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2.4

ISR ===y

- Perry USAR, Section 2.5, Revision 4, March, 1992.

- 18th Quavterly Seismic Monitoring Report (PY-CEI/NRR-0l44L, dated
2/27/92).

- SSER No.9 Confirmatory Activities Close Out: Geological and
Geophysical Studies (PY-CEI/NRR-04B61l., dated 6/74/86),

SEISMIC DESIGN EVALUATION

Results of the immediate inspections on 3/15/92 indicated that the peak
ground acceleration at the Auxiliary Building foundation on Engdahl
Peak Recorders was .038g and subsequent analysiz of Kinemetrics time
history data indicated a rimilar peak acceleration of .038g at the
Containment Building foundation.

Acceleration data taken from the in-plant seismic recorders shoved
recorded floor response spectra vere within the OBE design spectra.
Similar to the 1986 earthquake response, the instrumentation located at
elevation 686’ of containment recorded the highest accelerations. This
is an expected result as motions input to the foundaticn mat will be
amplified as they are transmitted up through the structure. Design
floor response spectra consider this amplification when they are

developed for above grade elevations.

CEI analysis shows the high frequency accelerations involved are of a
very short duration and the velocities and displacements are vell below
those which could cause damage even to non-engineered structures. The
total energy associated with these high frequency accelerations is
small, and therefore has no adverse impact on plant structures and
equipment. Th.. the high frequency accelerations have no engineering
significance and the effects of the earthquake experienced at Perry are

vell vithin the seismic capability of the plant. This latest event is
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€1 INSTRUMENTATION

Thiee different types of in-plant seismic strong motion monitoring

. instrumentation were used to record the March 15, 1992 Mc 3.5
earthguake located near PNPP in Lake Erie. Table !.1 and Figure 4.1
delineate the specific instrument number, type and location. PNPP is &
fully instrumented Regulatory Guide 1.12 facility.

One type of instrument used is the Kinemetrice Model SMA-3 strong
motion triaxial time-history accelerograph. This system detects and
recorde three mutual perpendicular components of acceleration over the
entire duration (recording starts within 200ms of measuring .005g) of
the carthquake onto cassette magnetic tape, Power to the unit is
supplied by internal rechargeable batteries which are kept in a charged
state by 120 VAC line power. Two instruments of this type were used,

. one was located un the Reactor Building roundation Mat at an elevation

| of approximately 575 feet, and the second on the ccntainment shell at

elevation 686 feet.

The second type of instrumentation used is the Engdahl PSR 1200-HV
response spec'ium recorder. This total mechanical system records three
mutually perpendicular components of acceleration, at selected
frequencies, The instrursnt has twelve reeds fabricated of varying
lengths, one for each frequency ranging from apptoximately 2 Hz to 25
He, and a diamond-tipped stylus at the free end of each reed to
inscribe a permanent record on one of twelve record plates. Four
instruments of this type are provided, two on the Auxiliary Building
Foundation Mat, one at the Reactor Building Foundation Mat, and one in
the Reactor Building located on the Bioshield wall,

The third type of instrument is the Engdahl PAR 400 peak accelerograph.

. '
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This totally mechanical system records three mutually perpendicular
components of peak local acceleration (i.e., the zero period
acceleration). A diamond tipped scriber at the end of an amplifier arm
records a permanent mark on a record plate. Again, this system is
totally self-contained and requires no outside power source. Three
instruments of this type are used and are located on the Auxiliary
Building Foundation Mat, on a Reactor Recirculation Pump, and a third
instrument on High Pressure Core Spray (HPCS) piping in the Reactor
Building.

PLANT INSPECTIONS FOLLOWING EVENT

Priot to the earthquake that occurred on March 15, 1992, numerous
testing, calibration and work completion activities were being
conducted in preparation fo: the Third Refueling Outage. The plant had
Just completed a power reductics to 9%% at Systems Operating Center
(80C) request.

On Matrch 15, 1992 @ 0116 the Control Room recrived a Seismi¢ Trouble
Alarm, heard a large thud and fe)t the building shake, The plant
supervision entered Off Normal Instruction (ONI) DS1.

In support of the ongoing testing and surveillance activities, a
significant number of systems were in operation., In addition, numerous
other systems we:. enetgized and in the standby mode. A'l of the
operating safety-related and non-safety systems continued to operate
through the event, None of the systems in the standby mode experienced
any spurious initiations.

In addition to the emergency plan action previously discussed,
immediately following the event plant operators performed a plant
walkdown, Areas of visual inspection include the Diesels Rooms,













PERRY NUCLEAR POWER PLANT UNIT NO 1
SEISMIC MONITORING INSTRUMENTATION

TABLE 4!

Page 2 of 2

strument
Number

Type

Manufaiturer | Model Number

Location

3IF15/92 Status

DS LR8O

D51-R170

D5%1-R180

DS1-R190

t3)

(3}

{3

Engdahl / PSR- 1200 H/V-124A

Reactor 8ulding
Foundation Mat
Elevatten S78°-10°
Anmuth 225°

Reactor Buiiding
(Inside Drywell)
Bioivgical Shield Wall
Eievation 636'-6"
Azimuth 2387

Auxihary Bulding
Foundation Mat

{ HPCS Pump Room )
Elevanon 56847

Auxihary Buillding
Foundation Mat

{ ROC Pump Room )
Elevation 568 4"

st

Jperable

Operable

Jet-af -Service

Operable

it

wi By e

Triameal Time-History Accelerograph

Triamal Peak Accelerograph

Triamal Response Spectium Recorder
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M51-8101 R/B Foundation Mar, EI. S75°, Az. 175° 5. #DS51-Ri60 R/B roundation Mar, El. 574°, Az
#D51-N111 R/B Containment Vessel, El. 686", 6. #DS1-R170 R/B Placform, EV. 630", £z. 738"
Az, 174° 7. #DS51-RIBD A/B Foundation Mat, El. S6R'

#051-R120 Reactor Recirc Pump, El. 60S5', Az. 145° 8. #DS1-R190 A/R Foundation Mat, El. S68°
fOS51-R140 A/B Foundation Mat, El1. S68°

FIGURE 4.1 - PERRY POWER PLANT INSTRUMENT LOCAT:ONS, ELEVATION VIEW
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Overviev of March 15, 1992 Earthquake

The March 15, 1992 evant vas determined to be of an approximate 3.5 Mc
magnitude, vith an epicenteral location about four (4) miles northvest
of the operating Perry Nuclear Flant. This event is of substantially
lover magnitude and total energy than the earthquake for vhich the
Perry Plant vas designed. Comparison of recorded time-history
accelerations (Figure A-1 of Appendix A) at the foundation mat (el.
574’ -10") of the Reactor Building (RB) vith the corresponding OBE
time-history acceleration used for design has revealed the minor nature
of this event vith respect to its overall duration, time of strong
motion and energy content, In fact, as stated in Section 4.0 of
Appendix A, the recurded data at this location vas of such lov
magnitude that response spectrum analysis could not be performed by the
vendor due to a low signal to noise ratio.

The overall minor nature of the event, as recorded by the Kinemetrics
SMA-1 instrument at the R.B foundation, is further collaborated by the
folloving seismic data:

«  Engdahl PSR-1200 readings (at the same general R/B location)
{ndicate very lov acceleration values. See Table B.4 of Appendix
Bl

+  Engdahl PAR-400 readings (at Auxiliary Building (AB) foundation,
El. 568’'-4") indicate a ZPA horizontal acceleration of 0,038g. See
Table B-5 of Appendix 3. This compares favorably to tae SMA-] data
of the R/B foundation, vhich also is approximately C.038g
(uncorrected) horizontal acceleration. See Figure A-1 of Appendix
A for the larter data.

' Porizontal PSR.1200 readings (at A/B foundation, el. 568'-4")

indicate a very lov response spectra values. See Table B-7 of

e e e e i e B

e e e
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31, 1986 Leroy earthquake, the event was characterized by low energy,
high frequency, short duration and small displacement. No further
engineering evaluations for this event are considered necessary,

References

1. PY-CEI/NRR-0437L dated February 12, 1986, "Seismic Event Evaluation
Report”.

2. EPRI NP-5030 Final Report dated July, 1988, “A Criterion for
Determining Exceedance of the Operating Basis Earthquake",

3. EPRI NP-6695 Final Report dated December, 1989, "Guilelines for
Plant Response to an Earthguake".
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APPENDIX A

TO

SEISMIC EVENT EVALUATION

FOR THE

MARCH 15, 1992 Mc = 3.5 EARTHQUAKE

PERRY NUCLEAR PLANT

KINEMETRICS STRONG-MOTION DATA
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APPLICATION NOTE

Conditioning and Correction of Strong
Motion Data on Analog Magnetic Tapes

No. 7

Kinemetrics has developed programs for routine computer
processing of data recorded on the analog magnetic tape accelero-
graphs, Models SMA-2 and 5MA-3. The software from published
research for film recording accelecrographs (Trifunac & Lee, 1973)
has been adapted to the analog magnetic tape recording
instruments.

Magnetic tapr is used where rapid playback and analysis of
de’.a ure requirec. These accelerographs are normally located at ‘
large engineered facilities, such as nuclear power plants.
Figure 1, "Kinemetrics Earthguake Data Reduction System Flow
Diagram," illustrates the specialized servicez needed to prepare
dat: immediately 2fter an earthguake.

The purpouse of this-Note is to describe the standard data
conditioning and correction used .o prepare accelerograms for
subsequent response spectrum or time-series analyesis. On Figure
l are references to the following paragraphs: 1l.0--Data Playback,
2.0--Analog~-.o-Digital Conversion, 3.0--Data Conditioning, and
4.0--Data Correction.

There ar: two "tape speed" errors in all FM analog re-
cording/playback systexs. One “"error" is a change in apparent
amplitude due to unwanted tape speed changes. Correction of this
error is called "amplitude compensation”. This is shown in Fig-
ure 2 and described in Sections 1.0 and 3.0. The second "error"
is a nhange in apparent length of the earthquake due to different
tape speeds during recording and playback. Correction of this
error is called “time base compensation". This is shown in Fig-
ure 3 and described in Section 2.0.

1.0 Data Playback

1.1 The playback system is a Model SMP-1l (Figure 4
SMP~1 is used tc play out the SMA-Z or SMA-3 tapes, the Big
which appear on the integral chart reccrder are amplitude

compensated.

KINEMETRICS /| SYSTEMS, 222 VISTA AVENUE, PASADENA, CA 81107 818) 795-2220; TELEX 67-5402 KMETRICS PSC




1.2 The electrical outpute taken from the DEMODULATED OUTPUT
jacks (Channels 1, 2, or 3 of Figure 4) are not amplitud
compensated. However , Kinemetrics has an electronic Data (om-
pensator which plugs 1ntc n SMP-1l.

Wrhen the Data tor is used, the ou ls are
amplitude comp by electronic Bubtr Channel 4 fron
Channels 1, 2, anc The electronic sul g accomplisghed
by meane of & unity=-cain ope! ional ampl pach of %he
three data channels. The data channel (1, 2 or 3 irives one
input to the op-amp and the time compensation ~hannel (4) drives
the other cop=-amp input. ¢ op=amp output is the difference
between the two inputs and provides the amplitude compengatior as
shown in Figure 2

The Data Compensator should be used 1f the signals are t D€
recorded on a three~-channel strip-chart recorder for display. Th
gicnals are not time base comg ed.

1.3 1If the signals are to be pi on & computer, there
are two ovptions:

l.3.1 Use the Data Co 1s8ator for amplitude
comg ation and digitize charnels 1, 2 and 3
3.2 Without or, digitize channels 1,
2, 3 and tware perform amplitude
cumpengation by subtracting channel 4 from eact
of the three data channels

IThe following steps e take at Kinemetrice using the SMP~I
connecteg to the Analog-to-Digital Converter, Model DDS-1103 ot
Natata :

2.1 Threc 3) analog outputs f the SMP-1 with Data
Co f are digi-ized s >usly: longitudin
t: and vertical (C iy 4 3 0of Figure A 12-bi
analog-to-digital converter is used with normal full le of 2°
J ™5

2.2 The FM re S of Figure 4) 1is
1,024 Hz plus or minus ¢t ignal 18 divided
down by four (256 Hz + deviatio! and the timing signal
for the digital conversion tin interv Figure 3). Thus
the accelerogram time base is corrected for tape speed error an
the voltage values ar equall Spact it 1/256 second This i
" - - my % > - N v » > - » . ~ -

- 18 ~aal e . - b (@] 4 € . 1G4 " - 4 2 -

"% v P ¢ » - T - v B
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Earthquake
is Recorded

i i i B

Dats Playback
Using SMP-1 at plant,
produce strip chart records

| File st Piant
prme— GMP=1 hard COPY, STIip
] | charts clearly labeled

|

Iransals Dase

Cassettes transmitted to
Kineastrics in Pasadena

Dats Playback

| Using SMP~1 at Kinemetrics,

l connected to A-to-D converter,
| produce parallel atrip charts

w te

1. Cassettes
2. SMP-1 hard copy

n ny
At Kisemsirics, using DDS~110S
or DetaSeis

1. 2 channels per cassette:
scceleration in x,y.and 3

1

@r Data Conditioning

Using computer

i. Demultiplexing

2. Linear baseline corvection

3. Engineering units

Uncorrectec bats
Uncorrected accelerograms on

$-track computer compatibl
tape and plot of time serie

I

.-

o

Dats Correction

Using computer

1. Instrument correction

2, Baseline correction

3, Integrated velocity
and displacement

) | Coxrected Date

integrated velocity and

I Corrected accelercgrams and
displacenent

|

A

| 1

Data Reduction

Using computer

1. Damped Response spectra
| 2. Pourier Amplitude spectra

’ i.

" T 1. Plots of all time series |
| 2. 9=track computer compatib.ie |
' tape of acceleration |

i 3. Card decks opticnal |

I
| keduced Date |
L_____.. 1. Plots of Response spec:ra ;
{

Plots of Pourier spectra

(‘r;u_tm: Data to Owner |
| 1. Raw Data
2. Uncorrected Data

3. Corrected Data
4. Reduced Data
A
{ Data Analysis |
FIGURE 1

Flow Diagram for Kinemetrics

e

N R
.. 3w

(Earthguake Data Reduction Seguence)
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INPUT:
Multiplexed amplitude-compensated INPUT
accelerograms, channels 1,2,3,1,2,3,...1 7
! Uncorrected Accelerogram Aft)

i1 = longitudinal axis, A)l(tr) 256 samples per second
2 = transverge axis, Agit) P pf' 4;4,/
3 = vertical axis, Ay(t)

each st 256 samples per second.
Data are offset binary representation

of smplitude in volts. o x
- Low-pass filter A(t) by using
1 Ormsby filter to get A, (t) |

Demultiplex raw accelercgrams ‘
into three files:

Pile 1 = Aj(t)
Filo 2 = At
File 3 = A, (t) |

Perform instrumental correction
of Ay(t] by using differential
equation approach to obtain Ay(t).

See Reference EERL 71-05%
Transform offset binary numbers | |
to volts, according to

|
voiea + 3 [y - 1] | | 4

Perform baseline correction of Ap (%)
by high-pass filtering the data with
| Ormaby filter to get As(t). |
See Reference EERL 70-87.

| perform linear baseline correction by |

calculating mean value for each file | '
| and subtracting this value from each | |
| data point in the file. | |

| 1 -

’ oUTPUT: ,
uae G

. Corrected accelerogram Aatth
,
| Amplitude values .in volts are transformed

. Velocaty t.me history
| te units of ¢, using individual accelerometer | Displacement time history /
| sensitivities |

LR S

256 samples per second =1

/" OUTPUT: ‘\\
‘ Uncorrected Accelerograms, Alt)

FIGURE 6
FIGURE 5

Data Conlitioning, E.D.R.S.
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Analysis of the PDAS-100 Data Records of the Earthguake of March 15,
1992 06:14 GMT

Introduction

The 3/15/92 earthquake event was recorded by a purtabls digital
seismograph (PDAS-100) installed at the Antioch station of the CEX
Autostar network. The Antioch station is located about 1 km ENE of
the Perry Nuclear Plant and approximately 8 km from the epicenter of
the Matrch 15th earthr iake,

At the time of che esrthguake, the PDAS-100 was configqured to record
two ver.ical component channels and 1 horizontal component channel.
The POAS-100 was in this configuration to "base-l ne" the unit with
the Autostar Network., All channels were enabled to record at 100
samples per second. The transducer for one of the vertical
components is a PA20 accelerometer (.eledyne-Geotech). This
accelerometer was installed at ground surface vn a wood floor of a
small shed which houses the telemetry of the Antioch seismic station,
The second vertical comporent included an L-28 velocity transducer
(Mark Products) with ¢ natural frequency of 4.5 hert:, The
herizontal component also included an L-28 velocity transducer. Both
the vertical and horizontal L-28 velocity transducers are installed
in a waterproof lexsr bc:n and installed outside the Autostar
instrument shed. The lexan box and velocity transducers are buried
at a depth of about 1 foot below ground surface, It should be noted
that the Antioch site has a stratigraphic column of about 70 feet of
overburden over Paleozoic bedrock. Thus, PDAS-100 ground surface
records discussed below were recorded at a 'soi. site’,

Recorded Ground Motion

The PA20 vertical component record was corrected for instrument
sensitivity (i.e. 5 volts/g) to cbtain the accelerogram shown at the
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top of Figure C.1., The peak acceleration for this record is 0.014g.

Fourier Amplitude Spectrum and Power Spectral Density plots shown on
Figure C.1 illustrate the frequency composition of the PA2) vertical
componsnt accelerogram., Dominant frequencies are at 10.9 and 11.7
hertz. Other spectral peak, occur at §, 7, 14.3, and 18.8 hertz, It
is noted that the PA 20 record exhibited additional high frequency
energy at freguencies of about 38 to 42 hertz. Similar amplitude
high frequencies were not present in the L-28 vertical record buried
in the ground near the small instrument she’, The high frequencies
are attributed to rescnance of the wooden shed. These high
frequencies were filtered using a cut-off freguency of 30 hertz. The
peak acceleraticn of the unfiltered record was slightly higher at
=-0.016g.

More extensive processing was required to generate acceleration time
histories for the vertical and horizontal ground mo*ions recorded by
the L-28 velocity transducers. Ground velocities were computed using
the published instrument sensitivities (i.e. 0.65 volts/inch/second).
Next, the time derivative was taken of the velocity record tc derive
ground acceleration records, §Shown on Figure C.2 is the vertical
component L-28 drrived accelerogram. The peak ground acceleration is
0.0095y. Spectral composition of this L-2B record is similar to that
recorded by the PA20 accelerrmeter. Dominant spectral peaks are at
about 10.6 and 11.8 hertz. Secondary peaks occur at 5, 7, 13.2 and
17.8 hertz.

Application ~f the same data processing stream to the L-28 horizontal
component ground response record resulted in the accelerogram shown
on Figure C.3. The peak acceleration of this record is 0.102g, about
a factor of 10 larger than the corresponding L-28 vertical component
acceleration time history., As can be seen in the time history, the
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Scale. Seven records with CAV's ranging from ,021 to 027 g-sec are
listed in the referenced EPRI OBE Excoedance report. Purameters of
these events are listed belov.

Record No. Earthquake Magnitude S§ite Intensity CAV
42 South Carolina % 111 (3.3) 027
43 South Carolina 2.7 111 (3.3) D24
89 Oroville, CA 4.1 111 (3.2) 027
101 Oroville, CA 4.1 11T (3.2) 027
140 Oroville, CA 4.0 111 (3.2) 021
141 Oroville, CA 4.0 111 (3.2 022
248 Ancona, Italy 3.3 11 (.7 027

Compatrisc of the CAV's (and associated magnitudes and site
intensities) vith the CAV of 026 determined for the Antioch site
confirms that the local Intensity was lov, on the order of about IIl
(MM1 scale). As noted above, the Antioch site is a ‘soil site’ and
the records likely have some level of amplification relative to an
adjacent bedrock site, Intensities and CAV's estimated for the
nearby Perry Nuclear Plani, founded on bedrock, are at most,
equivalent to but likely smaller than those ohserved at the Antioch
seigmograph site. It is concluded that although instrumentation at
the plant vas triggered by the March 15 event, ground motions vere
vell belov levels required to cause damage to structurses or

equipment.
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