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i Based on NRC staff's comments on the original proposal of August 2, 1Y
and my further research inte the soil-structure interaction nalvsls
methods, ! have developed the fimal proposal for your review. Much

, of the proposed SSI approach has already been proscnted at the SST pancl

meeting on September 26, 1979.

' The checklist of requested information in Appendix A is a list of 1
that T have requested but for various reasons have not receivad s
Obviously, some of the items are more crucial than others in affecting
the timely completion of the reanalysis. ‘

o

It is important to let NRC be aware of the status of the requasted
information and various constraints that exist in the way of progress.

are those technica
le peonle. These
1s or by meetings

The list of unresolved open items in Appendix A
decisions that have to be made by the resp.nsib
could be effectively resolved by conference cal
the people concerned.
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R ENTRODNICT TON

Presented herein is o ‘\'A'“"c)ﬁ-ll Fopr seismie reanalysia of the
critical structures of Ovster Ureek Nuclenr Power Statien Mait 1 {refersad
to heroaftor as ‘.I_ult) for the WG ';‘“I"!". ¢ bt ton Provesay [ BS10 T,
This analysis is to be performed in the licht of corvemt konowledue in

the aren of seismic structoen]l analysis,

Tae objective of the v ronosed anulvsis is to provide the poonips

'!n.ll)ffl il data hase e £ oan tnt‘r\u reassesament of the eritical Arsacrupi]
components of OC plant under & <afe shutdown con'ioion, £ ix pnder=ton!
that in order to arrive at a rezsonahle e Assessment, cansidoprable enpinegeing
Judgment and experience in addition to analyticul eFffarss are ropuired,
In the pioposed amalyeis the seigmic Togds amd respeg vl Do
the eriginal design shall be compared with those dovived from the
. ) "

analysis. This comparison will help to ideatify vritival aress of |
margins which may requive more detailed investipgarions.

Another objective of the structural sys
structure response spectra to be used in the 1a
cvirluation of eritical eonipment/piping,

stem analvsis is to provide in-
v

cr phase of selsmic re-

The scope of the analysis includes the falloving three i or
structures and two special itess (see and overview in Pioure 1).

» reactor bullding plus portion of the office buildine conmected
to the vestside of the reactor building {referred to hereafter
as office building annex) and other buildine internals vhich
say affect huilding dynanic response,

@ turbine building/contrul room - control roon housing is situwatod
on the N-E corner of the turbine bueildine operating fleor,

@ ventilation stack
@ condensate storage tunk

buried emerpency service water lines (14 in. diameter)

The detailed analysis plan for each critieal structure will be
addressed spearately in the report. A list of unresolved open items and
a checklist of requested information sve given in Appendix A.

2, ANALYSIS GUIDES

NUREC/CR-0098, "bevelopment of Criteria for Scismic Review of
Selected Nuclear Power Plants', by Newmark and Hall (Ref. 1} will be uzed
as the primary guide. Additional guides used mainly in the area of soil-

structurc interaction analysis, buried lifeline analvsis, and the above -
ground vertical storage tank analvsis are found in the "oferencos.
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FIG. 1 !
OVERVIEW OF STRUCTURAL ITEMS UNDER CONSIDERATION



3. SEISNIC 40T
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The seismic input voed In the amalysas is defioed by the 558
design specera at the ground surfacs (nowmatized rte 0.22a ZPA),  The pro-
Linipary versions of site <pecific spectra 4t the Oyarer Uroch st s huv
been developed hy TERA (Bed. 25 and bedng cealuated by OSPE/NKRC, ae
final approved version is expected armewd wid-Oetober this year. 'The

tandard design spectra (feg. Cuide 1.00) shatl also be weed Jor compayison.

Three (ovithogonal) conpeneats of scismic motiva shall be considerod.
The vertical component shail boe tatoen as 2/5 of the herizontal across the
entire Frogquengy ronge (e Soction 2.1, Ref. 1Y,

1. SITE SOHL PROPERTTES AND STRUCTURE FOUDIDATION (NLLSENTS

The soil profile umleriying the Orster Crecek site shown i Fag, O
is estublished from the descriptions in 0C FSAR Section I1.5.2. The
bedrock is at a depth of about 1702 feet holow grade (Ref, 23,

The clasti; (Youne's] noduli for the Oyster Creek Site reoportad
in CC FSAR Section 11.5.1 are:

: " - - g - - T vy
Cape May Formation {40 thick) £ = 400 tons/ft.- (5.55 x 10? psij
Cohansey Formation (150" thich) £ = 800 tons/ft.2 (1,11 x 10% ps!)
In addition, the Field dynumic test data and borving loas are aviil-
able at the proposcd Fork River Nuclear Power Plant site which is about 1094
yards from the Oyster Crech site.  The soil property data at this site,
computed iy Western Ceophysical Engineers, are given below (Ref. 3):

Youns "5 Shear
Depth "M Wave HE" Wave Paisson's Modulus Modulus
(Feet)  (Ft/5e¢c) (BPt/S¢r) Ratio E (psi) C (psi)
0-15 Lino (] A, 30 . x ln' TR X o

15-40 5200 1000 0.43 8.0 «x Tk 2.6 X T

0-115 5600 1200 0,13 9.5 x in’ 5.7 x IQ‘

115-150 5900 1400 0,47 .51 x mS 51 x “)S

In the Blume's seismic analyses of reactor butldiag and the more
recently built radwaste building, the following values of E weres used (source:
Oyster Creck docket):

E Soil

Elactic Modulus Poisson's Ratio Under Foundattion
2
Reactor Building a00 tonilft 0.0 Cohansey Sand

(1.11x10 psi)

2
Radwaste Building 3540 ton/f& 0.4 Compact backiill

(4.92 x 10 -:isi] P@@ Rﬁ!@f'“cm
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Note that the Fowmadation of the radwaste bui bdiag v on pede amd the i Lding
located next to the cast side of the poanetor hiilding

The foundation embodaent and the base dimensicns of the stack, the
reactor building, and the tarbine bueilding are dopicted in Fignre 3. The
degree of embodment is pencrally represented by 1he ratio of the ombelacns
!enqth to the least baze dimension (E/b).  The p esent NRC SR 3.7.2 corsiders
a foundation is "deeplv cobedded" when
%}—-f 0.15. Using this criterion, the foundations of these strctures sve all

deep enmbedment caseos.

5, OVERALL ANALYSIS PROCEINRE
5.1 Dynamic Apalyvsis Method

The dynamic (seismic) analysis is to be solved in the time Jdomtin
by using normal mode superposition, The immediate implication of this
approach is that the damping of the dynanic systou must be defined on the
modal basis, Basieally, the response spectral analysis method in to he
uscd threnghout., The time history analysis method cnploying norral modes shall
be usal anly in generating floor response spretea, T this case the seisueic
input is the appmp*nt; wynthetic time history derived from Reg. Caide Ve
spoctra, (See Section T)

5.2 Hodal Conmbinntion Merthod
The seismic responses (shear, monents and Jis cementa) .v« computed

for cach mode and cowhired by sum of sauare root of sHVzrc’ (SSRSY . All the
modes helew 33 eps cutolf froqueney shall be included,

5.5 Three Dimension (31) Effects

Three dimensional stick models shall be used oxclusively, The
eccentricity between the center of mass and the center of rigidity is
considered in the model to account for possible torsional vesponses.
5.4 Composite Modal Damping

4 b .
The equipment composite damping for the r ' mode is deternined by the
following Formula (Eq. (4), SR 3.7.2):

| 0
" B oUR i

K = assembled stiffness matrix,

where

po z ! t!
3, = Equivalent modal damping vatio of the r ' mode.
K = the modified stiffness matrix constructe! from element

matrices formed by the product of the damping ratio £j
for the elrment and its stiffness matrix

th g
g =r I noraal ized modal vector.
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The damping catios for dilivevnt gyped of structore componos trg
taken as the larger vialuo toin Table 1 oof NUREGIUR-0QY Ref, 1) for
materials «t 4 just Lelow 3 posnt (fance 531 condition 1 o gUnoe T he
Stress Poreeit
Level Pvpe sl Conditien of Stractare Crivical Dy
— e et i — i el Mt et . . . . U . . ———— . ———— . ———
W oor just helow a. Vitul piping s te 3
yicld point . . , . -

; L l‘ b. hL':'J':‘J wtadvi, ')"l":: s el > Ty f
concrete {(without complete
loss i priostl }
¢ Prestyressed concret with to |
5 ] ¥ g ! te
4] ¥ . .y g )
d.  Rewtoreed coneprete A RS Y.
¢. Bolted andsor rivered stoel, wood 1 e i5
1 BTN, ARSI
Eructures, with bojtaed jaints
f. Lood structures with pailled joints 15 to 20

The determination oF s0il damping ratios to Ve used ia comjunction with

Eq. (1) is described elsewhore in Section 6.2, As an approzimation, only soil
radiation dumping effect is consideced.

Gl

! ﬂ..D 0 0

'] !

AL Ji..'"\d
6. SOLL-STRUCTURE INTERACTIOUN (SS5I1) ANALYSTS

The SST analysis is solved in thive sf P8 150 cialled three step solntton
method (Ref. 4) see¢ illustrations in Fig. 4):
STE® 1: Kinematic interaction anaiysis
(Betermine motion of a massiveless foundation)

STEP 2:  Determine iapcdance function (stiffaoss and damping} of tl
foundation accounting for embedment and lavering

STEP 3: Imertia intcraction analysis
(Dynamic structure analysis using scismic input from Step )

Since it is generally considered to he conservative to use the Free ‘
Field scismic ground motion in Step 3 in licu of that from Step 1o (bee Ret. 5), |
- - . » ‘ \

no Kinematic interaction analysis shall be performed.

Step 2 involves the determination of soil spring constants and dawping
ratios to be used in Step 3. The details are presented in Sections 6.1 and 6.2.

The inertia interactin analysis in Step 3 is the dynamic analvsis of |
the structural systom including soil springs. From the dynasic analysis |
results, the structural interal forces amd woments are computed and floor
response spectra are generatoed,

The SSI analysis is a key step in the overall analysis procedure as
illustrated in Figure 5. Due to the uncertmnty in soil sriffaess propertics,
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| the analysis is to be repeated for the upper and ltewer limits of Goil modiales,
These [imits should be based on the existing soil darte which are being compiled
and examined by GERZNRC,

6.1 DETERMIRATION OF SUSBGRADE STIFERESS COLPFICIERTS

The vomplere set ol sotl stiftfness coeftivients for the €ix degrees
of freedom at the foundation 1s chown in the matrix furm in Flgure 6. The off-
- diagunal terms indicate coupling between the rocking and the swaying (lateral)
mades. For the ideal caze of o rigid foundation on the surtfuce of an ciastie
half space, a very pood approximation is to use the static stiftness
eoefficionss (referred to hercon as Vhitman's spring contunts, see foraulas in
Appendix B) for the diagonnl feems dnd ignoriag the offsdiscogal terps,

For the structures »f goncoern at the Ovster Creek scite, the problem ts
complieated Dy the nesd to acenunt for the eambuedment offects uid possibly, the
soil layering effect.

Since the Uyster Creck S50 preblem is to b solved in the time Jdomain,
the stiffness coefficionts in the matvix shown in Flgere 6 most be Cregueney-
independent constunes.

Several praposals on approxicating embedment efffects using Mreguency-
itndependent sortanp constants can be obtatocd o the works by Novak (Ret. o),
JooHall (Ref, 7) and Kaasel o 41 Maf, ). All of these approaches consider
a howpgeoncous soil mediom besesth fhe foundation., ‘io investivate whother
s0il layers at Oyster Creek site can be apovogimated by a homogencons
layer of "averaged" oropertics, the technigue nronosed in BC-TOP.2 (Ref. 9)
shall Be used. This anproach is outlined in Appoendix €,

a.

e

i
onsidering the embadment coffocts:

Proposcd Method for Dete raining

Case 3tiffpess Coefficients
L. Al subgrade soil can be nporoxi- RARSEL

mated by a single bayver

. . : TH)
2 Mly-soil beaeath foumdation con NOWVAK Pmm%

he approxisated by o single layer

7] Noither 1. or 2. (Mor likely, CLASST
by examining Fork Qiver site data) (Fregquemey domanin analysis)

Kausel's and Novak's formuias are for swaying and rocking coefficients
only, i.c., Kygs Kpgo and K,y (Fig. 6). For the vertical vibration mode, it
is proposed to use “hitman's static soring, (K., appendix B) plus 67.5. of the
lateral soring (Kgy¢)! For the torsional mode, ¥hitzan's spring (Xg) times the
ratin hetween the foundation/soil contact area and tho hase areca shall be used.

In constructing the soil spring model the coupling term K 4 can be eliminated

by placing the latera! sprine o distance hi= 222 ) from the foundaticn hase
R

—— L e e s -

“See Ref, I0 ~10-
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Pine as shown in Tig. 7. A o conseaency, the roeking spring constant shonld
ve ot fied as Fol lows;

Cenerally, the term helygy is smmll compacing to Ky .

b.2 SOTL DAMPENG -

The soil damping effects shall be included in comoatine the caulivalent

composite model dnsping ratie oer Ug. I, Seer. 5.4 As an approsimation
soil intornal hysteretic damping is irnored and only rodintien damning
effocrs are - considered. The forsulas for estimoating snlintion damoing

coctficients are given in Ref. 110 These damping coetloients e be
converted to the form of damping rvatios (nercent critical damping] by
considerine structures a5 ricid bodies on flexibte fomndution. The formi-
Intions for corputipns these ratios are given in the Anpendiz of Met,
These dauping ratios renresent viscouws coefficionts S anit #ye in Fiw, B

where the details of mutrix operation in Dg. | (Sect. 5.1) are dllusereatad,

The cquivalent soil dwmping ratios to by used in fq. 1 are determined by |

. - - )
multiplying ‘b and '3,, respeet tvely by the Frogueacy s los " I e

l.' iy |

ve

ft is a generally-accepted practice to linit the soil damping patio umder
@ certain reasonable and realistic cut-off wvalue. In the present amalysis,
a 30% cut-off damping ratio is nroposed,

7. GENERATIOX OF PFLOOR RESPOSEE SPECTRA R @RUGHNE

he floor response spoctra shall he generated directly from the
ground design spectra using the denamic (modal) propertics of the structure. The
The available LLL computer proyram based on Singh's approosch (Ref, 12} shall
be used. For comparicon purposes, another set of floor response spectra =hall
be generated from a time history analysis using the appropriate Reg. Suide
1.60 synthetic time history as the input,

8. STRUCTURE DYNAMLIC MODELS

Since the reactor bailding, the turbine baildine and the stack are
physically semarated, they wers sodeled independently by the 2D stick modeds
shown in Fig. 9 in the original Rlume's analysis. In this figure, the calcu-
lated natural periods and frequencies are also listed. The two buildiegs and
the stack are all reinforced concrete structures.  Their foundation and eabed-
ment Jimensions are shown in ¥ig. 3. Reactor building hag a sethack on the
westside, where a portion of office building (office building annex) is located.
The control room is situated ar the SF corner of the turbine building excent
for sharing a common foundation with the building.

The proposed analytical rodels for the reactor building, the turbine
building and the stack (Fig.'s 'J, 11, and 12} are essentinlly the same as
Blune's original 20 models excunt that ther are 30 models which account “or
ceccontricitios between the conter of rigidity and the center of massces at

R — e ——— — —
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FIGURE 8
MATRICES FOR ESTABLISHING

EQUIVALENT COMPOSITIE “ODAL DAMPING

(Y [ "1 (\
Elem. n-1
A A
Elem. n |
P e 24 \ u)
’.T ‘Z 7

submatrix:

elem. n \.

.7‘:\
D
-
=3
'
—
™w
P~ |
Ii [F=Y I
o m
nm -—
|
'
— N
N > iim
S 3 -
—
+
(o)
>
>
> -

VISCOUS + HYS.

T‘;:””,ﬂfffffffg’
—-l——- — —— HYS. DAMPING
: - = W
1.0 -
0 ;)
o = 2 (‘l.r_ .’e;' - o vdr
) ("v:- s /"":) % ( VX WA "/"u.x.)
L, C
" “r ‘x 7 3
-.Q zf\x

w. = rth mode frequency; Wys Oy = rigid bedy, rocking, translat. frequencies.
8 = vyiscous [ radiation ) damping ratio.

= soil internal (linear hysteretic) damping ratio.
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Fig. 11
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2ach Cloor elevation,

Additeomtly, the veacrtor bai bding sodol 8000 19 ine By the maded
For drywell, and RPY (reacter peessare vessel) with e ahietd salt and e
RPY support pedesreal, These it penent aode s aee pEnr gl gy those aaet
Blume (Fie, 9,

The spring copnstunts £; and K2 shown in Fijg. I sopresent respoetively
the connecting element stiffness From RV to the devor D apd that Fron ahee! !
witll to the drywell. They arve detorsined From Blus peryeinsl amibyssas, X
rigid connection (gap closed condition) Is assumed ot about B, 92 betwecy th
dryuell and the reactor building, The nass of the erfice Puildime anneys witl
be included iu the veactor baibins wodel .

.

b the tiuhine building cedel (Fie. 1), the sontrol peom hensige
representod by a semavite Brauch of the stict polel oa the eperating Flaae
(Bl 46" 0"). - Similaxly. svparate branshes neve used to reprosent the overhane

service frome and the turhine pedestal,
The model For the stack Fig. 12) is a single 3D cricd model.

The method of deriving composite modad damping retios [or the sodel o
of reinforced concrete and steel componcnts has beon disewssed in Sect. 5.4,
and for the inclusion of soil dupping offects, in Sor, 6.7,

The soil springs Tor the six feundation d.6.5.%% drs not shown in
Fig's 10, 11, and 12, The method

of determining these spr <
attaching these springs to the todel has been describod in Seet, o, 0.

9. CONDENSATE STORAGE TASL

The seismic analysis of this tank was remorted in A'L 3% to 0OC F3AR
(Pages 5<10 and 5-11). The araivsis considerved borh impnlsive and convecsive
modes of water, and the hase overturning monent and shear weve computed.  The
analysis indicated these findings under a 0.2%¢ SSP loading:
L. Anchor bolts are oot cavable of resisting the imdnced base
shear 1€ no reliance is placed upon the interfuct friction '
between the hotton of the tant and the foundition,
2. Tank shell is safe from hnckling.

3. The upward forces on the roof because of the sloshing liguid will
bhe negligible and can be ignored,

The proposed reanalysis shall examine the up-to=date tank base anchorage
configuration. The analysis <hall also include the vertical response wode in
addition to impulsive aml convective modes of water. ‘The methology will be
adopted from Ref.'s 13 and 16. The particular arcas of concern are:

1. Possibility of uplifting

2.  Shell buckling at the base

3. Base anchorage strength against overturninyg and shear

4. Tank shell hoop tension stress due to hwirodynamie and static
fluid pressures.

5. Roof integrity against sloshing liguid forces
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1a. BORIED EMERGUNCY FRRVTCHE WATER LISES

The analysis Is reported in Ref. 17 hy J A, Bleme Associates in
Novembero, 1967. Only the beading stresses were calenliated and no considura«
tions sere given to determine axial stresses due Lo passige of seismic wiaves,

The reanalysisz of buried pipeline will follow the gnide!ines siven in
MUREG/CR-0083, Sect. R.3 amd those given in Ref's I8 to 23,

Information s needed on the exact laveut {routing) of the bhuried
cmergancy service water lines (i.e., referepcpd drawings in Ref. 17% aad
their eoancetions fo the inrabe aml turbive dildioss, Critical areas aee
then to he identified and appropriate formulas shali be used to chech pipe
axial and Dending stresses dug to passase of aebsmic waves and building dis-
placenents,
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® CHECKLIST OF [ﬁFO%ﬂQTIQj_REQQLRED FOR SEIS'IC REANALYSIS

i e ———-
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/!

!/
/7

£ o

!/
I/

— i G | Sl A S

Fquipment weight and distribution information for establishing the 3D

turbine building, reactor building and turbine pedestal dynamic
nodels.

Structure and equipment weight information on the office building
annex attached to the reactor building. For example, B & R dwg's
4063-1, 2, 3, and 4.

Structure drawings required to verify and to deternine the amount
of physical separation at important elevations of the following

buildings:

- Office building and reactor building

- Reactor building and turbine building
- ‘lachine shep and turbine building

- Radwaste building and reactor building

Data on compacted backfill useful for estublishing soil
elastic properties

Locztions of the RPV stabilizer attachment points

poferenced drawings in Blume's report on Puried Emergency Service
Water Lines B & R dwg's 2192-5, 2193-6, 2194-5, 2195-3, 2196-4,
2117-4 and 2120-5

Condensate storage tank structure details including dome geometry,
shell thickness variation, base anchorage details, and foundation
letnils
L.Lttlll Y &

Soil data beneath the tank foundation

Liquid level in the tank
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(b) Rectansular Base
Equivalent Equivalent
Motien Spring Constant Pamping Coelficient
Horizontal £ = 2()+.)G3_JBL Use the formulas for
& i circular base having
//’ equivalent radius R
G Bl ic€ined MaisiEm
Rocki = B . defined by Table J
HOoCcA1ng k = = =T < 2
. v =N %
; G A
Vertical k = s /B0
= & Acd z l‘\.‘ :J
2 = - : v
Torsicn Use Table 3-2{a) for R ="/ BL(B"+L")/6"
in which v and G are as d2fined previously, and
B = width of the base mat in the plane of
horizontal! excitation;
L = length of the base mat perpendicular to the
plane of horizontal excitation;
¢ , 8 ,8 = constants that are functions of the dimen=-
X v FA
sional ratio, B/L. (After Fig. 10-16 in R2{. 3-56
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| 7
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Vertical

in which
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(a) Circular Base

Eguivalent Equivalant
Sopring Constant Dampina Coefficiant
Y 32(1-v)GR o e AR e
.()_ i e S, = V270K 4 s

> 7-8v i °F

T ¢ —
2 ¢ o {1 ¥
Kk = == G- % R [o/C
: J(l=v) i 1+8
e
4G?2 &
k_‘ = C_' = O-pJ:_.L’ c/G
- - -~
l=v
k, = 16 GR>/3 c, = L -
- ’
l*":tjo.

Poisson's ratio of foundation medium,
shear moculus of foundation medium,

radius of the circular base mat,

density of foundation medium,

3(1*»)10
S  J

BgR

total mass moment of inertia of structure

and base mat about the rocking axis at the base.

polar mass moment of inertia of structure and

base mat.
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