J. A. Zwoliinski, NRC, date
R
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2.0 Evaluation of the Refueling Water Storage Tank

.-

2.1 Introduction

The results of the Licensee's Long-Terz-Service (LTS) reevaluation of the
refueling water storage tank (RWST) are presented in Ref., 2.!'. The results of
the Licensee's calculations/analyses were reviewed and auditecd during the
following review meetings: Deceader 10-12, 1985; January 7-9 and 29, and
Fedruary 6 and 18-19, 1986, To assist the assessment of the Licensee's
methodology and seismic responses (including the soil-structure interaction
(SSI) analysis of the tank) we performed an incependent confirmatory analysis
of the tank for the horizontal excitation. The RWST reevaluation was requirec
for the Safety Evaluation Report (SER) issued for the San Cnefre Nuclear
Generating Station Unit I (SONGS-I) Long-Term Service (LTS) (Ref. 2.2, as
Review Item 3.7). The findings and conclusions of our evaluation are
summarized below,

c.< &isScussian

Cur review of the Licensee's LTS reevaluation of the RWST was perfcrmed
in three major areas;

13 P § ) 3 1 s -~ v
a. A modeling of the tank, including the sloshing effect and scil
»
foundation
e A SolL~structure interaction (SSI) analysis, ant
. - - - -~ - - ® - -
= A Peavaiustion ¢f the ftank ang Jouncsation.

- -

.nese areas are discussed separately in the following three su

2.2.1 Mcdeling of the Tank - For the herizontal analysis, the tank structure
regresented Dy 3 tnree-mass sStick zodel, and the contained water Dy two
azgditional lumped zasses. These tweC masses included 3 sigsning mass M, and 3
TL.gi3 mass M. Wney were Jetermised Uy using Zousaer's simpoifiled :neEry

nef. 2,3)., Wwe found the tanx anc fluid aodes for the norizsntal. ana.ysis s
e dasenrtadle.

For the vertics. analysis, the tanx she.. anc water Were rejsresantes Dy

one rigid mass. Wwe found this verticsl model of the tank and water 3.sc to e
acceptadle,

c.c.2 Modeling of the Soii Foundaticn = Ths Iopel.l versisn 5L the CLASSI 2sde
used for the horizontal SSI analys = ° the RWST. We found the appiication ¢of
the CLASSI methcdology %o the hor. SSI analysis of the RWST to bde
acceptable, This finding was docume in Ref. 2.2. 1in the Licensee's

horizontal SSI analysis, the foundation soil, including the backfill, was
assumed to be one uniform material, The shear modulus of 1390 kilopounds per

o
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square foot (ksf) for the soil was consistent with that used in the SSI
analysis of the reactor building reevaluation, which was acceptable

(Ref. 2.4). The soil material damping is taken to be 8%, which (s acceptabdle
to the NRC per the SONGS-I LTS SER, Item 3.10.2.2 (Ref. 2.2). We therefore
found that the scil properties used in the horizontal SSI analysis of the RWST
were acceptable.

For the Licensee's vertical SSI analysis, the scil impecance is
representec by a constant vertical soil spring (determined in accord with Ref.
2.5). A 10% ccmposite modal damping was assumed, although the actual computed
value (per Ref. 2.1) exceeded 10%. The vertical SSI model is tnerefore a
single degree-of-freedom sys.em having a 10% damping and appropr ate soil
stiffness. .n the vertical SSI analysis, acdditional conservatis: was

introduced bty taking the =pec"a. peak acceleration from the grounc response
spectira as :he vertical *esporse of the tank, Therefore, we fcund the resu.ts
f the ver.ical SSI analysis to be acceptabdle.

-

2.2.7 Analysis Mesnsé for, anc Results of, the Soil-Structure .nteract.cn Ana_ys.z
The five-zass (including twe water masses) stick t:::-, with CLASSL=osmputad
oil impedarce, was usecd for the °NST horizontal SSI analysis. This analysis
was performec by using Impell's version of the C.Aas‘ code, The vertical
seismic response was calculated Sy uSing a cne-mass mocel with soil stiffness
and a 10% system dazping. This analysis was performed oy hand calculation.
The free-fiels modified Housner response spectrum for the 0.67g seismic event

was used as input for the horizontal SSI analysis; 0.u5g was used for th

yertical analysis.

Tre responses of the tank were Iin-siructure response specira, the Taximym lase
maments and snears, stressas, and cverturning moments; 21l resulting frez
norizontal exsitaticn. The in-structure peak acceleraticns were C.22g, C.:2:zz,
and 1.2'g at the Sase, rigid flui< sass locsticn, ang »o2f of the tank,
respectively. The remaining results are discussed in secticns 2,3.)
2.7 Tank angd Foundaticn Evaluaticns - The tank and founcation were reeva.uatec
wy the Lilensee, tass: on the selsmic loads generates Irox tne horizcntal anz
vertical anzlvses, The audit was performed for the follsowing areas: lan«
sne..L, anchorage, Sci. pressute, corcrete mat (Sue To 3 postulatecd .37
eeismically incuce: settiement of the dackfill, and the selsmic lcads),
Aozzles anz he.lows, slising and overturning stasility, and tank rogf. They
are discusses separately in tne following list.,
. She.. Buckiing was evaluates by comparing hE mExiTum oomlresaive
stress in tnhe tanx shei. with that allowable Jor Ducxiing, acorcing
to the rules of ASVE Zode Case N=-284, The maximum stress accounted

for included the cead weight, seismic inertial loads, hydrost a.zb
pressure, and hydrodynamic pressure, The resulting safety facto

against buckling was greater than the 1,34 recommenced by the ~o‘ for
Level D events, we found the buckling evaluation acceptalle.



-

The maximum principal stress in the tank shell was evaluated against
the Level-D-event allowable of the ASME BePV Code, Section III,
Division I, Sudbarticle NC-3800. The maximum principal stress was
determined dy combining the maximum tensile hoop stress (due to the
hydrostatic pressure, hydrodynamic pressure, and vertical seisalc
load); the maximum tensile longitucinal stress (due to overturning
moment {rom the horizontal seismic analysis); and the maximum shear
stress derived from the horizontal seismic analysis. The evaluation
eriteria and analysis procedures appear adegquate. The stress results
are within the allowables,

The concrete mat foundation was evaluated against the seismic loads.

In addition, a postulated 1.5-inch seismically incuced settlement of
the backfill soil was assumed beneath the northern anc western portion
of the tank base. The evaluation was done using vertical scil springs
to represent the scil, The effects of soil settlement on the basemat
were evaluated Dy using an equivalent beam model for the tassmat, For
the sett.ement evaiuation, the mat was modelec as ceilng sugpertec Uy
an elastic ? u::a:i:n. A unifcre load, equal to the ceasd weignt of
the tank and fluicd, was applied to the dasemat, The stiffness of tne
equivalent soil s,r-n,s under one-half cf the tank was reduced until
the maximum disp ac-aent in the model was e‘;a‘ to the predicted
displacezent of 1.5-inches. A static analysis was then perforzed.

Another analysis was then performed, which considered the mat as
seing supported by a uniform elastic foundation, angd ic>ded Dy the
seismic loads and dead weight., The stresses (n the ccncrete Dasemat
from the two aralyses were then comtinel by the a-aohﬂa*‘ sum 3etnS

..... - ..

an2 eva.usted against the ACI-348 Ccde., The evaluation "es--t- F e
adeguate, :In adceition, the maximuz soil pressure, as generate: frox

-

the seoons analvsis, was well within :he llowadie,

The anchor bolts were evaluated for tensile and shearing fall_.es
against tne rules of the ASME Coce, Appendix F, for Level T evanis.,
The anchor bolts were alsc evaluated against pullout fallure from the

goncrese, we found the anshor So.% evaiuation to be accsertat.e.

Local stressas in the shell at the ncczle ~ocstions were evaluater
against the all :ua:.es ‘rom the ASME 24PV Code, Secrion III, Division
I, Summer Y983 Addenda The evaluation acsounted ror piping lcads and
the effect of the ::s:ula:e: 1.8=inch settlement of the backlfill

$0il., We Zound the nczzie-ioacd evaluaticrn for the sheil to be
agezuats,

The sliding stability of the tanx and concrete mat was evaluatec

based on a 0.59 sliding friction coefficient, tecause il the selsmiz
base shear exceeded the friction resistance (normal force times
friction coefficient), the concrete mat would slide, To determine the
maximum distance of a slide, the Licensee performed a nonlinear time-

1



history analysis of the tank using the ANSYS code, The tank was
represented by a simplified one-mass stick model. The horizontal and
vertical ground motions were simultaneously considered in the
analysis, which showed that the maximum sliding distance {s on the
order of one-half inch. We found the sliding evaluation acceptabdle,
as long as the bellows on the piping attached to the tank can
withstand the effect of the tank's sliding, as discussed in Item h.

g. The overturning stability of the tank was evaluated by comparing the
kinetic energy induced by the seismic motions to the potential energy
required for the tank to tip over at an edge of the concrete mat (Ref.
2.5). The energy comparison showed a safety factor of about ten
aginst overturning. We found the cverturning evaluation to de
sufficient.

n. Bellows and Nozzles - There are four bellcows connected to the piping
systems near the lower part of the tank, Two ¢f them (G-50A an< G-
508, respectively) are located between the tank ancd the safety

injection pump on the two fourteen-inch safety injection lines. <Cna2
(G=27) is locatec between the tank and the refueling water siirage

the four-inch drain line, These bellows and the corresponding !
were evaluated against the seismic lcads and soil settlement.
acceptance criteria for the dbellows were based on the Standards of the
Expansion Joint Manufacturers Association, Inc. The acceptance
criteria for the nozzles were based on ASME B&PV Code, Section III,
Division I, Summer 1983 Adcenda. Bellows on the U~ and '6"-inch lines
are being replaced with newly designed cnes {n order to accommodate

the predicted soil seti.exment and sii .15 disp.acexent. fond ¢
tellows evaiustion and local stresses in the shell at the noc:le
loactions to be acceptatle.

é
pump on the eight-inch miscellaneous water line., The fourth one
¢
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i« Tank roof = The Licensee did not evaiuate the tank rscof, ta
b |

Q
their ye-xe' that a roof failure will not result in a loss ¢
of the refueling water storage tank. This was found to De a

(n

AN At Ve
ANALYS &

ass.8t in assessing the Licensee's metncdology ancd seisxic response 27 on
soil=structure interact o“ ffects, we perfcrmed an {ndepencdent confirzatory
ana.ysis of the tank, in the horizonal direction. The vertica. respornses of
vhe %ank are much s:a--er ::a' these in the horizontal direction, an? sere
estimatec conservatively by hand calzulation., Therefore, we cons.deres the
confirnatory analysis performed (n the horizeontal direction adesuate far
assessing the me-hocology and moceling technigue usel b5y the Licenses.

The tank was modeled using 3-dimensional beam elements of the SAPY comouter
code (Ref. 2.6). Masses were lumped along the axis of the tank at the
appropriate heights, with two masses representing the contained fluid. The
dynamic fluid model was developed using the analysis procedures cof Housner



(Ref. 2.3). The mass of the fluid {s divided into two parts in this
procedure: mass associated with the first sloshing mode of the fluid
(convective mass), and mass associated with the ground motion —=(rigid or
{mpulsive) mass., The rigid mass of the fluid was lumped with the tank shell
at the calculated height, according to the procedure. At the same time, the
convective mass was connected to the shell with a spring, 80 that the
vibrational frequency of this mass-spring system equaled the sloshing
frequency predicted by the Housner procedure.

We calculated the foundation impedance functions of the the tank Dy using two
methods: the CLASSI approach (frequency-dependent impecdance), Ref. 2.3, and
the constant-soil-spring method, Ref, 2.2. For both methods, a uniform elastic
ha.f-space medium was assumed for the soil uncer the tank.

The constant soil-spring methodology is acceptadble to the NRC, and has been
used as a reference for evaluating other SSI methodologies.

The dwmamic madal sroperties of the fixed-base structure were cilculatec by
ueing the SAPU code. For the constant-spring approach, the compcsite moda.
damping values were caiculated Dy using the COMOAMP cocCe. The LLNL versiins
of the 2cmputer codes, CLASSI and RESPNS, were useld to generate structural
responses for the CLASSI anc cons’ant-soil-sprlng approcaches, respectively.
CLASSI is a ccmputer code for simultaneously analyzing the soil-structure
effects and 2omputing structural responses.
Wwith the CLASSI apprcach, the peak accelerations were calculated as bdein
1.228, 0.83g, <.52g at the rocf, tre ~igid fluld mass, anc the tace,
~espectively., For the constant-spring methoc, the peak acssleratione were
calculated as being 1.36¢g, 0.9'g, and 0.65g, at the gorresgonding Locations,
respectively. The maxizun c-ffe"°"~e hetween these twe metincds is atcus
t48., (Appendix A Zescrides the confirmatory analysis.) Therefore, the CLASSI
apercacn is acceptadle,
2.5 COMPARISON OF LLNL AND IMPtLL RESPCONSE RESULT
In order t2 assess the acceptazility of the Licensee's metncdology anc reslts
ror generasing the response of the tank, we Conpared responsas genarated oy a
eomparasle zmethod: the CLASSI apprsach., As a result, we saw giflerences only
netwesr LLNL'S and Impell's results in the second place alter tne decinzal
50int., We trerefore conclucded that the Licensee's zethodoliogy and the resulls
for the strucdtural response of the refueling water stcrage tanx are
acceptable.

B

i D e it

'

Cur evaluation found the LTS reevaluation of the RWST Lo be
acceptabdle.
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2,0 Svaluation 67 Turbdine Bullding Floor-Response~Ssecira usneraLion
. TWeaAnN ﬂm-ﬂy

3. INTROQOUCT IO!

The floor response sgectira ge erated by the Licensee for the turdine
building (T/B) were aucited duri the review meetings heid on July 1=-c ans
Desember 10-12, 1985, This audi t was required by the Safety Evaluation Repcrt

SER), Section 3.10.4 (see Ref. 3.!)., The Licensee also prcviied a report 2n
Sazcezser 2, 1985% (Ref. 1.2)

The structural analysis :::el. i"c’uc*ﬂg §0il foundasion flexibilisy far
tnhne T/B, is based on 3 mcce. previous.y ‘av_-,:ed by Beshtel, A three-
dimensional finite-element structural mocdel was used to represent the T/3
structure., The Zechtel S8I mosel uses freguency-incepencent soll springs,
ts ac::r:ance with tne Licensee’'s propcsed methodoiogy for an 331 analysis
cf the T/5 during the Systezatic ESvaluation Program (SEP) phase of the
seism.c reevaluation (Ref. 3.3). This approach was considerel acceptable

by NRC staff during the RTS evaluation (Ref. 3.5). For the given mcdel,
the Licensee previously proposed to generate the floor response spectra
for the Long-?erm-Serviﬂe (LTS) phase using the direct generation
technique implemented in Impell's FLORA computer code. The FLORA wide

-8~



band solution approach has been accepted by the NRC (Ref. 3.1). However,
the Licensee changed the methodology to use a modified time-history-
analysis technique in lieu ¢f the direct generation technique.

For the modified time-history-analysi{s technique, a time-history
modal analysis of the T/B model was performed with the Impell code EDSGAP,
to generae the floor response spectra at required locations. The floor
spectra fromz the time-history analyses were then multiplied by certain
"sorrection factors" to obtain modified floor spectra, to account for the
difference between the input synthetic time-history spectra and the
modified Housner spectra. The correcticn factor varies with the
structural frequency. At each frequency, the correction factor represents
the ratio of the floor spectrum generated from the input (a synthetic time
history) Lo the corresponding floor spectrum direct.y generated from the
modified Housner spectra. T!e direct generation {: based on the FLORA
methodology, but the actual computaticn of the correction factors was done
with another computer code, FACTOR, a special version of FLORA developed
by Tmoell. The modifiecd floor spectrum so generated exciudes the
interaction between tie piping systems and the T/B structuwre, an2 is
e:;iva-e:: to using a zaro value for the modal i(nteracsiion mass, T «n2n
the floor spectrum is directly generated using the FLORA code, The
Licensee indicated during the review meeting that tney may consider
using & non-zeéro T, wnerever tne piping system and structure2
interacticn effect i{s deemed significant enough to warrant using it.

The modified time-history-analysis technique just described appears
able, Hcocwever, vwe Jere coacernes that the gorrectisn factor may he
ve to whether the FLORA narrow-bdand or wide-band solution
y used, we alsc felt it necessary to reviaw

on facta~s at representative locations in tn
nates of the 7.oor spectra at these sare .o
2 : 3
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N-S 42 Area 2 Deck (A-S53) 580, 5856, 611

Vertical 35,5 Area 6 Deck (A-60) 29, M, 86



E-W 35.5' Area 6 Deck (A-61) 29, 7, 86

The 2%-damping, floor-response spectrum was obtained by enveloping
the three floor-response spectra at the corresponding three
locations specified in Item a above, which were directly generated
using the FLORA wide-band sclution and based on either the modified
Housner or synthetic time-history ground spectrum. For example, the
floor response spectrum at the area-two deck (A-53) at an elevation
of 42' is the envelope of three spectra (at nodes 530, 586, and
611). Contributions from the three ear~thquake components were to de
combined with the SRSS technique for each of the three specified
iocations.

A compariscn of the 2%-damping Bechtel-design floor spectra to the
uncorrected floor spectra, as generated froz the Impell time-
histcry-analysis of the SSI model, at the three locations specified
in Item a.

The Licensee provided Item c in Ref, 3.2, and Items a and b during the aucdit
of Decembder 10-12, 1985. The information provided appears sufficient t2o
resclve our concerns on the acceptability of the T/8 L1S floor speciruz.

3.3 CONCLUSIONS

Sased on the outcome of the twe audit review meetings and the adiitionsl
inforaation subseguently provided by the Licensee, we conclude thzat:

a., The structural mcdeling zethodslogy apresrs accestable decause (S
{8 consistent with that usel previously in the SEZP phase 2f the
reevaluation.

9. The correcticn factor approach for gereratisg the modified
(corrected) floor response spectrum frog the time-history-
generatad sgectrum appears acceptacia for tne case of Ti, = S

\¢; The LTS floor spectra are qualitatively consistent with thzse
srevious.y generated by Sechtel during the SZIP phase and, nence
appear adeguate,

! Safety Evaluation Report by the Off.lce of Nuclear Reaztor
Regulation, Long Term Serwvice Plan - SZP Ssismic Resvaluaz:tion,

Criteria and Methodolagy, San Cnolre Nuclzar Jenerating 3tsat!
Unit No. 1, Docket No. 50-20%, Septexzter 185, 1985,

3.2 "SONGS~1 Responses to NRC Request for Information, Turbdin

Building Response Spectra,"” Enclcsure three to letter froz M, D,
Medford, SCE, to J. A. Zwolinski, NRC, September 24, 198%



3.3

"Balance of Plant Structures Seismic Reevaluation Program, Turbine
Building and Turbine Cenerator Pedestal, San Onofre Nuclear
Cenerating Station, Unit 1,"Enclosure two to letter from K, P.
Baskin, SCE, to D. M. Crutchf.eld, NRC, April 30, 1982.

"Balance of Plant Structures Seismic Reevaluation Criteria, San
Onofre Nuclear Generating Station, Unit 1," Enclosure to letter
from K. P, Bask:n, SCE, to D. M. Crutchfield, NRC, February 23,
1621,

Safety Evaluation Report, by the Office of Nuclear Reactor
Regulation, Return tc Service, Criteria and Methodology San Onofre
Nuclear Cenerating Station, Unit No. !, Docket 50-206, Plan
November 21, 1984,
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4,0 Evaluations of the GCrade Beam Design, and the Buried Electrical Duct Bank,

and the As-Built Reevaluation of the Turbine Building South Extension.

4,1 Introduction

The Licensee's results with regard to the design of grade bteams for the
Auxiliary Feedwater Pump foundations, the reevaluation of the burled
electrical duct banks, and the as-built reevaluation of the Turbine Bullding
south extension are presented in Refs, 4.1 and 4.2. The results were reviewed
by LLNL and its subconsultant, and an audit, was conducted at the Norwalk
Office of the Bechtel Power Corporation on December 13, 1985. Our findings
from reviewing Refs. 4.1 and 4.2, and from the audit meeting, are summarized
in Sections 4,2 and 4,3.

4,2 DISCUSSION

Crade Beam for Auxiliary Feedwater Pump Foundaticn - Two new grade dbeams were
designec anc constructed in June, 1985 to adiress the effect of seismicaily
induced settlement of the backfill soil supporting the Auxiliary Feecwater
Pump founcations. Each of the two new grade deaxs are in turn s;;;:r:e: an
new concrete piers at the ends. ’re des.~ﬂ ies based on the assumptiion that
the backfill soil does not provide any support to the pump foundations, anc

that the nes« grace Seams angd concrete piers provide the necessary supporet.
The two ends were assumed to be a pin-pin connecticn: a conservati

assumption. The analysis of the grade beams took into account all applicable
dead loads, seismic loads, jet impingement loads, ancd pipe reaction loads

during norzal sgeration or {1 the shutdown condition, Mand calculations were
. - - o i - ~T a

used for the anszlyzis, The design is basecd on ACI 318-1977. Both the
ana.vsis and thne cCesign appear to be aleguate.,

3uried S.ectrical Duect 3anks -~ The dburied electrical duct tanks were re-
va.uated %2 adiress the effect of 2 seismically induced settlamant cf th
baekfil. s0il. In the reevaluation, the CuUCt tanks wére assusel T0 nave no
support frc- the backfill where they traversed the backfill areas, Ww.in the
backfill soil discounted, the duct banks were ana.yzed as beams having simply
supporsec eﬁ: conditions at the native soil/tackfill {nterface, or af hav.ng
fixed end conditions where the duct banks are em-esced in conzrete. 10
deteraining the moment capacities of tne cuet tanxks, tne embecdel concu.ts
were taxen as being reinforcements in azditiszsn to the actual reinfcroezenia in
the beams, if any. The modeling and methodslcgy for ana;ys‘s SCSear L0 be
acceptasie, The evaluation criterion is ACI 218=77. DQJuring the aulit, we
exanined the design of the South ancd North Ducts, and the East-of-Pumpe-wel.l
Duct (calculations LBC=-CC 2.0, p.p. 7760 and 5/6C, &/L/%83; L8C=-CC 2.9, &,
12/6C, $/6/83; ang L3C~CC 2.0, p. S&/5C, W/1/83, respectively.. The
reevaluation results appear to be adeguate.

As-Built Reevaluation of Turbine Building South Extension - The as-bdullt
modifications to the Turbine Building (7/8B) South Extension are jdentifled (n
Ref. 1. The evaluation i{s based on Ref, 4,3, The analysis (s based on a
finite-element structural model consisting of the South Extension, the turbine

-12-
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generator and pedestal, and the gantry crane. Structural damping is assumed
to be 7% and scoil material damping, 13%. Soil springs were used to represent
the soil-structure interaction effect, and a maximum composite modal damping
of 20% was used whenever the computed value exceeded 20%. Apparently, the
soil material damping, used for the evaluation of the South Extension, exceeds
the 8% value specified in the SONGS 1 LTS Safety Evaluation Report (Ref.

4.4)., However, soil radiation damping is usually much higher than scil
material damping. In addition, the licensee already conservatively lizmited
the composite modal damping, which is a combdination of structural damping and
soil material and soil radiation damping values, to 20%. Based on the above
mentioned reasoning and our sound engineering judgement, we concluded that the
13% of the soil material damping for the evaluation of the South Extension is
acceptadble., The BSAP computer code was usec for the analysis. The analysis
model and methodology appear to te aceguate., Reference 4.2 provices the
results of Licensee's additional evaluation of the structure for the effect of
the shifting crane weight to the intact leg, anc for the effect of impact when
the uplifted leg is lowered onto the support rail. The addition evaluation
ingicates a safety margin of 1.63, which agpears sufficient

s a8 waeTan - .

)
-
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Based on our review of the information presented in Refs., 4,1 and &
and the out2ome the audit, our conclusions are as follows:

a. The design of the two new grade beams, and their supporting
concrete piers, are sufficient to address the concern about the
seismically i{ncduced settling of tne packfill soil
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Nuclear Generating Station, Unit No. 1, Docket 50-206, September
18, 1985.
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§.0 Evaluation of the Vent Stack

5.1 INTRODUCTION

During the December 10-12, 1385 review meeting held at Impell, we
reviewed the evaluation results for the vent stack. The review was conducted
by auditing the Calculation No. DC-1663 of SCE, dated 7/20/84, OQur findings
are summarized in Sections 5.2 and 5.3.

5.2 DISCUSSION

The stack is constructed of A36 steel plate. It is tapered from 4.5 feet
in diameter at the top to 8 feet in diameter at the base, which 1s anchorec
with ASTM A183 anchor bolts (Grade 87, F,= 105 ksi) tc a 20 foot-diameter
octagonal concrete foundation. The vent stack was evaluated for 0.£7g
modified Housner earthquake loads. The analysis mocel consisted of an 1i-mass
stick model run on the SAPIV code. A fixed-base analysis was mace, which was

R N A y Swma Y &S [ N
sufficient, judging by the low first-zmode freguency.

For the seismic evaluation, the allowables are 1,6 times the AIST coc
allowables., The seismically induced stresses at the base of the stask are
within tne allowables by a large margin., wWe reviewed the stress in the -2
ocne-inch diameter anchor bHol.ts, which are pre-tensioned to 10 ksi during
instaliation. The anchor bolts have a large margin of safety against selismic
loads. We also audited the duct-opening stress condition, the stadility of
the vent stack against sliding and overturning, the maximum soil bearing
sressure, and the anchor belt pull-out capacity. Sufficient safety margins
exist in alli ¢f these aucited areas.

P vy T

N

-
L MYl e - -t
——————

The vent-stack analysis for seismic lcading incicated that there (s a
large safety margin against the allcwabdbles. Cur audit founi the vent stack TO
Je sull.clent for the seismic condition,
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6.0 EVALUATION OF STEEL BEAMS SUPPORTING PIPING SYSTEMS

6.1 INTRODUCTICN

According to the preliminary results of the LTS selsmic reevaluaticn, the
Licensee identified twenty eight of the steel beams supporting the safety-
related piping systems as having exceeded the AISC-code elastic limits. They
included two beams in the reactor building and twenty six in the turbdine
building, as listed in Table 6.1. Of these twenty eignht steel beams, seven in
the turbine bduilding were shown to be within the elastic limits, as based on
the final reevaluation results. The remaining twenty one beams have been (or
are being) upgraded to meet the LTS elastic limit criteria, as identified in
Table 1. We conductecd an on-site inspection of the steel beams on April 14,
1986 and followed up with an audit at Impell's offices in Walnut Creex,
Ccalifornia on April 16 - 18, 1986. Our findings are summarized in Secticns
6.2 and 6.3.

- nn-ysf\-vﬂl\v

4 -
.2 VaoweDe aw

Sive inspection = The site visit was 0 fnspect the as-bullt conditicns, anc
the status of the modification design with regard to meeting the intencsd
purpose of the modification, We also inspected most of tne steel deams tnat
nad Seen upgraded prior to the LTS, as listed in Table &.2.

Most of the modifications were accomplished using any one or a

combination of the folliowing types of modification design:

a, Reinforcinz the beams for loading in the ma’cr axis by addiag cover
plates at the top anc /or bottom flanges, adzing ~eb stiffener plates,
or adéing a structural T-section to the wottoz Jiange.

»., Reinforcing the beams for loading in tals J.nor axes oy agsing lateral
sracings, and for loading causing torsional stresses oy aiding sorsion-
resisting assemblies.

~, Reinfcorcing tne moment-resisting capacity 3t the en2 connections of the
weans wisth additional we.ling.

*n adz2ition $0 uggrading the stee Ddeaxms, five new zo.umns, four of wrich are
laterally braced, are Deing instai.ed to provide adciticnal structur:. supoors
sn the steel beams of tne north extension mezzanine. In sodification designs
appear to Se mreasanatle for serving their intenced funesicon,

Audit = The audit evaluated the moceling tecnnigue, met1og of analysis, ang
whether the ca.culated stress met the LTS elastic limit eritericn, for those
meams with (or without) modification. This critericn is that the stiresses,

in both the beam memter and end connections, induced by the LTS loads zmust

stay within 1.6 times the allowable stresses that are specified in the AISC
code, Part 1.

-16=
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raview, we found that the LTS e
(2isted in Tatle 6.1) appear %0 te reasonadle, However, {
mocificasions of the Turbine Builcing Nortn Extensicon, ine %

mezzanine, may sudstantially change the LTS seismic loads in the steel

a. Beams Requiring No Modification - For the seven steel beams that were
~Qualified as elastic, and hence reguired no modification, we audited
the Impell calculations for the beam member qualification, and the
Bechtel calculations for the end connection qualification.

For the beam member qualifications, hand calculations were used for the
analysis. All beams were considered as one-span, except for Beam No.
EHP-B22 which was analyzed as a two-span beam. The beam ends were
assumed to be simply supported, except for Beam Nos. NE-BU.4 and NE-
B4.8, for which one end was assumed to be fixed (because of the moment
connection design). The stresses from the building seismic loads were
cogbined with those from the pipe support seismic lcads using the
square-root-of-the-sur-cf-the-squares (SASS) rule., The total seismic
stresses were combined with the static load stresses using the abdbsolute
sunm (ABS) rule. The stress incuced by the pipe support seismic loads
froz the same (or different) piping systems were combined using the ABS
rule, The safety factor, definec here as the margin of the LTS elastiic
1imit allowe over thne LTS load-induced maximum stress i{n the memcer, is
1isted in Tabie 6.1 for the seven deams in guesticn, The results
indicated very narrow margins.

For the end-connection gqualificaticns, according tc the Impell
calculations, the end reactions from the LTS lcads are smaller than the
corresponding reactions previously used by Bechtel in their design. We
audited the Bechtel design calculations in Calculations Nes. IPTC-CC-

AT 5 pa O

A s - IS q - - - ! .
03.2 tec CC-03.4, whioh showad that the existing enc connecti.ons were
i e i - b | - ™13 i - LR o ‘
within the elastic limit under the LTS loads,

». Beams Reguiring Modifisatisn - On a samp.ing dasis, out
one stee. Seams reguiring zcdification, we audited th
of sixzeen of the Seams oorntained in Sechtel's Calzulatl
Hand calculation was used in the analysis. The analytic
the same as that applied toc the seven beaxs regquiring nc
modification. Primarilv. “..e modification designs appear accepis

ot e

' - o L) 1 . - i " e
for tne intended funct. n. The modilication designs prilar..y u n
- - . . -~ | B i d ' % 4 CE——1
or a combination) ¢f the three metnods previdusly descrilzc.
Shoinn oact: it b
- et -..»S-.m:

- % s 4 -
3ased on the results of the cn~site ins
-

v -  on rlE
. ‘.‘e\'%.uav.o"‘ e

-
~
o
-
.\ a

beams. In view of the very narrow margins in the seven beams not currently
requiring modification, and the possible increase in the structural
frequencies, the Licensee was required to evaluate the impact of the North-
Extension structural modifications on the piping and on the building LTS
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seismic loads in the steel beams, Therefore, the acceptabllity of the steel-
beam evaluation for the Turbine Building North-Extension, is contingent upon
the outcome of the north extension reevaluation of the final modified
configuration. For the steel beams in the Reactor Bullding, the Turbdine-
Building East-Heater Platform, and the Turbine-Building West Heater Platfaorm,
the modification is much less extensive and the current
evaluation/modification appears to be acceptable.



TABLE 6.1

* F3= salety factor of caximum LT

Part I aliowabdble.

Twenty-eight former inelastic beams.

@
3
W
L

Location Beam No. Reevaluation Acceptance
Status
RTS-B11 modified yes
Reactor Building RTS-B18 modified yes
NE-B4.3 modified yest#
NE-B4.4 elastic (FS=1,05)% yes#**
T/B North Extension NE-B4.7 modified yesk#
NE-B4L.8 elastic (FS=1,04) yes**
NE-BS.2 modified yest*
T/8 North Extension NEM=-B2.9 modified yesk#
NEM-BY modified yes#*
NEM=~B2.10 modified yest#
NEM=B2,11 modified yes*®
Mezzanine NEM=-B2.2 modified yesk#®
NEM=B2.4 modified yesks
NEM-B2.5 modified yes*#
NEM-B2.8 mocdified yesk#
NEM=-B5 modified yes*#*
NEM-B6 modifiec yest®
EHP-BS elastic (FS«1,01 yes
ERP-BE.2 elastic (FS='.7) yes
edP-B7 modilied yes
T/8 East Heater EKP-B24 elastic (FS=1,24 yas
2latforz EHP-B2 modified wes
EHdP~=34 zedillied yes
EHP=-822 elastic (FS=1,01) yes
tHP=B3 modified yes
T/Z West Hesztar wEP=BU, elastic (FSs1,00 vas
Platform ariP-323.1 modiflecd vas
wiP-36 zocified ves

#% Acceptance is contingent upon the outcome of the reevaluation of the

modified configuration.
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TABLE 6.2 Additional Steel

Location

Reactor Building

T/3 North Extension

£
®
2]
o
W
bos
o
3 et
@

T/ West Heatar
P.atiora

-

Beams Inspected During Site Visit

Bean Number

RTS-B4Y

RTS-B8

W18x96 (NEAR RTS-B19)
RTS-319

RTS-BS7

RTS-B57

RTS-BT72

NE-BS .1
NE-BS.4

NEM-B1.1
NEM=B1.2
NIM-32.3
NIM-B2,
NEM-32,
NEM-B2,12
NEM-83.1
NEM=33.1
NEM=B100
NEM-8105

3 n

WHP-85

wiP=87

- o~

Sa=3103

~_~
- -
-
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7.0 CONCLUSIONS

A detalled review was performed to provide technical evaluations of the
structural upgrading design, analysis, and load generation at the San Onofre
Nuclear Generation Power Station, Unit 1, The structures reviewed in this
report include the refueling water storage tank, turbine building, bdburied
grade beams, electrical duct banks, turbine building south extension, vent
stack, and steel members. Reviews of the Licensee's criteria, methodologies,
and results, along with additional information provided by the Licensee led to
the following conclusions.

a. Refueling Water Storage Tank:

o For the tank and soil models, the CLASSI method of analysis for soil-
structure for interaction effects appears to be acceptadle.

o] The evaluation of the tank shell, concrete mat, anchor bolts, bellows,
and nozzles appear to be adecguate.

o

. Turbine Building Floor Response Spectrum Ceneration:

O

The SSI moceling methodology appears acceptabdle.

¢ The correction-factor approach for generating the modified flocor-
response-spectra from the time history generated spectra appears
acceptable.

seams appears 0 Se acceptatle,

O
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The evaluation of the electrica. duct danks apsp

o
pn
UI
r
O

.
b2 azceptactle,

e. As-Built Tursine Building Ssuth Zxtension:

o The evalustisn of tne Twiine 3uilding Scuth Extensicn appears to Se
agcceptanls

f. Vent Stack

o ne evalustion of the vent stack appears to be acceptatle

g. Seconcary Steel Zeans Suppersiing Piping Systexs:

© The evaluation of the secondary steel beams appears to be acceptatle,
However, due to the extensive modification of the Turbine Building
North Extension (including the mezzanine) and the very narrow margins
in the seven beams not currently requiring modification, the Licensee
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was required to evaluate the impact of the modification on both the
piping and the bullding seismic loads in the beams.



APPENDIX A
CONFIRMATORY SOIL-STRUCTURE INTERACTION ANALYSIS
OF THE REFUELING WATER STORAGE TANK
FOR
LONG-TERM SERVICE

SAN ONOFRE NUCLEAR GENERATING STATION, UNIT 1
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A.1.0 INTRODUCTION

This appendix provides the results of an independent soil/structure/fluid
interacticn analysis of the refueling water storage tank (RWST), using
Licensee supplied input motions for the San Onofre Nuclear Generating Station
(SONGS), Unit 1, Long-Term-Service (LTS) seismic reevaluaticn. It describes
the methodology, the development of the structured and fluid models, the input
motions, and the results for the independent analysis., Finally, a comparison
between the independent results and the Licensee's results for the responses
is presented,

Two methods for modeling the soil/structure interaction were used. The
first one is the CLASSI methodology, which was also the one adopted dy the
Licensee. The second is the constant impedance methodology. Botn have been
used as our tecnnical evaluation basis in a previous Technical Evaluation

Report for the SONGS-1 LTS program (Ref. 2.2).

A.2.0 STRUCTURAL-FLUID MODELS

The SCNGS-1 refueling water storage tanxk (RWwST) is a su~face-founced

¢ylindrical stee. shell with a conical rocf (Fig. 1). Of the basemat's 35.5
foot diameter, 403 sits on native San Mateo sand, and 60% on the shallow (up
to 8-foot depth) backfill soil (Fig. 2). The tank is anchored witn 32 1-5/8

inch diameter anchor bolts embedded in the concrete basemat tc a steel base
ring, stiffening ring, and stiffening plates which are welced to the tank
shell. There are four piping lines with bellows connection to the lower pare
of the tank., The tank was assumed Lo be full of water,

The %tank was modelad using 3D beanm Ler coce

e

t~e tank at the

L 1]

) e
-ements ¢l th
m -

-
:
umped aiong

-
..
-
*

(Ref, 2.5, Section 2.7). Mass was

appropriate heignht.

The dynazic fluid model was developed using Housner's analytical. prsselures
(Ref. 2.3 of Section 2.7)., The mass of the fluid is first divicec ints two
parts: a mass associated with the first sicshing mode of the fluid — a
eonvestive mass; and a mass assceiated with the ground aotion = pnigid (or
impulsive) mass, Follcwing Housner's proceecdure, the rizis mass of the fluid
was luzped with the tank shell at the calc.ilated height. The tonvesiilve Zass
is connected to the shell with a spring, 82 that the frequency of vitration of
this pass/spring system becomes equal to the freguency precicted Ty the
procedure, This fixed=dase tank/fluid mathematical model is showsn in Fig. §.
A.3.0 CALCULATICN CF FOUNDATION IMPEDANCES

A.3.1 S5¢il Profiie

The scil at the SCNCS~1 site is the uniformily dense San Matec sand
extending to about 1000 feet below site gracde., However, £0% of the soil (up
to depth of 8 feet) under the RWST is backfilled with San Mateo sand (at a
relative compaction of 92%), with the remaining 40% of the foundation being on

-2 u-
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native scil. The difference of properties, e.g., shear modulus, at the strain
level of 0.67g earthquake, i{s small, as indicated in Ref. 2.1. Therefore, a
uniform elastic half-space medium was assumed for the analysis.

The soil properties used for the analysis were:

Shear modulus (kip /ft) 1203
Shear wave velocity (ft/sec) 578
Material damping (%) 8.0
Poisson's ratio 0.35
Weight density (kip/ft) 0.116

The average dynamic soil properties are compatibdble with shear strains at the
site induced by the 0.67g design motion at the ground su~face. These soil
properties were used by the Licensee for their SSI Analysis.

A.3.2 Foundation Impedances

The diameter of the tank circular foundation is 35.5 feet _and 2 fee: anc u-

1/4 inches in thickness.] wWe calculated impedance funciisns for the

water storage tank dy using twe methods: the CLASSI approach (fef. 2.4) and

the constant impedance method (Ref. 2.2).

CLASSI is a computer code for simultaneousiy analyzing the soil-structure

effects and computing structural responses. This c¢ode uses a three-step

sudstructure approach — a determination of the foundation input motion, and

then the foundation impedance, followed by an anlysis of the coupled soil-

structure system, Since the contrel motion is specifiecd directly 2t the

founcdation, foundation input motion does not need to te determined. The

foundation iaped are calculated oy szﬂg 4 consinuum method, In genera.,
viscoelastic ma
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The SONGS~1 artificial time history in the east-west direction, which was
generated by the Impell Corporation of Walnut Cr2ek, California, was used for
this soil/structu e/ fluid interaction analysis. The response spectrum
corresponding to the tine history envelopes the norizontal 0.67g modified
Housner response spectrum. This time history i{s shown in Fig. 4a. The
corresponding design response spectrum with 5% damping i{s shown in Fig. &b,
The control motion was applied in the free-field at the ground surface level.

A.5.0 RESULTS

The dynamic modal properties of the fixed-base structure/fluld combination
were calculated by using SAPU code, The results are shown in Table 1. The
second and third modes represent the structure's frequencies and the first
mode represents the sloshing fluid's frequency. Note that all the results
presented here are for the east-west direction only, since the geometry of the
tank is axisymmetric and the analysis was performed parallel to the base.

impecances: f{requency-cependent impedance (by the CLASS
fregquency~incesendent (mpedance [ty the ccnstant soll-stiffnress method'., 1In
the following paragraph, we present the results from the requency-dependent
impedance first, then the results from the frequency-independent impedance
ca.culation., As a point of interest, the results of modal analysis are tnen
presented,

Recall that we used two different methecds to caiculate tne foundaticn
-

Figure 8 shows that, based on the CLASSI approcach the in-structure response
spectrum at the foundation level is generally lower than that in the free-

field., Figure 9 snows tne peak accelerations alcong the structure elevation,

<t 2an be seen from Figue 9 that the accelerations decrease s.ight.y at the

Cwar part of the structure, then [(ncrease all the way up 52 the tank roc?

accelerations along the structure elevation, %a
i dance ¢aiculation, Again, the acceleralisrs
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Coamparing the responses these two different impedance calculations, indicates
that the general response trend is consistent, even though the responses from
the frequency-independent approach are higher than those derived by the
frequency-dependent method.

A.6.0 COMPARISON OF LLNL AND IMPELL RESPONSE RESULTS

Impell's response results (Ref, 2.2) are shown in Fig. 11. By comparing
LLNL's CLASSI and Impell's response results, we see the second cdecimal

place. Accordingly, we conclude that the results of the soil-structure-fluid
analysis performed by Impell are acceptable.
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Modes Frequency (Hz)

1 0.297 '
2 6.9
3 50.5

Tadle 1. Significant modes of the fixed dase-structural-fluid model.

Modes Frequencies (Hz) Participation Factor

- - )
3 0.5 2.5
- . o I ) - -~ - = ' #3 i~
at.e 2, sSignificant JocCas of the sfli-structure~iiulc interactlion 8
constant ixpedar.ce
MAR/TC “AVD'\‘“
- - ———
. A ARE
A

~ e N
2 Ve -4
- -
3 Q.704

Table 3, Composite modal damping of the {nteraction System (constant
impedance).
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