SELISMIC EVENT EVALUATION

REPORT

PERRY NUCLEAR POWER PLANT

DOCKET NOS. 50-440; 50-441

THE CLEVELAND ELECTRIC ILLUMINATING COMPANY

FEBRUARY 1986



TABLE OF CONTENTS

1.0 INTRODUCTION

2.0 OVERVIEW OF EVENT

3.0 PLANT STATUS AND IMPACT ASSESSMENT

4.0 EARTHQUAKE ANALYSIS AND SITE SEISMICITY
5.0 SEISMIC INSTRUMENTATION DATA EVALUATION
6.0 PLANT SEISMIC DESIGN EVALUATION

7.0 CONFIRMATORY PROGRAMS

8.0 SUMMARY & CONCLUSIONS

APPENDIX A: Strong-Motion Data from the Perry Nuclear Power Plant
Seismic Instrumentation (Kinemetrics)

APPENDIX B: Report on the Peak Shock Recorders and Peak
Acceleration Recorders Installed at the Perry
Nuclear Power Plant during the Seismic Event on
January 31, 1986 (Engdahl Enterprises)

APPENDIX C: A Preliminary Evaluation of the Significance of the
Seismic Event on January 31, 1986 at the Perry
Nuclear Power Plant (Stevenson)

APPENDIX D: Response Specira Plols

APPENDIX E: Results of Specific Inspections

L
Evaluation of Walkdown Items

Plant Settlement Readings
Seismic Clearance Walkdown
Cooling Tower Walkdown
Review of Energized Clircuits



1.0

INTRODUCTION

The purpose and scope of this report is to provide the results of The
Cleveland Electric Illuminating Company seismic event evaluallon for
the Perry Nuclear Power Plant. The discussions contained herein
provide the basis for CEI's conclusions that the January 31, 1986
earthquake in the vicinity of the Perry site:

1) did not adversely effect the plant structures, systems or
components,

2; was within the design capability of the Perry Nuclear Power
Plant, and

3) do s not change the licensing basis or conclusions regarding

the site geology, seismology or design basis earthquake.

This evaluation report addresses the key issues related to the
January 31 earthquake including the immediale response to the event,
and the plant status and impact assessments following the earthquake.
Detailed evaluations of the geological and seismological implications
of this event and an analysis of the plant seismic design basis
capabilities are presented. 1In addition, a description 1is provided
of the confirmatory programs to monitor post seismic evenl activily,
to continue the evaluations to identify any earthquake related

effects, and to participate in generic industiry studies.



2.0

SEISMIC EVENT OVERVIEW

Event
At approximately 11:48 a.m. on January 31, 1986, an earthquake
occurred, which was located about 10 miles south of the Perry site
and had a Richter magnitude of approximately 5.0. CEI implemented
the Perry emergency plan in response to the seismic event as
described in the attached chronology. A site area emergency was
declared as a precautionary measure for site personnel accountability
and for informational notification to local officlals. Timely
notifications were made and plant staff responded professionally and
successfully implemented the plant procedures for Lhis type of an

event.

Plant Response and Assessments

Immediately following the earthquake, plant operations personnel were
dispatched into the plant to survey for any major damage. The
initial reports indicated no damage. Subsequently, a team of
approximately 65 engineers and technicians was organized to perform a
detailed walkdown of all plant areas. These inspections found no
damage to any systems, structures or components. The hairline cracks
in concrete walls that were observed have been reviewed and found to
be typical of reinforced concrete structures which have not
experienced seismic events. Numerous safety-related systeams in

operation or stazadby readiness continued to operate without incident.

Earthquake Analysis
Based on United States Geological Survey (USGS) recorded data, the

earthquake of January 31, 1986 was centered about 10 miles south of

the Perry Site and had a Richter magnitude of 4.96. This is a lesser
magnitude than the earthquakes for which the Perry Plant has been

analyzed and had substantially lower total energy coalent than the



Perry design response spectra. The January 31 earthquake is
consistent with the previously established geology and historical
seismicity of the region, as described in the Final Safely Analysis
Report. The earthquake does not change the concluslions of the FSAR

on the geology and seismicity of the site area.

Seismic Design Evaluation
L8N

Acceleration data taken from the in-plant selsmic recorders showed
recorded floor response spectra in certain locations outside the
design spectra at high frequencies. The design specira are based on
a statistical envelope of historical earthquakes (84th percentile)
and, therefore, some instances of recorded responses exceeding
predicted floor responses are expected. The possibility of high
frequencies outside the spectra has been evaluated at other nuclear
plant sites and concluded to have insignificant effect on plant

structure and components.

CEL analysis shows the high frequency accelerations involved are of a
vary short duratlon and the velocities are well below those which
could cause damage even to non-engineered s.ructures. The total
energy associated with these high frequency accelerations is small,
and therefore has no adverse ilmpact on plant structures and
equipment. Thus, the high frequency accelerations have no
engineering significance and the effects of the earthquake
experienced at Perry are well within the seismic capablility of the

nlant.



Time of Occurrence

11.40:42.3 (USGS data)

1148

1150

1155

1200

1201

1204

1206

1211

1216

1218

1219

1225-1240

1230

1232

January 31, 1986 Earthquake

Chronological Summary of Events

Event

Seismic event occurs

Control room reports nosie & vibration to
to Systems Operation Center

Main generator breaker reported open,
isolating main and auxiliary transformer,
automatically shifting to startup transformer.
Auxiliary boller trips noted

Seismic alarms received in P680

Trip of instrument alr compressor noted

Visual inspection of lower arcas of Turbine
8uilding, Auxiliary Building, Intermediate
Building and transformer yard satisfactory

Shift Supervisor sounds Plant Eiirgency Alarm

Visual inspection of Turbine Building, Turhbine
Power Complex, Intermediate Building,
Auxillary Building and Control Complex
satisfactory.,

Shift Supervisor delcares precautionary Site
Area Emergency, makes Evacuation Aanouncement.

Auxiliary boller restarted

Notifications to CEl emergency personnel
pursuant to Emergency Plan began

[nitiated retrieval of seismic plates and
magnetic tapes from seismic Instrumentation

Visual Inspectlon of service water and
emergency service water pump house
satisfactory

Inttial notifications of Site Area Emergency

provided to Lake, Geauga and Ashtabula
counties, the State of Ohio, Coast Guard, NRC

Visual inspection of cooling towers and basins
satisfactory

Operational Suppor: Center (08C) activated



Time of Occurrence

1235

1251

1254

1257 - 1301

1300

1302

1303 - 1315

1305

1340 - 1401

1341

1420

1425

1431 - 1442

1440

1531
1552

1630

Event

Technical Support Center (TSC) activated

Initial inspections of all Unit 1 and Common
areas completed with satisfacory results, only
minor problems noted.

Visual inspection of suppression pool
satisfactory

TSC completes precautionary Site Area
Emergency Follow-up Notifications to Counties,
State, Coas: Guard

Walkdown of all Unit | areas has finds no
major equipment damage and noted minor flange
leaks.

Site Area Emergency downgraded to Alert
Initial Notification of downgrading to Alert
made to Counties, State, Coast Guard and NRC.
Three teams dispatched for additional system
walkdowns; six maintenance teams dispatched to
inves:igate equipment

Follow=up notification of Alert status
provided to Counties, State, Coast Guard and
NRC

INPO contacted

NRC - Bethesda and Reglon LIl concur on
termination of emergency

Termination of Emergency Event

Termination of Emergency Event reported to
Counties, State, Coast Guard, & NRC.

INPO notified of termination of Emergency
Event

Deactivated TSC.
Seismic alarm P969 reset

Recovery organization met to review selsmlc
avent, emergency response and confirmatory
actlions,
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PLANT STATUS AND IMPACT ASSESSMENIS

PLANT STATUS

Prior to the earthquake that occurred on January 31, 1986, numerous
testing, calibration, and work completion activites were heing
conducted in preparation for fuel load. Ome major aclivity was
preparation for the Division [L Diesel Generator response time
testing. As part of this work, all of the safety related components
powered from the Division Il Diesel were energized and in standby
readiness. All of this equipment bdehaved normally through the evani;
tha: Ls, there were no spurious staris or alarms, Prepirations were
also underway Lo move the starlup sources. This work had not yet

begun when the seisalc eveal occurred. The sources were never

actually moved, and remained stored in the upper pools.

In support of the ongoing test and surveillance activities, a
significant auamber of systems were (a operation. In additton,
numerous other systems were energized and in the standby mode., Lists
of the specific safety and non-safely systems enargized or operating
prior to and during the earthquake are included as Tables 3.1 and
3.2. All of the operating safety-related systems continued to
operate through the event, None of the safety-related systems (n the

standby mode experlanced any spurious (nitiations.

As noted in Table 3.2, a large nuamber of non-safely systems were
operating or ia the standby mode, and mailntained thelr status
theoughout the event, Two non-safety (tems tripped on protective
signals as intended by the design. These were Lhe Unit | (nstrument
alr compressor, which tripped on high vibration, and the auxiliary

steam hotler, which tripped due to actuatlon of one of Lis protective




clreuiise The {astrument alr compressor (8 a cenirifugal machine
that operates al greater than 40,000 rpa and as part of its
protective devices has a very sensi:tive vibration switch., The
auxiliary steam boller has several protective clrcults of which one
tripped during the earthquake. The boller was successfally restartad

after the event.

The only other non-safety items of equipment that tripped during the
earthquake were the Unit | main and auxiliary transformers, which
tripped due to the closing of the generator protection relays. These
relays although open at the time of the seisalc evenr, did not have
voltage applied as a result of an ongoing outage. Laboratory lesting
of these relays since the avent has confirmed Lhat the presencs of
voltage on the relays significaatly increases the force required (o
close these relays. Had the voltiage been supplied to these relays,
they would not have closed during the event. This (s substantiated
by the fact that other similar open relays with voliage applied 4id

not close during the event.

Investigation is ongoilng to determine the cause of an indleated | 1/2
tnch facrease i(n suppression pool leval., No basis for a physical
change in the water level has been ldentified. The water level
transmitters were found to be out of callbration, though not enough
to account for the entlre (ndicated level increase. The sanme
transmitters Ln other applications did not show any anomalous
hehavior,

In addition to the emergency plan actlons previously discussed,
immediately following the event the plant operators performed i(nitial
surveys of the plant. Areas visually i(nspected included the
Transformer Yard, lower elevations of the Turbine, Auxillary,
Intermediate and Radwaste Buildings, as well as the Control Complex,
Turbine Power Complex, Heater Bay and Water Treatment Bullding., The
reports back to the Control Room {ndicated that the areas were found
in satisfactory condition with no major damage. In addiilon, the

General Supervisor of Operations and the Senlor Operatlons

3.2



3.3

Coordinator made a specific survey of below grade areas. They found
no unusual or abnormal conditions. Further steps taken to assess and
evaluate the status of the plant i{ncluded addi:ional walkdowns by
teams of plant malntenance personnel dispatched from the Operations
Support Center.

PLANT IMPACT ASSESSMENT

As part of CEl's response to the earthquake, a team of approximately
65 engineers and technicians was organized on the evening of January
31 to perform systematic and thorough walkdowns of all plant areas.
These walkdowns were performed using drawings of each area and
checklists of components to inspect for any abnormal conditlons,
These (ncluded such Lteams as piping, hangers, snubbers, valves,
pumps, instrumentation and other componenti. The results of Lhese
walkdowns were recorded and complled {nto a list of approximately 480
ohservations, many of which were later determined th be preexisting
conditions. None of the observations lnvolved siructural damage to
the plant or equipment, The 480 observations are itypified by ainor
hatrline cracks in concrete, burned out Light bulbs and leaking valve
or piping flanges, all of which are normal and expeclted condl:ions

that would be tdentified In any comprehensive walkdown,

In the inspections that were conducted following the earthquake,
plant personnel were instructed to document all unusual or abnormal
condi*lons. Those conducting the Llnspections did not attempt to
determine whether the conditions were the result of the earthquake;
instead, discrepant conditlons regardless of potentlal cause wvere
documented to insure that the status of the plant following the
earthquake would be fully documented for subsequent evaluation by
engineering. Each of the observed discrepant conditlons was
subsequently evaluated by engineeering to determine whelher Lhe
condliion was caused by the earthquake and #hetlher rework or repalr
was required. The engineering evaluation of the Ltems concluded that
717% ware preexisting conditlons, and only two mlnor Llems, were

directly attributable to the earthquake, The remainder,



approximately 100 {l2ms, have been classified as (nletecainate, (.2,
it could not be definitively established that the condition existed
prior to the earthquake. About 25% of the approximately 480 ttaas

will need rework or repair. (See Appendix E)., These will be procassaed
in accocdance with a special procedure {nsiituted i{n response 1o the
earthquake.

A number of other inspections were also performed to de'ermine the
effect, if any, on specific plant structures and conditions. A siie
survey was performed to assess any lmpact of the earthquake on Lhe
site environs, and in particular on the shoreline bluff. No evidence

of any earthquake impacts could bde found.

A survey of set:lement moaltoring points was ordered o detarmine (f
the earthquake had any effect on building settilement. Monltoring
points at various locatlons around the perimeter of the plant
buildings are surveyed on a monthly basis to monitor bullding
settlement. The results of the surveys were Lhal the recocded
movements were consistent with those measured in the past, (ncluding
the amount of change from prior surveys and the absolute elevations.
For example, a comparison of the Reactor Bullding reading with that
of February 1985, found that the two readings were ldentical., Thus,
it 18 concluded that the earthquake had no Lmpact on building
settlement., (See Appendix E).

A walkdown of Unit | Cooling Tower was performed to delermine whether
any damage had resulted from the earthquake, The areas Lanspected
ineluded the basin walls, tower columns and footers, internal support
columns, baffle system, dlscharge pipe, and vell., While all

inspect ions were done from ground level, any significant cracks in



the veil would have been readily apparent since they would have haon

saturated by the previous day's rain. No structural damage was found
{n aay area of the cooling tower. Water was observed seeping through
the north and south veriical Joints where the basin plume wall and
pump house flume wall meet. Seepage at this Joint has been noted in
the past and stopped by the application of mastic material. (See
Appendix E).

As part of the design program for the plant, seisamic clearance
criteria were estadblished to assure that a seisalc event would not
Cause any impact on a safety system either by causing swaying or by
lopact from a non-safety ltem. lnstances of these criteria not beling
mel are termed Seismic Clearance Violations (SCV's). SCV's are
forwarded to engineering for evalution to determine whetlher repair is
required. At the time of the earthquake, there were 29 SCV's that
had been dispositiovned for repair, where the repalr had not yet been
completed. Following the earihquake, inspectors wete directed to
reinspect these SCV's to determine whelher the seilsmic event affecied
the SCV condiiion. These (nspections found nelther damage nor
dimensional change. (See Appendix E).

As previously noted, the plant sysiems, hoth safaty related and
non-safely related, operated properly during and following the
seismic event. Recognizing the sensitivity of electrical components
to high frequency response, a detailed engineering study was
undertaken to Ldentify the number and types of electrical equipment
that was energlzed during the earthquake. The components Lneluded
motors, transformers, relays, switchgear breakers, swiiches,
batteries, contacts, valve operators, chargers/inverters, meters,
recorders, and transmitters. A wide varlety of suppliers was
represented. More than 70 separate systems were Lnvolved. The study
showed that over 47,000 electrical componenis were energized and
exparienced no adverse effacts (n teras of spurlous system actualion
(See Appendix B),
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TABLE 3.1 ]
SAFETY RELATED szsrzns

ENERCIZ CRING THE SEISMIC EVENT
" OF JANUARY 51 1986

DESCRIPTION -
Centrol Rod Drive
Standby Liquid Control
Reactor Protection System PR SO T _
Plant Radiation Monitors _:. i, .., T.«
Residual Heat Removal Y0 Bo isdvill S0t Sl Hogv
Low Pressure Core Spray e
High Pressure Core Sray s b Sts ¥
Fuel Pocl Cooling and Clonnup iy "‘1, e
Annulus Exhaust Gas rrnltlout;:.}ia ik o
MCC, Switchgear, & Misc. lrca BVAC -;’_" £
Battery Room Exhaust . -~ ~° -

Contrel Room HVAC
Control Room Ezergency Recirculati'n
ESW Pumphouse Ventilation
Fuel Handling Building Ventilation
Diesel Building Ventilation L :
Condensate Transfer and Storagc .3-: el
Mixed Bed Demineralizer - .
Service Water e lhuw
Energency Closed COOlln‘ g
Nuclear Closed Cooling = ey
Emergency Service Water

cntrel Complex CRill Water
E3d Screen Wash
Instrusent Alr
Fire Protection
Emergency Response Infarmation Systes
Service Air
110 VAC Vital Inverters
Metalclad Switshgear
480 V Load Cencters
Motar Contrel Centers
Distridution Panels - 120, 208 § 4B0 volts
P. C. Systen
Standby Diesel Generator (320)
850G Tuel Q43 '
S0GC Jacke: Water Ccoalant
800 Lube 0Ll
Main Control Room Annunciator

1.6



SYSTEM

Fa2
€33
M1
M13
M21
M27
M35
M36
M4
M4S
N21
N23
N4
N32
N1
P20
P21
Pad

TABLE 3.2

NON-SAFETY RELATED SYSTEMS
ENEFGIZED DURING THE SEISM:iC EVENT
OF JANUARY 31, 1685

DESCRIPTICN

Fuel Transfer Equipment
Reactor Water Cleanup
Containment Vessel cOollrg

Dryweil Ccoling _.-.,“ )
Controlled Access IVlclf’gtasg;;jr".:;vj
Computer Room HVAC e il ¥ e

Turdbine Building Cooling & 'on:tlttzon_
0ff-Cas Building Exhaust =~ =~ 5
Heater Bay Ventilation % "= ™ U
Circulating Water Pump House Vontllatton
Condensate .
Condensate Filtration

Condensate Deaineralizers

Turbine Control (EHC)

Circulating Water

Water Treatment

Two Bed Demineralizer . .. Jgd i . . oo

Turbine Building Closed Coolzn.
Building Heating

Auxiliary Steax

Auxiliary Boiler Fuel Oil

Plant Underdrain .
Prccess Conmpuster

Health Prysic Ceomputer

SQ ur .t.,

Statior Transiormers

Technical Supsort Center UP?S
Heat Tracing & Anti Freeze Protection
S0G Starting Ailr

Intra Plant Communications
Maintenance & CaliSration

Exzlusicn Ares Paging Systea

Radico & In<Plant Antenna Systex

l-.‘ ..f‘.

Power ’-lﬁsf:'ners

Step Up Statiecn

3.7
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4.1

EARTHQUAKE ANALYSLS AND SITE SEISMLICLTY

An earthquake of magnitude 4.96 Hblg accurted on January 31, 1986 at
Il hours, 46 minutes, and 42.3 seconds approximately | ailes (17.7
kilometers) south of the plant., The depth of the earthquake s
presently calculated to be 6 miles (10 kilometers) deep and is
located at 41.640° W and 81,0987 N by the Nattonal Earthquake
Information Center of the United States Geologlcal Survey (USGS).
This location is near the intarsection of Highways 86 and 156 in
Thompson Township, Geauga County. The location of this earthquake is
shown on Figure 4,1 of this report. Earthquakes <hich have occurred
within 200 miles in historical times, and an update for those
sccurring within 50 miles of the plant site are shown (n Filgures 4.2,
and 4,3,

BACKGRUUND GEOLOGLCAL & SEISMOLOGLCAL STUDLES RELATED TO THE

PERRY NUCLEAR POWER PLANT

As requirad by the regulations governing the siting of auclear power
plants, a thorough study of the geological and selssologlcal
characteristics of the Parry Nuclear Power Plant site and Lis
reglonal surroundings was made as part of both the Pralialnary Safaty
Analysis Report (PSAR) and Final Safety Analysis Report (FSAR). The
purpose of these investigations was to assure that the site was
geologlcally suitable for the construction of a nuclear power plant
and to provide a basls for the determination of a Safe Shatdown
Earthquake (SSE) and the site ground motion resulting from the
oceurrence of such an earthquake, The (aformation contalned herein
is summarized from the detalled discussions contained (n Chapter 2
of the PSAR and FSAR, as reviewad and accepted by the NRC (n the
Safety Evaluation Reports and Supplements.

These studles were extensive, consilsting of a compilation and
analyses of published and unpublished Literature; fleld geological
chacking and mapping (ncluding wide scale and local geophysical
studies to characterize geologleal condittons at depth; borings;
laboratory analyses; and detalled englneering analysis of the site
fountatlon materials,



Based on these studies and following Appeandic A of 10 CFR Part 100, a

corralation of eacthquakes to a particular fFault or sartes »f faulla
which would be designated as "capable” could not be made. In
addition, no "large scale dislocation or distortion” of the earth's
crust designated as a tectoale structure could be {dentified to which
earcthquakes could be correlated. Consequently, earthquakes were
fdentified with 4 "tectonic province™, representative of a region
within which there (s a relalive consistency of geologle siructural
features.

To select the SSE, a Modified Mercalll [ntensiiy of VII was chosen as
the maximum intensity earthquake at the Perry site. This (ntensity
corresponds to an accelaration value of 0,15g, basad upon a nuahar of
daveloped relatlonships which relate peak accelaraiion to earihjuake
intensity values; the principal relationship was developed by
Trifunac and Brady. (Trifunac, M.D. and Brady, A.G., 1975, on the
Correlation of Selsmic Intensity Scales with the Pnn?a af Recorded
Sirong Ground Motion: Bulletin of the Seilsmological Soclety of
America, v. 65, No. 1, pps 139<162), The response specira
teprasenting the SSE were then developed by adopiing a NRC Regulatory
Guide 1.H0 response spectral shape. The design response spectra are
shown on Flgures 4.4 and 4.5,

During the review of the FSAR, the NRC staff requested that
site-specific specira be constructed for the Perry sita. [a response
to this request, site-specific response spectra were coasiructed
using a set of ground motion accelerograms from actual earthquakes of
magnitude range 5.3 + .5 recorded on rock (to simulate the foundattion
conditions at Perry) at epleentral distances of 0 to 25 kilometers;
this represents the earthquake “at the site” as required by Appendix
A and La shown on Figure 4.6,

Elaven (11) earthquakes rapresenting 22 components of motlon wers
chosen, A subset of records accepted by the staff as reprosentative
of an Anna, Ohio type earthquake had an avarage sagnitode of 5,51 «
«3 At an average dlatance of 5.5 atles (13,66 ¢ 4.5 kilometars).

A smoothed B4 parcentile of this data set fell helow the design



4.2

rasponse specira rapresentad by a Rogulatory Guide 1.%) spec' ra we!
1t an aceelarcation of .15 g. Thaese specira are reprosentallve of
free fleld data recorded at locations away from the Llafluence of

bulldings and structures, and are shown on Flgure 4.7,

REGLONAL GEOLOGY AND TECTONICS

The Perry site is located in the central part of Eastarn Stable
Platform Tectoanlc Province, characterized by an upper Precambrian
crystalline basement and overlaln unconformably by a sequeace of
Paleozolc sedimentary rocks. Basement rocks of this tectonie
province comprise a complex sequence of high grade metamorphics and
Include: schists, gnelsses, marbles, and granulltes consollilated
during the Granville Orogeny (950 mya) onto the North American

craton.

The basement rocks are overlaln by a 5000 thick sequence of
sedimentary rocks, Cambrian to Carboniferous ln age, which dips less
than 5% to the south, (Fig. 4.8). Sedimentary rocks withia this
sequence of Paleonzole sedlments Includes shales, salt, sandatone,
dolomites, and limestones. In the eplcentral reglon the sedinentary
sequence is approximately 2 kilometers thick with the maln shock
facus well within the crystalline basement.

A thin venear, generally less than 100" of vartable thick Pletstocens
deposits, lies unconformably on Lhe sedlmentary sequence, These
deposits (nclude a lower till, dense and compact (approximately '
thick) overlaln by less compact till, lacustrine deposits and beach
deposits.

Post consolidatlon tectonic deformatlion In the province lacludes the
following structual alements. Paleozole structuras [nclude bHroad
upwarps: Claclnnatl arch, Findlay arch, Kankakes arch, Ozark uplift,
Nashville dome, nd (ntervening Michigan and [llinols basine., Uplift
and subsidence produced localized faulting and folding. The north
noctheast=trending Waverly acrch of west cenlral Ohlo (s the asarest

upwarp structure.



4.3

Faults in the slias regloa laclude:

2 ¢ © ©

Chatham sag fauits

Pack fault, Howell-Northville anticline faaults

Bowling Green fault

Anna Ohio faults

Cincinnati arch faults

Eastern Ohio faults

Western New York faults

Appalachian Plateau and Northern Vallay and Ridge faults

Within the region only the Clarendon-Linden fault system in western

New York (s considered active.

SLTE GEOLOGY

In conjunction with the PSAR and FSAR preparation and reviews,

intensive geological and geotechnical (nvesiigatlons were conducted
at the Percy site lncluding:

e & & & o @

test borings (maximum depth 730')

42" drilled exploratory shafts

fo~slte testing, plate load tests

permeability determinat lons

plezometer Installations

selsmic analyses

selsmic refraction and selsalc shear wave determinations

geol gic mapping of excavatlons, tuanels and treachos

Two bedrock structural styles were observed by Gillhert Commonwealth,
NRC staff, USGS, and the Corps of Englowers., Genlle northeast-
trending folds with two to three foot wavelength and h" amplitude
were attributed to depositional processes, Two larger folds and

geveral reiated faults were alao examined. The folds terminated

balow foundation grade, PFaults with charactaristic aorth over south

directed motion become bedding plane detachments at depth, One (o

b4
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three (nch thiek gouge occurs (a the fault zones. Absence of foreign
mata2rials, no caceystallization of coualry cock oc crystallizatlon
within fault zone or adjacent fracture zones is interpreted to resul:

from locallized low temperature, relatively low siress deformation.

In summary, an approximately 45 foot thick layer, between excavalionn
grade of the deepest onshore foundallon excavations and the base of a
boulder layer defining the bottom of structureless basal till,
experienced deformation (folds, faults) including bedding detachment
rotation and bduckling, and slight upward thrusting. These features
occur Ln glaciated terraine and are attributed to glactal loading,
unloading and/or fce push mechanisms. Stmilar faulting was studled
{n the Warner Creel area with the same conclusions.

DEFORMATLON ~ INTAKE AND DLSCHARGE TUNNELS

Three ainor low-angle north=northeast striking thrust faults occur In
the intake and discharge tunnels to the north hcnc.}h Lake frie.
Displacements range between 0.5 and 2.5 feet, upward to the
northeast.

Studies undertaken to define tunnel fault geometry included:

detailed mapping of tunnel walls
L] reconnalssance of lake hottom
lake shore reconnalssance
o axploratory borings
Q borehole logging, offshore and onshore magnetic surveys
a review of existing geophysical data
0 Ltsotople analyses of Lake Erie and fault seepage water

Studies to date fault included:

o x~ray diffraction

a9 clay alneralogle analysis
0 mlcrocrack
o consolidatlon of gouge



Miscellareous studies (acluded:

0

borehole siress
structure contour maps

interviews with knowledgeable Ohlo geologists

Investigations of the vertical and lateral extent of faulting

indicated that the faulting did not extend upward to the lake floor.

Borings at the projected western shoreline intersection showed no

faulting. Conclusions reached from detailad mapping of the tunael

faults, geophysical surveys, borings, and analysis of fault gouge anl

seepage included:

faults are genetically related; same fault or an echelon
faults confined in Chagrin shale; limited lateral and vertiical
extant

date of last motion (s Pleistocene or older )

motion sense indicates faults originated in northwes: directed
stress fleld, approximately 907 fron prasent stress fleld
possible mechanisas of nontectonle glaclal origin Include loe
sheet traction, differential downwarp, differential rebound,
surflclal stress celief (“pop up”)

geologle processes reasponsible for (nltiation and latest motion
are nontectonlc and no longer operative; therefore faulls are

not capable according to Appendixz A to 10 CFR 100

. h



4.5

CURRENT SEISM GICAL AND GEOLOGICAL STUDIES

Immediataly aftar the occurrence of the earthquake, CEIl undertook a
number of geological and seismological inves:tigations to provide a
thorough understanding of the earthquake and assess any lapact on
previous studles performed for the siting and licensing of the Perry
Nuclear Plant.

In addition to the inves!igations undertaken by CEL, USGS, as well a3
various universities and private groups, have deployed (nstruments to

study earthquake aftershocks.

Portable Seismographic Network

At the request of CEL, Weston Geophysical Corporation installed six
portable analog selsmographs (Sprengnether Instrument Co. MEG-8500) in
the eplcentar area of the January 31, 1986 earthquake during the
pariod from approximately 10 hours to 3O hours after the event,

These selsmograph statlons are located at the Perry Nuclear Plant and
in the communities of Chardon, Chestarland, Middlefleld, Hartagrove,
and Thompson. A sevanth station was (nstalled on February 4, 1986 (n
the town of Concord. This spatial distribution of the statlons is
designed to form a symmetrical array around the preliminary aplcantal
area of the main shock, which was located In the basis of more
distant stations. All (nstruments are operated continuously and all
selsmograms are recovered and analyzed datly. The purpose of this
network s to obtaln accurate locations of any recorded aftarshocks,
to rafine the original loecation of the maln shock, and to determine
vhether or not thelr sccurrence raveals anything about the causatlve

geologle structure,

Flve other portable (astruments (ntegrated (ato this aetwark are
oparated by Woodward-Clyde Consultants and deployed [n a simliar
configurat lon to provide addilonal lacationing capabllities.



Five small amicroearthquakes have been detoctad. The paraaetars of
thage earthquakes ace located on the Tadle 4~1l. Prellainary analyses
indicate that the focal depths for these microearthquakes range from
2.3 to 8.9 kilometers. The largest of these mlcroearthquakes, a
magnitude 2.4 event on February 6, 1986, was the only event to be
felt, These microearthquake locatlons are slightly to the west of
the preliaminary locallon of main shock provided by the Natlonal
Earthquake Information Center.

Falt Intensity Investigation

A questlonnaire survey is being conducted to evaluate the
disteibutlon of effects, Including a genaral description of how
people experienced the evenl and accounts of any damage Lhal have
been lacurred. The questionnalres are being distributed using
several parallel approaches to obtain broad coverage of Lhe affected
areas. Analysis and compilation of questionnaire results will be
used to produce an “isoseismal map” or plot of Intensity levels
measured on the Modified Mercalll Scale. The purpose of such a map
1s to enable a comparison of effects of the preseat eveni with a
well~known splcenter to the effects of some historical events located
in the sife area that have no well-determined (nstrumental eplcentar,

Weston Geophysical personnel have heen conducting personal interviews
on perception and other effects of the earthquake in the eplcenter
region. Questionnalres have heen distributed at estadblishments such
as fire departments, grocery stores, schools, ete. with lastructlons
to distribute these to parsons cear the earthquake eplcentar, These
reports will be used to recover (nformatlon on the range of effacts,

A preliminary evaluation of returned questlonnalres (adicates that
most of the reporis in the eplcentral area are evaluated as
reprasentative of an Intensity VI on the Modified Mercalll Seale,
Maximum observed or reported affects (nclude a few (nstances of
damaged chisnays above the roof line, cracks (n concrate and cindar
hlock walls, eracked or fallen plaster, and few broken windows., Some
disturbances (neluding stliting of well-water have also heen reported.

4.8



Geologlcs Studles

Weston Geophysical geologlsts have conducted preliminary
reconnaissance of bedrock exposuras in the eplcentral area Lo
determine whether or not any surface expression resultad from the
earthquake. No signiflcant expression of surface dlsturbance has
been observed. Although several occurrences of minor rock slides and
soil slumps have beea documented and pholographed, these are not
considered unusual, since they occur i{n unstable, undercul steam
banks where they conld have been caused by ordinary weatharing

processes or induced vibratory ground motion from the earihquake,

Praviously mapped faul: locatlions on Paine Creek have been examined.
No evidence of recent fault movemenl @as observed. Also, no slumping
or sliding of the steep alope was apparent., No evidence sugges: ive

of a "capabla fault” has heen observed.

On-going work includes examination of other geologlc;l faatures, as
well as an investigation of sltes of unusual fall rapocis such as
foundazion damage and water-well disturbance, A fleld observallon
and evaluation of soll and rock conditions at such sites (s helng
made to determine whether or not there (s a correlatlon belween the

higher (ntensity values and geological conditlons.
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4.6

CONCLUSLONS REGARDING OF THE JANUARY 31, 1986 OHIO EARTHQUAKE

The earthquake, both as ragards to magnitude and intensity, (s helow
the maximum earthquake selected Lo represent the Safe Shutdown
Earthquake. The intensity of the Saf: Shutdown Earthquake was
selected as intensity VIL. 1t i{s estimated that the present
earthquake 1s best represented by an (ntensity VI. The magnitude
4.96 M of the January 1986 earthquake (s below the magnitude of

blg
5.3 # 5, used in establishing the sile specific response specira.

Based on the init{al data evaluation, it appeacs that the free fleld
design response specira consiructed to represeat the SSE may have
been exceeded. An accelerogram al the foundation level of Unit |
showed a peak acceleration of 0.18 g at approximataly 20 Hz on the
north=south component. The duration of the motion on foundation
above the smoothed ground response spectira (SSE) (s less than 0.!
second. Since boti. the Regulatory Guide 1.60 ground motion and the
site~speclfic specira represent a smoothed spectira at the B4Lh
percentile for a number of strong motilon accelerograms, exceedances

abuve the smoothed spectra are not unexpected.

At the high frequency end of the spectra, where the 20 Hz exceedance
exists, it is important to look at the other parameters of ground
motion. The particle velocity associated with the 0,18 g. is 0,55
inch per second and the dlsplacement is 0.004 i(nch. This veloclily
value would be far less than the | lach per second generally accepted
by the US Bureau of Mines as the threshold of damage at the 20 Mz
frequency: cracking of plaster walls, ete. to ordinary structures,
(Siskind, D.E, et al., 1980, Structure Response and Damage Produced
by Ground Vibrations from Surface Mine Blasting, Bureau of Mines RI

8507). Structural damage therefore (s not a problem.

1



The area and region in which the January 31, 1986 ecarthquake Hccarred
is one of low seismicity. Prior to 1986, the larges! =acthquake Lo
occur within 50 miles of the site occurred Ln 1943. The 1986 Ohio
earthquake is slightly lacgar in magnitude (4.9 vs. 4.7) and
}n:ensl:y (VI vs. V) than the March 9, 1943 earlhquake which occurred
approximately 12 miles west-southwest of the 1986 earthquake.
Although somewhat larger thaan historical earthquakes within 50 miles
of the plant site, it is smaller than those within 200 miles of the
site, as well as those on which the plant design is based. This
earthquake is consistent with the seismicity of the area and the area

and region are still of low seismicity.

Geological investigations to date have not uncovered any avlidence
suggestive of a "capable faul:" as defined (n 10 CFR Pari 100, nor
has the inves:tigation revealed a cause for any geologlcal concern.
The 1986 earthquake does not change the conclusions in the F5AR on

the geology and selsmology of the Purry site.
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5.0

SEISMIC INSTRUMENTATION DATA EVALUATION

Three different types of seismic monitoring instrumentation were used
to record the 1986 Ohio Earthquake. Table S5.! and Figure A throug. H
and J delineate the specific i{nstrument number, type and location.
One type of instrument used is the Kinemetrics Model SMA-3 strong
motion triaxial time-history accelerograph. This system detects and
records three mutually perpendicular components of acceleration over
the entire duration of the earthquake 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 and were located on the Reactor
Building Foundation Mat at an elevation of approximately 575 feet.
Their latest calibration was December 1, 1985. See Appendix A for

further instrumentation details and data tabulation.

The second type of instrumentation used was the Engdahl PSR 1200-H/V
response spectrum recorder. This totally mechanical system also
records three mutually perpendicular components of acceleration. The
instrument used twelve reeds fabricated of varying lengths and
weights of spring steel, one for each frequency (ranging from
approximately 2 Hz to 25 Hz). A diamond-tipped stylus is attached to
the free end of each reed to inscribe a permanent record of its
deflection on one of twelve record plates. The record plates are
made of aluminum and plated with successive layers of nickel, tin and
lead-tin. This system is totally self-contained and requires no

outside power source.

Four instruments of this type were used - two on the Auxiliary
Building Foundation Mat and an elevation of approximately 568 feet,
one at the Reactor Building Foundation Mat at an elevation
approximately 575 feet, and one at the Reactor Building Inside
Drywell Platform at an elevation of approximately 630 feet. Except
for the one instrument located on the Reactor Building platform which
was calibrated on January 30, 1986, all instruments of this type were
calibrated during January 1985. See Appendix B for further

{nstrumentation details and data tabulation.
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The third type of instrument was the Engdahl PAR 400 peak
accelerograph. This totally mechanical system records three mutually
perpendicular components of peak local ecceleration (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 made of
aluminum and successive layers of nickel, gold and burnt gold.

Again, this system is totally self-contained and requires no outside
power source. Two instruments of this type were used and were
located on the Auxiliary Building Foundatlon Mat at an elevation of
approximately 568 feet and on the Reactor Recirculation Pump at the
elevation of approximately 605 feet. The latest calibration date for
the Auxiliary Building instrument was January 30, 1986, while the
calibration date for the Recirculation Pump instrument was December
4, 1985. A third instrument of this type was out of service at the
time of the earthquake because it was being recalibrated. See

Appendix B for further instrumentation details and data tabulation.

All recorded data from the in-plant seismic instruments have been

used in the evaluation.
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Page 1 of 2

PERRY NUCLEAR POWER PLANT UNIT NO.1
SEISMIC MONITORING INSTRUMENTATION
TABLE 51

Instrument

b Type Manufacturer / Model Number Location References

Reactor Building
foundation Mat
Elevation 575 -10°
Azimuth 175°

DS1-N101 (1) Kinemetrics/ SMA-3 Figures A and B

Reactor Building
Containment Vessel
Elevation 686'-0"
Azimuth 174°

DSI-NIMN (1) Kinemetrics / SMA-3 Figures A and C

—————+««4—+ —— —

Reactor Recrculation Pump

‘ ) ‘ (Inside Drywell, Reactor Building ) .
D51-R120 2 Engdahl / PAR-4 ure
» (2) ngdah 00 Elevats 605'-0" ( Approximately) igures A and D

Azimuth 145°

- _— 4 e ST _— —_———— ~ — e ————————— ———t e - -

D51-R130 (2) Engdahl / PAR-400 OUT OF SERVICE

Auxiliary Building

R : A0 Foundation Mat
DS1-R140 {2 Engdah! / PAR-40( . IQUTE
; . gda g ( HPCS Pump Room ) Figures A and £

Eleve' on o8 -4"

Triamal Time-History Accelerograph
Triaxial Peak Accelercgraph
3 Triamal Response Spectrum Recorder

Lo




PERRY NUCLEAR

POWER PLANT UNIT NO.1

SEISMIC MONITORING INSTRUMENTATION

TABLE 51

Page 2 of 2

Instrument
Number

Type

Manufacturer / Model Number

Location

References

DS1-R160

DS51-R170

DS51-R180

D51-R190

- f—————-—A-——wv— —

(3)

(3)

{3)

Engdahl / PSR-1200-H / V-12A

Reactor Building
Foundation Mat
Elevation 574'-10"
Azimuth 225°

Figures A and F

Engdanl / PSR-1200-H / V

Engdahl / PSR-1200-H/V

Engdahl /PSR- 1200-H/V

S — —_—

( Inside Drywell)
Elevation 630'-1"
Azimuth 238°

Reactor Building 630" Platform

Figures A and G

Auxihary Building
Foundaticn Mat

( HPCS Pump Room )
vievation 568 -4°

->-—

Figures A and H

Auxiliary Building
Foundation Mat

{ RCIC Pump Room )
Elevation 568 4"

Figures A and J

—

w

Triaxial Time-History Accelerograph
Trnaxial Peak Accelerograph
Triaxial Response Spectrum Recorder
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FIGURE A
Sheet 2 of 2

#D51-N101 R/B Foundation Mat, El 575', Az 175
#D51-N111 R/B Containment Vessel, El 686', Az 174"
#D51-R120 Reactor Recirc Pump, El 605, Az 145° e
#D51-R140 A/B Foundation Mat, El. 568’ @
#D51-R160 R/B Foundation Mat, El 574" Az 225

#D51-R170 R/B Platform, El 630" Az 238 pE——
#D51-R180 A/B Foundation Mat, El 568’
#D51-R190 A/B Foundation Mat, El 568
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6.0

PLANT SELSMIC DESIGN EVALUATION

The seismic design basis for the Perry Nuclear Power Plant {s
established by requirements in L0 CFR Part 100, Appendix A and NRC
Regulatory Guide 1.60. These regulations require nuclear plant
structures and safety class systems and components to be designed to
withstand loads induced by a "Safe Shutdown Earthquake™ (SSE) for the
particular site. The SSE is the strongest earthquake in terms of
magnitude of vibratory ground motion that is ever expected to occur
at a particular site. The SSE is the design basis earthquake
considered for plant licensing. A second seisaic event also
considered in designing nuclear plants s the "Operating Basis
Earthquake” (UBE). The OBE is the strongest earthquake considered
likely to occur at a particular site and is at least one-half of Lhe
SSE. Operations may resume following an earthquake which exceeds the
OBE after demonstrating that no functional damage has occurred to
safety-related plaant features. (10 CFR Part 100, Appéndix A, II1(e),
v(a)).

The SSE can be described by means of a "response spectrum,” which
depicts the maxim:m acceleration, velocity or displacement response
to an input excitation (here the SSE) at a specified damping value
for single degree-of-freedom oscillators of varying natural
frequencies. The high frequency end of a response spectrum indicates
the "zero period acceleration” (ZPA) assoclated witl the event. The

ZPA is equal to the maximum ground acceleration of the SSE itself.

In the design of any rlant, it is difficult to predict the exact
shape of postulated earthquake acceleration time-histories and
associated ground response spectra. Appendix A of LD CFR Part 100
therefore requires an expected SSE to be developed by statistically
combining the response spectra from multiple historical earthquakes.
Following this guideline, the NRC has pro.ided in Reg. Guide 1.60
standardized response spectra that can be used in lieu of spectra
developed for each site (see Fig. 6.1). These standardized spectra

were derived by normalizing and combining spectra calculated from
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numerous sets of historically recordei acceleration time-histories.
From these sets of spectra, smoothed response curves (acceleration,
velocity and displacement) were generated at a level equal to one
standard deviation greater than the mean of the responses. This
method provides an 84% level of statistical confidence that responses

at any particular frequency will not be exceeded by any future event.

Thus, in lieu of having to develop site-specific SSE ground response
spectra, the standardized response spectra of Reg. Guide 1.60 can be
used. The standardized spectra need only be scaled up or down tc
reflect the effective maximum ground accelerations (i.e., ZPA's)
expected for the SSE at that site. The SSE design response specira
are used to dynamically analyze a lumped-mass model of the power

plant structures.

DESIGN OF THE PERRY PLANT

The Perry design response spectra were derived by using the standard
response spectra of Reg. Guide 1.60 scaled to a ZPA of 0.15 g
determined for the Perry site. These spectra served as the design
response spectra at the foundation elevations for use in designing

the plant buildings.

From these spectra, a simulated SSE time-history of ground
accelerations was developed t.r each directional component (N-S, E-W,
and vertical). The conservatism of these simulated time-histories
was checked and confirmed by assuring that the response spectra
generated from the simulated time-histories envelop the Reg. Guide

1.60 design response spectra (see Fig. 6.2).

Seismic Category 1 structures were analyzed by applying the simulated
time-histories to a lumped-mass model of the entire structure, as
shown in Figure 6.3. From this analysis, time-history accelerations
at each floor elevation were also derived. These time-histories ware
then used to derive response spectra for each floor of each main

building. The floor response spectra were used in designing the
safety class equipment, components, and systems.



In addition tn the conservatism included in the derivation of

response spectra, there were numerous other conservatisms included in

the overali structural design of the Perry structures, systems and

components. Examples of some of the more significant conservatisms

are as follows:

.

Broadening the Envelope of Floor Response Spectra

Frequency bands of floor responses spectra were artifically
broadened (typically by 15%) to account for possible frequency
variations. Responses used for design were Lhus overestimated
for systems having more than one dominant frequency falling into

the broadened fraquency bands of the floor response spectra.

Equipment Qualification by Test

Equipment qualified by shake table testing used time-histories
simulated from the floor response spectra. The simulated
time-histories were generated in such a way that their calculated
response spectra envelop the broadened floor response spectra,
which in turn already envelop the original design response
spectra. The conservatism of the time-hist~:/ies i{s increased by
this "envelope on top of an envelope”™ process. Moreover, this
process results in simulated time-histories with maximum
accelerations much higher than the ZPA's of the floor response

spectra.

Strain Hardening Not Accouated For and Static Allowables Used for

Dynamic Load

In equipment design, material {s assumed to behave linearly up to

the yleld point, then to deform continuously to collapse when the



4.

external load is maintained. All material used in equipment
design exhibits characteristi:s of strain hardening. This means
that resistance to deformation increases after the deformation
exceeds the yield point. PFurthermore, even if no strain
hardening is assumed, the material can resist dynamic loads
having peak values higher than the yield strength through the
absorption of energy in the plastic reglon.

Loading Combinations

The plant was designed to withstand loading combinations with a
very low probability of simultaneous occurrence. For example,
some load combinations included seismic loads, hydrodynamic
loads, and loads due to a hypothetical loss of coolant accident.
This results in design capability well above the loads assoclated

with seismic alone.

Allowable Stresses

Computed seismic stresses used in design were considered to be
primary, non-self-limiting stresses instead of secondary stresses
with a self-limiting nature. The actual bhehavior of selsmic
stresses is somewhere between a primary and secondary nature.
Consideration of seismic stresses as primary stresses results i(n

overestimated values used for design.

Damping Values

Conservative damping values were employed at Perry pursuant to
NRC Regulatory Guide 1.61., The recent ASME code case N-4ll
allows increased damping values to be used in the design of

nuclear power plant piping systems.
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One example of just how significant these types of design
conservatisms are is the response of the El Centro Steam Plant (in
California) to the 1979 Imperial Valley earthquake. The El Centro
Steam Plant was designed to withstand a 0.2 g static lateral load.
The recorded peak horizontal load at tRe site was 0.5 g. The station
tripped when station power was lost. One unit was restored to service
in 15 minutes and another one in 2 hours. According tc calcuations
performed by Lawrence Livermore Laboratories, the actual loads
experienced by the plant were 2 to 9 times higher than the design
values. The plant, however, suffered essentially no damage. The El
Centro case shows that an engineered structure can indeed resist

seismic loads many times higher than their design values.

EVALUATION OF THE JANUARY 31 EARTHQUAKE

The USGS determined the magnitude of the January 31, 1986 earthquake
to be M 5= 4,9 with an epicenter at about 1l miles (17.6 Km.) south
of the Perry Power Plant site, This is of much less magnitude than
the earthquake for which the plant was designed (the SSE) and
contained substantially lower total energv than the Perry SSE

Evidence of the low energy content of the January 31 earthquake is
shown by a comparison of the acceleration time~histories it {nduced at
various elevations with the corresponding design acceleration
time~histories. (See Figs. 6.4 through 6.9). The time-histories used
for design are 22 seconds long and of sustained high magnitude (strong
motion). By contrast, the January 31 time~histories are about 5
seconds long and contaln strong motion in only less than a one-second

interval (total) of the event.

A comparison of Figures 6.1 and 6.10 gives a further i(ndlcation of Lhe
low energy content of the January 31 earthquake. These figures show
that the Reg. Guide 1.60 spectra used for design have much broader
frequency contents than those of the recorded earthquake, wilch
contain strong motion only at high frequencies. The design earthquake

therefore contains much greater total energy.



The maximum relative displacements from Lhe recorded time~histories of
the recorded earthquake are shown in Table 6.1. A comparison of the
total square~root-of-the-sum—of-the-~squares (SRSS) recorded relative
displacements with the SSE and OBE values shows that the recorded
displacements were all far below those values. For example, the
overall relative displacement shown in the Table is 0.36 cm for the
SSE and 0.10 cm for the actual event. Since stresses in the
structures are proportional to relative displacements, and the
recorded relative displacements were far less than the SSE design
values, the stresses induced by the 1986 earthquake were all well
within design capabilities.

Table 6.2 compares the structural response ZPA's of the recorded data
with thosc of the SSE and OBE. The SRSS comparison indicates that the
recorded values of the 1986 earthquake vary from significantly below

OBE values to 74% of SSE values, except at elevation 686 feet of the

Reactor Building Containment Vessel. At that location, the N-§ and
Vertical acceleration components exceed SSE values, while the E-~W
acceleration component (s less than the SSE value. However, the
recorded relative displacements are far less than their design values,
as shown in Table 6~1. In addition, recorded response spectra
accelerations show that the design response specira accelerations in
certain instances were exceeded at the high frequency end of the
spectra. At lower frequencies (at or below approximately l4 Hz) the
recorded acceleratlions are all well under the design values (see

response speclra comparisons in Appendix D).

The measurement of accelerations outside the predicted responses at
the high frequency ends of certain response spectra has no
engineering significance. This {s explained by the interrelationships
among the frequencies, accelerations, velocities, and displacements
assoclated with a seismic event., In general, high [(requency
acceleration responses have correspondingly low velocity and
displacement responses, The |986 earthquake accelerations occurred at

very high frequencies. Therefore, despite some recorded maximum




acceleration responses which exceeded SSE values at higher
frequencies, corresponding velocities and displacements (and resulting
stresses) were nevertheless acceptably low.

As discussed, the significant indicators of structural siresses are
the relative displacements, and Table 6.1 indicates that relative
displacements (and thus stresses) caused by the 1986 earthquake were
very small. This is consistent with the high frequency nature of Lhe
disturbance. The high frequencies combined with the short duration
resulted in an earthquake that contained very low total energy

compared to the SSE.

The maximum recorded velocity at the top of the Reactor Buillding
foundation mat duriny the 1986 earthquake was 0.87 inches/sec (2.21
cm/sec). This can be compared with the Bureau of Mines (BOM) velocity
threshold for no damage "o non-engineered buildings, which is |
tnch/sec (2.54 cm/sec). This shows that the BOM considers it

acceptable for blasting work to induce velocity waves Ln nearby
residential housing foundations that are greater than the maximum
velocities induced by the 1986 earthquake at the Perry Plant. This
example helps provide perspective on just how low the velocities and

energy content of the 1986 event were.

As discussed earlier i{n this report, extensive plant inspections have
indicated that no structural damage resulted form the 1986 earthquake.
This is as expected based upon the low energy, short duration, and low
velocity and dispiacemnt of the event. Although some halrline cracks
in the structural concrete were documented during plant walkdowns,
this does not constitute damage. Reinforced concrete structures are
expected to show hairline cracks. Regardless of thelr cause, such
cracks have no effect on the strength and integrity of the structures.
Moreover, such cracking 1s judged not to be attributable to the 1986

earthquake because of the low magnitude of the event.



e o A S e —— .

6.3

Section 7.5 of IZEE 344 "Recommended Practices for Seismic
Qualification of Class IE Equipment for Nuclear Power Generating
Stations,” was employed at Perry. This standard recognizes that short
duration/high frequency/low energy input motions will not cause
significant structural stresses. Instead, {t requires qualificattion
by long duration/broad band frequency/high energy testing to provide
conservatism.

As discussed earlier in this report, all energlzed plant equipment
functioned during this event as designed. To confirm the lack of
impact of the high frequency accelerations on plant equipment, CEL is
comparing the qualificatlon data for equipment listed in Table 6.3
against recorded response spectra. Although still ongoing, the
evaluation to date shows that the original conservatism in the
equipment qualification was more than adequate to accqmodate the

recorded event,

EVALUATION OF SPECLFLIC DATA

In light of the above discussion, recorded responses at particular
locations can be evaluated. At all four ilnstrument locallons
recording response spectra, SSE design spectra are all well above Lhe
recorded spectra in the frequency range of | Hz to 14 Hz (see Figs. DI
through D12). These figures compare recorded data with the
appropriate design spectra at adjacent elevations. These figures also
compare the data from different Lypes of seismic lastrumentation at

the same elevation.,

At higher frequencies, the design spertra are exceeded by recorded
values in certain cases. However, the corresponding displacements
basad on recorded data are all extremely small (on the order of
several one~hundredths of an inch) at 20 Hz, These extemely low
displacements conform to the above analysis demonstrating that the
stresses at higher frequencles are insignificant despite acceleration

exceedences.



In evaluating all the spectra data recorded at the various locations,

it was noted that the acceleration responses at the Reactor Building
Platform outside the Biological Shield Wall varied from the general
pattern of responses recorded at the other three locations. The
recorded N-5 and E-W acceleration components for this location are all
well-enveloped by the entire range of the SSE spectra while the
recorded vertical acceleration component exceeds the SSE spectra at
the high frequency end (see Figure D-9). This response may be due Lo
the fact that this particular Engdahl PSR-1200 instrument {is located
near multiple supports and piping system snubbers and components.
Actuation of sanubbers or local loads induced by nearby components aay
thus have influenced the recorded vertical response. Such lmpacts
would be of a local, secondary nature. Regardless, the low energy,
short duration, high frequency nature of the event indlcates that
these accelerations had no structural significance. Indeed, the
recorded displacement spectrum value (s only 0.023 inches (0.06 cm) at
25 Hz at this location. '

In general, the high frequency acceleartion content of ground motlon
will be filtered out by buildings and thus will not appear at higher
elevations. This is due in part to the low participation factor
generally associated with modes at the higher frequencies. This
phenomenon {s exhibited by the responses recorded at the Reactor
Building mat and elevation 686 feet of the Reactor Bullding
Containment Vessel. A very high frequency p-wave was recorded at the
Reactor Building foundation mat. The time-histories shown ia Flgures
6.4 through 6.9 indicate that this p-wave (appearing during the first
gsecond or so of the time~histories) was filtered out by the building

and did not appear at elevation 686 feet.

There was a response in the range of 20 Hz that was transaitted to the
higher elevations. The explanation for this ilnvolves the structural
characteristics of the buildings on the Reactor Bullding foundation

mat. The Reactor Building consists of multiple structures sitting on
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a common foundation mat--a concrete shield building, steel containment
vessel, concrete drywell wall, and blological shield wall. The
structural response of each building influences the responses of the
others. The frequencies, mode shapes and participation factors of the
two most dowminant vibration modes are at roughly 4 Hz and 18.4 Hz, as
shown in Figures 6.11 through 6.13. These two dominant frequencles
correspond to the peaks at 4 Hz and 20 Hz on the recorded spectra for
the Reactor Building at the mat and elevation 686 feet. The input
motlon at 20 Hz (corresponding to the s-wave) was amplified by this
latter mode with some rigid body motion. The 20 Hz i{nput was thus not
filtered out but did appear at the higher elevation. As discussed,
the acceleration peaks at 20 Hz at this locatlon correspond to very
small relative displacements and thus are not significant in an

engineering sense.

CONCLUS LON

The 1986 Ohio earthquake was a low energy, high frequency, short
duration, low velocity, and small displacement event., As a result of
these characteristics and the above discussions, the 1986 earthquake
had no adverse effects on the Perry structures, systems, or
component s, and no changes to the Perry selsmic design basis are

required.



TABLE 6.1
e Companson of Design Displacements’ VS Recorded Displacements'’
{ Expressed in centimeters/one inch = 254 ¢m)
COLUMN 1 COLUMN 2 COLUMN 2 minus COLUMN 1
Reactor Building Reactor Building
‘ Foundation Mat Containment Vessel Relative Displacements
] Elevation 574" -10° Elevation 686 for the
‘ SMA-3 { inemetrics ) SMA-3 (kinemetrics ) Containment Vessel
‘ DS1-N1O1 DST-NIMY
|
‘ Recorded 009 017 008
1 NS SSE 0044 028 024
| oBé 0023 017 015
U | g =
Recorded 016 oxn 005
EW SSE 0 044 028 024
OBE 0023 017 015
! oE e
Recoraea 005 007 002
VERY $S¢E 002 037 017
OBt 0013 0022 0 009
Recorded - — 01
SRSS * SSE - —_ 034
OBE -— -_ 021

ISP ar@ments Dased ON same Time-step 10 determine reiative displacements

2 Square

oot o the sum

of the squares




TABLE

6.2

Comparison of Design ZPA's' VS Recorded ZPA's
{ Expressed n g values)

Auniliary Budding
Foundation Mat
Elevation 568
PAR 400 (Engdahil)

Reactor Buiding
Foundation Mat
Elevation 574'-10"
SMA -3 (Kinemetrics)

Reactor Building
Recirculation Pump
Elevation 605

PAR 400 (Engdahl)

Reactor Building
Plattorm
Elevation 630’
inside Drywell

Reactor Building
Containment Vessel
Elevation 686

SMA -3 (Kinemetrics)

DST-R140 DSI1-NIOY DS1-R120 PSR 1200 (Engdahl) DSI-NIT
DS1-R170
Recorded 17 18 32 09 55
NS SSE 17 18 106 a8 40
08¢ 10 10 86 40 24
—— - r— —_—— -
Recorded 06 10 1" 16 18
EW SSE 20 18 106 48 40
OBE 10 10 13 40 24
—_— 2 —-———4}-—« —_— ~4
Recorded 03 " 0s Note 2 30
VERT SSE 20 18 47 28 24
08¢ 10 10 38 6 15
SRR . —
Reco dea A8 23 34 Note 2 65
SRSS ' SSE* & N 157 73 82
[e]:13 ” 17 1.27 55 37

howN

Zero penogd acceleration
ngeterminable from avadlable data

- »
IPA

Square 100! of-the sum o the sguares

Licensing Daws ¢ S5

of struCtural response



1H22P0001 LPCS
1H22P0017 RCIC
1422P0018 RHR
1H22P0021 RHR
1H22P0055 RHR

1C61N000 1
1E12N0007A,B
1E12NOO15A,8,C
1E12N0026A,B
1E12N0028
1E12NO0O50A , B
1IEI2NOO51A,8
1E12NOO52A,8,C
1E12NOO55A,8,C
1E12NO056A,8,C
1E12N0058 C
1E21NO003
1E21N0050
1E21NOOS51
1E21N0052
1E21INOO5]
1E21NOO54
LE3INOO75A
1E3INOO77A
1E3INOOBIA,B
1E51NO003

1ES INOO50
1E51NOO51
IESINOOS3
1ESINOOS5A B E,F
IESINOO56A, E

1E12C002A RHR
1E12C0028 RHR
1E12€002C RHR
1E21C001 LPCS

1E22C001 HPCS

TABLE é.3
EQUIPMENT LIST AT AUXILIARY BUILDING ELEVATION 568'

Instrument Rack
Instrument Rack
Instrument Rack
Instrument Rack
Instrument Rack

A
B
C

Differential Press Transmitter
Differential Press Transmitter
Differential Press Transmitter

Pressure Transmitter
Pressure Transmitter
Pressure Transmitter
Pressure Transmitter

Differential Press Transmitter

Pressure Transmitter
Pressure Transmitter
Pressure Transmitter
Pressure Transmitter
Pressure Transmitter
Flow Transamitter

Pressure Transmitter
Pressure Transmitter
Pressure Transamitter
Pressure Transmitter
Pressure Transmitter
Pressure Transmitter

Differential Press Transmitter

Pressure Transmitter

Differential Press Transmitter

Pressure Transmitter
Pressure Transmitter
Pressure Transmitter

Pump & Motor
Pump & Motor
Pump & Motor
Pump & Motor
Pump & Motor
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7.0

CONFIRMATORY PROGRAMS

Within hours of the earthquake, CEI's geophysical consultant had se:
up seismographs in the area of the epicenter to monitor any
aftershocks. These remain in place at this time and the monitoring
will continue until 1t is determined that no further aftershocks are
anticipated. 1In addition, CEI ic¢ cooperating with the U.S.

Geological Survey and others who are studying the earthquake.

CEI has instituted a specific procedure (OMI9A: GTI-003) to ensure
proper documentation, review, and reporting of all potentially
earthquake related conditions in the plant. Under the procedure, all
of the items identified within 24 hours following the seismic even:
have been documented as Earthquake Inspection Team Items (“EITL's”).
Engineering has evaluated each EITI to determine whether the {tem was
a direct result of the earthquake. The results of the evaluaticn are
shown in Appendix E. The two EITI's determined to have been causel
by the earthquake, and those with an "indeterminate” cause (i.e.,
where it cannot be defiuitively established that the condition
existed prior to the earthquake), were identified and documented as
discussed above. None of these {tems s associated with any plant
structural damage. 1t is anticipated that minor rework or repair
will be done on some of the {tems in accordance with CEl's normal
program to correct nonconforming conditions. CEI's procedure
provides that all potentially earthquake related KITI's will be
maintained in the "as found” condition until reviewed by CEI and

released by the NRC,

New Work Requests (WR's) (for conditions other than those already
covered by EITI's), are also being reviewed in accordance with CEIl's

new procedure for earthquake related items.

~3
.



Engineering evaluation results for these iteams are being documented
and tracked. As with the EITI's, any potentially earthquake related
conditions associated with new WR's are being maintained in the
as-found condition until reviewed by CEI and released by the NRC.
CEL has not identified any plant structural damage associated with

potentially earthquake related items identified on new WR's.

On a longer term basis, CEI is participating in several Industry
efforts to study the effects of seismic events on nuclear plantis.

The organizations performing these studies include the Seismic Owners
Group (SOG), the Seismic Qualification Utilities Group (SQUG), and
Electric Power Research Institute (EPRI).

These industry groups are examining various gneneric seismic issues
which have been under consideration by the NRC. For example, SOG has
been focusing on eastern seismicity hazard analysis, with EPRI
managing the program effort. SOG wiil review the Perry earthquake as
part of this work. SQUG has focused 1its effort on the seisalc
qualification of electrical equipment. SQUG intends to review the
Perry data presented in this report, and will inlegrate this
information into their studies. EPRI has been supporiing SQUG by
sponsoring projects to resolve issues assoclated with equipment
qualification, focusing on test data, adequacy of equipment

anchorages, and post earthquake investigation programs.

These industry groups all visited the site shortly after the seisnmic
event. A SOG/EPRI team installed in-plant and field instruments
within a day of the seismic event to collect aftershock data. An
SQUG team conducted a plant walkdown. The team informed CEL that the
seismic event at Perry was much smaller than others they have
evaluated (Coalingo, Chile, Mexico City, Morgan Hill), and that the
SQUG data base generated from these previous earthquakes would
predict no damage from the Janaury 31, 1986 earthquake. This
prediction was confirmed by the group's plant walkdown. The EPRI
equipment qualification program manager concluded that Perry's
response to the seismic event was properly handled. The Perry
expaerience will be used in EPRI's development of generic

post-earthquake in- stigation methods.

Tl



SUMMARY AND CONCLUSLONS

The seismic event which occurred on January 31, 1986 has been
thoroughly studied and its effects on the Purry Nuclear Power Plant
analyzed in detail. The earthquake itself was of smaller magnitude
and intensity than the postulated earthquake which was used as the
basis for the plant seismic design. The occurrence of the 1986
earthquake does not change any of the conclusions previously reached
as to the geology and seismology of the site. Consideration of this
event does not result in any change in the Safe Shutdown Earthquake

licensing basis for the Perry plant.

The earthquake confirmed the adequacy of the plant's seismic design.
The plant structures and equipment were essentially unaffected by the
earthquake. The large nuamber of safety and non-safety related
systems which were operating or energized at the time of the
earthquake responded in accordance with their design. Extensive
plant walkdowns and inspections revealed no structural or equipment

damage.

The seismic characteristics of the earthquake have been reviewed

and compared the plant's seismic design. The high frequencies which
typified the 1986 earthquake are of no significance with regard to
the adequacy of the plant's design. In centrast to the seismic
design basis, the earthquake was of short duration, with low energy,
low velocities and small displacements. Although certain of the
recorded response spectra exceeded the design response spectra in the
high frequency range, such exceedances are consistent with the
analytical methods of Regulatory Guide 1.60 and are of no engineering
significance. In the frequency range of significance for plant
structural design (below 14 Hz), recorded spectra are far below the

design response spectra for Perry.

The January 31, 1986 earthquake, in effect, constituted a proof test
of Perry's seismic design. By any standard the Perry Nuclear Power
Plant passed that test. The earthquake presents no new information

which would change the previously accepted licensing basis for the

plant.




APPENDIX A

STRONG-MOTION DATA FROM THE PERRY NUCLEAR POWER PLANT
SEISMIC INSTRUMENTATION
KINEMETRICS
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1.0 INTRODUCTION

On January 31, 1986, a ( £.0) local earthquake was recorcded by
the strong-motion instruméntation at Perry Nuclear Power Plant,
Perry, Ohio. The FM analog magnetic tape cassette records from
two Kinemetrics Model SMA-3 accelerographs were retrieved from
the instruments and provided to Kinemetrics for analysis.

This repo describes the processing of these strong-motion
records and presents the results. Included are the uncorrected
accelerograms, corrected acceleration, velocity and displacement
time series, and response spectra.

2.0 INSTRUMENTATION

2.1 Model SMA-3 Accelerograph

The SMA-3 is a multi-channel, centralized recording, FM analog
magnetic tape accelerograph system designed to detect and record
strong local earthquakes and record the three orthogonal
acceleration signals on cassette tape. The SMA-3 remains in a
standby mode until its vertical trigger detects an earthquake.
The trigger then actuates recording in less than .10 seconds.

The force balance accelerometers in the SMA-3 have a nominal
natural frequency of 50 Hz and damping of 65% critical,
providing flat (-3dB) response from DC to 50 Hz. The nominal
sensitivity of each of the three channels ies 2.5 volts/g with a
full scale response of 1.0g. The dynamic range of the
accelerograph is nominally 40 dB, giving it a resolution of
approximately .0lg.

The trigger in the SMA-3 has a flat (-3dB) response from 1 to 10
Bz and a nominal trioger level of 0.0lg.

Power is supplied to the SMA-3 by internal rechargeable
batteries. These batteries are kept in a charged state by 120
VAC line power.
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2.2 Calibration Data

The three Model BSMA-3 accelerographs which recorded the event
wvere factory calibrated in January, 1985, and the sensors were
recalibrated for sensitivity by the Perry NPP personnel in
December of 1985. These most current calibration data are given
in Table 1 below.

Bens., Nat. Freq., Damping

Ser. No. Channel _w/g Bz
165-1 long 2.48 52.3 65
tran 2.49 53.7 65
vert 2.47 50.6 64
165-2 long 2.48 52.6 67
tran 2.48 52.2 72
vert 2.65 50.5 66

TABLE 1: Calibration Data

3.0 DATA PROCESSING

Data from the Model SMA-3 accelerographs were played back using
a Kinemetrics Model SMP-1 Playback System through a Data
Compenstor, digitized using a Kinemetrics Model DDS-1105 Digital
Data System and proccessed as described in Kinemetrics'
Aplication Note No. 7 "Conditioning and Correction of Strong
Motion Data on Analog Magnetic Tapes", appended to this report.

3.1 Digitization

The magnetic tapes were digitized using the DDS-1105. The 1024
Bertz FM time reference recorded on channel 4 of the cassette is
output from the SMP-1 and divided down by four (256 Hz %
deviation) 2nd used as the timing signal for the digital
conversion time interval. The multiplexed uncorrected time
series are written on 9-track computer-compatible tape.



3.2 VOL]1 Processing

The digitized data were demultiplexed and scaled to acceleration

units using the Table 1 calibration data. The mean was then

subtracted from each acceleration time history. The new time

lf:i:tories were then written in a Kinemetrics' VOLl-format disk
e.

The three uncorrected acceleration time histories from each
SMA-3 record were then plotted; these plots are included in the

data section of this report.

3.3 VOL2 Processing

The recorded accelerograms were then instrument and baseline
corrected using Kinemetrics® VOL2 program. This program is
based upon the VOL2 program developed at Caltech (Trifunac and
Lee, 15973). No major modifications to the original VOL2
algorithms have been made.

The data were bandpass filtered using Ormsby filters. The
low-pass filter had a cut-off frequency of 35 Hz and a
termination f.requencg of 40 BHz. The high-pass filter had a
cutoff frequency of 0.625 Hz and a termination frequency of 0.4

Output of this program consists of a plot of corrected
acceleration, velocity and displacement for each component of
recorded data. These plots are presented in the data section of
this report.

3.4 VOL3 Proceseing

Linear response spectra were calculated from the corrected
acceleration time histories using the algorithms developed by
Trifunac and Lec. Response spectra were calculated for damping
rat, . of 0, 1, 2, 4, and 7 percent. The period range of these
Bpe t.. v~ 1.68 to 0.0283 seconds (0.59 to 35.4 Hz) with
osci1. '~ response calculated at 1/24 th octave intervals.

Two types of plots were produced and are included in the data
section of this report. The first type is the traditional
tripartite log-log plot of pseudo-velocity vs. period. The
second is a linear plot of velocity response and Fourier
epectrum vs. frequency.



-y~ r""'.‘
. B .

re 8
-

'mw T A - W, - .
my o R!ﬂ‘.isﬂl | Em g e

Reactor Building Foundation, Elevation 575 Pt.

SMA-3 Serial Number 165-1
Tag Number D51-N101
Longitv4inal Channel - South Orientation
Transverse Channel - West Orientation
Vertical Channel - Up Orientation



SV L84 aman L A

CI-
T1-591 N/SEVMS 281t
(®)
9861 ‘IE AY¥YNNYP mm
INVNOHIYYI 0°S W Sale
gl by
o0
=
- #O
Q@ |2
s
SUNC23S ML ML s
CL O T TR 1 e e
B
B
TO
s
E
8

—



SOU18L3WINLYN

11-S91 N/SEVKS
9861 " IE AYYANYPA
INVYNOHIEY3 0°S W

B B BN £ B
.- i

w s hny A -

‘NOILV¥3ITIOOV
Q3 LOIFA0ONN

Q

SONDI3S ML ML




SYU LYl IWIANILD

=1
AL-S91 N/SEVKS anls
mo
9861 'L AVANYP 18
INVNOHIYYI 0°S W sals
b {
0D
> 1
Q e
&
o
SOND2IS NI WLL 5
e ot 00 ot 00 p i 00°'El  00°Zt 00 i1 T T I R A O




-
.

LERATION

ACCE

JELOCITY

DISPLACEMENT

+250

CM/SEC/SEC
o

-

-

- e Yy rm w e TEm -

ML 5.0 EARTHQUAKE JANUARY 31. 1986
11A8001 PERRY NUCLEAR POWFR PLANT COMP SOUTH  SMA3S/N 165-1L
ACCELEROGRAM 15 BAND-PASS FILTERED BETWEEN 0.400- 0.625 AND 35.00- 40.00 HERTZ
O PEAK VALUES: ACCEL=~177.21 CH/SFC/SEC  VEL= #1.74 CH/SEC DISPL=-0.09 tn

o
AV
3
4 | e J
0 S 10 15 20

TIME - SECONDS

. ﬂ 3 A 2

KINEHETRICS




SONQJ3S - ML

02 Si 0l N 0
1] L A 1] Nﬁ‘
o
. n
o
™
— 0 23
m
~
3 z
“Z Qe
. — g2~

o
235/M2
Ail12073¢

5

v v o Lanen o L anaas - TNV

KO S1'e «1dS1Q 3S/MY 1272 =~ =034 S3S/ISAMI 21 101 = =320

(=

vy

o~
'

o
235/335/K3
NO11V¥3T320V

<062

*S3NTYA NYId @

ZIY3H 00°0r -00°SEL ONY S29°C -00r°0 N3I3MLI3E 03834713 SSY4I-ONVE S1 WYNI0¥3 1322V

L1-891 N/SEVWS 1S3M dk03 INY1d ¥3M0d 8Y30NN ANY¥3d

9861 "IE AYVYNANYS  3NVNOHLIY¥YY3 0°S W

SOLELIUWINILN

1008vVLI

P e
. - P S — ) . s - i'l'. B

v _
—




SONOJ3S - 3L
02 0l S

L L) L] L)

AA
b |

WY [0+ =1dS10 J3S/MI 1L 1= =03 J938/03S/7W0 9y "E£0L+ =7320Y  :S3INTVA

AYid @

Z1¥3H 0C°Or -00°SE ONY SZ9°0 -00F°0 N3IIMI3IE 03430114 SSYJ-ANVE S1 WYNO083I T30V

AL-S91 N/SEVWS dfl dWld

986 |

INY1d ¥3M0d ¥YITONN AN¥3d
"LE AYYANYS  3INVNOHLIYY3 0°S W

SOULELIUINL

_—

1008YL1

r
235/WD s

AL120734

o PP
v .
o~ —_

' -

335/235/W2
NO!11iV¥37330V

IN3W30Y¥ 4510

— e wel) 35




——. o ———— - - — SRS - ey were e
L ~}__s5='_.1:1'__4'I'__1l='_.4:!’iI[3ID—-IIll"‘IIE——1IZ7-1F.‘——f"' e 'ili. )
‘ . . . . i v+ »

RELATIVE VELOCITY RESPONSE SPECTRUM
ML 5.0 EARTHOUAKE JANUARY 31. 1936

1148001 PERRY NUCLEAR POWER PLANT COMP SOUTH  SMA3S/N 165-1L
DAMPING VALUES ARE 0. 1. 2. 4, 7 PERCENT OF CRITICAL
-8 T | T I T ] T T T
Sv
Q- L AR e e FS -
L -
8.0 -

RELATIVE VELOCITY - IN/SEC

°4% 10. 20.
FREQUENCY - W2

30. 40. 50.

KINEMETRICS



RELATIVE VELOCITY - IN/SEC

11AB001

RELATIVE VELOCITY RESPONSE SPECTRUM
ML 5.0 EARTHOUAKE JANUARY 31. 1986

165-17

PERRY NUCLEAR POWER PLANT COMP WEST SMA3S/N
DAMPING VALUES ARE 0. 1. 2. 4, 7 PERCENT OF CRITICAL
10.0 ] T ] T l T I : 1
Sv

e e e e e S RTINS, Fs -
8.0~ -
-
-1

| ]

FREQUENCY - W2

KINEMETRICS

0.




RELATIVE VELOCITY RESPONSE SPECTRUM

ML 5.0 EARTHOQUAKE JANUARY 31. 1986
11A8000 PERRY NUCLEAR POWER PLANT COMP UP SMA3IS/N 165-1V
DAMPING VALUES ARE ©O. '. 2. 4. 7 PERCENT OF CRITICAL
20.0

(8 ]

w e R 7~ o poppy v

wis.0 FS —

~

z

] e —

»

-—

012.0p— —

o

-

w

»
-

w

=

o

< B —

-l

w

[ o

‘. =l
-
.. | ] ]
0. 0. 20. J0. 40. 50.

! ' | L4 ! d |

T

FREQUENCY - W2

KINENKRETRICS




R ML S.0 EARTHOQUAKE JANUARY 3i. 18S€C

- 1iABOOI PERRY NUCLEAR POWER PLANT COMP SOUTH SMAJS/N 16S-1L

; ODAMPING VALUES ARE O. i. 2. 4. 7 PERCENT OF CRITICAL

. FREQUENCY - MZ o

: 10 1 10 3
e T T T T Y g - TV i T T T TrTrT™i0

2
10

i0 | 1 E B s & & &3 1 R T 1 L 1 & ¢ 51 !

10 1 10

PERIOD - SEC Kmi




ML 5.0 EARTHOUAKE JANUARY 3i. 1986

l- i 1ABO0I PERRY NUCLEAR POWER PLANT COMP WEST EMAJIS/N 165-17Y
DAMPING VALUES ARE 0. 1. 2. 4. 7 PERCENT OF CRITVICAL
I‘ CREQUENCY - HZ i~
' 10 1 10 3
m—_ : [Ty T T TrT—— T T 0

—

ll b / -
-4

|\ :

PSA - C €D - IN

b]o"L Rpiisediondoidihililos ! T W ek W R | & k2 el !

. 10 ]
PERIOD - SEC




[ ML 5.0 EARTHOUAKE JANUARY 31. 1986
; 1iABODI PERRY NUCLEAR POWER PLANT CoOMP UP SMAJE/N 165-1V
y DAMPING VALUES ARE 0. . 2. 4. 7 PERCENT OF CRITICAL
] FREQUENCY - MZ :
n 10 ] 10 3
re— T ST U T y— T T \ T TT ™10
3 / *
q
L\ k
1
y PSA - G SD - IN
z B
&
n : 0 i U
{ 2
N ‘10? <10
| o-en 3
.. P -
’ d
o -
P
" : /
‘ - /-
-
ls 3 <10
= -
- 1 4
et r
f' .
- -3 .
’ ‘ A0
L
= ’*)
k -
+‘-3 -ﬁ
‘0" L 1 1_11111. _1/4 x1411L L e R K “'
i0 L 10
PERIOD - SEC Nm

FINENREYTRICS



ML S.0 EARTHOUAKE JANUARY 31. 1986

PERRY NUCLEAR POWER PLANT COMP SOUTM SMAJS/N 165-1L

11AB0D)

DAMPING VALUES ARE 2 PERCENT OF CRITICAL
FREQUENCY =~ HZ >1
10 1 : 10 3

T g R W R T T STrFT T o=y T TrrTr=i0

% /

S 8_b a8

o

L a2 s snl

LR B . | L [ A W 1 1 A 2 A s ) J

[}
PERIOD - SEC KW]

INENETYTRICS




E ML 5.0 EARTHJUAKE JANUARY 31. 1986

11ABO0QI PERRY NUCLEAR POWER PLANT COMP WEST SMAJS/N 165-17

L4

DAMPING VALUES ARE 2 PERCENT OF CRITICAL

r. FREOUENCY - HZ i
10 1 10 3

al | g L I L T Ll SR W = i “ER Y .lo

»
4 ce\\
L1111

S . PSA - C SD - IN

10 10

—
O

T TrTrTTT
1

i 2
- ""10
B :
—
Il - il
o»—
o —
-
B |
- p—
f, E 10
:m —
Om b -
- o
-4
E | :
e
1 -
=
o -
L " 4
= -2 -1}
\"0 -
p o
..3 4
h-‘ -
[ d
-‘ / -v
10 LilJLLJl‘ 1 1 2 8 a & 21 1 R NN -
i0 10

PERIOD -~ SEC Kmm

RINPEMETRICE



ML S.0 EARTHOUAKE JANUARY 31.

11ABD01 PERRY NUCLEAR POWER PLANT coMP UP

DAMPING VALUES ARE 2 PERCENT OF CRITICAL
FREQUENCY - HZ
10 1

B L i i i A S i ]

\ /

¥ ErTEYE

T

T




ML S.0 EARTHOUAKE JANUARY 3i. 198BC

o |

PERRY NUCLEAR POWER PLANT COMP SOUTH SMAJS/N 165-1L

DAMPING VALUES ARE 4 PERCENT OF CRITICAL

FREQUENCY - HZ
1

T [(TT T 177

1 1 1111

Qi e S8 B

KINFERNE"

TR




ML S.0 EARTHOUAKE JANUARY 3i. 19€€

11A8001 PERRY NUCLEAR POWER PLANT COMP WES?T SMA3S/N 165-117

DAMPING VALUES ARE 4 PERCENT OF CRITICAL
CREDUENCY - HZ
10 1

-y Y | I LR

., g

=
-

RN NS WS TS S RSN . . S .

10




L

,
S

1iABODI

ML 5.0 EARTHOUAKE

JANUARY 3;. 1966

PERRY NUCLEAR POWER PLANT COMP UP SMA3S/N 165-1Y
DAMPING VALUES ARE 4 PERCENT OF CRiTiuAL
EREQUENCY - HZ -l
10 1 , 10 3
i n ‘IIT'II N T ‘lll'rl - i ]l'l" ’D
IN
2
\132 -_-_-.0
€D - CM 3
y
y
:10
-2 4
0 _
e
‘lg
]
‘) 1 11 1 11 Hl
10

EINENEYR TS

e~

AAe e



vy o e

Containment Vessel Annulus, Elevation 682 Ft.

SMA-3 Serial Number 165-2
Tag Number D51-N111
Longitudinal Channel - South Orientation
Transverse Channel - West Orientation
Vertical Channel - Up Orientation




L

Iy e

Sl R

13 po

w

¥ ¢
= -

o
g~
)

> -
= ~ 2

- ™
>8] =
> 2
O & N
- -« O
m o m
2 =
)l ¥ B
= "3
b ‘NOIIYHITIOOV
Q3LOIHHOONN
09 0- 08 0- oc 1

K1 NFWMETYDRD Y



0.60

40

TIME 1IN SFCONDS

g

UNCORRECTED
ACCELERATICN,

ML 5.0 EARTHOUAKE
JANUARY 31. 1986
SMA3S/N 165-2T1

BKK

K INFHFTRIRNC




SOL8I3IWINTN

AZ-S91 N/SLVYMWS m
9861 ‘IE A¥YANYP m
INVNOHINYI 0°S W m

g
Ve

SUNO23S Nl LU

G0 st 00°§1 o hi 00 LI ot Zi 00° §1

Q3 LOI™YYOONN

al

ec-1

- - - ket . . -



ACCELERATION

JELOCLTY

DiSPLACEMENT

KINEMETRICS
ML 5.0 FARTHOQUAKE JANUARY 31. 1988
11A8002 PERRY NUCLEAR POWER PLANT COMP SOUTH SMAIS/N 165-2L
ACCELEROGRAM 15 BAND-PASS FILTERED BETWEEN 0.400- 0.625 AND 35.00- 40.00 HMERTZ
O PEAX VALUES: ACCEL= #535.17 cM/SEC/SFC VEL= 45.13 cM/SEC DISPL=0.17 tm

o7 -
Q -
w
w
~
3 o - ——
r
(%) -
_750 1 1 1 ]
*5.1%
(%)
Wi
- R
g
5. 1 ' J
00-2r
-0.2 1 1 1 J

0 5 10 15 20

TIME - SFCONDS




s St co. abibdbdih e o WY ——— '
- ———
v M D e ‘__M_-!_IT_m_!- it
r “

KINEMETRICS

ML 5.0 EARTHQUAKE JANUARY 31, 1986
1148002 PERRY NUCLEAR POWER PLANT COMP WEST SMA3S/N 165-2T
ACCELERQOGRAM 15 BAND-PASS FILTERED BETWEEN 0.400- 0.625 AND 35.00- 40.00 HERTZ

@ PEAK VALUES: ACCEL= #)78.35 cM/SEC/SEC VEL= -3.77 cw/sec DISPL= .21 cn
250

ACCELERATION
CM/SEC/SEC
o

4

+
~ N
. W
» O
R
=
=
le

. s P P . ”y .
ww PP - —

JELOCITY
CM/SEC
o

]
4
o
-
b
-
-

40.2%

DiSPLACEMENT
cM
o
4

-025 1 1 1 J
0 S 10 15 20
TIME - SECONDS




ACCELERATION

viLOoClTY

+500

£C

CM/SEC/S

'
Cnd

DiSPLACEMENT

*
Q

o

-—

KINEMETRICS

ML 5.0 EARTHOUAKE JANUARY 31, 1986
1148002 PERRY NUCLEAR POWER PLANT COMP UP SMAIS/N 165-2V
ACCELERQGRAM 15 BAND-PASS FILTERED BETWEEN 0.400- 0.625 AND 35.00- 40.00 HERTZ
O PEAK VALUES: ACCEL= ¢297.21 cH/SEC/SEC VFlL= «3.09 cn/seEc DISFL=0.07 cm

3
b

1 L A )
-
-

P PO T -

1 1 4 J
-
L

— - w/\‘;.;faz\j/\iin‘d!\nr

L

1 L i J
0 S 10 15 20

TIME - SECONDS




50.0

-
o
o

RELATIVE VELQE!TY - [N/SEC
o

RELATIVE VELOCITY RESPONSE SPECTRUM
ML 5.0 EARTHOUAKE JANUARY 31, 1986

1148002 PERRY NUCLEAR POWER PLANT COMP SOUTH  SMA3S/N 165-2L
DAMPING VALUES ARE 0. 1. 2. 4. 7 PERCENT OF CRITICAL
| v | b3 I ' | 1
SV
- eeeseess Fs =

40. S0.

FREQUENCY - W2

KINEMETRICS




RELATIVE VELOCITY - IN/SEC

20.

RELATIVE VELGCITY RESPONSE SPECTRUM
ML 5.0 EARTHOUAKE JANUARY 31, 1986

~

11A8002 PERRY NUCLEAR POWER PLANT COMP WEST SMA3S/N 165-27
DAMPING VALUES ARE 0. 1. 2. 4. 7 PERCENT OF CRITICAL
T T T T T T i I T
- SV
P - Fs —

40. 50.

FREQUENCY - M2

KINEMETRICS




20.

»

-
~

RELATIVE VELOCITY - IN/SEC

e ——— e

RELATIVE VELOCITY RESPONSE SPECTRUM
ML 5.0 EARTHOUAKE JANUARY 31. 1986

WP T IR ST g

2 W ]l'r‘;"ﬂ_JF“

11A8002 PERRY NUCLEAR POWER PLANT COMP UP SMAJIS/N 165-2V
DAMPING VALUES ARE 0. 1. 2. 4. 7 PERCENT OF CRITICAL
I T T T T I T
Sy
b T FS -l

FREQUENCY - M2

40. 50.

KINEMETRICS



ML S.0 EARTHOUAKE JANUARY 3i. 1986

PERRY NUCLEAR POWER PLANT COMP SOUTH SMAJS/N 16S-20

OAMPING VALUES ARE

i. 2. 4, 7 PERCENT OF CRITICAL
FREDUENCY - HZ

gry e v § L

1 10 3

™ FTTTE Y o pe—— 7T 10
/ q
q

2

-10
-
ﬂ
.
!

e

NS M

N

1

PERIOD - SEC Mm




o

11AB002

ML S.0 EARTHOUAKE JANUARY 3i. 198C

PERRY NUCLEAR POWER PLANT COMP WEST

SMAJS/N 165~

DAMPING VALUES ARE 0. 1. 2. 4. 7 PERCENT OF CRITICAL

EREOUENCY - MZ

-}

i

10 1 i0
. PVET 3§ I i | | L | i I Fry ¢ % .
o //// .
— & e
PSA - C §D - 1IN

PERIOD - SE

O

RINENMETRICE

27

10



L
|

i1ABD02

ML S.0 EARTHOUAKE JANUARY 3i. 19€6

PERRY NUCLEAR POWER PLANT COMP UP SMAJS/N 165-2V
DAMPING VALUES ARE 1. 2. 4. 7 PERCENT OF CRITICAL
EREDUENCY - WZ -
10 1 , 10 3
o T T T 7 T T | L A S S T TTTT ™10

2
10

10

$ 2 258k

PERIOD - SEC Nm

RICEPMETYRICE



11A8002

ML S.0 EARTHOUAKE JANUARY 3i. 986

PERRY NUCLEAR POWER PLANT COMP SOUTH SMAJS/N .65-2L
DAMPING VALUES ARE 2 PERCENT OF CRITICAL
“REQUENCY - HZ -
10 i 10
T : LB A A T TTTrrrTrer— 7 T =10
oz/ / 3
' .
/q
-110
110
-
b d
-
h -
- - -
\.02 ...‘
10N i
\ )
L 1 All'lll‘ L VL e T 1 1 L BT
10 1 10
PERIOD - SEC Hm

NFmFTRICSE



ML S.0 EARTHOUAKE JANUARY 3i. 19B6
11A8002 PERRY NUCLEAR FOWER PLANT COMP WEST  SMADS/N 165-21
»
DAMPING VALUES ARE 2 PERCENT OF CRITICAL
b "REQUENCY - MZ 2
10 i 10 3
r i ] R i 117_T R i L " |r1 v 3 9 L] hy L yrera ...‘o
- -
& :
/ -
: PSA - G SD - iN
i J
L°F \i
= 0 l
| |
p~
Lg » . 2
- p 102 -_-10
E p §D - CM N
IR | Y. -

1

e o e s
(=
1 1

)—
=
: L -110
i n L >
}n -
-2 B
‘ - 0 -
; , d
C . ‘
-
}.
- -4
b—
o \10’2 :3
- -4
N i
r-la -
T
P4 "
'0“1 L Jllel‘ 1 T SO JSe O T 1 g A g 2 nal J
- 10 10

1
PERIOD - SEC Km

A NN



L ML S.0 EARTHOUAKE JANUARY 3i. 1966

l 11A8002 PERRY NUCLEAR POWER PLANT coMP UP SMA3S/N 165-2V
p DAMPING VALUES ARE 2 PERCENT OF CRITICAL
CREOQUENCY - HZ .
' 10 1 10 3
. smmae x/ GE SR R O R N . A L G W W RGN . o [lrthlo
! o i
I’ PSA - C SD ~ IN
z -
l 10 i
L -y
= ‘
N z
- \1&’ :10
E €0 - tM 7
' -
‘B y
N
] —
; .
B E
-
»
-9 -
E ¢ Y
- )
L - \;0_2 ’ -:l
° g -
1 U .
v \ / \\\\ / -~ '
0 k& _§ 11L11_T i B o ooy 3 iR : P S 1l J
. 10 1 10
PERIOD - SEC Nm

RINERMETRICS



il1r8002

*

ML S.0 EARTHOUAKE JANUARY 3i.

| 9EB6

PERRY NUCLEAR POWER PLANT COMP SOUTH

DAMPING VALUES ARE 4 PERCENT OF CRITiICAL
FREQUENCY - MZ

SMAJS/N 165-2L

10 1 10 3
T T T T TrTryrerr—r— T TTTT _‘?O
! / o .
- & .
PSA - G €D - 1IN i
10 o
! 2
ST J'¢
p §D - CM g

PERIOD -~ SEC

-
-
= —
— "2
1 @
=
p— \
N\,
b -2 d
\g 3’
- o
P. 4
=
—1
llJLLJI( : 1 Lt 4 4 334 1 kb b} J
-2
10 1 10

S KEHNY

RINEREYP | CF

AC L,

S°3C ANH



=2

g ===

o ?1‘.?" e

— L

N T

3 mEm 73

™.

i 1ABD02

On

—

=y

ML S.0 EARTHOUAKE JANUARY 3i.

1 10
PERIOD - SEC

RINERmEYR . CS

1 SEC
PERRY NUCLEAR PJOWER PLANT COMP WESY SMAJS/N 165-27
DAMPING VALUES ARE 4 PERCENTY OF CRITICAL
EREQUENCY - HZ -
10 i . 10 3
T /- rrTeTTTT™™ /r R W A T 11111_”0
L\ d
PSA - © §D - IN 3
-
: !0 10
L- ’
ki 2
“Wd T
F SD - CHM 3
-
=
- =
b :IO
1 10} £Lh ;
\]0" .
-
L, 1-2 ‘ 0“3
E 4
»
ki Vgl r
- .
- 0 .
—
£ 1 ok Rk k. 1 R R4 2 3 L4 i 1 & B gk b Ly -'

Lo T L I P



| ML 5.0 EARTHOUAKE JANUARY 31, i198BE
L i1ABDO2 PERRY NUCLEAR POWER PLANT coMP UP EMAJSE/N 165-2V

DAMPING VALUES ARE 4 PESCENT OF CRITICAL
CREQUENCY - HZ o
10 1 10 3

. o — ! B i R T T Ty e — T TTTT 10
; E 3
& -
p -
-
PSA - € D - IN |
K
P -
- 0 i0
=
2
- ds
‘1& .-4‘0
E. §0 -¢tm
q
5
- - t
r ¢
o "410 ¢
ol t
» - I
- \ —
-
-} .J
-
- —3 -
= ‘0
-
p—
-2 -1
- fod 2 :
-
1 -4
3 -
P‘ -4
i . -
L 1 11_11111| 4 1 S e S X B 1 B at bk &l !
10 1 10

PERIOD - SEC Hm




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 SMA-3. The software from published
research for film recording accelerographs (Trifunac & Lee, 1973)
has been adapted to the analog magnetic tape recording
instruments.

Magnetic tape is used where rapid playback and analysis of
data are required. These accelerographs are normally located at
large engineered facilities, such as nuclear power plants.
Figure 1, "Kinemetrics Earthquake Data Reduction System Flow
Diagram," illustrates the specialized services needed to prepare
data immediately after an earthquake.

The purpose of this Note is to describe the standard data
conditioning and correction used to prepare accelerograms for
subsequent response spectrum or time-series analysis. On Pigure
1 are references to the following paragraphs: 1.0--Data Playback,
2.0--Analog-to-Digital Conversion, 3.0--Data Conditioning, and
4.0--Data Correction.

There are two "tape speed” errors in all PM analog re-
cording/playback systems. 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 change 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-1 (Pigure 4). If the
SEMP-1 is used to play out the SMA-2 or SMA-3 tapes, the signals

KINEMETRICS INC., TWO TWENTY TWO VISTA AVENUE, PASADENA, CA 91107 (213) 795-2220 - TELEX 67-5402 KMETRICS PSD
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®

®

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

Zile et Plant

SMP-1 hard copy, strip

_—_—

Cassettes transmitted to
Kinemetrics in Pasadena

L

charcts clearly labeled

Data Playback

Using SMP-1 at Kinemetrics,
connected to A-to-D converter,
produce parallel strip charts

Haw bata

1. Cassettes

2. SMP-1 hard copy

A

Analog to Digital Conversion

At Kinemetrics, using DDS-110%

or Dataseis®

1. 3 channels per cassette;
acceleration in x,y,and 2z

1

Data Conditioning

Using computer

1. Demultiplexing

2. Linear baseline correction
3. Engineering units

1

Uncorrected Dats

Uncorrected accelerograms on

9-track computer compatible
tape and plot of time series

Data Correction

Using computer

1. Instrument correction

2. Baseline correction

3. Integrated velocity
and displacement

Corrected Dates

Corrected accelerograms and

integrated velocity and

displacement

1. Plots of all time series

2. 9-track computer compatible
tape of acceleration

3. Card decks optional

Dats Reduction

Using computer
1. Damped Response spectra
2. Fourier Amplitude spectra

Reduced Dets

1. Plots of Response spectra
2. Plots of Fourier spectra

Transmit Data to Owner
1. Raw Data

2. Uncorrected Data

3. Corrected Data

4. Reduced Data

FIGURE 1

Data Analysis

Flow Diagram for Kinemetrics E.D.R.S.

(Earthquake Data Reduction Sequence)



Channel 1
(see Figure 4)

Channel 4
{sce Cigure 4)

Channel 4
subtracted from

Channel 1

Uncompensated Earthquake Record

b bl e bbb et

1024 Hz Time Compensation Channel

Final Record Following Amplitude Compensation

FIGURE 2 Amplitude Compensation
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EARTHOLAKE

ENGINEEFING

NSTRUNVENTT

SMP-1

Magnetic Tape Playback System

FIGURE 4

(1) (2) (3) (4) (95)

The SMP-1 is a 'ersatile magnetic tape playback
system designed for use with the Kinemetrics
SMA-2 and SMA-3 Magnetic Tape Acceleration
Systems. The combination of the SMA-2 or SMA-3
Acceleration Systems with the SMP-1 Magnetic
Tape Playback System meets the applicable re-
quirements of US NRC Regulatory Guide 1.12, and

provides immediate visual playback capability of
recorded acceleration data

The SMP-1 is portable and may be operated either
from 110 Vac or internal rechargeable batteries
Optionally the unit may be mounted in a standard
19-inch cabinat. An internal battery charger is
included with the unit

KINEMETRICS INC, TWO TWENTY TWO VISTA AVENUE, PASADENA, CA 91107

(818) 795-2220 TELEX 67-5402 KMETRICS PSD




which appear on the chart recorder are amplitude compensated.

1.2 The electrical outputs taken from the DEMODULATED OUTPUT
jacks (Channels 1, 2, or 3 of Figure 4) are not amplitude
compensated. However, Kinemetrics has an electronic Data Com-
pensator which plugs into an SMP-1.

If this Data Compcnsator is used, the electrical signals are
amplitude compensated by electronic subtraction of Channel 4 from
Channels 1, 2, and 3. The Data Compensator should be used if the
signals are to be recorded on a three-channel strip-chart recorder
for display. The signals are not time base compensated.

1.3 1If the signals are to be processed on a computer, there
are two options:

1.3.1 Use the Data Compensator for amplitude
compensation.

Without a Data Compensator, have software
perform amplitude compensation.

2.0 Analog-to-Digital Conversion

The following steps are taken at Kinemetrics using the SMP-1

connecteﬁ to the Analog-to-Digital Converter, Model DDS-1105 or
DataSeis™.

2.1 Three (3) analog outputs of the SMP-1 with Data
Compensator are digitized simultaneously: longitudinal,
transverse, and vertical (Channels 1, 2, 3 of Figure 4). A 12-bit
analog-to-digital converter is used with normal full scale of 15
volts.

2.2 The FM Time reference output (Channel 5 of Figure 4) is
1,024 Hz plus or minus tape speed error. This signal is divided
down by four (256 Hz %+ deviation) and used as the timing signal
for the digital conversion time interval. Thus, the accelerogram
time base is corrected for tape speed error and the voltage values
are equally spaced at 1/256 second. This is "time base
compensation® and can be done oa analog-to-digital converters
other than DDS-1105 or DataSeis".

2.3 The final uncorrected accelerograms are written on
9-track computer-compatible tape. The three channels are




multiplexed (i.e., 1, 2, 3:1, 2, 3,1, 2,...), and are in a
16-bit, offset binary format.

3.0 Data Conditioning

Figure 5 illustrates the flow of the "Data Conditioning"
software. Tape speed variations during recording and during
playback of FM analog tape change the apparent time base and
affect the analog amplitude. The time base has been compensated
in the previous section by using the FM time reference output
(Channel 5 of Figure 4) as the timing signal for the analog-to-
digital converter. The amplitude has been compensated using the
Data Compensator module.

The output accelerograms are uncorrected in the sense that no
modifications have been introduced which involve any hypothesis of
the ground motion character or of the instrument involved.

4.0 Data Correction

Figure 6 illustrates the flow of the "Data Correction"
software. The purpose is to present correctea acceleration data
and integrated ground velocity and displacement curves in as
accurate a form and over as wide a fraquency range as is
compatible with the original data. The modified data is believed
to be the most accurate form of input data feasible to produce

from the original record for structural response calculations and
for response spectrum determinations.

Inst' ument correction is introduced to compensate for the
accelerome e s8' frequency response. The Caltech publication EERL
71-05 discusses the approach used. The baseline correction uses
an Ormsby high-pass filter. The technique is explained in Caltech
publication EERL 70-07.

Figure 7 contains a sample output plot of corrected data for
one component of the Santa Barbara earthquake of 13 August 1978,
recorded on a SMA-2 accelerograph.




Multiplexed amplitude-compen
accelerograms, channels 1,2
1 = longitudinal axis,

2 = transverse axis, Ag
3 = vertical axis, Ayt

each at 256 samples per second.
Data are offset binary representatior
of amplitude in volts.

Demultiplex raw accelerograms
into three files:

File 1 = Aj(t)
File 2 = Ay (t)
File 3 = A, (t)

[
NI DI

Transform of fset pinary numbers
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Perform linear baseline correction by |
calculating mean value for each file
and subtracting this value from each
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Uncorrected Accelerograms, A(t)
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FIGURE 5

Data Conditioning, E.D.R.S.

to units of g, using individual accelerometer

Uncorrected Accelerogram A(t)
256 samples per second

N ——————— ——

— |
Low-pass filter A(t) by using
Ormsby filter to get A, (t)

e : a—

AT AT

{ Perform instrumental correctior
| of A,(t) by using differential

| equation approach to obtain Ay (L)
See Reference EERL 71-05

— - - -
| Perform baseline correction of Ajit)
by high-pass filtering the data sith
Ormsby filter to get A,(t).
See Reference EERL 70-07.
- - ——
|
1
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( OUTPUT :

1. Corrected accelerogram A.(t)
]

4. Velocity time history
J. Displacement time history /J

FIGURE 6
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SMA-3

Strong Motion Acceleration System

The SMA-3 is a multi-channel, centralized recording, An SMA-3 can accommodate up to 27 channels of ac
magnetic tape accelerograph system designed to celeration data, usually from triaxial force balance ac

detect and record strong local earthquakes. Typical celerometers, Model FBA-3. Downhole triaxial sensors
structural applications include nuclear power plants, (FBA-13DH) can be installed, and uniaxial and biaxial ac

tall buildings, dams, offshore platforms and bridges celerometers may also be used The sensors may be
The SMA-3, used with the companion SMP-1 located up to 1500 feet from the

Playback System, meets the requirements of U.S g

NRC Regulatory Guide 1.12 and is being used at over

90 nuclear power plants around the world

tral recorder

trigger is standard with any S\
=l

ymeters

KINEMETRICS / SYSTEMS, 222 VISTA AVENUE; PASADENA, CA 91107 (818) 795-2220, TELEX 67-5402 KMETRICS PSD




GENERAL DESCRIPTION

The SMA-3 is a versatile multichannel acceleration recorg-
ing system. It is seif-actuating when a local earthquake
exceeds a predetermined level of ground acceleration
When acceleration falls below the preset value, the
SMA-3 automatically returns to the standby condition

The standard FBA-2 triaxial accelerometer package is ap-
proximately a 20 centimeter cube. It contains three torce-
balance acceleration sensors. The accelerometer pi.ck-
age accepts calibration commands for damping and
natural frequency

Each accelerometer signal is buffered, frequency
modulated, and recorded on an assigned track of a four-
track magnetic tape cassette. Three tracks are used for
acceleration data and the fourth for a timing signal, which
is common for all recording tape transports in the system

TECHNICAL SPECIFICATIONS
SEISMIC TRIGGERS (Model TS-3)

Type Triaxial acceleration trigger

Housing Cast aluminum, waterproof

Set Point: 0.01g standard. field adjustable. 0.00%5g to 0 05¢
Option Adjustment range of 0.025g to 0 25g

Current Drain 0 45 mA in standby. 60 mA operating

TRANSDUCERS (Model FBA-3)

Type Force balance accelerometers

Housing Cast alurmnum, waterproof

Bandwidth: O to 50 Hz

Range = 1g full scale

Qutput. = 25 V tull scale

Damping: 70% of critical

Natural Frequency 50 Hz

Calibration Damping and natural frequency recorded by Sommand
Temperature Range —20° to 70° C (0° to 160° F)

Temperature Effects. = 15% of fuil scale over operating range

RECORDING SYSTEM

Type Frequency modulation

Tape Four track magnetic tape cassette

Tape Speed 1-7/8" per second

Recording Time 30 minutes

Bandwidth O to 50 Hz

Dynamic Range 40 dB from 15° to 35° C (with SMP-1)

Modulation Frequency 1000 Hz = 50% modulation

Timing Frequency 1024 Hz = 02%

System Accuracy (with SMP-1) = 5% at lul
to 1 5% of full scale at 001g

Startup Time. Less than 0.1 seconds

Event Alarm. Normally open contac!s, rated 1 amp @ 12 Vac

Event ingicator Electromagnetic visual display

POWER SUPPLY

scale, changing linearly

Two 12 V internal. rechargeable batteries An internal battery charger
operating from 110 Vac, i1s supplied

OPERATING ENVIRONMENT
Temperature 0° to 55° C (30° to 130° F)

Humidity Remote packages, 100% RH
~abinet mounted panels, 80% R H non<condensing

OKinemetrics July 1985
Printed in US A
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ORDERING INFORMATION, SMA-3

Kinemetrics Part Number: 101100
Strong Motion Acceleration System, including:

One triaxial seismic trigger, Model TS-3
Specity triggering threshold (0 019 standard)
Specify number of additional triggers if desired

Up to nine trigxiai acceleration sensors, Modei FBA-3 1 Og full scaie
Cost Option—Model FBA-11 uniaxal sensor
Cost Option—Model FBA-130H downhole tnaxal sensor
Option—Range 0 25g. 0.5¢. 2 0g full scale
Specity number and type of sensors, up to 27 channels

Up to nine triaxial tape recording modules, with cassettes
Cost Option—Flame resistant wirng
Specity number of channels. up 1o twenty-seven

Control/Power Panel
Cost Option—Conversion to 220 Vac

Accessories:

Interconnecting Cables for seismic trigger(s)
Cost Opton—Filame retardant cable
Specity lengths required. up o 1500 to each tngger

nterconnecting Cabies for remote accelerometers
Cost Option—Flame retardant cable
Specify lengths required, up 10 1500 to each sensor

18-inch Rack Mounting Cabinet
Cost Option—Seismically braced cabinet

Tape Playback, Model SMP-1 (see SMP-1 data sheet)

Spares and Supplies

Magnetic Tape Cassettes, Part #700030
Desiccant Envelopes, Part #700049

12 V Battenes (pair), Part #103413
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ENGDAHL ENTERPRISES Costa Mesa, CA 92626

1. INTRODUCTION

On January 31, 1986, the effects of a seismic event were recorded by
the Engdahl PSR1200, Peak Shock Recorders and PAR400, Peak
Acceleration Recorders at the Perry Nuclear Power Planrt located at
Perry, Ohio. The record plates were removed from the recorders
within hours and new plates were installed by Perry Plant and
Engdahl personnel. A preliminary data reduction was completed the
same day. A second independent data reduction was made on
February 2, 1986. Photographs of all of the seribed records were
made on February 2-3, 1986.

This report reviews the status of the instruments at the time of the
event, contains the recorded data, and evaluates the data. The
report also reviews the present status of the recorders and work to
be done in the near future.

2. INSTRUMENT DESCRIFTIONS

3.1 PEAK SHOCK RECORDER (Response Spectrum Recorder
and Response Spectrum Switch)

The Model PSR1200-H/V, Peak Shock Recorder, is designed to meet
the characteristics of the Response Spectrum Recorder and the
Response Spectrum Switch as described in the American Nuclear
Society Standard ANSI/ANS-2.2-1978, "Earthquake Instrumentation
Criteria for Nuclear Power Plants", and NRC Regulatory Guide 1.12
(Rev. 1), "Instrumentation for Earthquakes". It is a completely
passive device covering the range of 2-25 HZ in 1/3 octave
inerements. Damping of each accelerometer is nominally 2%. It is
completely self contained. Three recorders are arranged triaxially.

Twelve reeds of different lengths and weights, one for each
frequency, are fabricated from spring steel. A diamond-tipped stylus
is attached to the free end of each reed to inscribe a permanent
record of its deflection on one of twelve record plates. The record
plates are aluminum, plated with successive layers of nickel, tin, and
lead-tin.

The Model PSR1200-H/V-12A comprises the standard PSR1200-H/V
plus the capability of providing instantaneous warning signals when
preset accelerations at selected frequencies have been exceeded.
This is achieved by adding dual contacts which are closed by the reed
when it is deflected through a predetermined distance.

3 Document No 120910 N/C
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2.2 PEAK ACCELERATION RECORDER (Peak Accelerograph)

The Model PAR400, Peak Acceleration Recorder, is designed to meet
the characteristics of the Peak Accelograph described in ANSI/ANS-
2.2-1978 and NRC Regulatory Guide 1.12. It senses and records peak
accelerations triaxially. It is a self-contained passive device
requiring no external power or control connections and has a
minimum band width of 0 to 26 Hertz with a sensitivity as low as
.01 g. The recorder is nominally 60% damped. A diamond tipped
seriber at the end of an amplifier arm traces a very fine visible
permanent record on an aluminum record plate with successive
layers of nickel, gold, and burnt gold.

3. DESIGNATIONS, LOCATIONS, AND CALIBRATION STATUS
OF INSTRUMENTS

3.1 D51-R160 - REACTOR BUILDING FOUNDATION

Triaxial Response Spectrum Recorder (PSR1200-H/V-12A)

Location - 574' Reactor Building foundation mat, azimuth
210° (see drawing D-811-801 and D-814-663-909)

Active seratch recorder, which alarms on econtrol room panel
1H13-P969, annunciator panel D51-R215

Most recent calibration on 1-14-85. *

3.2 D51-R170 - REACTOR BUILDING I.I" W. 630' PLATFORM

Triaxial Response Spectrum Recorder (PSR1200-H/V)

Location - inside Drywell platform - 630", azimuth, 240°
(see drawing D-811-605 and D-814-665-910)

Most recent calibration completed on 1-30-86. *

3.3 D51-R180 - HPCS PUMP BASE MAT

Triaxial Response Spectrum Recorder (PSR1200-H/V)

Loecation - HPCS Pump Room - Auxiliary Building foundation mat
574' (see drawing D-811-701 and D-814-663-911)

Equipment being calibrated on 1-31-86 during earthquake. (North-
South and East-West recorders operabie).

Previous calibration on 1-14-85. *

* Calibration interval is established at 18 months by ANSI/ANS -
2.2-1978, "Earthquake Instrumentation Criteria for Nuclear Power
Plants."

4 Document No 120910 N/C
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3.4 D51-R190 - RCIC PUMP BASE MAT

Triaxial Response Spectrum Recorder (PSR1200-H/V)

Location - RCIC Pump Room - Auxiliary Building foundation mat
574' (see drawing D-811-702 and D-814-663-912)

Equipment being calibrated on 1-31-86 during earthquake
(all recorders operable).

Previous calibration on 1-14-85.*

3.5 D51-R120 - REACTOR RECIRCULATION PUMP

Peak Acceleration Recorder (PAR400)

Loecation - inside Drywell - 574' elevation. (see drawing D-811-602
and D-814-663-906). Located on recirenlation pump B33-C001A.

Most recent calibration 12-4-85.*

3.6 D51-R140 - HPCS PUMP BASE MAT

Peak Acceleration Recorder (PAR400)

Location - Auxiliary Building - 574'

HPCS Pump Rocm - Auxiliary Building foundation mat 574'
(see drawing D-814-633-908 and D-811-701)

Most recent calibration on 1-30-86. *

'S DATA REDUCTION

The following tabulations on Pages 8 through 13, show the initial
data reduction made on January 31, 1986 by Perry Plant personnel
and a fieid representative of Engdahl Enterprises. An independent
data reduction made by Engdahl Enterprises on February 2, 1986 is
listed alongside the initial reduction.

A total of 129 data point readings were tabulated. A comparison of
the two independent data reductions indicates a very close
correspondence. Most indicate no significant differences. For those
cases where differences exist, the greatest differences (with one
exception) are on the order of 0.03g. The largest acceleration
difference between the two data reductions was 9% (MPL Number
D51-R170, reed number 12, vertical). Even in this case, the
difference is within tolerances allowed by industry standards.

5. DATA EVALUATION

The record plates from three of the four triaxial PSR1200 recorders
had many seratches and some had multiple zero lines which made
them difficult to read. This condition was due to construction work
in progress since the recorders had been calibrated and installed in
January 1985. Although initial review of these plates indicated that
data reduction might be questionable, further review (including
comparison with data from the Kinemetriecs Time-History
recorders**) has established the validity of the data reduction.

**Kinemetrics/Systems, "Strong-Motion Data Report for the M|, 5.0
Earthquake of 1147 EST, January 31, 1986" (February 4, 1986)
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5.1 D51-R120, Reactor Recirculation Pump and
D51-R140, HPCS Pump Base Mat

The records from these PAR400 recorders were good. D51-R120 had
the best records. D51-R140 had poorer zero lines but the results
were nonetheless in close agreement with Reactor Building
foundation mat data from Kinemetries Time-History recorder data.

5.2 D51-R160, Reactor Building Foundation

A reading was made for each reed in the horizontal directions. The
North/South accelerations were in very close agreement with the
response spectrum generated from the Time-History recorder (D51~
N101). The East/West did not agree as well but was similar. Only
six of twelve vertical data points were readable. All of these
values were quite low indicating a low vertical component of
acceleration.

5.3 D51-R170, Reactor Building [.D.W. 630' Platform

The most readable of the PSR1200 records were on the Reactor
Building [.D.W. 630" Platform. The North/South was especially good
with very good zero lines. The East/West and the vertical recorders
each had two of twelve records that were difficult to read.

5.4 D51-R180, HPCS Pump Base Mat and
D51-R190, RCIC Pump Base Mat

These two installations are both on the Auxiliary Building foundation
mat but separated by approximately 80 feet. The resulting
North/South response spectra are almost identical. The East/West
response spectra were similar. The vertical D51-R180 recorder was
not in service due to recalibration activities, so no comparison can
be made. The vertical D51-190 recorder is questionable since the
zero lines were offset by large amounts in most cases.

5.5 Dual records were noted on some of the record plates. The
clearest of these are on D51-R160, East/West. A separate tabulation
is made of the six best records (see page 14). A dual record is
normally made when the record plate moves a very slight amount
(.001 to .002 inches) after one record is made and then a second
record is made. It is possible that all six plates moved at low levels
and that the second record is just a continuation of the same event.
It is also possible that the iow level event was recorded and then the
plates moved before the second event.
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6. CURRENT STATUS

6.1 At present, the instruments are in operation with new record
plates except the vertical recorder, D51-R180, which has been
removed for recalibration.

6.2 Plans have been made to start the recalibration of all of the
instruments on February 10, 1986. This recalibration is in
preparation of fuel loading, and not as a result of the seismic event.

1. CONCLUSIONS

Although the records were not always easy to read because of
activity at the plant during the construction phase, the records were
clear enough in most cases to give very good overall results.
Recalibration of the instruments was not required by the seismic
event. Recalibration will be performed starting February 10, 1985
in preparation for fuel loading.

ald 8 3

Paul D. Engda

cjw
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MPL NUMBER: D51-R120
LOCATION: REACTOR RECIRCULATION PUMP

ACCELERATION (g)

SENSOR LOCATION

NORTH/SOUTH (L)

EAST/WEST (T)

VERTICAL

*Zero lines not clear, best estimate
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‘ MPL NUMBER: D51-R140
LOCATION: HPCS PUMP BASE MAT - 574’

ACCELERATION (g)

SENSOR LOCATION

NORTH/SOUTH (L)

EAST/WEST (T)

VERTICAL
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MPL NUMBER: D51-R160
LOCATION: REACTOR BUILDING FOUNDATION - 574

ACCELERATION (g)

NOMINAL
FREQUENCY North/South East’'West Vertical
(HERT2)

-

2
3
4
5
b
7
8
9
0

-
N

* "C" surface
** Unreadable
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MPL NUMBER: D51-R170
LOCATION: REACTOR BUILDING L.D.W. 630' PLATFORM - DW 630", 240°

ACCELERATION (g)

NOMINAL
FREQUENCY North/South East/West Vertical
(HERT2)

* Unreadable
(1) Unusual appearance
(2) Very difficult to read - best estimate
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MPL NUMBER: D51-R180
LOCATION: HPCS PUMP BASE MAT - 574’

ACCELERATION (g)

— NOMINAL
NUMBER FREQUENCY North/South East’'West Vertica!*
(HERTZ2)

pa—y

2
3
4
5
6
7
8
9
0

-

—
-

—
N

* Not in service
** Unreadable
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MPL NUMBER: D51-R190
LOCATION: RCIC PUMP BASE MAT - 574"

ACCELERATION (g)

NOMINAL

REED
FREQUENCY North/South East/'West Vertical
NUMBER (HERTZ)

3
4
5
6
7
8
9
0

—b

—
—

—
N

(1) Mathematical error corrected  Originally reported acceleration 0.198
* Unable to read due to corrosion
** Unreadable
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MPL NUMBER: DS51-R160
LOCATION: REACTOR BUILDING FOUNDATION - 574'
DUAL RECORDS

ACCELERATION (g)

NOMINAL
FREQUENCY North/South East'West Vertical
(HERT2)

—

2
3
4
5
6
7
8
9
0

-—

b
b

-
ro
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; MODEI
| PSR1200-H/V-4A

and
PSR1200-H/V-12A [

MODEL PSR1200-V o,
PEAK SHOCK RECORDER'

SENSES AND PERMANENTLY RECORDS THE SPECTRAL ACCELERATION AT SPECIFIED FREQUENCIES

PROVIDES SIGNALS FOR IMMEDIATE REMOTE INDICATION THAT
SPECIFIED PRESET SPECTRAL ACCELERATIONS HAVE BEEN EXCEEDED

® EARTHQUAKES
® STORMS
® EXPLOSIONS
RELIABLE and ECONOMICAL

(

¢
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Introduction

Traditionally, measurement of acceleration has
implied measurement with the aid of a device
whose resonant frequency was far removed from
the frequency range of interest. A typical
accelerometer for aerospace applications might
have a mass of 10 grams and a resonant
frequency of 10 kHz or higher. Such devices
were designed primarily for attachment to a
structural member to measure its response to
shock or vibration. Their low mass was necessary
to avoid modifying the characteristics of the
device under test, while the resonant frequency
had to be at least five times that of the highest
frequency of interest. At the other end of the
spectrum, earthquakes and other low frequency
phenomena are conventionally detected and
recorded using instruments whose resonant
frequencies are much lower than the frequency
range of interest.

A structure such as a large office building, a
missile silo or an electrical generating station has
many members and subassemblies with a wide
range of resonant frequencies, and many of
these are lightly damped, i.e., a shock will cause
them to “ring” for a relatively long time. To
measure the effects of an earthquake or other
shock on such a structure in the traditional way,
would require a very large number of trans-
ducers and a complex data acquisition system
followed by computer analysis to digest the raw

Description

The Model PSR1200-H/V, Peak Shock Re-
corderTM is a completely passive device
covering the range of 2-25 Hz in 1/3 octave
increments. Damping of each accelerometer is
nominally 2%. It is completely self contained.

Twelve reeds of different lengths and weights,
one for each frequency, are fabricated from
spring steel. A diamond-tipped stylus is attached
to the free end of each reed to inscribe a
permanent record of its deflection on one of
twelve record plates. A calibration sheet for each

data and decide whether or not structural
damage had been sustained.

To simplify the design of shock resistant
structures, dynamicists frequently define shocks
and earthquakes in terms of response shock
spectra. Basically, a response shock spectrum is a
plot of acceleration vs. frequency in which each
point represents the peak acceleration experi-
enced by an accelerometer tuned to that specific
frequency. The range of frequencies covered by
the peak shock accelerometers corresponds to
those found in most structures, systems, and
components. Since all structural elements
possess some low inherent damping, the Peak
Shock Recorder™™ has been designed with 2%
of critical damping. The output obtained is thus
directly applicable to structural design and
analysis.

A response spectrum may be derived from the
conventional acceleration vs. time record of a
suitable recording accelerometer, but this in-
volves either digitizing the records followed by
computer manipulation of the data or the use of
a large amount of auxiliary equipment. The first
method is time consuming, while the second is
expensive. The Model PSR1200-H/V is an inex-
pensive instrument requiring no source of
power, and virtually no maintenance. It provides
a permanent record of data from which the
response spectrum may be plotted by a very
simple reduction process.

recorder lists the resonant
g-sensitivity of each reed.

=V designates a recorder designed for vertical
shock recording (compensated for earth’s
gravitational force). —H designates a recorder
designed for horizontal shock recording

The Model PSR1200-H/V-4A /12A comprises the
standard PSR1200-H/V plus the capability of
providing instantaneous warning signals when
preset accelerations at selected frequencies have
been exceeded. This is achieved by adding dual
contacts which are closed by the reed when it is
deflected through a predetermined distance
Model —4A monitors four selected reeds, while
~12A monitors all of the reeds.

frequency and




—~~

Uses

The PSR1200, Peak Shock Recorder™™, is
useful whenever acceleration measurements are
desired at low frequencies. These accelerations
may be due to earthquakes, storms, or
explosions. The plot of the recorder’s twelve
individual measurements is the response spec-
trum of the acceleration to which the recorder
was subjected.

The response spectrum switch (—A) version of
the PSR1200 is usefu! whenever remote indica-
tions are desired that acceleration limits have

Features

Dzus, quart: ~-turn fasteners, are used to secure
the cover, making it easily removable. The cover
is clamped tight enough against the gasket
bonde i to the watertight housing to provide
protection of the unit to 50 PSI (3.6 kg/Cm?) of
wate pressure.

The record plates are serialized so only one set
of twelve have the same number. In addition,
the plates have two types of slots to allow
keying. The narrow key slot allows the plate to
slide into only one slot in the housing to its full
depth. That is, the plates all have to be in their
correct locations in the housing to attach the
cover.

The record plates can be inserted four different
ways into the housing, allowing four records to
be made before using a second set of plates. To
prevent mixing the records, all plates must be
inserted for the record to appear at A, B, C,or D
or, again, the cover cannot be attached. A
viewing window is provided, and the appropriate
letter A through D will show so the cover need
not be removed to know how the plates are
inserted. During shipping, a red dot is seen. This
means that the plates have been removed and
the reed support structure is in place.

been exceeded. The remote indication that four
or twelve dual acceleration limits have or have
not been exceeded provides immediate informa-
tion on which to act.

The Peak Shock Recorder™ can be used in
connection with:

. Nuclear power plants
. Steel mills

. Refineries

. Bridges and dams

. High-rise structures

. Oil explorations

. Mines

. Ships

. Earth studies

. Towers

CWO O & W —
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Additional keying is provided between the
covers and housirigs in the form of dowel pins.
These pins prevent the cover from being put on
upside down. They also prevent a cover from a
horizontal recorder (—H) being put on a vertical
recorder (-=V)ora-Vona —H.

Since a lower atmospheric pressure could be
created inside the recorder than outside during
shipment by air, a jackscrew is provided in the
cover to lift a corner of the cover and break the
partial vacuum. It will also be of assistance when
the unit has been closed for a long period of
time as the neoprene gasket may adhere slightly
to the cover.

The recorder is reliable because of its simplicity.
It does not contain any of the more complex
and less reliable components, ie., batteries,
connectors, motors, and bearings. Its rugged
structure is fabricated from aluminum alloy.
Only a few parts are used. The recorder is
self-contained, and requires no start-up time.

The recorder is economical in that no external
connections or power are required. The record
plates are reusable by replating after four
records have been obtained. Maintenance is very
low since the unit can be unattended for long
periods of time. Data reduction is very simple,
requiring only one measurement and one
multiplication for each record plate to plot its
point on the response spectrum




The response spectrum switch (—A) ver-
sion of the recorder has all of the features
of the PSR1200.

To retain the basic reliability of the
PSR1200, no batteries, mators, or bearings
have been added. Electrical power is pro-
vided from the Peak Shock Annunciator™

Every effort has been made to achieve the
utmost reliability in the switching circuitry
s0 as to match the reliability of the basic
Peak Shock Recorder™. Closure of a switch
contact sets ar: electronic latching switch
which energizes the appropriate circuit in
the annunciator and holds it energized
until reset by the key-switch

Switch Settings (—A version

The switch settings are permanently set
to positions required by the customer's
application. The —4A allows four dual
settings, that is, the customer selects
four frequencies to be monitored be-
tween 2 and 25 Hertz. Two acceleration

High impedance circuitry permits normal
operation even if switch contact resistance
exceeds several hundred thousand ohms.
Ceramic encapsulated integrated circuits
offer maximum resistance to the effects of
temperature and humidity.

Finally, the heavy cast aluminum housing
of the recorder offers protection against
radiated interference or spurious mech-
anical operation caused by striking the
recorder

The recorder can be used singly, biaxially
or triaxially

23 1/8 inches
(58,7 cm)

TRIAXIAL INSTALLATION OF THREE
MODEL PSR 1200-H/V-12A

PEAK SHOCK RECORDERS”™

ON TRIAXIAL MOUNT

only)

levels can be selected for switch contacts
for each reed frequency, eg., 47 g and
70 g at 3.2 Hertz. The —12A has twelve
dual settings between 2 and 25 Hernz. See
the tabulation of “Frequency and Switch
Setting Limits” for selection available

et
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record from the zero line. Normally just
the maximum is recorded regardless of the
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PEAK SHOCK RECORDER""

MODELS PSR1200-H/V-4A and PSR1200-H/V-12A

QUALIFIED TO: GUIDE FOR SEISMIC QUALIFICATION OF CLASS | ELECTRICAL EQUIPMENT FOR
NUCLEAR POWER GENERATING STATIONS — I1EEE GUIDE 344

Designed to meet the characteristics of the Response Spectrum Recorder and the Response Spectrum Switch
described in the American Nuclear Society’s Standard, ANSI/ANS-2.2-1 978, Earthquake Instrumentation Criteria for
Nuclear Power Plants and the U.S. Nuclear Regulatory Commission’s Regulatory Guide 1.12, Nuclear Power Plant
Instrumentation for Earthquakes, Revision 1. NOTE: Frequency range from 2.00 to 25.4, instead of 1.00 to 30.0.

PHYSICAL SENSORS
Length 12-27/32 inches (32,6 cm) Number of
Width 11-1/2 inches (29,2 c¢cm) Sensing Elements 12
Thickness 10 inches (25,4 ¢m) Damping 2% (Q of 25)
Weight 34 pounds (15,4 kg) Arrangement of
36 pounds (—-A) (16,3 kg) Sensing Elements  Coplanar
Number of
ENVIRONMENTAL Switch Contacts
Temperature —=40°C to +85+C —4A 4 Dual Contacts
Altitude To 50,000 feet (15,240 meters) =12A 12 Dual Contacts
Humidity To 100% RH
RFI No adverse radiatad or
conducted RF| ACCURACY
Water-Tight To 50 PSI (3,6 kg/cm?) Frequency 1%
To 10 PSi (—A) (,7 kg/cm?) Acceleration +3% at 1g
Nuclear Radiation No effect on performance Dynamic Range See Table
of permanent recorder. Switch Settings 3% at 1g
Switch electronics are not
radiation hardened, unless
requested at extra cost. MOUNTING
4 through holes for 1/2 inch bolts

FREQUENCY, RANGE, and SWITCH SETTING LIMITS OF SENSING ELEMENTS

Nominal* Dynamic Range Switch Setting Limits**
Reed Resonant Full Scale g
Number m::y Acu::"ubn s
(db) Ratio (Accuracy +100%) (Physical Stops)

1 2.00 1.6 54.5 530:1 003 16

2 2.52 25 55.8 620:1 004 2.5

3 3.17 4 58.1 800:1 005 4

4 4.00 6 58.7 8601 007 "

B 5.04 10 609 | 1110:1 009 10

6 6.35 16 61.8 | 12301 013 16

7 8.00 24 630 | 14101 017 24

8 10.1 34 646 | 1700:1 020 34

9 12.7 8 545 | 5301 015 8

10 16.0 12 556 | 600:1 020 12

1 20.2 4 460 | 200 020 4 |
12 254 6 495 | 300:1 020 f |

* - 4A MMuoWuummtrmuozsum
- 12A Muvzmnummmuozsum
W - Ynunchmbouhhmmhmm

REPRESENTED BY

— Do not use PSR1200-H/V-A for settings
For lowe- settings use RSR1600-H/V.A

under 0.10g

1-85-1M 1207008



3-3/16 inches
(8.1 cm

MODEL PAR400
PEAK ACCELERATION RECORDER™

SENSES AND PERMANENTLY RECORDS PEAK ACCELERATIONS

® EARTHQUAKES
® STORMS
® EXPLOSIONS

RELIABLE and ECONOMICAL

ENGDAHL ENTERPRISES 2850 Monterey Avenue Costa Mesa. Californis 92626 (714) 5400398




Introduction

Seismic events are random events, and may occur in had been pushed to their desigr nits, an entirely new
remote and inaccessibie locauons or in built-up areas instrument was required

Scientists and engineers frequently need to know the

acceleration levels associated with these events, and for This requirement has been met with the Mode! PAR400
this reason, have developed instruments requiring n Peak Acceleration RecorderTM It is ar nexpensive
source of power, which can provide permanent recor triaxial unit which requires no power supply, and
of peak acceleration virtually maintenance free. Peak accelerations

01 g can be recorded, and the minimum
Instruments of this ty have been used for many vears extends from 0 1t 26 Hertz Permanent

but with the advent of the nuclear power plant, higher scribed by diamond sty! n replaceable

sensitivity and increased bandwidth are required t The peak acceleration is com

measure the accelerations induced in piping and other maximum excursion Dy the acceler

equipment. Since the older types of peak accelerometers sensitivity of the recorde

\

Description
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Three plates, stamped L, T, and V. respectively, are used
to record the excursions in the three axes. Slotted
keyways on the plates match up with pins in the housing
so that only the correctly stamped plate can be inserted
full depth into the corresponding sensor. Each set of
three plates also carries a unique serial number. This
permanent identification system eliminates the possibil
ity of confusing the records

The rugged cast aluminum housing has three pads to
contact the mating surface when mounted. A single
screw is used for attachment. Shims can be slid under
the appropriate paa to level the unit. The screw is then
tightened. A clearance hcle is provided in the cover for
the screw head so the cover need not be removed during
mounting of the recorder.

To install the record plates, three plugs are removed
from the side walls of the casting and the plates are
slipped into the appropriate holders. The plugs are of
such a size as to preclude damage to the mechanism
during insertion or removal of the record plates. Since
the cover does not have to be removed to replace record
plates, the mechanism is not exposed to inadvertent
damage

When a record plate is inserted, a spr ng-loaded pin
forces the plate to one side of the track to eliminate any
side play which would introduce an error in the recorded
acceleration. The insertion produces a zero line on the
plate. On removal, a zero line is also scratched These
zero lines should coincide if there is no mechanica

Data Reduction

Data reduction is accomplished by measu- ng the max

mum displacement of the scratched recoru «rom the zero
line. Normally just the maximum is recorded regardless
of the direction. List this distance under *'D splacement’
on the calibration sheet

Multiply the “'Displacement’ times the “Accelerat
Sensitivity” and record in the "Acceleration” ¢alumn

MAGNIFIED RECORD
USING A RETICLE

shifting hetween insertion and removal. If there is a
shift, the user is made aware that a problem exists

To obtain wide band response, the instrument is
damped to 60% of critical. A preadjusted air damper is
used for damping to keep the size and weight of the
total package as small as possible

The recorder is reliable because of its simplicity. It does
not contain any of the more compiex and less reliable
components, i1.e., batteries, connectors, motors. and
bearings. The recorder is self-contained, and requires no
start-up time

The recorder is economical in that no external connec
tions or power are required. The record plates are
reusable by replating. Maintenance is very low since the
unit can be unattended for long periods of time

Materials have been selected for long life even when
exposed to nuclear radiation. The cast housing along
with the cover and three plugs, is chemically filmed
(alodine) and painted with epoxy paint. The gaskets
are made of EPDM to increase resistance to radiation
All hardware is stainless steel, An indicating silica ge!
desiccant is also provided to decrease the humidity inside
the recorder.

Data reduction is very simple requir g only one
measurement and one multiplication for each o, the
three record plates to obtain its maximurr acceleration

Small displacement measurements can be made using
a microscope with a reticle having graduations in
thousandths ((001) of an inch A magnifier with a rects
cle graduated in tenths (.1) of a mm can be used for
medium displacements. Consult Engdahl Enterprises
for microscopes

SAMPLE OF A
CALIBRATION AND TEST DATA SHEET

Acceleration Displace

Natural Sensitivity ment
Frequency (g/inch) (inches) Acceleration
Sensor (Hertz) [g/mm] [mm] (g
L 32.3 14.0 .023 32

£.351)

(.58)

T 30.9 135  .010
(532) (.26) 14
.005

\' 33.3 14.2
(.559) (.13) 07
CALIBRATICN DATA REDUCTION




PEAK ACCELERATION RECORDER™

MODEL PAR400

QUALIFIED TO IEEE RECOMMENDED PRACTICES FOR SEISMIC QUALIFICATION OF CLASS 1E
EQUIPMENT FOR NUCLEAR POWER GENERATING STATIONS, STD. 3441975

Designed to meet the characteristics of the Peak Accelerograph described in the American National
Standard ANSI/ANS-2.2-1978, Earthquake Instrumentation Criteria for Nuclear Power Plants
and the U.S. Nuclear Regulatory Commission’s Regulatory Guide 1.12, Nuclear Power Plant

Instrumentation for Earthquakes, Revision 1.
SENSORS

Number of Sensing Elements 3

Arrangement of Elements  Triaxial

Full Scale Acceleration -1 2g

-2 S5g

-3 10g
Dynamic Range -1 200:1 (46 db)

~2 385:1(52db)
-3 5001 (54 db) -
Natural Frequency (+ 5%) —1 32Hz
-2 51 Hz
-3 64 Hz
Damping 55 to 70% of Criticall
Bandwidth -1 0to 26 Hz
—~2 0to41 Hz
-3 0to 52 Hz
Overall Within * 5% at full scale,
Accuracy changing linearly to + 1.5% of
full scale at 0.01 g

Detail -1 Oltw 50g+ 01 g
Acceleration S0t 1lag*2%
Accuracy 1%t 2g+3%
-2 0i3t0.65g+.013¢
65102g+2%
2t05g+3%

-3 02t01g+.02¢g
lto3g+2%
31010g+3%

Spurious Resonances: None ithin frequency
range ¢ nterest

Cross Axis Sensitivity: Less than .03 g/g

PHYSICAL DIMENSIONS

Length 5-1/4 inches (13.34 ¢m)
Width 3-5/8 inches (9.21 ¢m)
Height 3-11/32 inches (8.49 ¢cm)
Weight 2-3/4 pounds (1.3 kg)

1Damping adjusted at nominal atmospheric pressure
expected at time of operation.

MOUNTING

One (1) #10-24 Screw.

Level Recorder to +1° (1/16 inch in 3%
inches) ( 1.6 mm in 90 mm ) by adding
shims under the appropriate mounting pad.
“V*" will measure the vertical accelerations
Align long side of recorder within 3° (%
inch in 5-1/8 inches) (6.4 mmin 130 mm)
of designated Nerth/South line. “L"
(longitudinal) will measure N/S accelera-
tions. “T" (transvers:) will measure E/W.

ENVIRONMENTAL

Temperature —40°C to + 85°C

Humidity To 100% RH

RF! Does not radiate or conduct
RFI. Not affected by
external RFI.

Water Water-Tight to 70 PSI
(5 kg/cm2)

Nuclear Radiation
The following materials are used in the
construction of the PAR400
1. Metals: Aluminum, Brass, Stainless
Steel, Beryilium Copper, Gold, Nickel
2. Non-Metallic Materials

Stress  Approx Subulu\,2

Description Material Leve! (RAD)
Paint Epoxy Low 1 x108
Adhesive Epoxy ! ow 1 x 108
Adhesive  Anaerobic Low 2x108
Adhesive Cyanocrylate Low 2x 108
Gaskets EPDM Low 1 x 108
Piston Graphite Low 2x108
Cylinder Pyrex Low 2x108
Scriber Diamond Low 2x108

POWER REQUIREMENTS — None

250urce Low Corning Corporation, Loctite Corporation,
Corning Glass Work. E.I. DuPont De Nemours & Com-
pany, Parker Seal Company, Raychem Corporation,
General Electric

REPRESENTED BY

1-85-1M 4007008




MODEL
PSA875
and
PSA1575
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MODEL PSA1575
PEAK SHOCK ANNUNCIATOR

INDICATES THAT SPECIFIED PRESET SPECTRAL ACCELERATIONS HAVE BEEN EXCEEDED
PROVIDES CONTACT CLOSURES FOR REMOTE INDICATORS OR ALARMS

® EARTHQUAKES
® STORMS
® EXPLOSIONS

RELIABLE and ECONOMICAL
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Description

The Models PSA875 and PSA1575, Peak Shock
Annunciators™, give visual warning that pre-
determined acceleration limits, making up a re-
sponse spectrum, have been exceeded at certain
frequencies. They are designed to operate in
conjunction with tuned Peak Shock Recorders™,
PSR1200-H/V-4A/12A. Both models have three
banks of indicator lamps, one bank for each of

Applications

The annunciators may be used whenever it is
desired to indicate instantaneously the reaction
of astructure to a complex shoci such as an earth-
quake or an explosion. The information provided
permits an immediate decision as to whether or
not the operation can continue or must be shut
down.

Features

The “AC Power” indicator lamp is fed from the
DC power on the printed circuit boards and
shows that the incoming power line and the
regulated DC supply are both operating normally.

A key-operated test/reset switch is provided. It
controls two functions. In the “test” position, all
of the indicator lamps should be illuminated and

three mutually perpendicular axes. Amber lights
indicate accelerations approaching design limits
(normally 70%) while red lights indicate that
design limits have been exceeded. Model PSA875
monitors four frequencies per axis while Model
1575 monitors twelve. Both models may be
equipped with relays to operate remote indicators
or alarms. (See “Options and Accessories”)

The Peak Shock Annunciator™ can be used in
connection with:
1. Nuclear pcwer plants
2. Steel mills
Refineries
Bridges and dams
High-rise structures
Mines
Ships
Oft-shore oil rigs
Transportation shock

CENS YW

all relays (if provided) should be energized. This
permits an immediate check that the annunciator
is functioning correctly. When the key is returned
to the “reset” position and removed from the
switch, all indicators will be de-energized, the
latches will be reset, and the annunciator is ready
to receive signals from the Response Spectrum
Recorder™. Once a signal has been received, the




°

appropriate lamp and relay, if any, will remain ener-
gized until the annunciator is reset with the key

Where relays are provided for remote indicators
or alarms, separate electronic driving circuitry is
provided. Dual redundancy is thereby achieved

Uninterruptible power supplies incorporating
batteries for emergency operation can also be
provided. If power failure is anticipated, battery
operation is strongly recommended since power
failure will reset any annunciated signal at the
time of failure. Two additional indicators are

for additional reliability mounted on the panel. One monitors the AC

power at the transformer of the battery charger
The second monitors the charging circuit

——

10" inches

. (26,0 cm)
= e
m g =
. w3 1

/

o
N
DX

MODEL PSA875
PEAK SHOCK ANNUNCIATOR™

TRIAXIAL INSTALLATION OF THREE
MODEL PSR-1200-H/V-4A,

PEAK SHOCK RECORDERS™

ON TRIAXIAL MOUNT




PEAK SHOCK ANNUNGIATOR "
Models PSA875 and PSA1575

QUALIFED TO: GUIDE FOR SEISMIC QUALITICATION OF CLASS | ELECTRICAL EQUIPMENT FOR
NUCLEAR POWEPR. GENERATING STATIONS — IEEE GUIDE 344

@

Designad to meet the characteristics of th
Switch described in the American Nuclear
Instrumentation Criteria for Nuclear Power P
Regulatory Cuide 1.12, Nuclear Power Plant |

e Control Room Indicator for Response Specirum
Society’s Standard ANSI/ANS-2.2-1978, Earthquake
lants and the U.S. Nuclear Regulatory Commission’s
nstrumentation for Earthquakes, Revision 1.

PHYSICAL ENVIRONMENTAL

PSA875 PSA1575
Length 19 inches 19 inches Temperature 010 +70°C

(48,3 cm) (48,3 cm) Humidity To 100% RH
Width 20% inches 20% inches RFI No adverse radiated

(52,4 cm) (52,4 cm) or conducted RFI
Thickness 10% inches 17% inches

(26,0 cm) (43,8 cm) POWER REQUIREMENTS
Weight 33 pounds 45 pounds

(15 kg) (20,5 kg) Voltage 115 VAC

Current 22 amperes
INDICATORS maximum
Number of 3 3
Axes Monitored
Number of 12 36 MOUNTING
Frequencies Bench or
Monitored Standard 19" (48,3 cm) Relay Rack
Number of 24 72 8% (22,2 cm) high or
Indicators 15%” (40,0 cm) high
27 Ibs. (12,3 kg)

Options and Accessories vaiabie at extra cost

1. Relay closures for remote indication and alarm.
One relay with Form C contacts can be provided
for each output indicator. A connector on the back
of the chassis facilitates system implementation.
The connector is wired for normally open or
normally closed operation.

To date, most customers have selected a two-
relay system. One relay indicates that the lower
level (amber) has been exceeded. The second
relay indicates the upper level (red) has been
exceeded at least once.

Relays are rated at: 1/10 Hp, 3 amps @ 120 VAC
or 3 amps @ 28 VDC resistive.

2. Uninterruptible power supplies incorporating
batteries for emergency operation can be fur-
nished within the confines of the annunciator.
If power failure is anticipated, battery operation is
strongly recommended since power failure will
reset any annunciated signals at the time of the
failure,

REPRESENTED BY
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APPENDIX C

A PRELIMINARY EVALUATION OF THE SIGNIFICANCE
OF THE SEISMIC EVENT ON JANUARY 31, 1986
AT THE PERRY NUCLEAR POWER PLANT
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1.0 INTRODUCTION

On January 31, 1986, at 11:47 a.m. EST, a brief (approximately
0.75 second strong motion duration) and shallow (10 km focal
depth) earthquake with a 4.9 mp magnitude occurred. Its epi-
center was south of Lake Erie, at a distance of approximately
eleven (11) miles from the Perry Nuclear Power Plant site at

Perry, Ohio.

Stevenson and Associates was retained to analyze the data pro-
vided by seismic recorders installed at various locations in
the Perry plant, and determine: (1) how the earthquake para-
meters, as recorded by the instrumentation at the site, compare
to those for the Safe Shutdown Earthquake (SSE) and Operating
Basis Earthquake (OBE) postulated in the desiqn‘of the Perry
plant's buildings, systems and components; (2) the structural
significance of the readings by the seismic recorders at the
Perry site during the January 31, 1986 earthquake; and (3) the
anticipated impact of the earthquake on the plant's buildings,

systems and components.

This report contains Stevenson and Associates' preliminary
evaluation of the above-described matters. It is based on a
physical walkdown of the site, analysis of data recorded by the
seismic instrumentation, and discussions with plant technical
and operating personnel. Since some of the evaluations of the
earthquake are still underway, this report may be supplemented
and/or rev'sed at a later date if new information developed

during these ongoing activities so warrants.



A resume of the gqualifications and experience of Stevenson and

Associates 1s included as Attachment 1 to this report.
2.0 SEISMIC INSTRUMENTATION AT THE PERRY PLANT

The earthquake motion at the Perry site was recorded by three
different types of instrumentation. One type of recorder is
the Kinemetrics Model SMA-3 strong motion time history record-
ing accelerograph; this system detects and records the three
orthogonal components of acceleration signals over the duration
of an earthquake. Another type of instrumentation is the
Engdahl PSR 1200-H/V response spectrum recorder, which provides
the response at selected frequencies in three orthogonal direc-
tions. The third type of instrumentation is the Engdahl PAR
400 peak accelerograph, which records the three orthogonal com-
ponents of peak local accelerations produced by the earthquake.
The locations and readings taken by these systems will be dis-
cussed separately below,

2.1 Locations and Readings by the Kinemetrics SMA-3
Accelerographs

Two Kinemetrics SMA-3 strong motion time history recording
accelerographs installed at the Perry plant provided time his-
tory data on the earthquake. One system 1is located on the Unit
1 reactor containment concrete wall at the basemat at Elevation
575', as shown in Figure 1. The second system is attached to

the steel containment vessel wall at Elevation 686', 11l feet




above the first system and offset by less than one degree in
Azimuth. The longitudinal axes of both instruments are in the

N-S direction.

The time history motions recorded by these two systems are
shown in Figures 2 through 8. A detailed interpretation of the

readings from these recorders is contained in Reference 1.4/

The lower instrument (Elevation 575') gave a peak acceleration
of 0.18¢g in the N-S direction, 0.10g in the E-W direction, and
0.11g in the vertical direction. The upper instrument
(Elevation 686') gave a peak acceleration of 0.55g in the N-§
direction, 0.18g in the E-W direction, and 0.30g in the verti-
cal direction. It should be noted that both instruments are
installed on cantilever brackets off the wall. While the
brackets are quite heavy and relatively rigid, they are
attached by four 3/8" diameter bolts, approximately 5 inches on
center vertically and 8 inches horizontally. This arrangement
may result in amplified bracket motion.

- P Locations and Readings of the Engdahl Response Spectra
Recorders

There are four Engdahl PSR 1200-H/V triaxial response spectra
recorders at the Perry plant. This type of recorder includes

twelve reeds of different lengths and weights, one for each

1/ References are listed at the end of this report.



frequency, fabricated from spring steel. A diamond-tipped sty-
lus is attached to the free end of each reed to inscribe a per-
manent record of its deflection on one of twelve record plates.
The record plates are aluminum, plated with successive layers

of nickel, tin, and lead-tin.

The four PSR 1200-H/V recorders at the Perry plant are located

as follows (all locations are for Unit 1):

: 1 Reactor Building Foundation: Elevation 574', Reactor

Building foundation mat, Azimuth 210°, This recorder was most

recently calibrated on January 14, 1985.

r Reactor Building Drywell Platform: Inside the drywell

platform at Elevation 630', Azimuth 240°, mounted as shown in
Figure 9. This recorder was most recently calibrated on

January 30, 1986.

3. HPCS Pump Base Mat: In the HPCS Pump Room, in the Aux-
iliary Building foundation mat, Elevation 574'., The equipment
was being calibrated at the time of the earthquake. Previous

calibration occurred on January 14, 1985.

4. RCIC Pump Base Mat: In the RCIC Pump Room in the Auxil-

iary Building foundation mat at Eleva ion 574'. The equipment
was being calibrated at the time of the ea: hquake. Pre' iouus

calibration was on January 14, 1985,




The readings taken by these four instruments are discussed in
detail in Reference 2. Briefly stated, three of the four in-
struments provided response spectra which were consistent with
each other and which were reasonable in light of the time his-
tory readings of the Kinemetrics instruments. The fourth
spectra recorder, mounted inside the drywell on the Elevation
630' platforr (see Figure 9), indicated vertical acceleration
responce components of .973g and 1.54g at frequencies of 20.2
and 25.4 Hz, respectively. These readings were 8 to 10 times
higher than the corresponding horizontal accelerations at the

same frequencies measured by the instrument. See Table 1.8/

dod Location and Readings of the Engdahl Peak Acceleration
Recorders

The Engdahl Model PAR 400 peak acceleration recérder senses and
records peak accelerations triaxially. A diamond tipped
scriber at the end of an amplifier arm traces a very fine visi-
ble permanent record on an aluminum record plate with succes-

sive layers of nickel, gold, and burnt gold.

2/ Figure 9 shows the mounting of the Engdahl PSR 1200-H/V
instrument on the Elevation 630' platform. The instrument is
located approximately 6 feet from the face of the reactor ves-
sel shield wall on an outer beam which provides supports for
the platform, recirculation and safety injection piping, and a
monorail. Given the highly complex nature of the steel plat-
form and support structure on which the instrument is mounted,
it is quite possible the instrument may have measured the ac-
celeration caused by a secondary impact resulting from the
earthquake,




The two peak acce.eration recorders are located as follows:

1. Reactor Recirculation Pump: Inside the drywell at

Elevation 574', on recirculation pu.p B33-C00lA. This instru-

ment was most recently calibrated on December 4, 1985.

2. HPCS Pump Base Mat: In the HPCS Pump Room, in the Aux-
iliary Building foundation mat at Elevation 574', mounted as
shown in Figure 10. This instrument was mo<* recently cali-

brated on January 30, 1986.

The readings by the Engdahl PAR 400 recorders are dis-
cussed in detail in Reference 2.
3.0 COMPARISON AND EVALUATION OF RECORDED ACCELERATIONS

AGAINST THOSE ASSUMED FOR THE PERRY SSE AND OBE
Table 2 shows a comparison of the zero period acelerations
("ZPAs"), as recorded by the various instruments, with the cor-
responding SSE and OBE design accelerations. According to the
recorded accelerations, the design basis values of ZPA for the
OBE, and in a few instances the SSE, were exceeded during the
January 31, 1986 earthquake. As will be discussed below, given
the short duration and low energy of the earthquake, the ex-
ceedences were not significant from an engineering point of
view. This is supported by the apparent lack of damage to
plant structures and mechanical and electrical components de-

tected as a result of the earthquake. Moreover, inspection of



engineered facilities located near the epicenter and not de-
signed to withstand any earthquake force did not reveal any
damage from the earthquake (Reference 3). In order to corre-
late the short duration, high frequency acceleration that was
recorded with the lack of impact on structures and equipment,
it is necessary to understand how measured ground acceleration

can and should be correlated with design basis accelerations.

In postulating the limiting earthquake conditions for designing
nuclear power plant facilities, a key parameter has been the
zero period acceleration or Instrumental Peak Acceleration
(Arp), which represents the peak acceleration recorded during
the entire earthquake motion. As concluded in many studies
(References 4 through 11), Arp is a poor indicator of the dam-
age potential of earthquake ground motions. [t has been ob-
served that structures performed much better than would have
been predicted based on the measured A;p to which the struc-
tures were subjected; this phenomenon has been particularly no-
ticeable in connection with short duration, high energy ground
motions due to low to moderate magnitude earthquakes, such as

the January 31, 1986 earthquake near Perry.i/ The differences

3/ Examples of this behavior may be found in the records of
the 1966 Parkfield earthquake, the 1971 Pacoima Dam earthquake,
the 1972 Ancona earthquake, and the 1972 Melendy Ranch Barn
earthquake, These earthquakes showed recorded instrumental
peak ground accelerations of between 0.5g and 1.2g, yet only
minor damage occurred in the vicinity of the recording sites.




between measured ground motion, assumed design levels, and ob-
served physical behavior is so significant that it cannot be
attributed to the safety factors which are utilized in the de-

sign and in elastic seismic analyses.

Kennedy (Reference 12), based on the work of others (References
13 through 16) has suggested that it is not appropriate to use

just measured Arp to define the characteristics of the SSE and

OBE. It is necessary to take also into account, in addition to
Arp, the dominant frequency of the strong motion excitaticn and
the duration of the strong motion.%/ He has proposed the fol-

lowing relationship to develop an equivalent design accelera-

tion for the anchoring elastic spectra:
Ap = (Kp) (rms),

where Ap is the equivalent design acceleration and

the other parameters are defined as follows:

Kp =f2 ln (2Tp/To) =22.0

Tp = Duration cf strong motion (sec.)

4/ Thus, for a high dominant frequency and/or short duration
earthquake, the equivalent peak acceleration would be signifi-
cantly less than that predicted on the basis of A;p measure-

ments alone,



To = Predominant period of motion (sec.)

rms = ,’P

P = E(T)/Tp = earthquake power (average

rate of energy input)
Lo v TD

Ep = a(t)dt = total energy

t.
fed into the structure between times to
and to + Tp, and
alt) = instrument acceleration at time t.

Efforts are underway to compute Ap for the January 31, 1986
earthquake. In the meantime and by way of comparison, four
earthquakes similar in magnitude and duration to the Perry
earthquake have been selected from Tables 1 and 2 of Reference
12, The characteristics of those earthquakes, and those of the
one at Perry, are summarized in Table 3. For the four earth-
quakes listed, an average ZPA of 0.434g is required to cause
the same level of response for elastic structures &s that pos-
tulated by the NRC Reg. Guide 1.60 (Reference 17) spectra for a
.20g ground acceleration. This result suggests that a correc-
tion factor of 0.20/0.434 = 0.46 should be applied to the ac-
celerations measured during low to moderate magnitude earth-

quakes (such as the one near Perry) to obtain elistic responses




that can be compared to those from the limiting Reg. Guide 1.60

earthquake.

If, in fact, a 0.46 correction factor is applied to the accel-
erations recorded at Perry and shown in Table 2, accelerations
well below the SSE and OBE levels are obtained for all loca-
tions except for the readings at the Reactor Building Contain-
ment Vessel (Elevation 686'), where the corrected N-S and ver-
tical ZPA are approximately equal to the OBE design value.
This is shown in Table 4, where the recorded values of Table 2
have been adjusted by a .46 factor.
§. STRUCTURAL SIGNIFICANCE OF THE PERRY EARTHQUAKE AND
ANTICIPATED IMPACT OF EVENT ON THE ADEQUACY OF THE
PLANT STRUCTURES, SYSTEMS AND COMPONENTS
Table 4 indicates that if the recorded accelerations from the
Perry earthquake are corrected to take into account the short
duration and low energy of the event, the average elastic re-
sponse ZPAs are in all but one instance equal to or less than
one-third of the OBE design values, and are approximately equal
to the OBE values in the remaining case. In light of these re-
sults and the design limits placed on the strength of materials
for safety applications (i.e,, not to exceed a 0.6 to 0.8 fac-
tor of yield during an OBE), all safety-related plant struc-
tures, systems and equipment should have remained essentially

elastic during an earthquake such as the one experienced on

Y-



January 31, 1986, and thus should have emerged undamaged from
it. This expectation has been corroborated by physical obser-

vation of plant conditions following the earthquake.

Some auxiliary or secondary structural systems, such as sus-
pended ceilings and plaster ceilings and walls, might be ex-
pected to sustain some displacement or cracking. One might
also expect actuation of instrumentation measuring or sensing
changes in liquid levels or the presence of vibration. In ad-
dition, one might expect some activation of inertia-sensing re-
lays or switches (fluid or spring loaded), if such controls or
instrumentation have not been gqualified for seismic op-
erability. If any of these circumstances are determined to
have taken place at Perry, their occurrence woul@ only be in-
dicative of the anticipated response of non-seismically quali-

fied structures to moderate earthquake conditions.

_11_




TABLE 1 (From Reference 2)

READINGS FROM RESPONSE SPECTRA RECORDER
MPL NUMBER: D51-R170
LOCATION: REACTOR RECIRCULATION
PIPING SUPPORT - DW 630', 240°

NOMINAL ACCELERATION(g)
REED FREQUENCY
NUMBER (HERTZ) North/South East/West Vertical
1-31-86 2-2-86 1-31-86 2-2-86 1-31-86 2-2-86
i 2.00 .047 .048 .049 .051 .007 .007
2 2.52 .082 .082 .086 .084 (*) .013
3 3.17 .184 .184 .144 .140 +O19% 014
4 4.00 .226 .223 .128 .127 .023 .023
5 5.04 .132 .134 .158 .158 .035 .033
6 6.35 2 34 134 .058 .055 .033 .030
7 8.00 .104 .104 .109 .090 (%) .019
8 10.1 .093 .093 (*) .052 .093 .085
S 12,7 .188 .182 .166 .080 .198 .199
10 16.0 .194 .204/.167 .348 318 .490 .500
11 20.2 .152 +183 .191 175 .973 .973
12 25.4 .114 .091 +1 59 .158 1.7 1.54

(*) Unreadable
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TABLE 2

COMPARISON OF DESIGN ZPAs (1)
VS RECORDED ZPAs
(Expressed in g values)

Reactor

Auxiliary
Building
Founda-
tion Mat
Eleva-

tion 568'
PAR 400

(Engdahl)
DS1-R140

SMA -3
(Kine-

Building
Founda-
tion Mat
Elevation
574'-10"

metrics)
D51-N101

Reactor
Building
Recircu-
lation
Pump
Eleva-
tion 605’
PAR 400
(Engdahl)
D51-R120

Reactor Reactor
Buildiag Building
Con- Platform
tainment Ele-
Vessel vation
Elevation 630'-1"
tion 686' Inside
SMA-3 Drywell
(Kine- PSR 1200
metrics) (Engdahl)
DS51-N111 DS51-R170

SRSS(3)

Recorded
S3E
OBE

Recorded
SSE
OBE

Recorded
SCE
OBE
Recorded

SSE
OBE

.l-’ 018
.17 .18
.10 .10

.06 .10
.20 .18
.10 .10

.03 o1l
.20 .18
.10 .10

.18 .23
« 33 «31
.l7 017

1) Zero period acceleration
2) ZPA indeterminable from available data
3) Square-root-of-the-sum of the squares

« 32
1.06
.86

«11
1.06
.86

.05
.47
.38

l34
1.57
1.27

.09
.48
+40

«55
.40
.24

.16
.48
.40

.18
.40
.24

«30 Note
24 .28
"5 16

.65
.62 .73
« 37 .59




TABLE 3
CHARACTERISTICS AND GROUND ACCELERATION LEVELS
REQUIRED TO ACHIEVE EQUAL STRUCTURAL ELASTIC
RESPONSE BETWEEN R.G. 1.60 AND SELECTED ZARTHQUAKES

Recording Peak Equiv.
Station Inst, Strong ZPGA to
Magni- Epicen- Ground Motion the 0.20g
tude tral Dis- Acceler=- Dura- R.G. 1.80
Earthquake My __tance(km) tion, g tion, sec, Spectra
Parkfield - 1966 5.6 1 0.49 1.4 .3275
Hollister - 1974 5.2 13 0.138 1.1 .4825
Santa - 1978 S.1 4 0.347 3.0 .2825
Bacbara
Bear Valley-1972 4.7 6 0.520 2.8 . 6450
.434(Average)
Ohio - 1986 4.9 17 (*) 0.75 -

(*) 0.18¢g in N-S direction, 0.10g in E-W direcfxon, measured
at the foundations.
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TABLE 4§

COMPARISON OF DESIGN 2ZPAs (1)
VS CORRECTED RECORDED ZPAs
(Expressed in g values)

Reactor Reactor
Reactor Reactor Building Building
Auxiliary Building Building Con- Platform
Building Founda- Recircu- taiiment Ele-

Founda- tion Mat lation Vessel vation
tion Mat Elevation Pump Elevation 630'-1"
Eleva- 574'-10" Eleva- tion 686' Inside

tion 568' SMA -3 tion 605' SMA-3 Drywell
PAR 400 (Kine- PAR 400 (Kine- PSR 1200
(Engdahl) metrics) (Engdahl) metrics) (Engdahl)
DS1-R140 DS1-N101 DS51-R120 DS1-Nlll DS1-R170

Recorded .08 .08 19 25 .04

NS SSE | .18 1.06 .40 .48
OBE .10 30 .86 .24 .40
Recorded .03 .05 .06 .08 o7

EW SSE .20 .18 1.06 .40 .48
OBE .10 + 50 .86 Y | .40
Recorded .02 .06 +02 14 Note 2

VERT SSE .20 .18 .47 .24 .28
OBE .10 s .38 o3 +16
Recorded .08 i 16 .30 Note 2

SRSS(3) SSE «33 Pe: | o817 .62 o T3
OBE od7 ok 7 Lot % .59

Zero period acceleration
ZPA indeterminable from available data
Square-root-of-the-sum of the squares

—— —
N
— N —
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JOHN 0. S.EVENSON

Since November 1981, Or. Stevenson has managed and
has served as President and Senlor Consultant to
Stevenson & Assoctates. The firm specializes in high
technology consulting and forensic engineering
associated with fatlure analysis of structural and
mechanical systems; extreme loads; and nonlinear,
dynamic, and probabilistic high temperature analyses.

As Vice-President, Or. Stevenson managed and served
as Senior Engineering Consultant to the Cleveland
0ffices of Woodward-Clyde Consultants and Structura)
Mechanics Assoclates specializing in areas of high
technology applicable to the structural-mechanical
design and analysis of systems and components. Prior
to this time, the consulting group he headed provided
similar services as a Division of Davy-McKee Co.

Or. Stevenson also served as Corporate Manager of
Engineering Quality Assurance for Davy-McKee Co.

Case Western Reserve University, CwWRU, and EDAC, Inc.,
Cleveland, Ohto.

As an Associate Professor at CWRU, Or. Stevenson served
as Oirector of a program in Design for the Extreme
Load Environment and held a joint appointment in the
Departments of Civi)l Engineering and Mechanical
Design. He also conducted a number of seminars on
Seismic Quality Assurance Scheduling and Manpower
Requirements and Mechanical and Electrical Equipment
Pipe and Duct Design of Industrial Faciitties.

Or. Stevenson was a Principal and managed one of three
consulting offices for Engineering Decision Analysis
Corp., Palo Alto, California. He was active in
marketing and providing consulting services in the
area of extreme load, seismic, tornado, high energy
systems rupture, and component fallure analysis.

Westinghouse Nuclear Energy Systems,
Pittsburgh, Pennsylvania.

As a Consulting Engineer for Westinghouse Nuclear
Energy Systems, Or. Stevenson acted as an advisor to
the Technical Director on the Executive Vice-President
for Nuclear Power Staff. He performed evaluations of
balance of plant requirements associated with nuclear
power plant design and constructed and represented
Westinghouse on a number of Industry Conmittees
associated with nuclear power.
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1972 - 1973

ADJUNCT PROFESSOR
AND PRESIDENT
1970 - 1972

MANAGER STRUCTURAL
SYSTEM ENGINEERING
1968 - 1970

wWestinghouse Water Reactor Divisions,
Pittsdburgh, Pennsylvania.

As an Advisory Engineer for the Westinghouse Standard
Plant Project, Or. Stevenson acted as a consultant to
the Manager of the Westinghouse Standard Plant
Project. In this capacity he had responsidility for
determining interface requirements with site-.related
design parameters and set envelope requirements for
the standard plant design. He was responsible for
nuclear 1sland PSAR text developments and AEC
licensing requirements assoclated with the standard
plant layout development.

University of Pittsburgh and NSSA Inc.,
Pittsburgh, Pennsylvania.

As a member of the Civil Engineering Facility of the
University of Pittsburgh, Or. Stevenson was
particularly active in the areas of structural dynamic
response to earthquake, tornado, missile and fluid jet
effects as well as rellability and risk analysis and
optimum design of structural systems. Or. Stevenson
was responsible for the development of a graduate
study program for the study of structural 2esign and
analysis for the extreme load environment.

Or. Stevenson founded and served as President and
Managing Director of Nuclear Structural Systems
Assoctates, Inc. Ouring this period, the firm served
as consultants to the nuclear power industry,
particularly in the areas of structural and mechanical
design and licensing of nuclear plant facililties.

Or. Stevenson was¢ active in developing Standard Plant
design concepts and also conducted engineering design
seminars for the nuclear industry throughout the U.S.,
Europe and Japan for over S00 representatives of aover
150 companies.

Westinghouse PWR Systems Diviston,
Pittsburgh, Pennsylvania.

Or. Stevenson had overall responsibility within
Westinghouse for the development and approval of
structural design criterta and la,out used in the
design of the six nuclear power stations for which
Westinghouse had prime design and construction
responsibility for product line management of design
and development of support structures for major
nuclear components.



LEAD ENGINEER
1966 - 1968

GRADUATE STUDENT
1963 - 1966

RESEARCH ENGINEER
1962 - 1963

ASSISTANT PROFESSOR
1957 - 1962

|
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i FIELD ENGINEER
E 1956 - 1957

westinghouse PWR Systems Division,
Pittsburgh, Pennsylvania.

As Lead Engineer, Or. Stevenson was responsible for
11aison with the various architect-engineer-constructor
firms which performed the detailed structural design
and construction of turnkey plants, and as such he was
responsible for design review and approval.

Or. Stevenson was active in representing wWestinghouse
structural design policy before the Atomic Energy
Commission and Advisory Committee on Reactor
Safeguards.

Case Institute of Technology, Clevciand, Ohlo.

Work toward a Ph.D. in Structures with emphasis on
computer applications and risk analysis applied to
structural design.

[.1.7. Research Institute, Chicago, I11inois.

Responsibilities included integrated radiation,
structural and operational analysis and minimum cost
design of nuclear blast resistant underground
structures. -

virginia Military Institute, Lexington, Virginia.

Courses in structural design of concrete and steel
structures were taught to Civil Engineering
undergraduates.

John Hopkins University, Baltimore, Maryland
(Part-Time) Research Assistant.

Responsibilities included report editing and research
in the location, type quantity and packaging of low
level solid atomic wastes.

McDowell Construction Co., Cleveland, Ohlo

Fileld Engineer responsible for Technical Supervision
and engineering fleld modifications to construction of
a Sintering Plant for U.S. Steel Corp. Youngstown
Works.
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pr. Stevenson has been particularly ac*ive in the review and evaluation of
design adequacy of structures and equipment in nuclear power plants and other

industrial fach
evaluations Inc

EOUCATION:

11tVes.

particular projects where he personally performed such

lude the following:

Nuc lear Power Plants:

Indian Point Units 2 13
H.8. Robinson

R.E. Ginna

Point Beach

Dresden 2
Monticello

D. C. Cook
palisades

Qyster Creek
®il1stone

South Texas Project
Fessenheim - france
Cordoba - Argentina
Mihama - Japan

Conn Yankee

Maine Yankee
Midland

Other Industrial Facilities:

Tokamac Fusion Test Facility
purex Facility Hanford

Rocky Flats Processing Facility
Centrifuge Plant

Granger Soda Ash Plant

LMFBR

Hercules Polypropalene Plant
Shuichang Steel Complex

Touss 011 Fired Power Station
Hanford Coa)l Fired Power Station
Addy Ferro Silicate Plant
Killen Coa) Fired Power Station
ING Storage Facilities - u.S.

8.5. - Civi) Engineering -
virginta Military Institute, 1954

AEC Institute on Nuclear Engineering -
purdue University, Summer 1960

M.S. - Civil Engineering -
case Institute of Technology, 1962

Bh.0. - Civil Engineering -
Case Institute of Technology, 1968



PROFESSIONAL: 1. Member: American Soctety of Civil Engineers
Chatrman: Executive Committee Technical Council Codes
And Standards
Chairman: Nuc lear Standards Committee
Member Structura) Division Committee on Nuclear
Safety
Member: Structura) Division Committee on Nuclear

Structures and Materials

2. “ember: ; American Concrete Institute
Member : Joint ACI-ASME Subgroup on Design of
Concrete Components in Nuclear Service, ASME
BPYC-Section [11-Div. 2, Corresponding
Consultant ACI 349 Safety Class Concrete

Structures
3. Member: American Society of Mechanical Engineers
Member : Subgroup on Design of ASME BPVC-Section
[11-Div. ) Nuclear Componentr*
Member: Subcommittee on Qualification of mechanica)

Components in Nuclear Service

4. Member: Nuclear Standards Management Board of ANSI
representing ASCE .
5. Member: U.S. Respresentative Intefnat\onal Standards

Committee SC 85/3/7 on Seismic Criteria for
Nuclear Plants

6. Member: U.S. Representative International Atomic
Energy Agency Working Group on the
Development of Seismic Design Standards

7. Vice Chairman: ANS-2, American Nuclear Society Committee on
Site Evaluation
Member: NUPPSCO, American uclear Society Committee
on Nuclear Power Piant Codes and Standards

8. Member: AISC. American Institute of Steel
Construction Committee on Specifications for
Stryuctural Steel in Safety Class Nuclear
Structuyres

9. Member: farthquake Engineering Research Institute

10. Register Professiona)l Engineer: Virginia, Pennsylvania,
and Ohio

mu.mdﬂ‘...-...-

11. Winner: Molselff Award - ASCE, 190
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12.

Stevenson, J.D., and Haga, P.G.. *pressurized Water Reactor Containment
structures Oesign Experience,® Journal of the Power Diviston, ASCE,
vol. 96, No. PC 1, Proc. paper 1037, January 1970.

Moses, F., and Stevenson, J.D. *Reltability Based Structural Design,*
Journa) of the Structura) Oivision, ASCE, vol. 96, No. ST 2, Proc.
Paper 1072, February 1970.

Stevenson, J.D., and Moses, F. *Reltability Analysis of Frame
Structures,® Journal of the Structyral Division, ASCE, vol. 96,
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Nuclear Power Plants,® Proc. Sth World Conference on Earthquake
Engineering, Rome, June 1973.
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FLOOR RESPONSE SPECTRA
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. Instrument Damgmg
Number Location Direction OBE/SSE Percentage Figure
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APPENDIX E

RESULTS OF SPECIFIC INSPECTIONS

EVALUATION OF WALKDOWN ITEMS
PLANT SETTLEMENT READINGS
SEISMIC CLEARANCE WALKDOWN

COOLING TOWER WALKDOWN

REVIEW OF ENERGIZED CIRCULTS



THE CLEVELAND ELECTRIC ILLUMINATING CO ANY

| no lenger wish to

N M E M ﬂ R A N D U " / [ receive this mater al,
v

'fv.v-oa ,‘,\.7
voF. R. Stead room E270 FrROM K. R. Pecl%/x’[ DATE 11-Feb-86

PHONE 5246 RgomM Y220
suBJECT Evaluation of Walkdown
Items

As a result of the plant walkdowns conducted the evening of
1/31/86, Perry Plant Technical Department prepared a list of the
observations of the inspection teams. These observations were
given the title Earthquake Inspection Team Items or EITI's. The
list of EITI's was then forwarded to Engineering for determination
of whether the item was a result of the earthquake and whether or
not the item needed to be repasired. The assessment of the need
for repair and the documentation of that decision whether on a
Non-Conformance Report or a Work Request was done in accordance
with POP-1501.

The evaluation of all 473 items was completed this afternoon, and
the final summary of determinations is presented in the attached
table. Each item was placed in one of three categories with
respect to its relationship to the earthquake.

. 1. Caused by the earthquake
2. Indeterminate
3. Not caused by the earthquake

As shown in the summary, 375 items were determined not to be
caused by the earthquake, 96 to be indeterminate, and 2 to be
caused by the earthquake. With respect to the latter two items,
one was the trip of the main transformer, noted in the walkdown of
electrical bus L10. The second was a non-safety heater exchanger
drain valve that was found dripping water during the walkdown and
was reported to be closed and not dripping prior to the
earthquake.

In addition each item was categorized as to its final disposition
using the procedures contained in POP-1501. Through this process,
330 items were determined to require no repair, 119 to be repaired
via a Work Request and 24 items were determined to require
dispositioning via a Non-Conformance Report. Of the 24 NR's, 20
are anticipated to be use-as-is and the remainder constitute
cosmetic repairs to concrete and drywall walls.



Page 2
Evaluation of Walkdown Items

By copy of this memo, the Engineering evaluation of the
EITI's is being issued to the Perry Plant Technical
Department for preparation of approiate documentation and
inclusion in their Condition Report.

KRP:jg



EIT1 LIST EVALUATION SUMMARY

13:15 2/11/86

DISCIPLINE NOTAL

ELECTRICAL

& C

MECHANICAL

PIPING

STRUCTURAL

N Nt Caused by !ul""tl‘.t.l".(
NA No Action Re quired




THE CLEVELAND ELECTRIC ILLUMINATING COMPANY

| no longer wish o0

MEMORANDUM receive this material.
moom W210 rmom M.R. Kritzer ; parg 2-6-86
PHONE 6460 Room TQH

susuect PLANT SETTLEMENT READINGS

Per our discussion, plant settlement readings were taken on
February 5, 1986 (Attached). No significant difference

in the building elevation before and after the seismic
event was observed. The maximum change occurred in the
Reactor Building #1. This change was only a minus (-)0.006
of a foot or 1/16 of an inch. The maximum growth was
+0.003 of a foot or 1/32 of an inch, which occurred in the
Radwaste Building.

A review of settlement readings taken last February 15, 1985,
revealed that the Reactor Buildirg #! was at the same elevation .
as it is today.

The minute changes in plant elevation can be expected due to
structural growth as a result of weather.

¢cc: E. Riley
J. Eppich
C. Angstadt
T. Keaveney
S. Dodeja

302.MRK
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THE CLEVELAND ELECTRIC ILLUMINATING COMPANY
| no longer wish 0

‘.:. te02 M t " O R A N D U ” receive this matenal.
‘ if% P
K. Pech noom W20 rromM. Kritzen7J. Messenger parg 2-5-86
pHONE 6460 room TO6

susyecr SCV WALKDOWN AFTER SEISMIC EVENT
Ref. documents NIR's C-23642,
C-23661 thru and including C-23666
also C-23677

Due to the seismic event which occurred on 1/31/86, the Seismic Clearance

Group has conducted a walkdown of all open "Repair" dispositioned Seismic
Clearance Violations.

The scope of the walkdown was to evaluate if any dimensional changes from
the original SCV, and to note any structural or system damage in these
particular areas that could have been attributed to the earthquake.

The results of the evaluvation, as shown on the above referenced inspection

renorts, indicates that there were no dimensional changes from the document

o CV's. There was also no plant damage associated with the unrepaired SCV's.
29 sk Hidre

It should be noted that 7 of the 28 SCV's have at minimum, partial work

complete.

Any questions, please feel free to contact us.

attachments: 8

cct E. Riley
S. Dodeja

'. 302 .MRK
302. JWM

J. Eppich
C. Angstadt
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REMARKS Sy * S968 has 3 F tue Y4 Repire s..”:oas added.

[
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Wb bass) snsguiiivi ASPOIL (NIR)

PNPP No. 5970

/A C- 33663 B

SPEC. NO. INSPECTION REPORT NUMBER
Adrym /A

SYSTEM/COMPONENT /ACTIVITY e W.P.L. NUMBLR
Auxal Aey le%‘ | . all elevations 21 2-3- B
INSP. TYPE DATE

LOCATION'

: Due 4o the Seasmac eedl which occuted on 1-31-86 , e foﬂ-uu’
ope~ SCU Mg been Faell venrFaed 1o deteamane of oy dimen saenal
(ib‘es had ouou.' 5\(.\).“ bS63 - 630'-b" Flar eley,

SCVY I3 |
594 Hoc& G'Ov

$.(U* bdbd

NO dimewsiowal changes ot Jnaae,dxuc“y afleabfed 4o e Seatmac
eueo‘t, wete Founrd,

CORRECTIVE ACTION DOCUMENTATION - (D.R.'s): -H(AA
MEASURING/INSPECTION TOOLS 1.D.: Mm_u*lw

REMARKS G ¢\ * AM has MFM‘ Eggk Iu-?(ogless,

e Sbediga E-10 Hhsan 2486

INSPECTOR GATE
2.t
VIEVED - L.AD &NSPECTOR BLTL

&L1/T/1/ba



Construction yuasaiy Se.c.ion

Sukss & 9‘
Nonsafety Inspection Report (NIR)
PNPP No. 5978
" N/A N/A C-23604
CONTRACTOR SFEC. NO. INSPECTION REPORT NUMBER
WALkDown oF OPEN SCVY'S AFTER Séismic EvewT of 1 [3/se N /A
nm&mmlmlvxn y M.P.L. NUMBER
I8 FLoor EL_ S99 ¢ w82’ rd| 2-3-BbL
LOCATION INSP. TYPE DATE

DUE To THE SEISMIC EVENT WwHICH OCCLRED ON
1-31-86 THE FOLLOWING ©PEN SCV'® wavE BEEN FIELD
VERIFIED Yo DETERMINE 1F ANY DIMENSIONAL CHANGES
HAD OCCULRED ' scv® 596 ¥ 1

597 % ‘
5518 % y EL 599

b33

4727 %

o
4729 = ] -
‘ WO DIMENSIOVAL CHANGES oR DAMAGE, DIRECTLY
‘ ATTRIBUTED TO TWE SEIsSmMmIC EVENT, WERE FounD.

CORRECTIVE ACTION DOCUMENTATION - (D.R.'s): N/a

MEASURING, INSPECTION TOOLS 1.D.: ~W.3€. INSPEcTIion Toors

REMARKS 3 ALL REPAIR WORK wAS COMPLETE AT TIME ofF

WwALKDOWA)

. S Depeosa @ EI8O m.u : 2/a]%

INSPECTOR DATE

2-4'té
& IEVED - LEAD INSPECTOR DATE
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Nonsafety lum;u. Report (NIR)

PNPP No. 5978

J N/A N /A C-2366S
CONTRACTOR SPEC. NO. INSPECTION REPORT NUMBER

WALkDoww oF OPEN SCV'® AFTER SEismic EvEwT of N A N /A
SYSTEM/COMPONENT /ACTIVITY N.P.L. NUMBER
AX - | Q Fioor €. 599 rd 2-3-86
LOCATION INSP. TYPE DATE

DUE To THE SEISMIC EVENT WHICN OCCULRED ON
1=31-8 THE FOLLOWING O©OPEN SCV'S LavE BEEN FIELD
VERIFIED Yo DETERMINE 1IF ANY DIMENSIONAL CHANGES

MAD OCCLRED ° gey * 4833 (NR *cQen-0126)

No DIMENSIONAL CHANGES ©R DAMAGE , DIRECTLY
‘ ATTRIBOTED TO THE SEISMIC EVENT  WERE FOLND.

CORRECTIVE ACTION DOCUMENTATION - (D.R.'s): N/a

MEASURING, INSPECTION T00LS 1.D.: S113€C. INSPEcTIOn TooLs

REMARKS wiAa

«: -5 Deopesa @ €80 mwg} 2/a[8¢

EWED - LEAD IKSPECTO

441/T/1/ba



Construction yusialy Section eet 1 oL
Nonsafety Inspection Report (NIR)

PNPP No. 5978

lf N/A N/A C-23666 _
CONTRACTOR SPEC. NO. INSPECTION REPORT NUMBER

WaLKkDown oF OPEN SCV'S AFTER Seismic Evewt of |[3[86 N /A
SYSTEM/COMPONENT /ACTIVITY M.F.L. NUMBER
cCc & FrLoor EL. 619’ Z| 2-4-86
LOCATION INSP. TYPE DATE

DUE To THE SEISMIC EVENT WwHICH OCCLRED O©ON
1=31-8 THE FOLLOWING O©OPEN SCV'® wAVE BEEN FIELD
VERIFIED Yo DETERMINE IF ANY DIMENSIONAL CHANGES

HAD OCCULRED - scv Y 6ol1d

MO DIMENSIONAL CHANGES OR DAMAGE . DIRECTLY
* ATTRIBOTED To THE SEismiC EVENT‘ wERE FOULUND.,

CORRECTIVE ACTION DOCUMENTATION - (D.R."s): N ,A
HMisc. INsSPEcTIONn Tools

MEASURING/INSPECTION TOOLS I.D.:

REMARKS N/A

.. .S Dopesa : E-80 wm 2/4 /8%
' INSPECTOR DATE

®

441/T/1/ba



Construction Quality Section
Nunsafsty Inspection Report (NIR)

PNPP No. 5978

2

Sheet 1 of

N /A N/A

C-236717

CONTRACTOR SPEC. NO.
WAL DOW OF OPgwn SCu's ACTER SEBMIC €venwr o If31/86

INSPECTION REPORT NUMBER
n/A

SYSTEM/COMPONENT /ACTIVITY
CC ¢ IR & Varovs Erevs

M.P.L. NUMBER

2|

LOCATION

2-5-86 |
B

INSP. TYPE

T e
THE (WALKDOWA) PERFORMHED BY

SCv's (é/E'S) FOR POTENTIAL
CHARNGES CALSED BY

OCLORIVG ON | -3)-LR(.

PeEsuLTS 1IVODICATED

CORRECTIVE ACTION DOCUMENTATION - (D.R.'s): —

NO NoTICARBLE

ATTACHED MEMO DATED 2-5-8BL CONCERNING

ENGINEERING TO

EVALOATE CERTAIN OPEN PREPAIR DISPOSITIONED

DIMEANSIONAL

THE FEFAPTHQUAEKSE

CHQNC#ES a

MEASURING/INSPECTION TOOLS I.D.:

S pa - rite T

INSPECTOR

INSPECT




NIR C-23GT77
mmora“dum Gilbert/Commonwealth

February 5, 1986
J. W, Messenger/M. R. Kritzer
H. Dharia/S. C. Dodeja

Walkdown of Open EIR's for
Potential Earthquake Effect

The following EIR's were walked down %o see if the
previously reported condition had changed due to
the earthquake event.

EIR ¢

CC-620-
-679-
~-654~4 €797
C=574-1 6708
CC-679-17 6730
CC-679-13 6726
Cc-679-1 6714

CC

The conclusion of the walkdown was that there had been
nce noticeable change due to the earthquake.

%gzha

Dharia

-

. Dodeja

CC: C. R. Angstadt
K. R. Pech
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THE CLEVELAND ELECTRIC ILLUMINATING COMPANY

MEMORANDUM "&"so/-27

e c—————— il

/o

Mead rRoom E28 FROM I. B. Babiak /™ DATE
{. Jameson 3“\% E260 pPHONE 99 room E26
Keaveney E230 gusueeT {7 Circulating Water System

to Assess the Intensity
1986 E,.x(li’,qu\\.-z

~

the N71

On February 1, 1986, a system walkdown was performed on
Circulating Water System and the following was observed:

No yard flooding was observed above the buried 12' diameter FRP on

both supply to the condensers, and return line to cooling tower. No

water was present in the Oil Storage Tank Dyke or beneath the temporary

(trailers) lunch room building or in the Sodium Bypochlorite Storage
Tank Dyke.

A walkdown was also performed inside the Turbine Building basement to

LANATY

assess if any damage was present to the system, and none was observed.

A walkdown of the cooling tower basin wall was performed and two
vertical (minor) leaks were ocbserved. One located on the south cool
tower forebay flume wall and other near the cooling tower raiser
manifold (entry into the basin).

1™
Al N

The severity of

s Civil/Structural
ith a repair solution.

o longer wish to

ive this matenal.




YHE CLEVELAND ELECTRIC ILLUMINATING COMPANY
Toclongerwich m

:;.-.0-- M ‘ M D R A N D U “ "CPEO-2773 teceive his matanal,
¢
oK. R. Pech ROOM W220 rROm E. C. Christiansen PAT® February /, 1986
. PHONE 5467 ROOM w245

susJECY Review of Energized Circuits
During 1/31/85 Seismic Event

Per your request, NCES - Electricel bas revieved the circuits
that were energized during the January 31, 1986 seiscic event.
The intent of the reviev was to detercine the pumber of active
electrical coxponents 4o the energized circuites. Active com-
ponents were categorized ip seven subgroups for this study. Thbe
groups were motors, power sources, switches, instrucents,
relays, trapsforxers, ond miscellsnecous. The later category
iocluded laxps, fuses, resistors, diodes, etc. Attachment I
l1ists msjor suppliers of equipment in esch subgroup. PFassive
devices such as csbles, lugs, terninal boards, conduits, and
trays wre pot considered in this study.

A listing of systexs that were opersting during the seisnmic
event was obteined from Perry Plont Opersting Department. This
1ist is ivcluded eos Attechment II of this memorsndum. Upon sn
engineering review of this list it was deterxined that it was
incomplete. Powver sources, cozmunicetion, security, and

. corputer systems were edded by Engineering. Attschment II also
reflects these additions.

The total puxber of sctive coxponents in the energized circuits
was 47,460 . Atteschment 11I contains Electricel Device Lists
uced by each engineer in their reviev of each epergized system.
A breakdown of the tots] sctive components by subgroup follows:

Motors 775
Power Bources 6493
EBwitches 6962
Iestruments 4721
Relays 6968

Traveformers 1885
Miscellasneocus 19656

Totsl Devices 47,460

BCC/mow



Motors
Ceneral Electric
Siemens-Allis
Westinghouse

Reliance

U.S. Electrical

Transformers

Westinghouse
Ceneral Electric

Brown Boveri

Relays

General Electric
Westinghouse
Brown Boveri
Cutler-Hammer

Agastat

Potter Braumfield

Vendors

Switchgear Breskers

Brown Boveri
General Electric

Cutler-Hanmer

Switches

Allen Bradley
General Electric
States

Electroswitch

Cutler~Hammer
Allen Bradley

General Electric




MOV Operators

Limitorque
Rotorque
EIM

ITT

Chargers/Inverters
C&D

Power Conversion
Topaz

CYBREX

Fuse Disconnects

Cutler~Hanmer
General Electric

Cutler-Hammer

Linit Switches

———

Limitorque

Instrument Switches

Magnetrol
Rosemount
ITT Barton
Mercoid

Meriam

MSW Instruments

Attachment I

————— ————

Meters
General Electric

Brown Boveri

Westinghouse

Wekeler

Instruments (T/C, RTD's)

Weed

Recorders

Rosemount
Gould
Foxboro
Magnetrol

Weed

Molded Case Breskers
General Electric
Westinghouse

Cutler-Hammer

Leeds & Northrup |
Gould (Brown Boveri)




Attachment 11

Syastems Energized During Seismic
Event of January 31, 1986

System Supplied of PPOD

System

Cl11
Cc4q1
C71
D17
El12
E21
E22
Fq2
G33
G41l
M1
M13
M1S
M21
M23
M24
M25S
M26
M27
M32
M3S
M36
M40
M4l
M43
M4S
N21
N23
N24
N32
N71
P11
P20
P21
P22
P41
P42
P43
P4q
P4S
P47
P49
P32
PS4
PSS
F61l
P62
P72

Description

Control Rod Drive

Standby Ligquid Control

Reactor Protection System

Plant Radiation Monitors

Residual Heat Removal

Low Pressure Core Spray

High Pressure Core Spay

Fuel Tranafer Equipment

Reactor Water Cleanup

Fuel Pool Cooling and Cleanup
Containment Vessel Cooling

Drywell Cocling

Annulue Exhaust Gas Treatment
Controlled Access HVAC

MCC, Switchgear, & Misc. Area HVAC
Battery Room Exhaust

Contrecl Room HVAC

Control Room Emergency Recirculation
Computer Room HVAC

ESW Pumphouse Ventilation

Turbine Building Cooling & Ventilation
Off-Gas Building Exhaust

Fuel Handling Building Ventilation
Heater Bay Ventilation

Diesel Building Ventilation
Circulating Water Pump House Ventilation
Condensate

Condensate Filtration

Condensate Demineralizers

Turbine Control (EHC)

Circulating Water

Condensate Transfer and Storage
Water Treatment

Two Bed Demineralizer

Mixed Bed Demineralizer

Service Water

Emergency Closed Cooling

Nuclear Closed Cooling

Turbine Building Closed Cooling
Emergency Service Water

Control Complex Chill Water

ESW Screen Wash

Instrument Air

Fire Protection

Building Heating

Auxiliary Steam

Auxiliary Boiler Fuel 0Oil

Plant Underdrain




Attachment 11

Systems Added by Engineering

System

Cc9o1l
c9S
PS1
PS6
Rl
R14
R1S
R22
R23
R2S
R36
R41
R42
R43
R44
R4S
R46
R47
RS1
RS2
RS3
RS7
R61
R71
811

Description

Process Computer

Emergency Response Information System
Service Air

Securaty

Station Transformers

110 VAC Vital Inverters

Technical Support Center UPS
Metalclad Switchgear

480 V Load Centers

Distribution Panels -~ 120, 208 & 480 volts
Heat Tracing & Anti Freeze Protection
Instrumentation

D.C. System

Standby Diesel Generator (SDG)

SDG Starting Air

SDG Fuel 011

SDG Jacket Water Coolant

SDG Lube 01l

Intra Plant Communicaticns
Maintenance & Calibration

Exclusion Area Paging System

Radio & In-Plant Antenna Systemn

Main Control Room Annunciator
Lighting

Power Transformers



