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SPECTRAL ANALYSIS OF PERRY NUCLEAR POWER PLANT
VELOCITY-TIME HISTORIES RESULTING FROM OHIO EARTHQUAKE

H. Joseph Weaver, Ph.D.
R. Bradley Burdick

Dynamic Testing and Analysis Group
Nuclear Test Engineering Division

Lawrence Livermore National Laboratory

February 25,1986

Several time history signals from two separate locations of the Perry NPP were recently
obtained by LLNL from Kinemetries. These signals are response motion data recorded at
the Perry Plant due to the January 31, 1986, Ohio earthquake. The two locations are
denoted as Station-1 (located on the foundation mat) and Station-2 (located on the
containment vessel). The data from each station contained acceleration, velocity, and
displacement time histories in three orthogonal directions (south, west, and vertical).

These signals were originally presented to the Dynamic Test and Analysis Group as data
files on the Livermore Main Frame Computer System. They were subsequently
downloaded to floppy disks and processed on an IBM-PC to obtain various frequency
domain information.

The purpose of our study was to obtain as much information as possible from these
signals concerning the way in which the energy was distributed in the frequency domain.
Since kinetic energy is directly proportional to velocity squared, it seemed most
appropriated to work with the velocity time history signals. Furthermore, we worked
with the data files that were previously corrected by Kinemetrics. It was specifically
requested by the NRC that we provide them with Power Spectral Density (PSD) functions
which are defined as the Fourier transform of the autocorrelation function [1].
Furthermore, it can be shown that this is also eq[ual to the modulus squared of theFourier transform of the velocity time history signal 2].

For each of the six velocity signals (Stations 1 and 2 in the south, west, and vertical
direction) we obtained the Fourier transform of the signal (on the IBM PC) and then
formed the modulus squared to obtain the desired PSD functions. These PSD functions
describe the way the energy of the signal is distributed in the frequency domain. The
units of the PSDs are (velocity / frequency) squared, where the velocity is specified in
em/see and the frequency is given in Hz. Once the PSDs were obtained, they were
integrated (Simpson's 1/3 Rule) to obtain a cumulative energy frequency distribution.

For each of the signals processed, we present two figures. The first figure shows the
'

(corrected) time history signal (cm/sec) on the top with the corresponding PSD on the
bottom. The second figure again shows the PSD on the top with its integral (cumulative
distribution) on the bottom. Note that the cumulative distributions have all been
normalized to unity. Thus, it is possible to determine the percent of the total energy
contained in any desired frequency band.

i

8605300695 060321
PDR FOIA |
HIATTO6-91 PDR 0

hbh
i



s

.

* ..- .

.. .

REFERENCES
,

[1] Bendat, J. S. and Piersol, A. G., " Engineering Applications of Correlation and
.,

Spectral Analysis," John Wiley & Sons Publishers,1980.

[2] Weaver, H. J., "Applic'ations of Discrete and Continuous Fourier Analysis," John
Wiley & Sons Publishers,1983.

,

t

e

t-*

r

1

0

I 4

s

e

4*

e

e

1
~

|

.

w - -wi -. ___- _ a



$71ttocol /.%Gsd/g
*

.

Gttoco& 11br6 pusra ye

/.2y

4G

l ..a .,, , g a
, .. . . .

,

33

i. 6

'E & 2 /1 of

TT$r)W t58C)

|

4

.t3
i

./5

./l
,

a

90

y .075

.e4

h I diadAAM J .m _...
<- n. a. a. s.

. FM9 CM)
. . _ _ _. _ _ _ _ _ _ . _ _ . . . _ _ _ - _ _ . . . _ , - _ . . . _ . _ _ _. . _ . .



a g - + _ - , - - - - ----- _v- - - - - --- - - - - - - - - - - - , - -,

snbu / swd*

.

,

|

= _

|

J

|

'

8

.. I al| N L _u. _.L

'* == u a s.

[18 4 (M31
'

<

PSoD

no _ =

-
i.8 _j e-

.6' -- ; _

!

l
fta

I NN

/ --x 4'

.

2 . - : _ _

.

I,

'

4 |
. =. = 4. ,.

.-..-_-.,_____.___~=3_',L,____, _ _|_~ _. .-.. _--. .- ~



- e

srAfiw I west'

antaesy & < Maisry

/. 3

* |.or

_.a i

s

-13

-22
3 g S sz /S

17are C$es)

F

e

'.n

.24

'

20 .

i

#N
*k ./3' - i

7 i
<

t

.o7

1

,I k.m .a_ _ _ _ _ _ !|

- <. ;
s. s. .. ..

i
MM a#9

. - _ . ._. . _ . ., - , - . . , . . - _ _ - . . _ _



-- -

Kinnea I war
i

unx;oedy Rsp

|

I
.

|

|

|

|

|

;
I m . ... - .

q

* '* so 4, e a

fA19 C/M)

Nh
/.o

i

.3 -=
r

0

.6 / \

,4
4 ,

2
f i

|
,

1
o 40 to y 4e so i

!
1

Fnes, cu=>

. -__. . .. . ... - _. _ -- - - . - .. -. . - . . - - - ... - _.. - . -. _ - - - .. - -



, .__ .. _. _ . _

. s m ri k / u ne S ca c.

uewGy T[.w4 H >Tery
'

1

h

.91p
w
M l?
o 35 -

L

y ... - =
3 (

\'I3
'U .t. | -

. :

i

|

O S $ h Nd

77)re t3 e<.)
,

p

b

:
!

r

F

.

Psp i
-

1e
i

| .Sc

41

| d el
acWs

28

.a __

a um.m _. _

to ao .% 4e So

!

Fee, c.we3

. - - _ _ . _ . . _ _ . _ . _ _ . . . _ . _ _ _ _ - _ _ _ _ . _ _ _ . . _ _ _ _._..-_____ ___._~ _ . . - - _ . _ _ _ . _ _ _ _ . _ _ _ _ _ _ _



- - - - - - -

.

Octaedy Psn

1

.

O

!

i

JA k n. o m |
_ _ _ .

,

s. a. u , ,,

Fer+ (May
|

.

!

(*O -s

v

t ,

i

i
.C i

I

4
'

|e
'9 4 ,

f

. 2.
- . __

J
!

|
*

|
'

* 2 30 go go

ftf4 4844)

.. . _
._ ___



- - - - - - - - - - - - - - -

sgeria 2 sooth

u ttocsT3 Tim a Mi9ery

i

b

a

d 1 80 ;

,II* J l
. N \ kkENMNAM#d"4f4M MWW., p .

. -

i .)u u> n o ' - "-g yp i .

% .

1 - 2.o i
D

i
'

4.t
a s 2 12. * .s

. a -, ;

:

:

|

|

!

|

!

!

f60
2.G

|

20 _

l. 6

N at

" /. O

i
'

i 8.- .

l alA La_ J !b, _. _.m

~ a. a. o s.

Fase cues

- - - - _ - - __ . - __ . _ _ _ . . _ - - - - . - - _ __ _ _ _ _ . -



- S TA TI M 2 30sch.

Onocofy Pso

|

|

i

n

|
l idA_JAL Jb _ . .m

1d Jo8o to se Jo

QG 9 ' (ME)

Psp
f. o

,

L

8

.4 J

;
!
'

taf

.(cs

.

V

e& .

t

i

f
:

to no 3w % 5a
~

I
.

!
*

- . _ . . . . . . . . . . . , , , - . . . , _ . - - - . , , . . . _ _ _ . . . . _ . _ _ . . _ _ . . _ . . .... ......x. , , , _ . - . - , . , _ , . . . . , , . _ . . , _ . , ~ , _ _ . . , , , , . - .



_ _ _ _ ~

Sta7}ou 2 west

fjedocaly 'Tib< Nisky
1.1'

^ 1.1
N,

f
e i t\it,a

sp % /l jk%A40VM@N"ANMI'

0 -/.O
N

-2. 4

~11
3 g 3 iz, sg

17sn<. C.weh

.

i

,

l PSD

.

/. 8

t. 4

f. /

d

A> .n

.as

I k_A Ji j... .. .,
n 2a 3e 40 ra |

EAE 4 (#8
. _ _________



W

einbaa 2 wold
.

!

1

l

1

vetoedy Pso |
l

b LA s\. . . .. .

so zo go qa se

fM4 CH3)

ND
/. O

r

#

.$

1

{

. f.

ev

=% 4
>

Y2

a
'e 30 30 de to

FAGR CNE)
__- _ _ _ _ _ _ . _ _ __ _ - - . _ - . - . - _ - , . . - . - - . . . . , - _ , - , . - - . . , . . . . . . . - - - . .



__ _ _ _ _ _ . _ _ _ _ _ _ _ _ _

Sfr6m 2 UEf?) Cal [

'

.

'

I.

UGlocofy lim < //psggy
22 .

!

,

*

,

f

.V " u.

y-M i !

e I j i

s !

3 a.S J

.

' '

.r. l -

'A3 4 5 /2

m,ca-) !
!

I
r

i

a

!

i

,

i

PSD i

72 _' ;

I
s

.

.57 I

',

|

43 [
-

84 i

s*>% i

29 ;
;

|
!

i

|.n

:

1 J lm LC .1&L, , , t

,. .. ~ .

n.s un :
4

- - - - - _ . , - . _ _ , . _ . . . _ ._,___m._ _ _ _ , ,,r....,m.m 7 ,_ _..., -m , ___, ,



-

$7s' isou 2 untiiseL*

Uflacsbf NO
.

!I 1.m .id u. .m,
_ i

'*
. 20 3a do So

FAf9 tof)

/. o

8
)

.4
;

I

#W '

9 .,

2

. .. ,. . ,.

.__



.

,

g g STRUCTURRL
,

~

mECHRnKS
- ASSOCIATESW A C o lof C os o

Two Annabel Lane. Suite 101. San Ramon,Cahl. 94583 (415) 820-6988

February 26, 1986

Mr. Robert Hermann
Division of Boiling Water Reactor Licensing
Office of tJuclear Reactor Regulation
US Nuclear Regulatory Commission
Phillips Building
7920 Norfolk Ave.
Bethesda, Maryland 20014 )

Subject: Contributions to the Revised Perry SER due to the
January 31, 1986 Earthquake

i

Dear Bob:
,

Please find enclosed my contribution to the revised Perry SER
subsequent to the January 31, 1986 earthquake. I am currently
completing documentation of the effort I expended on Perry in a
Technical Evaluation Report -- however, it could not be completed
within this deadline. I hope this information is helpful.
Please give me a call to discuss it further.

Since:e1
..

Q&<k
Ja es J. Jo son

JJJ/jm
Encls.

q ,& ^Cef.h 0@ "

3 l( yf.
J/64t

<
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Contribution to the Revised Perry SER

Five topics were identified to be discussed relative to
the effect of the January 31, 1986 earthquake on the Perry |

Nuclear Power Plant.

1. Overview of previous SER
2. Changes since the last SER

3. Impact on applicable plant systems of the
January 31, 1986 earthquake.

4. Findings and determinations.
5. Conclusions

Contributions to topics 3,4, and 5 for the Perry structures
(including soil-structure interaction and structure response) are
contained here.

.

Background '

At approximately 11:47 a.m. EST on January 31, 1986, an
earthquake occurred of magnitude 4.9 M Its epicenter was 11b.
miles south of the Perry Nuclear Power Plant. The earthquake was
felt at Perry and motions were recorded at several locations in
the Perry structures.

Three different types of instruments recorded the event
at Perry. One type of instrument is the Kinemetrics Model SMA-3
strong motion time history recording accelerograph. This
instrument records the three orthogonal components of
acceleration over the duration of the earthquake. Two of theseinstruments were installed at Perry -- one on the reactor
building foundation mat at approximately elevation 575' and theother is mounted on the containment shell at approximately
elevation 686'. Plots of the recorded acceleration time
histories and calculated response spectra are contained in
Ref. 1.

These records best describe the characteristics of the

-1-
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earthquake ground motion, i.e. short strong motion duration (less

than 1 sec.) and high frequency motion.

The second type of instrument is the Engdahl PSR 1200-

H/V response spectrum recorder. This instrument records the

response of a series of single degree-of-freedom oscillators to

the motion. It generates response spectral ordinates at discrete

frequencies, in this case, twelve discrete frequencies ranging

from 2 Hz. to 25.4 Hz., for a fixed damping value of 2% of

critical. This instrument measures response spectra in three

orthogonal directions. Four instruments of this type were used

-- two on the auxiliary building foundation mat at an approximate

elevation of 568', one on the reactor building foundation mat at

an approximate elevation of 575', and one in the reactor building

on the drywell platform at an approximate elevation of 630'.

The third type of instrument is the Engdahl Par 400

peak accelerograph. It records three orthogonal components of

peak local acceleration. Two instruments of this type were used

and were located on the auxiliary building foundation mat at an

approximate elevation of 568' and on the reactor recirculation

pump at an approximate elevation of 605'. A third instrument was

out of service.

3. Impact on applicable plant systems of the January 31,

1986 earthquake.

The scope of the review includes the seismic system and

subsystem analysis of the plant including Category I structures

and systems. The impact of the January 31, 1986 earthquake on

the seismic design of structures and on the seismic analysis

methods including soil-structure interaction and structure

response is reviewed.

-2-
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4. Findings and determinations

The bases for this preliminary evaluation are as follows:

(i) Submittals by the utility (Refs. 1, 2, and 3)

(ii) Follow-up and clarifying conversations with the

utility and its architect-engineer.

(iii) Recorded acceleration time history records

obtained from tape.

(iv) References in the open literature concerning the

effects of earthquake characteristics, such as

f requency content and duration, on structures. |

(v) Independent response analyses of the Perry

reactor building. '

(vi) Plant visit and inspection. |

!
4

Effect of January 31, 1986 earthquake on structures

i

The characteristics of the recorded motions on the

foundations of the reactor building and the auxiliary building

are judged to be similar in f requency content to the free-field

ground motion. The phenomenon which could lead to different

foundation motion compared to the free-field is soil-structure i

interaction / structure response. All category I structures except

the diesel generator building and the of f-gas building are
;

founded on very stiff rock (shear wave velocity of 4900 ft/sec)
or fill concrete of similar shear wave velocity. These very

stif f materials are generally thought to preclude significant

soil-structure interaction effects. In addition, the reactor t

building was analyzed as a fixed-base structure subjected to the

- _3
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l
recorded foundation motions (three translations) and good i

correlation of calculated and measured in-structure response was
observed. This good correlation implies that rocking of the

foundation was not significant, whereas, rocking of the

foundation is an important SSI phenomenon. Hence, it is judged

that the recorded foundation motions are similar to the free-
field ground motion in f requency content. The earthquake motion

is characterized by a very short strong motion duration (less

than 1 sec) and significant frequency content at high frequencies
(near 20 Hz).

There is a vast literature which documents the low
damage potential of earthquakes of short duration and high
frequencies. One of the most recent investigations was that of

Kennedy et al. (Ref. 4). This investigation sought scale factors

by which earthquake records must be scaled to induce specified
levels of nonlinear deformation. Two levels of nonlinear

deformation were considered, as defined by du'ctility ratios of
1.85 and 4.27 A ductility level of about 1.85 represents a best

estimate of the inelastic deformations which would occur in a
shear wall designed for static lateral loads to the ACI-349 code

capacity (Ref. 4). Representative stiff structures of
'

fundamental frequencies ranging from 2.14 Hz. to 8.54 Hz. were
considered. Recorded ground motions of varying frequency content
and duration were considered. None had as short a duration or as

high a high frequency content as that recorded at Perry. Two..

records of short duration and somewhat higher frequency content
(although still less than 10 Hz.) were the Gavilan College,
Hollister, 1974 record and the Melendy Ranch Barn, Bear Valley,
1972 record. For a structure of fundamental f requency of 3.20
Hz. (near that of the Perry reactor building), the two recorded

motions would need to be scaled by factors of 1.6 to 2.2 to

achieve deformations corresponding to the design level f orces.
Alternatively, a measure of the effective peak ground
acceleration of these records would be the instrumental peak
divided by these factors. If a similar procedure were applied to

-4-
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the recorded foundation motions at Perry, the scale factors are

expected to be significantly higher than 2 and, consequently, a

measure of the effective peak ground acceleration of the Perry

motions would be perhaps 1/3 of the instrumental peak

acceleration or less. Excitations of this type have limited

energy and, hence, little damage potential.

Soil-Structure Interaction and Structure Response
.

The seismic analysis of the Perry Category I structures

involved developing mathematical models of their dynamic behavior

and analyzing them for the design ground motion. The ability of

these models to predict response from the January 31, 1986

earthquake was investigated. To do so, Refs. 1 and 2 and a tape

containing the recorded acceleration time histories on the

reactor building foundation were utilized. The following steps

were performed.
'

.

1. Reference 1 was reviewed wherein the utility

itemized a frequency and mode shape of the

containment vessel near 18 Hz. and with a

significant modal participation factor. The

argument was made that this mode amplified the ,

free-field motion to obtain the measured record in

the containment vessel. This model included soil
- springs, which although stiff, raised the question

of their importance.

2. Reference 2 was reviewed and the reactor building

dynamic model implemented on the LLNL computer j

system. Frequencies and mode shapes were extracted

for this model which included soil springs and ;

checked with those of the utility.

3. A fixed-base eigenvalue extraction was performed on

the model and the modes interrogated to determine

- _5
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whether a mode of frequency near 20 Hz. had high ,

importance to response of the containment vessel at

a location near the recording. Such modes do exist

in both the N-S and E-W directions and they are the

second most important modes for the containment !

vessel's response.

I

4. Further verification of their ability to amplify
'

the recorded motion was derived by performing a

fixed-base time history analysis using the recorded

foundation acceleration time histories as input.

Figure 1 compares response spectra for the recorded

foundation motions and the calculated containment

vessel response at approximately elevation 688'.

Figure 2 shows a comparison of response spectra of

the recorded motions on the foundation an.d on the
containme'nt vessel at, elevation 686'. Figure 1

shows clearly the amplification of the 20 Hz.

motion from the foundation to the point on the

containment vessel. The magnitude of the

amplification is less than the recorded motion,,

however, this preliminary analysis . simply assumed a

design damping value of 4% of critical which is an

important factor. Also, peak spectral

amplification is widely recognized to be uncertain.
,

Open Issues *
i

For the diesel generator building and the off-gas
'

building which are founded on fill rather than rock, the

applicant agreed to assess the ef fect of the January 31, 1986 i

earthquake on their response.

For the reactor building, the applicant agreed to

assess the effect of the January 31, 1986 earthquake on

calculated structural loads. His initial assessment for the

-6- -
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containment shell showed them to be very low and below the design
i

basis. '

|

i
;

5. Conclusions

!
-

The January 31, 1986 earthquake is judged to have had
an insignificant effect on the Perry Nuclear Power Plant
structures. Further, it is judged that the Perry seismic r

t

ianalysis models adequately predict the behavior of the reactor
!

building when subjected to this event. Finally, pending
!

resolution of the open issues, the plant design of the structures
is judged to be acceptable and unaf fected by the event.
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