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1.0 INTRODUCTION

The purpose and scope of this report is to provide the results of The

Cleveland Electric illuminating Company seismic event evaluation for

the Perry Nuclear Power Plant. The discussions contained herein
provide the basis for CEl'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 a 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 immediate response to the event,

() and the plant status and impact assessme'nts 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. In addition, a description is provided
of the confirmatory programs to monitor post seismic event activity,
to continue the evaluations to identify any earthquake related
effects, and to participate in generic industry studies.

.
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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 officials. Timely

notifications were made and plant staff responded professionally and
successfully implemented the plant procedures for this 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 da:nage. Subsequently, a team of
approximately 65 engineers and technicians was organized to perform a

c detailed walkdown of all plant areas. These inspections found no
damage to any syste:ns, 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 sets:nic events. Numerous safety-related systems in
operation or standby 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 content than the

O
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. 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 Safety _ Analysis

Report. The earthquake does not change the conclusions of the FSAR
'on the geology and seismicity of the site area.

.

I Seismic Design Evaluat' ion

Acceleration data taken from the in-plant seismic recorders showed

. recorded floor response spectra in certain locations outside the
!

design spectra at high frequencies. The design spectra-are based on
.
'

a statistical envelope of historical earthquakes (84th percentile)

and, therefore, some instances of recorded responses exceeding

i 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

f- structure and components.
i
r

.

.'' CEL analysis shows the high frequency accelerations involved are of a
very short duration and the velocities are well below those which

; could cause damage even to non-engineered structures. The total

energy associated with these high f requency accelerations is small, ,

Iand therefore has no' adverse impact on plant structures andy

equipment. Thus, the high frequency accelerations have.no
engineering significance and the effects of the earthquake

{ experienced at Perry are well within the seismic capability of the
| olant.
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Jsnuary 31, 1986 Earthquake
.

O..
Chronological Summary of Events

Time of Occurrence Event

11.4o:42.3 (USGS data) Seismic event occurs

1148 Control room reports nosie & vibration to
to Systems Operation Center

,

1150 Main generator breaker reported open,
,

, isolating main and auxiliary transformer,
automatically shif ting to startup transformer.i

Auxiliary boiler trips noted"

.

Seismic alarms received in P680

1155 Trip of instrument air compressor noted

1200 , Visual inspection of lower areas of Turbine
Building, Auxiliary Building, Intermediate
Building and transformer yard satisf actory

1201 Shift Supervisor sounds Plant Ee'ergency Alarm

1204 Visual inspection of Turbine Building,' Turbine'

Power Complex, Intermediate Building,
Auxiliary Building and Control Complex

_O satisfactory.-

1206 Shift Supervisor delcares precautionary Site t

j Area Emergency, makes Evacuation Announcement.

1211 Auxiliary boiler restarted'

1216 Notifications to CEI emergency personnel
pursuant to Emergency Plan began

Ini Lated retrieval of seismic pta'tes and1218
magnetic tapes from seismic instrumentation

1219 Visual inspection of service water and
emergency service water pump house
satisfactory

,

1225-1240 Initial notifications of Site Area Emergency
e

provided to Lake, Ceauga and Ashtabula,

counties, the State of Ohio, Coast Guard, NRC

1230 Visual inspection of cooling towers and basins
satisfactory

1232 Operational Support Center (OSC) activated ,

I

I

I

I I

I

'
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Time of Occurranet Evsnt

1235 Technical Suppor: Center (TSC) activated

. ) 1251 Initial inspections of all Unit 1 and Common
areas completed with satisfacory results, only
minor problems noted.

1254 Visual inspection of suppression pool
satisfactory

1257 - 1301 TSC completes precautionary Site Area
Emergency Follow-up Notifications to Counties,
State, Coast Guard |

1300 Walkdown of all Unit 1 areas has finds no
major equipment damage and noted minor flange
le aks '.

1302 St:e Area Emergency downgraded to Alert

1303 - 1315 Initial Notification of downgrading to Alert
i made to Counties, State, Coast Guard and NRC.

1305 Three teams dispatched for additional system
walkdowns; six maintenance teams dispatched to
investigate equipment

O 1340 - 1401 Follow-up notification of Alert status
provided to Counties, State, Coast Guard and
NRC

| 1341 INPO contacted

1420 NRC - Bethesda and Region III concur on
*

termination of emergency

1425 Termination of Emergency Event
,

1431 - 1442 Termination of Emergency Event reported to
Countiec, State, Coast Guard, & NRC.

1440 INPO notified of termination of Emergency

Event ,.

1531 Deactivated TSC.

1552 Seismic alarm P969 reset
;

1630 Recovery organization met to review scismic
event, emergency responso and confirmatory
actions.

: - O
.
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| G
. 3.0 PLANT STATUS AND IMPACT ASSESSMENTS

|
.

3.1 PLANT STATUS
|

Prior to the earthquake that occurred on January 31, 1986, numerous

testing, calibration, and work completion activites were being'

conducted in prepa, ration for fuel load. One major activity was

preparation for the Division II Diesel Generator response timo|

testing. As part of this work, all of the safety related components

powered f rom the Division II Diesel were energized and in standby

( readiness. All of this equipment behaved normally through the event;

that is, there were no sp+1rious St sets or alarms. Preptes:Luns were

| also underway to move the startup sources. This work had not yet
i

' begun when the seismic event occurred. The sources were never

actuall) moved, and remained stored in the upper pools.
,

In support of the ongoing test and surveillance activities, a

significant number of systems were in operation. In addition,

numerous other systems were energized and in the standby mode. Lists

of the specific safety and non-safety systems energized 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 in the

standby mode experienced any spurious initiations.

As noted in Table 3.2, a large number of non-safety systems were

operating or in the standby mode, and maintained their status
throughout the event. Two non-safety items tripped on protective
signals as intended by the design. These were the Unit 1 inst rument
air compressor, which tripped on high vibration, and the auttitary
steam boiler, which tripped due to actuation of one of its protective

O'

v
.

3.1

. .



[O
D circuits. The 11struent air compressor is a centeifugal machine

that operates at greater than 40,000 rpm and as part of its

protective devices has a very sensitive vibration switch. The

auxiliary steam boiler has several protective circuits of ehich one

tripped during the earthquake. The boiler was successfully restarted

af ter the event.

The only other non-safety items of equipnent that tripped during the

earthquake were the Unit I main and auxiliary transformers, which
tripped due to the closing of the generator protection relays. These

relays although open at the time of the seismic event, did not have

voltage applied as a result of an ongoing outage. Laboratory testing

of these relays since the event has confirmed that the presence of

voltage on the relays significantly increases the force requir+1 to

close these relays. Had the voltage been suppiled to those relays,

they would not have closed during the event. This is substantiated

by the f act that other similar open relays with voltage applied did
'

| not close during the event.!pU
|

Investigation is ongoing to determine the cause of an indicsted 1 1/2
inch increase in suppression pool level. No basis for a physical ,

change in the water level has been identified. The water level

transmitters were found to be out of calibration, though not enough

to account for the entire indicated level increase. The anme

transmitters in other applications did not show any anomalouw

| behavior.
.

In addition to the emergency plan actions previously discussed,
innnediately following the event the plant operators perf ormed initial
surveys of the plant. Areas visually inspected included the

1

Transformer Yard, lower elevations of the Turbine, Auxiliary,

Intermediate and Radwaste Butidings, as well as the Control Comples.

| Turbine Power Complex, Heater Bay and Water Treatment Building. TM
raports back to the Control Room indicsted that the areas woro found

,

in satisf actory condition with no major damage. In addition, the
|
:

V General Supervisor of Operations and the Senior Operations'

3.2

l
(

_ . _ _ - _ _ _ - _ _ _



_ _______ _- ___ _ ___

,

s

(V) Coordin ator side 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 included additional walkdowns by

teams of plant maintenance personnel dispatched f rom the Operations
Support Center.

3.3 PLANT IMPACT ASSESSMENT

.

As part of CEI'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 conditions.

These included such items as piping, hangers, snubbers, valves,
' *

pumps, instrumentation and other component i. The results of these

walkdowns were recorded and compiled into a list of approximately 480

observations, many of which were later determined tb be preexisting
*

("' conditions. None of the observstions involved structural dansge to

\-- the plant or equipment. The 480 observations are typified by minor

hairline cracks in concrete, burned out light bulbs and leaking valve

or piping flanges, all of which are normal and expected conditionsi

1

i that would be identified in any comprehensive walkdown.

t

1

In the inspections that were conducted following the earthquake,

plant personnel were instructed to document all unusual or abnormal
condi *. t ons . Those conducting the inspections did not attempt to

,

determine whether the conditions were the result of the earthquake;

instead, discrepant conditions regardless of potential causo were

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 conditions was
subsequently evaluated by engineeering to determine whether the
condition was caused by the earthquake and whether rework or repair

Iwas required. The engineering evaluation of the items concluded that
77% were preexisting conditions, and only twn minar items, wern

l

s/ directly attributable to the earthquake. The remainder, i

,

O

L3

.
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approxi:nately 1001:sms, have been classtfied as Lnleterminate, t.e.,

I it could not be definitively established that the condition existed

prior to the earthquake. About 25% of the approximately 480 itess
wit'l need rework or repair. (See Appendix E). These will be procassed
in accordance with a special procedure instituted in response to the

earthquake.

i

A number of other inspections were also performed to determine the

j effect, if any, on specific plant structures and conditions. A site (
survey was performed to assess any impact of the earthquake on the i

site environs, and in particular on the shoreline bluff. No evidence-
e

of any earthquake impacts could be fouad.
E

'

A survey of settlement monttoring points was ordered to determine if
'

the earthquake had any ef fect on building settlement. Monitoring
|points at various locations around the perimeter of the plant

* *

buildings are surveyed on a monthly basis to monitor building
settlement. The results of the surveys were that the recorded [

movements were consistent with those measured in the past, including j

the amount of change from prior surveys and the absolute elevations. |

For example, a comparison of the Reactor Building reading with that
of February 1985, found that the two readings were identics1. Thus,
it'is concluded that the earthquake had no impact on building

| settlement. (Sco Appendix E). t

!'

'

A walkdown of Unit 1 Cooling Tower was performed to determine ehether

| any damage had resulted f rom the earthq'uake. The areas inspected
!. included the basin walls, tower columns and footers, internal support
:

columns, baffle system, discharge pipe, and vett. While all
l.

inspections were done f rom ground level, any significant cracks in ,"

e

!

|
t

{

()
!
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f -) the veil would have been readtly apparent since they would have been
\m-)> saturated by the previous day's rain. No structural damage wa.s found

in any area of the cooling tower. Water was observed seeping through
,

the north and south vertical joints where the basin plume wail and
pump house fiume 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, seismic clearance

criteria were established to assure that a seismic event would not
cause any impact on a safety system either by causing swaying or by

I impact from a non-safety ites. Instances of those criteria not being
met are termed Seismic Clearance Violations (SCV's). SCV's are
forwarded to engineering for evalution to determine whethar repair is
required. At the time of the earthquake, there were 29 SCV's that
had been dispositioned for repair, where the repair had not yet been
completed. Following the earthquake, inspectors wete directed to *

reinspect these SCV's to determine whether the seism'ic event af fected1 (3/sj the SCV condition. These inspections found neither damage nor,

i

dimensional change. (See Appendix E).

As previously noted, the plant systems, both saf1ty related and
non-safety related, operated properly during and following the
seismic event. Recognizind the sensitivity of electrical components
to high frequency response, a detailed engineering study was
undertaken to identify the number and types of electrical equipment
that was energized during the earthquake. The components included
a) tors, transformers, relays, switchgear breakers, switches,
batteries, contacts, valve operators, chargers / inverters, meters,
recorders, and transmitters. A wide variety of suppliers was
represented. More than 70 separate systems were involved. The study
showed that over 47,000 electrical components were enerdized and
experienced no adverse ef fects in terms of spurious system actustion
(See Appendix E).

!

.

3.8

.
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' TABLE 3.I J-
,

k' SAFETY RELATED SYSTEMS
ENERCIZED DURING THE SEISMIC EVENT

.' 0F JANUARY 31, 1986'

O
L.)

SYSTEM DESCRIPTION . .3
- . , . , , , - - - ..: . . , ,

C11 Control Rod Drive .-

C41 Standby Liquid Control
. ~ . .. ..- C71 Reactor Protection System . . . . , . ;.; _ ,3 ,;

.
,,

E 12 -' - / R e s i d u a l ' H e a t R e m o v a l }91-7L$y'f"$Q.2-E -|7. g;... Plant Radiation Monitors :f M ;sff.l.'-?..% g ? ,',l. ' ' '' D17.' * *
. . -
;' . ' , - --

'' ; .

l' E21 Low Pressure Core Spray '.~.'.'.,'.~~.r. J. .... ... . .,

H i3 h P r e s s u r e C o r e S r a y _ .;, . .;C; E." : .,.. . ' , '
'

, 4. . . . . .- .E22 ..
'"-

Fuel Pool Cooling and Cleanup.-G41-
..

A n n u l u s E x h a u s t G a s T r e a t m e n tyi'Q;|(p(*;]. . ,, . .

' ' ' ' ' ~ ~; ' M15
MCC, Switchgear, & H i s c . A r e a H,,V AC g;; ,q.

~
- - M23 .

M24 Battery Room Exhaust". .) ' s. ' - e - R '. .-- ^

''. ~'' ' '*-
M25 Control Room HVAC .'

~

'

-

M26 Control Room E ergency Recirculati:n
.

M32 ESW Pu=phouse Ventilation
.

M40 Fuel Handling Building Ventilation -

! M43 Diesel Building Ventilation ;, ,

I: . P11 Condensate Trans f er and Storage,7_;pf . i,,.. . . ,- .
.

P22 Mixed Bed De=ineralizer ' 'a ,'r- ( .

,

,.

i P41 Service Water
. 12 . .p';2 *eW f~ ? . ."

'
. ...

'; 7
'

. - ' P42 E=ergency Closed Cooling '
JP AF '

.

P43 Nuclear Closed Cooling - ' -

; .

P45 Emergency Service Water .
-*

'^h P47 Contrcl Complex Chill Wa'er
-) P-9 ESW Screen Ws:r.'

PS2 Instrunent Air
P5a Fire Prctection
C95 Emergency Response Information Syste:
P51 Service Air
R14 110 VAC Vital Inverters
R22 Metalclad Switchgear
R23 480 V Load Centers__ ,

R24 Motor Control Centers -

R25 Distribution Panels - 120, 208 & 480 volts
R42 D. C. Systen
R43 Standby Diesel Generator (SDG)

~

Re5 SDG Fuel Cil
RL6 SDG Jacket Water Coolant
R47 SDC Lube Oil
R61 Main Control Roon Annunciator

|

I /O
1 \-)

1

3.6

|

!
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TALLE 3.1 . I
-

NON-SAFETY RELATED SYSTEMS
ENERGIZEO DURING THE SEISMIC EVENT

OF JANUARY 31 1986
e
t i
s /

j'' SYSTEM DESCRIPTION
a ..

-

c F42 Fuel Transfer Equipment
G33 Reactor Water Cleanup

'

. M11 Containment Vess el Cooling . ',, ..t_. _,...

;, M13 Drywell Cooling
. . . . . .. ., ,ControlledAccessHVAC^f.;.j;,d;..,.

'

.
,. , c , , ,-

M27 Computer Room HVAC ,- 7 M::',
'

,.} ."' "~ '''pfy'. ;:; *.cgt'ft.p;; ; .y M21 - .,

.

M35 Turbine Building Cooling & Ventilation -

oft-Gas' Building Exhaust *|[ ?j [ [~1 9".e,'-", ' ,
M36

,

Heater Bay Ventilation ~T r~; 7'4 5.p' ',~? - ,o . -M41
M45 Circulating Water Pump House Ve,ntilation ,'

,,
*

N21 Condensate 7., . 1 6.. . ' . . .
* - '

N23 Condensate Filtration -*

N24 Condensate De:ineralizers
-

N32 Turbine Control (EHC)
''

N71 Circulating Water . ; -

P20 Water Treatment
.Two Bed De=ineralizer.n...c.O c4 i.........u_.. .. , .- P21 '

P44 Turbine Building Closid'Codliig' ' ~ '"' '' '

P55 Building Heating ' ' ',.7, ~.
%-

.

.

P61 Auxiliary Stea: '

.' ,

.
.

P62 Auxiliary Boiler Fuel 011,. '.- * v, ;,---

P72 Plant Underdrain _ .

(~\ C91 Prosess C;;pute'r
( ,e C94 Health Pr./ sic Cc ; uterI

P56 Security
R11 Stati:n Transf0r:ers
R15 Technical Sup; ort Center UPS
R36 Heat Tracing & Anti Free e Protection
R44 SDG Starting Air
R51 Intra Plant Communications
RS2 Maintenance & Calibration_

'~

R53 Exclusien Area Paging Syste: -

R57 Radio & In-Plant Antenna Syste:
R71 Lighting
S11 Power Transfor:ers

'

Sei Ste; U; Station

-s

G

3.1-

_ _ _ _ _ _ _ _ - - _ - _ _ _ _ _ _ _ _ _ - _ _ _
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4.0 EARTHQUAKE ANALYSIS AND SII8 SEISMICITY
V

An earthquake of magnitude 4.96 M occurred on January 31, 1986 at

11 hours, 46 ininutes, and 42.3 seconds approximately !! alles (17.7
kilometers) south of the plant. The depth of the earthquake is

presently calculated to be 6 miles (10 kilometers) deep and is
located at 41.640 W and 81.098 N by the National Earthquake

Information Center of the United Status Geological Survey (USGS).
This location is near the intersection of Highways 86 and 166 in

Thompson Township, Gesuga County. The location of this earthquake is
shown on Figure 4.1 of this report. Earthquakes which have occurred
within 200 miles in historical times, and an update for those

occurring within 50 miles of the plant. site are shown in Figures 4.2.
and 4.3.

4.1 BACKGROUND GEOLOGICAL & SdISH0 LOGICAL STUDIES RELATED TO Tile

PERRY NUCLEAR POWER PLANT
. .

As required by the regulations governing the siting of nuclear power
plants, a thorough study of the geological ani soismological
characteristics of the Perry Nuclear Power Plant site and its

regional surroundings was made as part of both the Pen 11.ninary Safety
Analysis Report (PSAR) and Final Safety Analysis Roport (FSAR). The
purpose of those investigations was to assure that the ette was
geologically suitable for the construction of a nuclear power plaat
and to provido a basis for the detertainstion of a Site Shutdown
Earthquake (SSE) and the site ground motion resulting from the
occurrence of such an earthquake. The information contained heroin
la summarized from the detailed discussions contained in Chapter 2

of the PSAR and FSAR, as reviewod and accepted by the NRC in the

Safety Evaluation Reports and Supplements.

Thoso studios wore extensive, consisting of a compilation and

analysus of published and unpublished literature; field geological
checking and mappind including wide scato and local geophysical
studies to char.ictorize goologic.it conditions at .topth; borings;
laboratory analyses; and dotalled engineering analysis of tho $1te
founiatton matorials.

4.I
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Based on these atadio4 and following Appendit A of 10 CF4 Part 100. a

\ corrolttion of e tethquakes to a p4rticutir f ault or sortes af f aults

which would be designated as " capable" could not be made. In

addition. no "1:sego scale dislocation or distortion" of the earth's

crust designated as a tectonic structure could be identified to which

earthquakes could be correlated. Consequently, earthquakes were

identified with a " tectonic province", representative of a region

within which there is a relative consistency of geologic structural

features.

To select the SSE, a Modified Mercalli intensity of VIL was chosen as

| the maximum intensity earthquake at the Perry site. This intensity

corresponds to an acceleration value of 0.15g, based upon a number of

j developed relationships which relate peak accelarttion to earthquake
intensity values; the principal relationship was developed by

Trifunac and Brady. (Trifunac, M.D. and Brady, A.G., 1975, on the

Correlation of Seis:nic Intensity Scales with the Peaks of Recorded

Strong Ground Motion: Bulletin of the Seismological Society of
America, v. 65, No. 1, pp. 139-162) . The response spectra

!

| representing the SSE were then developed by adopting a NRC Regulatory
Guide 1.60 response spectral shape. The design response spectra are

shown on Figures 4.4 and 4.5.

|

| During the review of the FSAR, the NRC staff requested that

| site-specific spectra be constructed for the Perry site. In response
|

| to this request, site-specific response spectra were constructed
f

| using a set of ground motion accelerograss from actual earthquakes of
*

|
|

magnitude range 5.31 5 record.ed on rock (to simulate the foundation
conditions at Perry) at epicentral distances of 0 to 25 kilometers;

,

i
' this represents the earthquake "at the site" as required by Appendix

A and is shown on Figure 4.6.

Eleven (11) earthquakos r<epresenting 22 components of root ton wore

chosen. A subset of records accepted by the staf f as reprosentative
of an Anna, Ohio type earthquake had an average magnit+1e of 5.53 1

'

.3 it an average distance of 8.5 miles (11.66 1 5 k ilomet t e r s ) .4

A smoothed 84 percentile of this data set fell below the detsidn

4.2
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.

response apactra rapresanted by a R>dulatory Guide 1.4) spec'et ad

at an accolorstion ot 0.15 3 Thase spectra are repensent ativa of,

free field data recorded at locations away from the influence of

buildings and structures, and are shown on Figure 4.7.

4.2 REGIONA1. GEOLOGY AND TECTONICS

The Perry site is located in the central part of Eastern Stable

Platform Tectonic Province, characterized by an upper Precambrian

| crystalline basement and overlain unconformably by a sequence of

! Paleozoic sedimentary rocks. Basement rocks of this tectonic
|

| province comprise a complex sequence of high grade metamorphics and

include: schists, gnaisses, marbles, and 3ranulites consall.1ited

during the Grenville Orogeny (950 mya) onto the North Acwricsn
craton.

| The basement rocks are overlain by a 3000' thick seguence of ,

sedimentary rocks, Cambrian to Carboniferous in age, which dips tese

than 5 to the south. (Fig. 4.8). Sedimantary rocks within this
sequence of Paleozoic sediments includes shales, 491t, sandstone,
dolomites, and limestones. In the epicentral region the endt:santary

sequence is approximately 2 kilometers thick with the mitn shock
focus well within the crystalline basement.

'

A thin veneer, generally less than 100' of variable thick Pleistocene
'

| deposits, lies unconformably on the sodimentary sequence. Theso
deposits include a lower till, dense and compact (approximately 30'
thick) overlain by less compact till, lacustrine deposits and beach
deposits.

Post consolidat ion tectonic def ormatioq in the province includes the

following structual elements. Paleozoic structures include broad
upwarps: Cincinnati arch, Findlay arch, Kankaken arch, Ozark uplift,
Nashvillo dome,-ind intervening Michigan and illinois basins. Uplift
and subsidence produced localised faulting and folding. The north
northeast-trending Waverly arch of west central chio is tho uoarost
upwarp structuro.

4.3
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(~~ 3 Faults in the alte r**gioa taclude:

V .

o Chatham sag faults

o Peck fault. Howell-Northville anticline f.talts +

o Bowling Green fault
o Anna Ohio faults

o Cincinnati arch faults

o Eastern Ohio faults
o Western New York faults
o Appalachian Plateau and Northern Valley and Ridge f aults

Within the region only the Clarendon-Linden fault system in western
New York is considered active.

4.3 SLTK CE0 LOGY

In conjunction with the PSAR and FSAR preparation an,d reviews, ,

I.

intensive geological and geotechnical investigstions were conducted

x_, at the Perry site including:

o test borings (masimum depth 730')

o 42" drilled exploratory shafts *

in-site testing, plate load ' testso

o permeability determinations
o piezometer installations

o seismic analyses

seismic refraction and soissic shear wave d,eterminationso

geott.gic mapping of excavations, tunnels and trenehouo

Two bedrock structural styles were observed by Githert Commonwealth,

NRC staff, USGS, and the Corps of Engineers. Centle northeast-
trending folds with two to three foot wavelength 4nd 6'' amplitude

were attributed to depositional processes. Two larger folds and
several raiated faults were also exarnined. The folds tartainatend

bolov foundStion drade. Faults with ch.tractoristi.* north over south
directed motion become hedding plane detachmints at depth. One to

m

4,4
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three inch thick gougo occurs in the fault tone 9. Absence of faroid1
A materials, na reerystallizstion of country rock or cryst sL114stion'

within fault zone or adjacent f racture zones is interpreted to result

from localized low temperature, relatively los stress deformation.

In summary, an approximately 45 foot thick layer, between excavation
grade of the deepest onshore foundation excavstions and the base of a
boulder layer defining the bottom of structureless basal till,

experienced deforattion (folds, f aults) including bedding detachment
rotation and buckling, and slight upward thrusting. These features
occur in glaciated terraine and are attributed to glacial loading,
unloading and/or ice push mechanisms. Similar faulting was studied
in the Warner Creek area with the same conclusions.

1

|

|

| 4.4 DEFORMATION - INTAKE AND DiSCilARGK TUNNELS

|

Three minor low-angle north-northeast striking thru$t faults occur in
, ,

the intake and discharge tunnels to the north beneath Lake Erie.('\

| (_, Displacements range between 0.5 and 2.5 feet, upward to the

northeast.

l

i
Studies undertaken to define tunnel fault geometry included:

1

l

o detailed mapping of tunnel walls
o reconnaissance of lake bottom
o take shore reconntissance
o exploratory borings

o borehole logging, of f shore and onshore magnetic surveys

o review of existing geophysteil data
isotopic analyses of Lake Erie and fault scopade watero

Studies to datet fault included
|

{

o x-ray diffraction

| o clay mineralogic analysin

()! o microcrack

o consolidstian of gouge

4.5
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!

!

!!iscistlwous studies i:teluded:
N .

o borehole stress

o structure contour maps

interviews with knowledgeable Ohio geologistso:

!

Investigations of the vortteal 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 dettiled mapping of the tunnel
faults, geophysical surveys, borings, and analysis of fault gouge aaJ
seepage included:

o faults are genetically related; Same fault or an echelot
a faults confined in Chagrin shale; limited lateral and vertic.tl

extent

o date of last motion is Pleistocene or older
motion sense indicates faults originated in northwest directedo

stress field, approxt:nately 90 from present stress field
possible mechanisms of nontectonic glscial origin inclu.ie iceo

sheet traction, dif ferential downwarp, differential rebound,

surf tetal stress ratief (>* pop up*)

geologic processos responsible for initiation and latest motiono

are nontectonic and no longer operative; therefore f aults are
not capable according to Appendix A to 10 CFR 100

.

O
4.6
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4.5 CURRENT SEISMOLOGICAL AND GEOLOGICAL STUDIES

Immediately after the occurrence of the earthquake, CEI undertook a

number of geological and seismological investigations to provide a
.

thorough understanding of the earthquake and assess any impact on
previous studies performed for the siting and licensing of the Perry
Nuclear Plant.

In addition to the investigations undertaken by CEI, USGS, as well a4

various universities and private groups, have deployed instruments to

study earthquake aftershocks.

Portable Seismographic Network

At the request of CEI, Weston Geophysical Corporatio,n installed six ,

portable analog seismographs (Sprengnether Instrument Co. MEG-800) in7-ss(,) the epicenter area of the January 31, 1986 earthquake during the
_

period f rom approximately 10 hours to 30 hours af ter the event.

These seismograph stations are located at the Perry Nuclear Plant and
in the communities of Chardon, Chosterland, Middlefield, Hartsgrove,

and Thompson. A seventh station was installed on February 4, 1986 in
the town of Concord. This spatial distribution of the stations is

designed to form a symmetrical array around the preliminary epicental
area of the main shock, which was located in the basis of mire

distant stations. All instruments are operated continuously and all

seismograms are recovered and analyzed daily. The purpose of this
network is to obtain accurate locations of any recorded af tershocks,
to refine the original location of the main shock, and to determine

whether or not their occurrence reveals anything about the causative

geologic structure.

Five other portablo instruments integrated into this not +)rk aro
) operated by Woodward-CLydn Consultant * and deployed in a stiallar

configuration to provide additional incationing capabilities.

4.7
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Five sraall .nicrocarthquakes have been detected. The para:seters ofi -
x

'N these earthquakes are located on the Table 4-1. Preltninary an.ityses

| indicate that the focal depthe for these microcarthquakes range from

2.1 to 8.9 kilometers. The largest of these microearthquakes, a

magnitude 2.4 event on February 6, 1986, was the only event to be
felt. These microearthquake locations are slightly to the west of

. the prettainary location of main shock provided by the National.

Earthquake Information Center.

Felt Intensity Investigation

A questionnaire survey is being conducted to evaluate the

distribution of ef fects, including a general deveription of how

people expectanced the event and accounts of any damage that have ,

been incurred. The questionnaires are being distributed using
several parattet approaches to obtain broad coverage of the affected

areas. Analysis and compilation of questionnaire resu,1ts will be ,

! used to produce an "isoseismal map" or plot of intensity levels
measured on the Modified Mercalli Scale. The purpose of such a map

is to enable a comparison of effects of the present event with a
| well-known epicenter to the ef fects of some historical events locsted

| in the site ares that have no well-determined instrumental epicenter.

Weston Ceophysical personnel have been conducting personal interviews

| on perception and other effects of the earthquake in the epicenter
region. Questionnaires have been distributed at establishments such

'

as fire departments, grocery stores, schools, etc. with instructions
to distribute these to persons near the earthquake epicenter. These
reports will be used to recover information on the range of ef fects.

A preliminary evaluation of returned questionnaires indicates thst
!

|
most of the reports in the epicentral ares are evaluated as
representative of an Intensity VI on the Hodified Mercalli Scale.l

|
Naximum observed or reported offacts include a few instances of f
damaged chtsneys above the roof line, cracka in concrete and cinder

fhtock walls. cracked or fallen plaster, and few broken windows. Some
disturbanees inetuaing sitting of .e11-w4ter have atso seen regereed. j

!
4.8 1
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Geologic Studies

v

Weston Geophysical geologists have conducted prelltainary
reconnaissance of bedrock exposuras in the epicentral area to

deterraine whether or not any surf ace expression resulted f rom the

earthquake. No significant expression of surface disturbance has
been observed. Although several occurrences of minor rock sildes and
soil slumps have been documented and photographed, these are not
considered unusual, since they occur in unstable, undercut steam

banks where they could have been caused by ordinary weathering

processes or induced vibratory ground motion f rom the earthquake.

Previously mapped fault locations on Paine Creek have been examined.
No evidence of recent fault liovement e s observed. Also, no slumping

or sliding of the steep slope was apparent. No evidence suggestive
of a " capable fault" has been observed.

On-going work includes examination of other geological features, as
well as an investigation of sites of unusual felt reports such as

foundation damage and water-well disturbance. A field obserystion
and evaluation of soil and rock conditinns at such sites is being

made to determine whether or not there is a correlstion between tha
higher intensity values and geological conditions.

O
4.9
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4.6 CONCLUSIONS REGARDING OF THE JANUARY 31, 1986 OHIO EARTHQUAKE

The earthquake, both as regards to magnitude and intensity, is below
the maximum earthquake selected to represent the Safe Shutdown

Earthquake. The intensity of the Safe Shutdown Earthquake was
selected as intensity VII. 1; is estimated that the present

. earthquake is best represented by an intensity VI. The magnitude

4.96 M f the January 1986 earthquake is below the magnitude ofbig
5.3 + 5, used in estabitshing the site specific response spectra.

Based on the initial data evaluation, it appears that the free field

design responsa spectra constructed to represent the SSE may have

been exceeded. An accelerogram at the foundation level of Uni I

showed a peak acceleration of 0.18 g at approximstely 20 Hz on the

north-south component. The duration of the motion on foundation
|

above the smoothed ground response spectra (SSE) is less than 0.1fs

'( )
j second. Since both the Regulatory Guide 1.60 ground motion and the

site-specific spectra represent a smoothed spectra at the 84th

percentile for a number of strong motion accelerograms, exceedances

above the smoothed spectra are not unexpected.-

At the high f requency end of the spectra, where the 20112 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 displacement is 0.004 inch. This velocity
,

value would be far less than the 1 inch per second generally accepted

by the US Bureau of Mines as the threshold of damage at the 20 Hz
frequency: cracking of plaster walls, etc. 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 is not a problem.

,

,
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( ) The area and region in ahich the January 31, 1980 earthquake accurred
V

is one of 104 seismicity. Prior to 1986, the largest earthquake to

occur within 50 miles of the site occurred in 1943. The 1986 Ohio

earthquake is SILghtly larger in magnitude (4.9 vs. 4.7) and
intensity (VI vs. V) than the March 9,1943 earthquake which occurrect
,

approximately 12 miles west-southwest of the 1986 earthquake.
Although somewhat larger than 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

earthquske is consistent with the seismLcity of the area and the arect

and region are still of low seismicity.

Geological investigations to date have not uncovered any evidence
suggestive of a " capable fault" as defined in 10 CFR Part 100, nor
has the investigation revealed a cause for any geological concern.

The 1986 earthquake does not change the conclusions in the FSAR on

the geology and seismology of the Perry site. .

('~) .

v

f,,

x_
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Table 4.1;

RECENT EARTHQUAKES
IN THE SITE VICINITY

,

ORIGIN ( PRELIMINARY
DATE TIME LATITUDE LONGITUDE DEPTH (KM) MAGNITUDE

(2)22-JANUARY-1983 07:46:57.9 41 51.24' 81 11.46' 5 2.7M

31-JANUARY-1986 16:46:42.3 41 38.84' 81 05.30' 10 4.9 M ( }
b

01-FEBRUARY-1986 18:54:49.7 '41 38.39' 81 09.99' 3.1 --

02-FEBRUARY-1986 03:22:49.1 41 38.37' 81*09.81' 2.3 -

03-FEBRUARY-1986- 19:47:19.6 41 39.19' 81 10.27' 9 -

O i

05-FEBRUARY-1986 06:34:02.4 41 39.93' 81 09.11' 6 -

06-FEBRUARY-1986 18:36:22.6 41 38.66' 81 09.80' 5 2.4

(1) UNIVERSAL Time Unless Noted As Local Time

(2) SOURCE: University of Michigan

(3) SOURCE: National Earthquake Information Center (NEIC)
I
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./. v ' REGIONAL TECTONIC ELEMENTS
I

- Grerwdloon Dosement - Ages oround 950 melt.on years
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5.0 SEISMIC INSTRUMENTATION DATA EVALUATION
7_

b
Three different types of seismic monitoring instrumentation were used
to record the 1986 Ohio. Earthquake. Table 5.1 and Figure A through H
and J delineate the specific instrument number, type and location.
One type of instrument used is the Kinemetrics Model SHA-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

i 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 Butiding platform which
was calibrated on January 30, 1986, all instruments of this type were

. () calibrated during January 1985. See Appendix B for further

instrumentation details and data tabulation.

5.1'

_ . _ _ _ _ _ _ - _ _ _ - _ - _ _ - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
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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 Foundation 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 f rom the in-plant seismic instruments have been

used in the evaluation.j

,

l
I
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1

4
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f
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PERRY NUCLEAR POWER PLANT UNIT NO.1

SEISMIC MONITORING INSTRUMENTATION

T A B L E 5.1

'" "
Type Manufacturer / Model Number Location Referenceser

Reactor Building
"" d tD51-N 101 (1) Kinemetrics / 5MA-3 Figures A and B
eva ,0 7 _10

Azimuth 175*

Reactor Building

f, ntainme686' 0. ' Figures A and Cv 55D51-N111 (1) Kinemetrics/5MA 3

Azimuth 174*

Reactor Recirculation Pump
I '"$'d ( d'" }D51-R 120 (2) En0dahl / PAR-400 ' Figures A and DDe a 5 0" ( A prox )
Azimuth 145*

D51 R130 (2) Engdahl / PAR-400 OUT OF5ERViCE

Auxiliary Building
Foundation MatD51-R140 (2) Engdahl / PAR-400 pigures A and E( HPCS Pump Rcom )
Elevr* on 568'-4~

-.

1 Triaxial Time-History Accelerograph
2. Triaxial Peak Accelerograph
3 Triaxial Response Spectrum Recorder

O O O
.

-



Page2 of 2

PERRY NUCLEAR POWER PLANT UNIT NO.1

SEISMIC MONITORING INSTRUMENTATION

T A B L E 5.1

'" "
Type Manufacturer / Model Number Location Referencesu er

Reactor Building
un atioD51-R 160 (3) Engdahl / PSR- 1200-H / V-12A Figures A and F* 10

Azimuth 225'

Reactor Building 630' Platform
D51-R170 (3) Engdahl / P5R-1200-H / V (ln)id Figures A nd G'

g, ,t o 0 l.

Azimuth 238*

Auxiliary Building

f "p"C5 Figures A and H
da "D51-R180 (3) Engdahl / P5R-1200-H / V

u p R om )
uevation 568*-4"

Auxiliary Building
Foundation MatD51-R190 (3) Engdahl / P5R-1200-H / V pigures A and j( RCIC Pump Room )
E!evation 568'-4"

1. Trianial Time-History Accelerograph
2 Trianial Peak Accelerograph
3 Trianial Response Spectrum Recorder

O O O :
!
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.() ~6.0 PLANT SEISMIC DESIGN EVALUATION

The seismic design basis fo'r the Perry Nuclear Power Plant is
established by requirements in 10 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 seismic event also

considered in designing nuclear plants is the " Operating Basis

Earthquake" (OBE). The OBE is the strongest earthquake considered
likely to occur at a particular site and is at least one-half of the

SSE. Operations may resume following an earthquake which exceeds the
OBE after demonstrating that no functional damage has occurred to

'

safety-related plant features. (10 CFR Part 100, App'ndix A, III(c),

() V(a)).
'

The SSE can be described by means of a " response spectrum," which

depicts the maximum acceleration, velocity or displacement response

to an input excitation (here the SSE) at a specified damping value
for single degree-of-f reedom oscillators of varying natural

frequencies. The high frequency end of a response spectrum indicates
the "zero period acceleration" (ZPA) associated with the event. The

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

In the design of any plant, it is difficult to predict the exact

shape of postulated earthquake acceleration time-histories and

associated ground response spectra. Appendix A of 10 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 provided 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 recorded 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 to

reflect the ef fective maximum ground ' accelerations (i.e. , ZPA's)
expected for the SSE at that site. The SSE design response spectra

are used to dynamically analyze a lumped-mass model of the power

plant structures.

6.1 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 tur 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 f rom the simulated time-histories envelop the Reg. Guide
1.60 design response spectra (see Fig. 6.2).

Seismic Category I 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 were

(} th'en 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.
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In addition to the conservatism included in the derivation of

response spectra, there were numerous other conservatisms included in
,

,

the overall structural design of the Perry structures, systems and

[ components. Examples of some of the more significant conservatisms
are as follows*

1

1. 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 thus overestimated'

for systems having more than one dominant f requency f alling into
the broadened frequency bands of the floor response spectra.

2. Equipment Qualification by Test

-
'

. .

Equipment qualified by shake table testing used time-histories
,

| () simulated from the floor response spectra. Nhesimulated
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-histe. ties is 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.,

# 3. Strain Hardening Not Accounted For and Static Allowables Used for

Dynamic Load

!

In equipment design, material is assumed to behave linearly up to
the yield point, then to deform continuously to collapse when the

i

j d
; -(~') |s_,- ,

|

.

,

-. ...,ye, ..m.m... _ _ . . . ,..__%. .. .,_.m, -,....,_,.7...., , . _ , . . _ _ . . , , , , , , - . _ , . .,,,,,,,m.,e.,,r.~ ... ..g. . _.~_e- . . , ,-_ . _ _
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ksl external load is maintained. All material used in equipment

design exhibits characteristics of strain hardening. This means

that resistance to deformation increases'after the deformation
exceeds the yield point. Furthermore, 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 region.

4. 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 associated

with seismic alone.-
. .

() 5. Allowable Stresses

Computed seismic stresses used in design 'were consider'ed to be

primary, non-self-limiting stresses instead of secondary stresses
with a self-limiting nature. The actual behavior of seismic -

stresses is somewhere between a primary and secondary nature.

Consideration of seismic stresses as primary stresses results in

overestimated values used for design.

*

6. Damping Values

Conservative damping values were employed at Perry pursuant to

NRC Regulatory Guide 1.61. The recent ASME code case N-411

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 to 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.

6.2 EVALUATION OF THE JANUARY 31 EARTHQUAKE

~ ~

i The USGS determined the magnitude of the January 31, 1986 earthquake

(nv) to be .4 = 4.9 with an epicenter at about 11 miles (17.6 Km.) south
b

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 energy 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 induced 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 contain 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 indication of the

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, which

[} contain strong motion'only at high frequencies. The design earthquake
' ~ '

therefore contains much greater total energy.

I
~

|
[

i

-- - , -
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The maximum relative displacements f rom the 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 those of the SSE and OBE. The SRSS comparison indicates that the

recorded values of the 1986 earthquake vary f rom significantly below
OBE values to 74% of SSE values, except at elevation,686 feet of the ,

Reactor Building Contsinment Vessel. At that location, the N-S and,_

(_,) Vertical acceleration components exceed SSE values, while the E-W

acceleration component is less than the SSE value. However, the

recorded relativs 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 spectra accelerations in
certain instances were exceeded at the high frequency end of the
spectra. At lower frequencies (at or below approximately 14 Hz) the

recorded accelerations are all well under the design values (see

response spectra 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 is explained by the interrelationships

among the frequencies, accelerations, velocities, and displacements

associated with a seismic event. In general, high frequency

acceleration responses have correspondingly low velocity and

displacement responses. The 1986 earthquake accelerations occurred at

(ns -) very high frequencies. Therefore, despite some recorded maximum
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acceleration responses which exceeded SSE values at higher

frequencies, corresponding velocities and displacements (and resulting
stresses) were nevertheless acceptably loa.

As discussed, the significant indicators of structural stresses 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 the
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 Building

foundation mat durin; 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 to non-engineered buildings, which is 1

'

inch /sec (2.54 cm/sec). This shows that the BOM considers it

() acceptable for blasting work to induce velocity waves in 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 in 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 displacemnt of the event. Although some hairline 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 their cause, such
cracks have no effect on the strength and integrity of the structures.

Moreover, such cracking is judged not to be attributable to the 1986
earthquake because of the low magnitude of the event.

G
k j
v

.
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Section 7.5 of 12EE 344 " Recommended Practices for Seismic

. Qualification of Class 1E Equipment for Nuclear Power Generating

Stations," was employed at Perry. This standard recognizes that short

duration /high frequency / low energy input notions will not cause
significant structural stresses. Instead, it requires qualification ;

by long duration / broad band frequency /high energy testing to provide
conservatism.

.

,

As discussed earlier in this report, all energized plant equipment

fun'etioned during this event as designed. To confirm the lack of
impact of the high f requency accelerations on plant equipment,. CE1 is

comparing the qualification data for equipment itsted 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 acegoodate the .

recorded event.O
6.3 EVALUATION OF SPECIFIC DATA

. .

In light of the above discussion, recorde'd respon'ses at' particular ;

,

locations can be evaluated. At all four instrument locations

recording response spectra, SSE design spectra are all well above the
recorded spectra in the frequency range of I Hz to 14 Hz (see Figs. D1
through D12). These figures compare recorded data with the
appropriate design spectra at adjacent elevations. These figures also
compare the data f rom dif f erent types of seismic instrumentation at ;

j the same elevation.

At higher frequencies, the design spectra are exceeded by recorded
values in certain cases. However, the corresponding displacements

based 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 f requencies are insignificant despite acceleration
'

exceedences.

._. - - _ , _ . _ .. - .. - - - - - . - _ _ . , _ , . - . _ . - _ . - _ -
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- In evaluating all-the spectra data recorded at the various locations.

i it was noted that the acceleration responses at the Reactor Building

Platform outside the Biological Shield Wall varied f rom the general

pattern of responses recorded at the other three locations. The

recorded N-S 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 coeponent exceeds the SSE spectra at

i

the high frequency end (see Figure D-9). This response may be due to'

the fact that this particular Engdahl PSR-1200 instrument is located
near multiple supports and piping system snubbers and components.
Actuation of snubbers or local loads induced by nearby components say

thus have influenced the recorded vertical response. Such impacts

would be of a local, secondary nature. Regardless, the low energy,

short duration, high frequency nature of the event indicates that
these accelerations had no structural significance. Indeed, the

recorded displacement spectrum value is only 0.023 inches (0.06 cm) at
25 Hz at this location.

O
~

In general, the high frequency acceleartion content of ground motion
will be filtered out by buildings and thus W11'1 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 is exhibited by the responses recorded at the Reactor
Building mat and elevation 686 feet of the Reactor Building
Containment Vessel. A very high frequency p-wave was recorded at the

i

! ' Reactor Building foundation mat. The time-histories shown in Figures
!

! 6.4 through 6.9 indicate that this p-wave (appearing during the first
second 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 transmitted to the
higher elevations. The explanation for this involves the structural

l
~ characteristics of the buildings on the Reactor Building foundation

mat. The Reactor Building consists of multiple structures sitting on

O,

,

!

- _ - _ _ _ _ - - _ _ _ _ _ _ _ - _ _
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a common foundation mat--a concrete shield building, steel containment
t

i vessel, concrete drywell wall, and biological shield wall. The

- structural response of each building influences the responses of the
others. The f requencies, mode shapes and participation factors of the
two most dominant vibration modes are at roughly 4 Hz and 18.4 Hz, as t

shown in Figures 6.11 through 6.13. These two dominant frequencies

correspond to the peaks at 4 Hz and 20 Hz on the recorded spectra for
the Reactor Building at the sat .and elevation 686 feet. The input

I'-

h motion at 20 Hz (corresponding to the s-wave) was amplified by this i

latter mode with some rigid body motion. The 20 Hz input was thus not

( filtered out but did appear at the higher elevation. As discussed,

the acceleration peaks at 20 Hz at this location correspond to very
small relative displacements and thus are not significant in an
engineering sense. !

6.4 CONCLUSION |

[

!

() 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 4arthquako

had no adverse effects on-the Perry structures, systems, or

components, and no changes to the Perry seismic design basis are*

,

required. j

I:

I'

.
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O O .
O

TABLE 6.1
N

" Comparison of Design Displacements' VS Recorded Displacements'
( Expressed in centimeters /one inch = 2.54 cm )

COLUMN 1 COLUMN 2 C O L U M N 2 minus C O L U M N 1

Reactor Building Reactor Building
Foundation Mat Containment Vessel Relative Displacements
Elevation 574*-10" Elevation 686' for the
SMA-3 ( Kinemetrics) SMA-3 ( kinemetrics) Containment Vessel
D51-N101 D51-N111

Recorded 0 09 0 17 0 08

N5 55E O044 0 28 0 24

OBE 0 023 0 17 0 15

Recorded 0.16 0 21 0 05

EW SSE O044 0 28 0 24

OBE 0 023 0 17 0.15

Recorded 0 05 0 07 0 02

VERT. SSE O 02 0 37 0 017

OBE O013 0 022 0 009

Recorded - - 0.1
8SRSS SSE - - 0.34

OBE - - 0.21

1 Displacements based on same time-step to determine relative displacements
2 Square-root-of the-sum of the squares

__.
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i O O O
TABLE 6.2

Comparison of Design ZPA's' V5 Recorded ZPA's
( Empressed in g values)

Auxihary Building Reactor Building Reactor Building Reactor Building Reactor Building
Foundation Mat Foundation Mat Recirculation Pump Platform Containment Vessel
Elevation 568" Elevation 574*-10- Elevation 605' Elevation 630' Elevation 686*
PAR 400(Engdahl) SMA-3 (Kinemetrics) PAR 400(Engdahl) Inside Drywell SMA-3 (Kinemetrics)
D51.R140 D51-N101 D51-R120 PSR 1200 (Engdahl) D51-N111

D51-R170

Recorded .17 .18 .32 .09 .55

NS SSE .17 .18 1 06 .48 40

OBE .10 .10 .86 .40 24

Recorded .06 .10 .11 .16 .18

EW SSE .20 .18 1.06 48 40

OBE 10 .10 86 .40 .24

Recorded .03 .11 .05 Note 2 .30

VERT. 55E .20 .18 .47 .28 .24

OBE .10 .10 38 .16 .15

Recorded .18 .23 .34 Note 2 .65

SRS$' SSE' .33 .31 1.57 .73 .62

OBE .17 .17 1.27 .59 .37

1 Zero period acceteration of structural response
2 ZPA indeterminable from available data
3 Square-root of-the-sum of the squares
4 Licermng baus is SSE

;

l
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TABLE 4.3
EQUIPMENT LIST AT AUXILIARY BUILDING ELEVATION 568'

1822P0001 LPCS Instrument Rack
1H22P0017 RCIC Instrument Rack
1H22P0018 RER Instrument Rack A

1H22P0021 RHR Instrument Rack B

1822P0055 RHR Instrument Rack C

1C61N0001 Differential Press Transmitter
1E12N0007A,5 Differential Press Transmitter
1E12N0015A,B,C Differential Press Transmitter
1E12N0026A,8 Pressure Transmitter
1E12N0028 Pressure Transeitter
IE12N0050A,B Pressure Transmitter
IE12N0051A,B Pressure Transmitter
1E12N0052A,B,C Differential Press Transmitter

|
~ '

IE12N0055A,5,C Pressure Transmitter
1E12N0056A,B ,C Pressure Transmitter
IE12N0058 C Pressure Transmitter
1E21N0003 Pressure Transmitter

,

1E21N0050 Pressure Transmittert

1E21N0051 Plow Transmitter

1E21N0052 Pressure Transmitter
1E21N0053 Pressure Transmitter
1E21N0054 Pressure Transmitter
1E31N0075A Pressure Transmitter'

1E31N0077A Pressure Transmitter
1E31N0083A,8 Pressure Transmitter

1E51N0003 Differential Press Transmitter

1E51N0050 Pressure Transmitter
1E51N0051 Differential Press Transmitter
1E51N0053 Pressure Transmitter
IE51N0055A,B ,E,P Pressure Transmitter
1E51N0056A, E Pressure Transmitter

1E12C002A RHR Pump & Motor
IE1200028 RHR Pump & Motor
1E12C002C RHR Pump & Motor
1E21C001 LPCS Pump & Motor
1E22C001 HPCS Pump & Motor

,

O.

J l

j
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7.0. CONFIRMATORY PROGRAMS

Within hours of the earthquake, CEI's geophysical consultant had set
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 it is determined that no further af tershocks are
anticipated. In addition, CEI is cooperating with the U.S.
Geological Survey and others who are studying the earthquake.

CEI has instituted a specific procedure (OM19A: 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 event

-

have been documented as Earthquake Inspection Team Items ("EITI's").
Engineering has evaluated each EITI to determine whether the item was

a direct result of the earthquake. The results of the evaluation are

shown in Appendix E. The two EITI's determined to have been caused
by the earthquake, and those with an " indeterminate" cause (i.e.,
where it cannot be definitively established that the condition

existed prior to the earthquake), were identified and documented as

discussed above. None of these items is associated with any plant
structural damage. It is anticipated that minor rework or repair
will be done on some of the items in accordance with CEI's normal
program to correct nonconforming conditions. CEI's procedure
provides that all potentially earthquake related EITI's will be

maintained in the "as found" condition until revieded 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 CEI's i

new procedure for earthquake related items.

O
7.I
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Enginsaring evaluatien results for these itsas are being documented
~

and traeked. 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.

CEI has not identified any plant structural damage associated with'

potentially earthquake related items identified on new WR's.
4

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

i The organizations performing these studies include the Seismic Owners
Group (SOG), the Seismic Qualification Utilities Group (SQUG), and

o

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

i been focusing on eastern seismicity hazard analysis, with EPRI
managing the program effort. SOG will review the Perry earthquake as

' part of this work. 'SQUG has focused its effort on the seismic
qualification of electrical equipment. SQUG intends to review the

,

; - Perry data presented in this report, and will integrate this
information into their studies. EPRI has been supporting SQUG by-

sponsoring projects to resolve issues associated with equipment
,

qualification, focusing on test data, adequacy of equipment
anchorages, and post earthquake investigation programs.;

i

These industry groups all visited the site shortly af ter the seismic
,

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 CEI 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

i response to the seismic event was properly handled. The Perry
experience will be used in EPRI's development of. generic

O post-earthquake ine stigation methods.
.

7.2

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



8.0 SUMMARY AND CONCLUSIONS

),_)
The seismic event which occurred on January 31, 1986 has been

thoroughly studied and its effects on the Perry 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 number 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 contrast 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 carthquake, in effect, constituted a proof test

of Perry's seismic design. By any standard the Perry Nuclear Power

9 Plant passed that test. The earthquake presents no new information

which would change the previously accepted licensing basis for the
plant.

8.1
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On January 31, 1986, a (M 5.0) local earthquake was recorded by
*

t
- the strong-motion instrumlintation 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 repozt describes the processing of these strong-motion
records and presents the results. Included are the uncorrected

3 accelerograms, corrected acceleration, velocity and displacement
,[ time series, and response spectra.

2.0 INSTRUMENTATION

2.1 Model SMA-3 Accelerograph
,

b 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.

R The force balance accelerometers in the SMA-3 have a nominal
e natural frequency of 50 Hz and damping of 65% critical,

providing flat (-3dB) response from DC to 50 Hz. The nominal
i sensitivity of each of the three channels is 2.5 volts /g with a

full scale response of 1.09 The dynamic range of the
; a ccelerograph is nominally 40 dB, giving it a resolution of
i approximately .01g.

; The trigger in the SMA-3 has a flat (-3dB) response from 1 to 10
P Hz and a nominal trigger level of 0.01g.

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 SMA-3 accelerographs which recorded' the event-

. were 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.
'!
1

N Sens., Nat. Freq., Damping
g Ber. No. Channel v/g nr . t critical

165-1 long 2.48 52.3 65
tran 2.49 53.7 65
vert 2.47 50.6 64

15..
165-2 long 2.48 52.6 67

tran 2.48 52.2 72
.E vert 2.65 50.5 66

I
TABLE 1: Calibration Data

~

i

3.0 DATA PROCESSING
e

Data from the Model SMA-3 accelerographs were played back using
j j a Kinemetrics Model SMP-1 Playback System through a Data

Compenstor, digitized using a Kinemetrics Model DDS-1105 Digital
.

Data System and processed 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

'
1 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 i
deviation) and used as the timing signal for the digital
conversion time interval. The multiplexed uncorrected time
series are written on 9-track computer-compatible tape."

,

l

.
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3.2 VOL1 Processing.

The digitized data were demultiplexed and scaled to acceleration
units using the Table 1 calibration data. The mean was then j,

subtracted from each acceleration time history. The new time l

histories were then written in a Kinemetrics' VOL1-format disk i
'-

file.
t

The three uncorrected acceleration time histories from each2

SMA-3 record were then plotted; these plots are included in the
data section of this report.

3.3 VOL2 Processing
,

i
The recorded accelerograms were then instrument and baseline '

corrected using Kinemetrics' VOL2 program. This program is

.I based upon the VOL2 program developed at Caltech (Trifunac and
Lee, 1973). No major modifications to the original VOL2

g algorithms have been made.
,

f| The data were bandpass filtered using Ormsby filters. The
: low-pass filter had a cut-off frequency of 35 Hz and a
: termination frequency of 40 Hz. The high-pass filter had a

cutoff frequency of 0.625 Hz and a termination frequency of 0.4,

Hz.
2

t Output of this program consists of a plot of corrected
] acceleration, velocity and displacement for each component of

3 recorded data. These plots are presented in the data section of
/ this report.

.

3.4 VOL3 Processing

Linear response spectra were calculated from the corrected
acceleration time histories using the algorithms developed by
Trifunac and Lee. Response spectra were calculated for damping

D ratl of 0, 1, 2, 4, and 7 percent. The period range of these
sp e . .t u ; was 1.68 to 0.0283 seconds (0.59 to 35.4 Ez) with
osci.' l e ' response calculated at 1/24 th octave intervals.

Two types of plots were produced and are included in the data
l 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

spectrum vs. frequency.
..
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1 APPLICATDN NOTE
..

J
Conditioning and Correction of Strong i

[ 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 publishedI 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.I Figure 1, "Kinemetrica 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 Figure
1 are references to the following paragraphs: 1.0--Data Playback,

i 2.0--Analog-to-Digital Conversion, 3.0--Data Conditioning, and
4.0--Data correction.

There are two " tape speed" errors in all FM analog re-
. cording / playback systems. One " error" is a change in apparent l

[3 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"
l 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.~

l
1.0 Data Playback

1.1 The playback system is a Model SMP-1 (Figure 4). If the
SMP-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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" 'm is Recorded }

Earthquake
j

l-
Data Playback File at Planti

e *

Using SMP-1 at plant, - SMP-1 hard copy strip
, produce strip chart records
! -

charts clearly labeled

* Transmit Data
1 ; Cassettes transmitted to-'

Kinemetrics in Pasadena

Data Playback
Raw Data

Using SMP-1 et Kinemetrica,
- 1. Cassettesconnected to A-to-D converter, 2. SMP-1 hard copyproduce parallel strip charts

Analoe to Digital ConversionI At Kinemetrics, using D05-1105
or DataSeisR
1. 3 channels per cassetter

acceleration in x,y,and a

1
Data conditioning

Uncorrected DateUsing computer

b 1. Demultiplexing Uncorrected accelerograma on"

2. Linear baseline correction 9-track computer compatible
3. Engineering units tape and plot of time series

O* Data _ Correction
Corrected Data

corrected accelerograms andUsing computer integrated velocity and1. Instrument correction displacement
2. Baseline correction 1. Plots of all time series
3. Integrated velocity 2. 9-track computer compatible

and displacement tape of acceleration
3. Card decks optional

Data Reduction Reduced Data
Using computer
1. Damped Response spectra . 1. Picts of Response spectre
2. Fourier Amplitude spectra 2. Plots of Fourier spectra'

Transmit Data to Owner
1. Raw Data

f 2. Uncorrected Data
'. 3. Corrected Data

3 4. Reduced Data

1,

Data Analysis.

i ,

I

'

.

FIGURE 1 Flow Diagram for Kinemetrics E.D.R.S.; ,

(Earthquake Data Reduction Sequence)
,

I... -_. . _ _ _ _.--_- ----------.
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Channel 1 Q -
- h d;; Vjqc)f J'{ I l, hlg

(see Figure 4)

Uncompensated Earthquake Record

A

=4h #. .L 3_ t _ f / J _ A .1.1 l _ t
i .. > J._, .: J 1. ->sLA- a .1 i L l J J LChannel 4

g TFI I I'I r e i r 3 r t r r 1, , rivrrT17 ss7 TT U TI

(sce Figure 4)

1024 Hz Time Compensation Channel

A
$

f

..h C M M. A A AM i ann kaaAAun........ __ _l\channel 4 - - - _ _ - -r..g w yy vu y /-v v y vvv y y -- -- --

subtracted from j
Channel 1

Final Record Following Amplitude Compensation

FIGURE 2 Amplitude Compensation
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SMP-1
Magnetic Tape Playback System Jj
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FIGURE 4 w
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The SMP-1 is a iersatile magnetic tape playback provides immediate visual playback capability of '

system designed for use with the Kinemetrics recorded acceleration data.
SMA 2 and SMA 3 Magnetic Tape Acceleration The SMP 1 is portable and may be operated either '

Sy:3tems. The combination of the SMA-2 or SMA-3 from 110 Vac or internal rechargeable batteries.
Acceleration Systems with the SMP 1 Magnetic Optionally the unit may be mounted in a standard
Tape Playback System meets the applicable re. 19-inch cabinet. An internal battery charger is
quirements of US NRC Regulatory Guide 1.12, and included with the unit.

,

I

,

KINEMETRICS INC., TWO TWENTY TWO VISTA AVENUE, PASADENA, CA. 91107 (818) 795 2220 TELEX 67-5402 KMETRICS PSD
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) which appear on the chart recorder are amplitude compensated.
' l.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 Compensator is used, the electrical signals are
amplitude compensated by electronic subtraction of Channel 4 from

i 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 If the signals are to be processed on a computer, there
{are two options:

l (

1.3.1 Use the Data Compensator for amplitude
compensation.

1.3.2 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
connectegtotheAnalog-to-DigitalConverter,ModelDDS-1105or
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

g analog-to-digital converter is used with normal full scale of 15
g- volts.

2.2 The FM Time reference output (Channel 5 of Figure 4) is
I 1,024 Hz plus or minus tape speed error. This signal is divided

down by four (256 Hz 1 deviation) and used as the timing signal
for the digital conversion time interval. Thus, the accelerogram

0
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 og analog-to-digital convertersother than DDS-1105 or DataSeis

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

l
.

'e

4

g

2

1
.

i..
_ _ _ _ _ _ . _ _ . _ _ _ _ _ _ _
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(_) multiplexed (i .e . , 1, 2, 3, 1, 2, 3, l i 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 thes

g Data Compensator module.

I 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 j

Figure 6 illustrates the flow of the " Data Correction"
software. The. purpose is to present corrected acceleration data

* and integrated ground velocity and displacement curves in as
accurate a form and over as wide a frequency 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! ' ament correction is introduced to compensate for thea
acceleromeie.s' frequency response. The Caltech publication EERL

n 71-05 discusses the approach used. The baseline correction uses
y an Ormsby high-pass filter. The technique is explained in Caltech

publication EERL 70-07.

6
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.
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A Multiplexed amplitude-compensated ( INPUT: 3accelerograms, channels 1,2,3,1,2,3,....

1 = longitudinal axis, Allt) Uncorrected Accelerogram A(t).

s 3 2 = transverse axis, Attti (256 samples per second )
3 = vertical axis, Aytt)

each at 256' samples per second.
Data are offset binary representation

amplitude in volts.
e

tow-pass filter Att) by using
Ormsby filter to get A (t)

1

1P

Demultiplex raw accelerograms
into three files:

File 1 = A (t)I 1
File 2 = Ag(t)
File 3 = A tt) (y

Perform instrumental correction
{of Agit) by using differential

I equation approach to obtain A (t).2See Reference EERL 71-05

Transform offset binary numbers
to volts, according to

h-1Volts = 5

Perform baseline correction of A 2ILI
by high-pass filtering the data sith-

Ormsby filter to get A3(tl.<,

See Reference EERL 70-07.k Perform linear baseline correction by
calculating mean value for each file
and subtracting this value from each
data point in the file.

OUTPUT

8
1. Corrected accelerogram A (t)"

3
Amplitude values in volts are transformed 2. Velocity time history
to units of g, using individual accelerometer (3. Displacement time history j
sensitivities

OUTPITf:
( Uncorrected Accelerograms, A(t).

I 256 samp1(s per second' +

l-

i
-

i FIGURE 6
i FIGURE 5

'

i Data Conditioning, E.D.R.S. Data Correction, E.D.R.S.

\ (' w/
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FIGURE 7,

SANTA BARBARA EARTHQUAKE AUGUST 13, 1978 - 1555 PDT
GOLETA SUBSTATION SCE, 34 28.0'N, 119 53.l'W COMP UP

, '

o PERK VRLUES RCCEL = 105.9 CM/SEC/SEC VELOCITY = -5.6 CN/SEC Ol5PL = 1.0 CH,

-250 - BANDWIDTH 0.03, 4.0 SEC
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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 central recorder. The j
h Playback System, meets the requirements of U.S. TS-3 triaxial seismic tngger is standard with any SMA-3 I

c
L NRC Regulatory Guide 1.12 and is being used at over system. The SMA-3 comes supplied with two cassettes

'

j 90 nuclear power plants around the world. per recording section, and all mounting hardware and
mating connectors for the specified number of triggers
and accelerometers.

..
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GENERAL DESCRIPTION
Ml i

The SMA-3 is a versatile multichannel acceleration record-
' E~ ny C

ing system. It is self-actuating when a local earthquake f .--. 4

16
.

I 2- I (exceeds a predetermined level of ground acceleration. 3
,

3 |When acceleration falls below the preset value, the
-

.- rM !SMA-3 automatically returns to the standby condition. _ _ _
'u "

- O!Y
7

The standard FBA-3 triaxial accelerorneter package is ap-
_ . _ T O [O -

.-

^O-
-

6proximately a 20 centimeter cube, it contains three to'ce- -j
]}

aga accepts calibration commands for damping and
? ? * *

4**

- Js ; a'
balance acceleration sensors. The accelerometer p;ck- --

O O I3
****

natural frequency.

Eech accelerometer signal is buffered, frequency g , g
~

*=*mcdulated, 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 I.
is common for all recording tape transports in the system. y ) .

'
TECHNICAL SPECIFICATIONS _

b kjN&SEISMIC TRIGGERS (Model TS-3) g

$ 9 i
<

Type: Triaxial acceleration tngger --- --

A '

Housing. Cast aluminum. waterproof .

,

Set Point: 0 01g standard, field adjustable. 0 00Sg to 0 05g ,1 L _ -- , o a,__

Opton Ad ustment range of 0 025g to 0 25g ORDERING INFORMATION, SMA 3i
Current Drain. 0 45 mA in standby: 60 mA operating

Kinemetrics Part Number: 101100
TRANSDUCERS (Model FBA-3) Strong Motion Acceleration System, including:

Type: Force balance accelerometers One tnaxial seismic tngger, Model Ts-3
Housing: Cast aluminum, waterproof Specify tnggenng threshold (0 01g standard) ;,

Bandwidth: 0 to 50 Hz Specify number of additonal tnggers if desired
'

'

Range: z Ig tuli sca!e
Output. 2 2.5 V full scale Up to nine tnaxiai acceleration sensors. Model FBA-3.1 Og full scale
Damping: 70% of cntical Cost Opton-Model FBA 11 unianial sensor ri
Natural Frequency: 50 Hz Cost Opton-Model FBA 13DH downhole tnanial sensor y
Cahbration: Damping and natural frequer cy recorded by :ommand Opton-Range 0 25g. 0 5g. 2 0g full scale 6
Temperature Range. -20' to 70' C (O' to 160' F) Specify number and type of sensors. up to 27 channels
Temperature Effects. 15% of full sca!e over operating range

Upt nine tnaral tape rec rding m dutes, with cassettes {RECORDING SYSTEM Cost Option-Flame resistant winng .

b
Type. Frequency modu!aton Specify number of channels, up to twenty-seven

Tapa Four track magnetic tape cassette
Control / Power PanetTape Speed.1-7/8" per second

Recording Time. 30 minutes Cost Opton-Converson to 220 Vac
.

Bandweth. O to 50 Hz
Accessories:Dynamic Range 40 dB from 15' to 35' C (with SMP-1)

Modulaton Frequency- 1000 Hz 2 50% rnodulaton.
Timing Frequency: 1024 Hz 10 2% interconnecting Cables for seismic tnggeqs)

System Accuracy (with SMP-1) 5% at full scale, changing linearty Cost Option-Flame retardant cabie
to 1.5% of full scale at 0 01g Specify lengths required. up to 1500' to each tagger

Start 4;p Time: Less than 0.1 seconds
Event Alarm: Normally open contacts, rated 1 amp @ 12 Vdc. Interconnecting Cables for remote accelerometers

I
Event Indicator: Electromagnetic visual display Cost Opton-Flame retardant cable

Specify lengths required up to 1500' to each sensor

POWER SUPPLY
19-inch Rack Mounting Cabinet

Two 12 V intemal rechargeable battenes An intemal battery charger. Cost Opton-Seismically braced cabinet

operating from 110 Vac, is supphed.
Tape Playback. Model SMP 1 (see SMP-1 data sheet)

OPERATING ENVIRONMENT ) .Soares and Supphes:

Temperature. O' to 55' C (30' to 130' F) Magnetic Tape Cassettes, Part #700030

Humdry: Remote packages.100% R H. Desiccant Envelopes. Part #700049
Cabinet mounted pane's. 80% R H non<;ondensing 12 V Battenes (pair). Part #103413

@Kinemetrics July 1985
Printed in U.S.A.
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|

1. INTRODUCTION
I 1
'V On January 31,1986, the effects of a seismic event were recorded by

the Engdahl PSR1200, Peak Shock Recorders and PAR 400, Peak
Acceleration Recorders at the Perry Nuclear Power Plant 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
Feb'ruary 2,1986. Photographs of all of the scribed 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 DESCRIPTIONS

2.1 PEAK SilOCK RECORDER (Response Spectrum Recorder
and Response Spectrum Switch)

The Model PSR1200-II/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

3 Society Standard ANSI /ANS-2.2-1978, " Earthquake Instrumentation
sj 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 llZ in 1/3 octave
increments. Damping of each accelerometer is nominally 2% It is
cornpletely 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-II/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
LJ
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_ 2.2 PEAK ACCELERATION RECORDER (Peak Accelerograph)
'

- The Model PAR 400, 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 liertz with a sensitivity as low as
.01 g. The recorder is nominally 60% damped. A diamond tipped:

scriber 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 INSTR UM ENTS

3.1 D51-R160 - REACTOR BUILDING FOUNDATION
,

1

Triaxial Response Spectrum Recorder (PSR1200-II/V-12A)
Location - 574' Reactor Building foundation mat, azimuth

210 (see drawing D-811-801 and D-814-663-909)
Active scratch recorder, which alarms on control room panel

1H13-P969, annunciator panel D51-R215
Most recent calibration on 1-14-85. *

'

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

. Triaxial Response Spectrum Recorder (PSR1200-!!/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 M AT

Triaxial Response Spectrum Recorder (PSR1200-II/V)
Location - IIPCS 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 operable).
Previous calibration on 1-14-85. *

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

O
!
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3.4 D51-R190 - RCIC PUMP BASE M AT
'~

- Triaxial Response Spectrum Recorder (PSR1200-II/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 (PAR 400)
Location - inside Drywell - 574' elevation. (see drawing D-811-602

and D-814-663-906). Located on recirculation pump B33-C001 A.
Most recent calibration 12-4-85.*

3.6 D51-R140 - HPCS PUMP BASE M AT
Peak Acceleration Recorder (PAR 400)
Location - Auxiliary Building - 574'
HPCS Pump Room - Auxiliary Building foundation mat 574'

(see drawing D-814-633-908 and D-811-701)
Most recent calibration on 1-30-86. *

4. 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 field representative of Engdahl Enterprises. An independent

q data reduction made by Engdahl Enterprises on February 2,1986 is
Q 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 scratches 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 Kinemetries Time-liistory
recorders **) has established the validity of the data reduction.

**Kinemetries/ Systems, " Strong-Motion Data Report for the ML 5.0,
- Earthquake of 1147 EST, January 31,1986" (February 4,1986)

5 Document No. 120910 N/C
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O 5.1 D51-R120, Reactor Recirculation Pump andV D51-R140, HPCS Pump Base Mat

The records from these PAR 400 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 Kinemetrics Time-liistory 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-liistory 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 I.D.W. 630' Platform
.

The most readable of the PSR1200 records were on the Reactor
Building I.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, IIPCS Pump Base Mat andO 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.

1 It is also.possible that the low 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.

7. 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.

i

hfALY f~

Paul D. Engdalg

ejw

i

,

5

p
V
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MPL NUMBER: D51-R120
LOCATION: REACTOR REClRCULATION PUMP

ACCELERATION (g)

SENSOR LOCATION |

1-31-86 2-2 86

NORTH / SOUTH (L) .32 .318

EASTM/EST (T) .10 .106 *

VERTICAL .07 .048 *

* Zero lines not clear, best estimate

O

,

O
'
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O MPL NUMBER: D51-R140
LOCATION: HPCS PUMP BASE MAT- 574'

ACCELERATION (g)

SENSOR LOCATION

1-31-86 2-2-86

NORTH / SOUTH (L) .15 .167

EAST / WEST (T) .06 .058

VERTICAL .04 .029

..

O

i

!

|O.

|
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O MPL NUMBER: D51-R160
LOCATION: REACTOR BUILDING FOUNDATION - 574'

ACCELERATION (g) -

NOMINAL
FREQUENCY North /Soeth East / West VerticalNU BER

(HERTZ)

1-31 86 2-2-86 13186 2-2-86 1-31-86 2-2-86

**
1 2.00 .027 .027 .029 .030 .007

2 2.52 .038 .038 .046 .046 013 .011.

** **
3 3.17 .062 .060 .039 .040

** **4 4.00 .032 .035 .022 .026
**

5 5.04 .067 .069 .056 .054 .018
**6 6.35 .065 .075 .054 .054 .016

**
7 8.00 .143 .133 .056 .051 .010

8 10.1 .136 .091 .176 .160 .061* .053'

| 9 12.7 .196 .227 .236 .230 .032 .038

10 16.0 .286 .305 .284 .284 .101 .111

**
11 20.2 1.04 1.02 .605 .586 .224

**
12 25.4 .7657 .766 .540 .513 .329

* "C" surface
** Unreadable

O
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I

MPL NUMBER: D51-R170
LOCATION: REACTOR BUILDING 1.D.W. 630' PLATFORM - DW 630', 240* i

|

|ACCELERATION (g)

NOMINAL
FREQUENCY North / South EastsWest VerticalNU BER

(HERTZ)

13186 2-2-86 13186 2286 1 31-86 2-2 86

1 2.00 .047 .048 .049 .051 .007 .007

2 2.52 .082 .082 .086 .084 .013*

3 3.17 .184 .184 .144 .140 .015 .014

4 4.00 .226 .223 .128 .127 .023 .023

5 5.04 .132 .134 .158 .158 .035 .033

6 6.35 .131 .134 .058 .055 .033 .030

7 8.00 .104 .104 .109 .090 .019*

(2)

8 10.1 .093 .093 .052 .093 .085*

O (1) (2)

9 12.7 .188 .182 .166 .080 .198 .199
(2)

10 16.0 .194 .204/ .348 .312 .490 .500
.167

11 20.2 .152 .152 .191 .175 .973 .973

12 25.4 .114 .091 .155 .158 1.7 1.54

* Unreadable
(1) Unusual appearance
(2) Very difficult to read - best estimate

i
<

O
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MPL NUMBER: D51-R180
LOCATION: IIPCS PUMP HASE MAT - 574'

ACCELERATION (g)
!

NOMINAL t

FREQUENCY North / South East / West Vertical *NU BER
(HERTZ) !

:

|1 31-86 2-2 86 13186 2-2-86 13186 2-2-86

1 2.00 .0198 .020 .022 .021 - -

2 2.52 .0358 .036 .033 .031 - -

3 3.17 .0677 .068 .045 .048 - -

4 4.00 .0474 .047 .022 .020 - -

5 5.04 .0637 .064 .033 .029 - -

6 6.35 .0735 .068 .054 .050 - -

|

7 8.00 .0473 .052 .046 .046 - -

8 10.1 .0744 .074 .566 - -
**

9 12.7 .125 .149 .182 .176 - -

10 16.0 .4582 .449 .253 .214 - -

11 20.2 .9130 .896/ .413 .429 - -

.432

12 25.4 .6100 .610/ .191 - -
**

.293
,

* Not in service
** Unreadable

i

I

o
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!

MPL NUMBER: D51-R190
LOCATION: RCIC PUMP BASE M AT - 574"

ACCELERATION (g)

NOMINAL
FREQUENCY North / South East / West VerticalNU BER

(HERTZ)
l

13186 2-2 86 13186 2 2-86 1-31-86 2-2 Ji

** **
1 2.00 .021 .018 .026 .022 i

**
2 2.52 .039 .030 .031 .021 .013

(1)
'* * ** **

3 3.17 .024 .017
**4 4.00 .0367 .031 .028 .023 .029

|** **
5 5.04 .0305 .045 .037 .038

** **
6 6.35 .0896 .065 .057 .048

7 8.00 .0750 .040 .068 .034 .019 .014
* * ** **8 10.1 .097 .044

O 9 12.7 .130 .124 .142 .136 .053 .024

10 16.0 .409 .400 .162 .162 .082 .055
** **

11 20.2 .810 .794 .237 .099

12 25.4 .556 .557 .156 .256 .256**

(1) Mathematical error corrected. Originally reported acceleration 0.198.
* Unable to read due to corrosion
** Unreadable

O
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|

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

DUAL RECORDS

|

ACCELERATION (g) j

NOMINALREED
FREQUENCY North / South EastsWest VerticalNUMBER

(HERTZ)

1-31-86 2 2-86 1 31-86 2-2 86 1-31-86 2 2-86

1 2.00 - - - .006 - -

2 2.52 - - - .009 - -

3 3.17 - - - .010 - -

4 4.00 - - - .026 - -

,

i

5 5.04 - - - .054 - -
'

6 6.35 - - - .035 -

7 8.00 - - - - - - ,

-

1

8 10.1 - - - - - -

9 12.7 - - - - -

10 16.0 - - - - -
i

11 20.2 - - - - - !

!
12 25.4 - - - - - -

|
1

I
i
i

i

|

I
1

O
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data and decide whether or not structuralIntrOduCt.lOn damage had been sustained. j

Traditionally, measurement of acceleration has To simplify the design of shock resistant
structures, dynam, cists frequently define shocksi ,

| implied measurement with the aid of a device
whose resonant frequency was far removed from and earthquakes m terms of response shock
the frequency range of interest. A typical spectra. Basically, a response shock spectrum is a

accelerometer for aerospace applications might pl t of acceleration vs. frequency m which each
have a mass of 10 grams and a resonant p int represents the peak acceleration experi-
frequency of 10 kHz or higher. Such devices enced by an accelerometer tuned to that specific
were designed primarily for attachment to a frequency. The range of frequencies covered by

structural member to measure its response to the peak shock accelerometers corresponds to
shock or vibration. Their low mass was necessary those found m most structures, systems, and
to avoid modifying the characteristics of the c mp nents. Since all structural elements

device under test, while the resonant frequency p ssess s me I w mherent damping, the Peak
Shock RecorderTM has been designed with 2%had to be at least five times that of the highest

frequency of interest. At the other end of the f critical damping. The output obtamed is thus
directiy applicable to structural design andspectrum, earthquakes and other low frequency ,

""#'YS"'phenomena are conventionally detected and
recorded using instruments whose resonant
frequencies are much lower than the frequency A response spectrum may be derived from the
range of interest. conventional acceleration vs. time record of a
A structure such as a large office building, a suitable recording accelerometer, but this in-
missile silo or an electrical generating station has volves either digitizing the records followed by
many members and subassemblies with a wide computer manipulation of the data or the use of
range of resonant frequencies, and many of a large amount of auxiliary equipment. The first
these are lightly damped, i.e., a shock will cause method is time consuming, while the second is ))them to " ring" for a relatively long time. To expensive. The Model PSR1200-H/V is an inex- 1

measure the effects of an earthquake or other pensive instrument requiring no source of
shock on such a structure in the traditional way, power, and virtually no maintenance. It provides t
would require a very large number of trans- a permanent record of data from which the

}ducers and a complex data acquisition system response spectrum may be plotted by a very l

followed by computer analysis to digest the raw simple reduction process. |
|

uc rdu Hsu the resonant frequency andDescription g-sensitivity of each reed.

-V designates a recorder designed for vertical
shock recording (compensated for earth's

The Model PS R1200-H/V, Peak Shock Re- gravitational force). -H designates a recorder
corderT M , is a completely passive device designed for horizontal shock recording.
covering the range of 2-25 Hz in 1/3 octave

The Model PSR1200 H/V-4 A/12A comprises theincrements. Damping of each accelerometer is
nominally 2E It is completely self contained. standard PSR1200-H/V plus the capability of

providing instantaneous warning signals when
Twelve reeds of different lengths and weights, preset accelerations at selected frequencies have
one for each frequency, are fabricated from been exceeded. This is achieved by adding dual
spring steel. A diamond-tipped stylus is attached contacts which are closed by the reed when it is
to the free end of each reed to inscribe a deflected through a predetermined distance.
permanent record of its deflection on one of Model -4A monitors four selected reeds, while
twelve record plates. A calibration sheet for each -12A monitors all of the reeds. I

O
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been exceeded. The remote indication that four
USes o, ,welve dual accete,a,,,n ,,,,,, have o, have

p not been exceeded provides immediate informa->

.v tion on which to act.

The Peak Shock RecorderTM can be used inThe PSR1200, Peak Shock RecorderTM , is. connection with:
useful whenever acceleration measurements are 1. Nuclear power plants
desired at low frequencies. These accelerat,ons 2. Steel millsi

may be due to earthquakes, storms, or 3. Refineries
explosions. The plot of the recorder's twelve 4. Bridges and dams
individual measurements is the response spec- 5. High-rise structures
trum of the acceleration to which the recorder 6. Oil explorations
was subjected. 7. Mines
The response spectrum switch (-A) version of 8. Ships
the PSR1200 is' useful whenever remote indica- 9. Earth studies
tions are desired that acceleration limits have 10. Towers

4

'
.

Featmes Additional keying is provided between the'

covers and housings in the form of dowel pins.
These pins prevent the cover from being put on4

upside down. They also prevent a cover from a
horizontal recorder (-H) being put on a vertical

i Dzus, quarter turn fasteners, are used to secure
rec rder (-V) or a -V on a -H.j % the cove.r, rnaking it easily removable. The cover

is clamped tight enough against the gasket Since a lower atmospheric pressure could be
bondei to the watertight housing to provide created inside the recorder than outside during

-

protection of the unit to 50 PSI (3.6 kg/Cm2) cf shipment by air, a jackscrew is provided in the
water pressure. cover to lift a corner of the cover and break the>

partial vacuum. It will also be of assistance when
The record plates are serialized so only one set the unit has been closed for a long period of
cf twelve have the same number. In addition, time as the neoprene gasket may adhere slightly
the plates have two types of slots to allow to the cover.
keying. The narrow key slot allows the plate to
slide into only one slot in the housing to its full The recorder is reliable because of its simplicity,
depth. That is, the plates all have to be in their it does not contain any of the more complex
correct locations in the housing to attach the and less reliable components, i.e., batteries,
cover. connectors, motors, and bearings. Its rugged

structure is fabricated from aluminum alloy.
- The record plates can be inserted four different Only a few parts are used. The recorder is
ways into the housing, allowing four records to self<ontained, and requires no start-up time.

*

be made before using a second set of plates. To
prevent mixing the records, all plates must be The recorder is economical in that no external
inserted for the record to appear at A, B, C, or D connections or power are required. The record
or, again, the cover cannot be attached. A plates are reusable by replating after four
viewing window is provided, and the appropriate records have been obtained. Maintenance is very
letter A through D will show so the cover need low since the unit can be unattended for long

~

not be removed to know how the plates are periods of time. Data reduction is very simple,
inserted. During shipping, a red dot is seen. This requiring only one measurement and one

r means that the plates have been removed and multiplication for each record plate to plot its
! the reed support structure is in place. point on the response spectrum.,

_s
- -

!
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The response spectrum switch (-A) ver- High impedance circuitry permits normal
sion of the recorder has all of the features operation even if switch contact resistance
of the PSR1200. exceeds several hundred thousand ohms.

Ceramic encapsulated integrated circuitsTo retain the basic reliability of the
offer maximum resistance to the effects of

! PS R1200, no batteries, motors, or bearings temperature and humidity.have been added. Electrical power is pro-;

vided from the Peak Shock Annunciator'. Finally, the heavy cast aluminum housing
of the recorder offers protection against

Every effort has been made to achieve the radiated interference or spurious mech-
utmost reliability in the switching circuitry anical operation caused by strik,ing theso as to match the reliability of the basic rec rder..

Peak Shock Recorder'. Closure of a switch<

contact sets an electronic latching switch The recorder can be used singly, biaxially,
which energizes the appropriate circuit in or triaxially.
the annunciator and holds it energized
until reset by the key-switch.e

I

i

i
.

_

-

!

!

231/8 inches
(58,7 cm)

:

|

[
.

4

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

PEAK SHOCK RECORDERS'
ON TRIAXIAL MOUNT

Switch Settings (-A version only)'

The switch settings are permanently set levels can be selected for switch contacts
to positions required by the customer's for each reed frequency, e.g., .47 g and
application. The -4A allows four dual .70 g at 3.2 Hertz. The -12A has twelve
settings, that is, the customer selects dual settings between 2 and 25 Hertz. See

j four frequencies to be monitored be- the tabulation of " Frequency and Switch
1 tween 2 and 25 Hertz. Two acceleration Setting Limits" for selection available.

|
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" Acceleration sensitivity" and record in
the " Equivalent static acceleration"

l Data Reduction column. Plot the response spectrum
.

gra ph. !

Data reduction is done by measuring the Large displacement measurements can be
maximum distance of the scratched made with a six. inch (152 mm) scale with
record from the zero line. Normally just graduations in hundreths (.01) of an inch

,

t the maximum is recorded regardless of the (.25 mm). Small displacements can be '

! < direction. List th_s distance under made using a microscope with a reticlei

r " Displacement' on the calibrat,on sheet. having graduations in thousandths (.001)i

! Multiply the " Displacement" times the of an inch (.025 mm).
a

t
s

.

'
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PEAK SHOCK RECORDER"
MODELS PSR1200-H/V-4A and PSR1200-H/V-12A

QUAltFIED TO: GUIDE FOR sil5MIC QUALIFICATION oF cLAs5 I ELECTRICAL EQUIPMENT FoR
NUCLEAR POWER CENERATING STATIONS - IEEE 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-2.2-1978, 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. NOTE: Frequency range from 2.00 to 25.4, instead of 1.00 to 30.0.

PHYSICAL
SENSORSLength 12-27/32 inches (32,6 cm) Number ofWidth 11-1/2 inches (29,2 cm) Sensing Elements 12Thickness 10 inches (25,4 cm) 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 ContactsTemperature -40*C to +85+C -4A 4 Dual ContactsAltitude To 50,000 feet (15,240 meters) -12A 12 Dual ContactsHumidity To 100% RH

RFI No adverse radiat.3d or
conducted RFI ACCURACYWater-Tight To 50 PSI (3,6 kg/cm ) Frequency 1%

2

To 10 PSI (-A) (,7 kg/cm ) Acceleration 13% at lg
2

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 Fu!! Scale
(g)Number Frequency Acceleration

(Hertz) (g) Minimum"' Maximum
(db) Ratio (Accuracy 1100M (Physical 5 tops)

1 2.00 1.6 54.5 530:1 .003 1.62 2.52 2.5 55.8 620:1 .004 2.53 3.17 4 58.1 800:1 .005 44 4.00 6 58.7 860:1 .007 6
5 5.04 10 60.9 1110:1 .009 106 6.35 16 61.8 1230:1 .013 167 8.00 24 63.0 1410:1 .017 248 10.1 34 64.6 1700:1 .020 349 12.7 8 54.5 530:1 .015 810 16.0 12 55.6 600:1 .020 12

11 20.2 4 46.0 200:1 .020 4
12 25.4 6 49.5 300:1 .020 6

*-4A Allows choice of 4 frequencies to be monitored from 2 to 25 Hertz '"

- 12A A50ws all12 frequencies to be monitored from 2 to 25 Hertz - Do not use PsR1200.H/V.A for settings under O.10 .3
** - Two switch settings for each frequency to be monitored. For lowe* settings use R5R1600 H/V.A.

g

REPRESENTED BY:
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| | Introduction

Seismic events are random events, and may occur in had been pushed to their design limits, an entirely new
remote and inaccessible locations or in built up areas. instrument was required.
Scientists and engineers frequently need to know the i

acceleration levels associated with these events, and for This requirement has been met with the Model PAR 400, j
Peak Acceleration RecorderTM. It is an inexpensivthis reason, hase developed instruments requiring no triaxial unit which requires no power supply, and ,eissource of power, which can provide permanent records

of peak acceleration. virtually maintenance free. Peak accelerations as low as
.01 g can be recorded, and the minimum bandwidth

Instruments of this type have been used for many years, extends from 0 to 26 Hertz. Permanent records are
but with the advent of the nuclear power plant, higher scribed by diamond stylii on replaceable metal plates.
sensitivity and increased bandwidth are required to The peak acceleration is computed by multiplying the
measure the accelerations induced in piping and other maximum excursion of the trace by the acceleration
equipment. Since the older types of peak accelerometers sensitivity of the recorder.

Description
The Model PAR 400, Peak Acceleration RecorderTM, Sensors are available in three natural frequencies: 32,51
senses and records peak accelerations triaxially. It is a and 64 Hertz. The assemblies are mechanically ider.tical
self-contained passive device requiring no external power and completely interchangeable, so any combination
or control connections and has a minimum band width may be included in a triaxial recorder.
of 0 to 26 Hertz with a sensitivity as low as .01 g. The record is scratched permanently on a met.I plate
Each sensor of the PAR 400 incorporates a new method which is both serialized and keyed to the recorder to
of mechanical amplification which makes it more than assure that the records are not confused among the three
five times as sensitive as previous devices. With the aid of axes. Since the record is scratched, it can be measured
optical magnification,its permanent record can be read without further processing. The record plates are in- )9 to .001 of an inch (.025 mm) or less. With a full scale se:ted through side holes in the casting without taking
deflection of .200 inches (5 mm), the -1 version (2 g off the cover.This minimizes the possibility of damaging
full scale) has a dynamic range of 200:1 (46 db). the recorder or inadvertently recording on the record

. . . plate during insertion or removal by touching the
Air damp.ing is used s.ince it is very effic.ient for its size mechanism,
and weight. Minor adjustments of damping can be made
in the field,if required.

I
t

Applications
The PAR 400 is useful wheneser low frequency peak 3. Refineries

| acceleration measurements are needed. These accelera- 4. Bridges and dams
tions may be due to earthquake, storms, or explosions.
The three records give the acceleration levels along three 5. High rise structures
mutually perpendicular axes. 6. Mines

The Peak Acceleration RecorderTM can be used in 7. Ships

} connection with: 8. Off. shore oil rigs
1. Nuclear power plants 9. Transportation shock
2. Steel mills

Features
The PAR 400 is a very sensitive, wide band, low motion. A diamond tip scriber at the end of the
frequency acceleration recording instrument. The high amplifief arm traces a very fine sisible permanent record
sensitivity is obtained by using a heavy mass to detect of the arm's excursions. The scribe line widths are on the

gc

( the acceleration, and then mechanically amplifying its order of .0004 inches (.01 mm).
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Three plates, stamped L, T, and V, respectively, are used shif t.ng between insertion and removal. If there is a
to record the excursions in the three axes. Slotted shift, the user is made aware that a problem exists.
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 To obtain wide band response, the instrument is
three plates also carries a unique serial number. This damped to 60% of critical. A preadjusted air damper is
permanent identification system eliminates the possibil. used for damping to keep the size and weight of the
ity of confusing the records. total package as small as possible.

The rugged cast a!uminum housing has three pads to The recorder is reliable because of its simplicity. It does
contact the mating surface when mounted. A single not contain any of the more complex and less reliable
screw is used for attachment. Shims can be slid under corpponents, i.e., batteries, connectors, motors, and
the appropriate pad to level the unit. The screw is then bearings. The recorder is self-contained, and requires no
tightened. A clearance hc!e is provided in the cover for start-up time.
the screw head so the cover need not be removed during
mounting of the recorder, The recorder is economical in that no external connec-

tions or power are required. The record plates are
To install the record plates, three plugs are removed reusable by replating. Maintenance is very low since the
from the side walls of the casting and the plates are unit can be unattended for long periods of time.
slipped into the appropriate holders. The plugs are of
such a size as to preclude damage to the mechanism Materials have been selected for long life even when
during insertion or removal of the record plates. Since exposed to nuclear radiation. The cast housing, along
the cover does not have to be removed to replace record with the cover and three plugs, is chemically filmed

iplates, the mechanism is nct exposed to inadvertent (alodine) and painted with epoxy paint. The gaskets jdamage.
are made of EPDM to increase resistance to radiation,

s

When a record plate is inserted, a spring-loaded pin All hardware is stainless steel. An indicating silica gel i

forces the plate to one side of the track to eliminate any desiccant is also provided to decrease the humidity inside !
the recorder.

G acceleration. The insertion produces a zero line on theside play which would introduce an error in the recorded
;
i

Data reduction is very simple reqdring only one
{plate. On removal, a zero line is also scratched. These measurement and one multiplication for each of the

zero lines should coincide if there is no mechanical three record plates to obtain its maximum acceleration. 1

j

Data Reduction
Data reduction is accomplished by mease';ng the maxi-
mum displacement of the scratched recora . rom the zero Smalldisplacement measurements can be made using

line. Normally just the maximum is recorded regardless a microscope with a reticle having graduations in
of the direction. List this distance under " Displacement" thousandths (.001) of an inch. A magnifier with a recti-

on the calibration sheet. cle graduated in tenths (.1) of a mm can be used for
medium displacements. Consult Engdahl Enterprises

Multiply the " Displacement" times the " Acceleration f ' *iC' $C E***
Sensitivity" and record in the " Acceleration" column.

SAMPLE OF A
MAGNIFIED RECORD Call 8 RATION AND TEST DATA SHEET

USING A RETICLE
!Acceleration Displace- '

Natural Sensitivity ment
Frequency (g/ inch) (inches) Acceleration jSensor (Herta) Ig/mm] Imm] (g)

4

i
L 32.3 14.0 023

*3 2. I
(.551) (.58) !

<

T 30.9 13.5 .010g (.532) (.26) d4 !

|

V 33.3 14.2 .005 #
(.559) (.13)

CALIBRATION DATA REDUCTION
,

i

__ . _ - -
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PEAK ACCELERATION RECORDER"
MODEL PAR 400

QUALIFIED To IEEE RECOMMENDED PRACTICES FoR sElsMIC QUALIFICATION OF class IE
EQUIPMENT FoR NUCLEAR POWER GENERATING stations,sTD. 344197s }

(n) 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 MOUNTING
Number of Sensing Elements 3 One (1) #10-24 Screw.
Arrangement of Elements Triaxial Level Recorder to 11* (1/16 inch in 3%
Full Scale Acceleration -1 2g inches) ( 1.6 mm in 90 mm ) by adding

-2 5g shims under the appropriate mounting pad.
-3 10 g "V" will measure the vertical accelerations.

Dynamic Range -1 200:1 (46 db) Align long side of recorder within 3' (%
-2 385:1 (52 db) inch in 5-1/8 inches) (6.4 mm in 130 mm)
-3 500:1 (54 db) of designated North / South line. "L".

Nataral Frequency (15%) -1 32 Hz (longitudinal) will measure N/S accelera-
-2 51 Hz tions. "T" (transverse) will measure E/W.
-3 64 Hz

Damping - 55 to 70% of Criticall ENVIRONMENTAL
Bandwidth -1 0 to 26 Hz Temperature -40*C to + 85'C

-2 0 to 41 Hz Humidity To 100% RH
-3 0 to 52 Hz RFI Does not radiate or conduct

Overall Within i 5% at full scale, RFl. Not affected by

Accuracy changing linearly to i 1.5% of external RFl.
full scale at 0.01 g Water Water-Tight to 70 PSI

Detail -1 .01 to .50 g 1.01 g (5 kg/cm2)
Acceleration .50 to 1% g 12% ')

( Accuracy 1% to 2 g13% Nuclear Radiation

Q] -2 .013 to .65 gi.013 g The following materials are used in the
.65 to 2 gi2% construction of the PAR 400.
2 to 5 g13% 1. Metals: Aluminum, Brass, Stainless

-3 .02 to 1 gi.02 g Steel, Beryllium Copper, Gold, Nickel
1 to 3 g 2% 2. Non-Metallic Materials
3 to 10 gi3%

2Spurious Resonances: None . ithin frequency stress A pprox. stabiiity
range C Interest oeieriptioa Maieriai Levei (R A D)

Cross Axis Sensitivity: Less than .03 g/g Paint Epoxy Low I x 108
Adhesive Epoxy 1ow I x 108
Adhesive Anaerobic Low 2 x 108
Adhesive Cyanocrylate Low 2 x 108

PHYSICAL DIMENSIONS Gaskets EPDM Lo w 1 x 108

Length 5-1/4 inches (13.34 cm) Pist on Graphite Low 2 x 108

Width 3-5/8 inches (9.21 cm) [c,'|3e," Z'n*ond $ 2xNY "d *

Height 3-11/32 inches (8.49 cm) ,

Weight 2 3/4 pounds (1.3 kg) POWER REQUIREMENTS - None
2 ource: Dow Corning Corporation. Loctito Corporation.S
Corning Glass Work. E.I. DuPont De Nemours & Com-

1 emping adjusted at nominal stmospheric pressure pony. Parker Seal Company, Raychem Corporation,D
expected at time of operation. General Electric

REPRESENTED BY:
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MODEL PSA1575 n,
PEAK SHOCK ANNUNCIATOR'

|

INDICATES THAT SPECIFIED PRESET SPECTRAL ACCELERATIONS HAVE BEEN EXCEEDED

PROVIDES CONTACT CLOSURES FOR REMOTE INDICATORS OR ALARMS

,

e EARTHQUAKES:

e STORMS
e EXPLOSIONS
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Description

The Models PSAB75 and PSA1575, Peak Shock three mutually perpendicular axes. Amber lights
Annunciators', give visual warning that pre- indicate accelerations approaching design limits
determined acceleration limits, making up a re- (normally 70%) while red lights indicate that
sponse spectrum, have been exceeded at certain design limits have been exceeded. Model PSA875
frequencies. They are designed to operate in monitors four frequencies per axis while Model
conjunction with tuned Peak Shock Recorders', 1575 monitors twelve. Both models may be i

I
PSR1200-H/V-4A/12A. Both models have three equipped with relays to operate remote indicators
banks of indicator lamps, one bank for each of or alarms. (See " Options and Accessories".)

Applications

The annunciators may be used whenever it is The Peak Shock Annunciator' can be used in
desired to indicate instantaneously the reaction connection with:
of a structure to a complex shock such as an earth- 1. Nuclear pcwer plants
quake or an explosion. The information provided 2. Steel mills
permits an immediate decision as to whether or 3. Refineries
not the operation can continue or must be shut 4. Bridges and dams
down. 5. High-rise structures

6. Mines
7. Ships
8. Off-shore oil rigs
9. Transportation shock

Features

The "AC Power" indicator lamp is fed from the all relays (if provided) should be energized. This
DC power on the printed circuit boards and permits an immediate check that the annunciator
shows that the incoming power line and the is functioning correctly. When the key is returned l

regulated DC supply are both operating normally. to the " reset" position and removed from the
switch, all indicators will be de-energized, the I

A key-operated test / reset switch is provided. It latches will be reset, and the annunciator is ready |
controls two functions. In the " test" position, all to receive signals from the Response Spectrum ;

of the indicator lamps should be illuminated and Recorder'. Once a signal has been received, the |

|
,
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appropriate lamp and relay, if any, will remain ener- Uninterruptible power supplies incorporating
gized until the annunciator is reset with the key. batteries for emergency operation can also be

provided. If power failure is anticipated, battery
Where relays are provided for remote indicators operation is strongly recommended since power
or alarms, separate electronic driving circuitry is failure will reset any annunciated signal at the
provided. Dual redundancy is thereby achieved time of failure. Two additional indicators are;

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

; power at the transformer of the battery charger. !

The second monitors the charging circuit. |-

|
|

I ~

Ie
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' MODEL PSA875
i

~ PEAK SHOCK ANNUNCIATOR'

i

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

i PEAK SHOCK RECORDERS' ,

ON TRIAXIAL MOUNT

:

.;

I

I
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TM
PEAK SHOCK ANNUNCIATOR
Models PSA875 and PSA1575

QUALIFED TO: GUIDE FoR SEISMIC QUALirlCATioN oF CLASS I EL ECTRICAL EQUIPMENT FOR O1
NUCLEAR POWER GENERATING STATIONS -IEEE GUIDE 344

Designed to meet the characteristics of the Control Room Indicator for Response Spertrum
Switch described in the American Nuclear Society's Standard ANSl/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.

PHYSICAL ENVIRONMENTAL
PSA875 PSA1575

Length 19 inches 19 inches Temperature O to +70%
(48,3 cm) (48,3 cm) ~ Humidity To 100% RHWidth 20% inches 20% inches RFI No adverse radi:ited(52,4 cm) (52,4 cm) or conducted RFIThickness 10% inches 17% inches
(26,0 crn) (43,8 cm) POWER REQUIREMENTSWeight 33 pounds 45 pounds
(15 kg) (20,5 kg) Voltage 115 VAC

Current 2% amperesINDICATORS maximum
Number of 3 3
Axes Monitored
Number of 12 36' MOUNTINGFrequencies

Bench or gMonitored
Standard 19" (48,3 cm) Relay Rack

Number of 24 72 8%" (22,2 cm) high or
Indicators 15%" (40,0 cm) high

27 lbs. (12,3 kg)

Options and Accessories (available at extra cost)
1. Relayclosures forremoteindicationandalarm. 2. Uninterruptible power supplies incorporating
One relay with Form C contacts can be provided batteries for emergency operation can be fur-
for each output indicator. A connector on the back nished within the confines of the annunciator.
of the chassis facilitates system implementation. If power failure is anticipated, battery operation is
The connector is wired for normally open or strongly recommended since power failure will
normally closed operation. reset any annunciated signals at the time of the

failure.
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 resi>tive.

REPRESENTED BY:

0|
185-1M 87s700B |
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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 mb 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 design of the Perry

( )
N/ plant's buildings, systems and components; (2) the struct. ural

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'Jed at a later date if new information developed

in() during these ongoing activities so warrants.



r

r- .

A resume of the qualifi' cations and experience of Stevenson and

( Associates is 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- '

(7_) 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 Readinas by the Kinemetrics SMA-3
Accelerocraphs

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 is 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', 111 feet

-2- -|
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above the first system and offset by less than one degree in

! U 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 1.1/

The lower instrument (Elevation 575') gave a peak acceleration

of 0.18g 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-S

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 then
( )

'

'
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.

2.2 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.

-3-
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frequency, fabricated from spring steel. A diamond-tipped sty-,_s

( )
'' 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.

2. Reactor Building Drywell Platform: Inside the drywell

platform at Elevation 630', Azimuth 240*, mounte'd as shown in
~

?~
(_h) 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 Elevacion 574'. The equipment

was being calibrated at the time of the ear hquake. Pra-ivus

calibration was on January 14, 1985.

/~~N -4-O.
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The readings taken by these four instruments are discussed in

U 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' platform (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 1.2/

2.3 Location and Readings of the Enodahl Peak Acceleration
Recorders

The Engdahl Model PAR 400 peak acceleration recorder senses and,_

records peak accel.erations 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.

m -5-
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The two peak acceleration recorders are located as follows:

''

--

l. Reactor Recirculation Pump: Inside the drywell at

Elevation 574', on recirculation pulap B33-C001A. 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 moet 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 -

I)
''- 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

l
plant structures and mechanical and electrical components de- 1

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

i

q -6-
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engineered facilities located near the epicenter and not de-
,m

(j 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-i;s 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

(A p), which represents the peak acceleration recorded duringI

the entire earthquake motion. As concluded in many studies

(References 4 through 11), Ap is a poor indicator of the dam-I

(V'3
age potential of earthquake ground motions. It has been ob-

served that structures performed much better than would have

been predicted based on the measured A p to which the struc-I

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.1/ 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 1.29, yet only
minor damage occurred in the vicinity of the recording sites.

-7-,,
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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 A p to define the characteristics of the SSE andI

OBE. It is necessary to take also into account, in addition to

Arp, the dominant frequency of the strong motion excitation and

the duration of the strong motion.1/ He has proposed the fol-

loving relationship to develop an equivalent design accelera-

tion for the anchoring elastic spectra:

'

AD" (Kp) (rms),
~

g
\ >
'~

where Ao is the equivalent design acceleration and

the other parameters are defined as follows:

p =J2in(2To/To) 42.0K

TD Duration of strong motion (sec.)=

1/ 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 Arp measure-
ments alone.

.

-8-
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Predominant period of motion (sec.)To =
,,

\,

sa

dPrms =

E(T)/TD = earthquake power (averageP =

rate of energy input)
to t TD

2a (t)dt = total energyET =

I

ko

fed into the structure between times to

and to + To, and -

instrument acceleration at time t.a(t) =

Efforts are underway to compute Ao for the January 31, 1986
,

earthquake. In the meantime and by way of comparison, four(o)
'~'

earthquakes similar in magnitude and duration to the Perry

earthquake have been selected from Tables 1 and 2 of Reference

12. The ch'aracteristics 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 es 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 elastic responses

A -9-
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that can be compared to those from the limiting Reg. Guide 1.60

("') earthquake.
v

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.

4. 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,3,

\~ ')|

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

-10-
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January 31, 1986, and thus should have emerged undamaged from

(^'s it. This expectation has been corroborated by physical obser-
c/

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 qualified for seismic op-

erability. If any of these circumstances are determined to

have taken place at Perry, their occurrence would only be in-
,,

dicative of the anticipated response of non-seismically quali-

\ j

fied structures to moderate earthquake conditions."'

-11-
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TABLE 1 (From Reference 2),

I ')''' READINGS FROM RESPONSE SPECTRA RECORDER
MPL NUMBER: D51-R170

LOCATION: REACTOR RECIRCULATION
PIPING SUPPORT - DW 630', 240'

NOMINAL ACCELERATION (c)
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

1 2.00 .047 .048 .049 .051 .007 .007
2 2.52 .082 .082 .086 .084 (*) .013
3 3.17 .184 .184 .144 .140 .015 .014
4 4.00 .226 .223 .128 .127 .023 .023
5 5.04 .132 .134 .158 .158 .035 .033-

6 6.35 .131 .134 .058 .055 .033 .030
7 8.00 .104 .104 .109 .090 (*) .019
8 10.1 .093 .093 (*) .052 .093 .085
9 12.7 .188 .182 .166 .080 .198 .199

10 16.0 .194 .204/.167 .348 .312 .490 .500
11 20.2 .152 .152 .191 .175 .973 .973
12 25.4 .114 .091 .155 ."158 1.7 1.54

(~'\
Lj

(*) Unreadable

T -12- I
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. TABLE 2

COMPARISON OF DESIGN ZPAs (1)'

VS RECORDED ZPAs
(Expressed in g values)

Reactor Reactor
Reactor Reactor Building Building

Auxiliary Building Building Con- Platform
Building Founda- Recircu- tainment 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)
D51-R140 D51-N101 D51-R120 D51-Nill D51-R170

.

Recorded .17 .18 .32 .55 .09
NS SSE .17 .18 1.06 .40 .48

OBE .10 .10 .86 .24 .40

Recorded .06 .10 .11 .18 .16
*

EW SSE .20 .18 1.06 .40 .48
OBE .10 .10 .86 .24 .40;n

1

k Recorded .03 .11 .05 .30 Note 2
\ VERT SCE .20 .18 .47 .24 .28

'

OBE .10 .10 .38 .15 .16

Recorded .18 .23 .34 .65 Note 2
SRSS(3) SSE .33 .31 1.57 .62 .73

OBE .17 .17 1.27 .37 .59

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

O -13-
V



TABLE 3
p
! I CHARACTERISTICS AND GROUND ACCELERATION LEVELS

REQUIRED TO ACHIEVE EQUAL STRUCTURAL ELASTIC
RESPONSE BETWEEN R.G. 1.60 AND SELECTED EARTHQUAKES

Recording Peak Equiv.
Station Inst. Strong ZPGA to

Magni- Epicen- Ground Motion the 0.20g
tude tral Dis- Accelera- Dura- R.G. 1.60

Earthcuake My tance(km) tion, a 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 5.1 4 0.347 3.0 .2825
Barbara

Bear Valley-1972 4.7 6 0.520 0.8 .6450
.434(Average)

Ohio - 1986 ~4.9 17 (*) 0.75 --

'

(*) 0.18g in N-S direction, 0.10g in E-W direction, measured
p at the foundations.
(.

.
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TABLE 4

/~'s COMPARISON OF DESIGN ZPAs (1)
V VS CORRECTED RECORDED ZPAs

(Expressed in g values)

Reactor Reactor
Reactor Reactor Building Building

Auxiliary Building Building Con- Platform
Building Founda- Recircu- . t a i t. men t Ele-
Founda- tion Mat lation Vessel vation
tion Mat Elevation Pump Eleration 630'-1"
Eleva- 574'-10" Eleva- tion 686' Inside

tion 568' SMA -3 tion 605' SMA-3 Dryvell
PAR 400 (Kine- PAR 400 (Kine- PSR 1200
(Engdahl) metrics) (Engdahl) metrics) (Engdahl)
D51-R140 D51-N101 D51-R120 D51-Nill D51-R170

.

Recorded .08 .08 .15 .25 .04
NS SSE .17 .18 1.06 .40 .48

OBE .10 .10 .86 .24 .40

Recorded .03 .05 .06 .08 .07
EW SSE .20 .18 1.06 .40 .48

*

OBE .10 .10 .86 .24 .40
m
i ) Recorded .02 .06 .02 .14 Note 2
\# VERT SSE .20 .18 .47 .24 .28

OBE .10 .10 .38 .15 .16

Recorded .08 .11 .16 .30 Note 2
SRSS(3) SSE .33 .31 1.57 .62 .73

OBE .17 .17 1.27 .37 .59

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

.
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JOHN 0. SiEVENSON

EXPERIENCE:

PRESIDENT . MANAGING Since November 1981, Dr. Stevenson has managed and
3 PARTNER has served as Pr%sident and Senior Consultant to
| Stevenson & Associates. The firm specializes in high

technology consulting and forensic engineering
associated w)th failure analysis of structural and

I
mechanical systems; extreme loads; and nonlinear,
dynamic, and probabilistic high temperature analyses,

VICE-PRESIDENT - As Vice-President. Dr. Stevenson managed and served
i GENERAL MANAGER as Senior Engineering Consultant to the Cleveland

1976 - 1981 Offices of Woodward-Clyde Consultants and Structural
Mechanics Associates specializing in areas of high

3

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

ASSOCIATE PROFESSOR Case Western Reserve University CWRU, and EDAC. Inc.. -

AND PRINCIPAL Cleveland, Ohio. .

MANAGER OF EASTERN .

OPERATIONS As an Associate Professor at CWRU, Dr. Stevenson served
1974 - 1976 - as Director of a program in Design for the Extreme

load Environment and held a joint appointment in the
Departments of Civil Engineering and Mechanical
Design. He also conducted a number of seminars on
Seismic Quality Assurance Scheduling and Manpower

1 Requirements and Mechanical and Electrical Equipment
Pipe :nnd Duct Design of Industrial Factitties.
Dr. 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 failure analysis.

CONSULTANT Westinghouse Nuclear Energy Systems,
1973 - 1974 Pittsburgh, Pennsylvania.

As a Consulting Engineer for Westinghouse Nuclear
Energy Systems, Dr. Stevenson acted as an advisor to 1

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
J Westinghouse on a number of Industry Comittees j

associated with nuclear power. |
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CONSULTANT Westinghouse Water Reactor Divisions.
1972 - 1973 Pittsburgh Pennsylvania. l

*
As an Advisory Engineer for the Westinghouse Standard.

Plant Project. Dr. Stevenson acted as a consultant to
the Manager of the Westinghouse Standard Plant |
Project. In this capacity he had responsibility for |
determining interface requirements with site-related '

design parameters and set envelope requirements for
i

E
the standard plant design. He was responsible for '

nuclear island PSAR. text developments and AEC )
licensing requirements associated with the standard

.

plant layout development. |

A0JUNCT PROFESSOR University of Pittsburgh and NSSA Inc.,
AND PRESIDENT Pittsburgh, Pennsylvania, j

I 1970 - 1972 -

As a member of the Civil Engineering Facility of the
University of Pittsburgh. Dr. Stevenson was

I
particularly active in the areas of structural dynamic
response to earthquake, tornado, missile and fluid jet
effects as well as reliability and risk analysis and |

g optimum design of structural systems. Dr. Stevenson
4 was responsible for the development of a graduate -

study program for the study of structural design and
analysis for the extreme load environment. '

. .

Dr. Stevenson founded and served as President and
Managing Director of Nuclear Structural Systems
Associates. Inc. During this period, the firm served
as consultants to the nuclear power industry,
particularly in the areas of structural and mechanical

3 design and licensing of nuclear plant fac1111 ties,
4 Dr. Stevenson was active in developing Standard Plant

design concepts and also conducted engineering design
seminars for the nuclear industry throughout the U.S.,

I Europe and Japan for over 500 representatives of over
150 companies.

MANAGER STRUCTURAL -Westinghouse PWR Systems Division.
SYSTEM ENGINEERING Pittsburgh, Pennsylvania.
1968 - 1970

Or. Stevenson had overall responsibility within

E Westinghouse for the development and approval of
str.uctural design criteria and laiout 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.
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LEAD ENGINEER Westinghouse PWR Systems Division,
1966 - 1968 Pittsburgh, Pennsylvania.

As lead Engineer, Dr. Stevenson was responsible for
liaison with the various architect-engineer-constructor
firms whicti perf ormed the detailed structural design
and construction of turnkey plants, and as such he was

- responsible for design review and approval.
Dr. Stevenson was active in representing Westinghouse
structu'ral design policy before the Atomic Energy |
Comission and Advisory Comittee on Reactor
Safeguards.

GRADUATE STUDENT Case Institute of Technology, Cleveland, Ohio.
1963 - 1966

Work toward a Ph.D. in Structures with emphasis on .

computer applications and risk analysis applied to |
structural design. .

RESEARCH ENGINEER I.I.T. Research Institute, Chicago, Illinois.

1962 - 1963
Responsibilities included integrated radiation,
structural and operational analysis and minimum cost
design of nuclear blast resistant underground

~,

structures. ,-

.

ASSISTANT PROFESSOR Virginia Military Institute, t.exington, Virginia.
1957 - 1962

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.

FIELO ENGINEER McDowell Construction Co., Cleveland, Ohio
- 1956 - 1957

Field Engineer responsible for Technical Supervision
and engineering field modifications to construction of
a Sintering Plant for U.S. Steel Corp. Youngstown
Works.
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Dr. Stevenson has been particularly active in the review and evaluation of
design adequacy of structures and equipment in nuclear power plants and otherParticular projects where he personally performed such
industrial facilities.I evaluations include the following:

Nuclear Power. Plants:

~I Indian Point Units 2 & 3
H.B. Robinson
R.E. GinnaI Point Beach
Dresden 2
Monticello

I D. C. Cook
Palisades
Oyster Creek

I South Texas Project
Millstone

Fessenheim - France
Cordoba - Argentina

I Mihama - Japan .

Conn, Yankee |
'

Maine Yankee

I
.

Midland
.

~ .

- Other Industrial Facilities:
Tokamac Fusion Test Facility !

Purex Facility Hanford

I Rocky Flats Processing Facility
Centrifuge Plant
Granger Soda Ash Plant J

] 1.MFBR| Hercules Polypropalene Plant 1

.Shuichang Steel Complex
Touss Oil Fired Power Station |

| Hanford Coal Fired Power Station !

Addy Ferro Silicate Plant ;

Killen Coal Fired Power Station '

LNG Storage facilities - U.S.

B.S. - Civil Engineering - '

EDUCATION: Virginia Military Institute, 1954

AEC Institute on Nuclear Engineering -
Purdue University, Sumer 1960

M.S. - Civil Engineering -'

Case Institute of Technology, 1962

Ph.D. - Civil Engineering -
nl Case Institute of Technology, 1968
{J
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PROFESSIONAL: 1. Member: American Society of Civil Engineers
Chairman: Executive Comittee Technical Council Codes

And Standards
Chairman: Nuclear Standards Comittee
Member: Structural Division Comittee on Nuclear

.,Sa f ety
Member: Structural Division Comittee on Nuclear

' Structures and Materials

2. F. ember: American Concrete Institute*

Member: Joint ACI-ASME Subgroup on Design of
Concrete Components in Nuclear Service, ASME
BPVC-Section III-Oiv. 2. Corresponding 1

Consultant ACI 349 Safety Class Concrete
Structures

3. Member: American Society of Mechanical Engineers i

Member: Subgroup on Design of ASME BPVC-Section
III-Div. 1 Nuclear Conconente

Member: Subcommittee on Qualification of Mecnanical
5 Components in Nuclear Service

4. Member: Nuclear Standards Management Board of ANSI
|representing ASCE -

1

- 5. Member: U.S. Respresentative International Standards - |
'

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

6. Member: U.S. Representative International Atomic

E Energy Agency Working Group on the
Development of Seismic Design Standards

7. Vice Chairman: ANS-2, American Nuclear Society Comittee on
Site Evaluation

Member: -NUPPSCO, American ' aclear Society Comittee
on Nuclear Power Plant Codes and Standards

8. Member: AISC, American Institute of Steel
Construction Comittee on Specifications for
Structural Steel in Safety Class Nuclear
Structures

9. Member: Earthquake Engineering Research Institute

10. Register Professional Engineer: Virginia, Pennsylvania.
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11. Winner: Moiself f Award - ASCE,1971
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Engineering, Rome, June 1973.
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THE CLEVELAND ELECTRIC ILLUMINATING CO ANY
I no Icner wish to

_ ;',, , , ,, MEMORANDUMff ''c 'i '" th i ' " '' # r: " -*
p

; /] "

vaF. R. Stead noou E270 rnow K. R. Pech - DATE 11-Feb-86
PHONE 5246 Rpo M W220
susaccT 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 repaired. 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

u

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 P0P-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.

,o
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Evaluation of Walkdown Items

i

!

By copy of this memo, the Engineering evaluation of the
~

'

EITI's is being issued to the Perry Plant Technical i
*

Department for preparation of approiate documentation and [
inclusion in their condition Report. '
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E l'I'l 1.1S'I' E V A 1.U A'I'I O N S U M M A 11Y

! l3:15 2/11/86
1
1

!
i
;

! I)lSCll'I.INE TOTA 1. C 1 N Nlt Wit NA
1
;

; El.EC'l'IllCAI. 35 1 22 12 0 25 10
!

: I&C 18 0 10 8 0 15 3i

!
; M ECll ANICAl. 83 1 29 53 2 53 28,

i

i l'I t'I N G 23 0 18 5 2 10 11

!

| S'I'It U C'I'U lt A I. 314 0 17 297 20 16 278
.

$

! 'I'O'I' A l . 473 2 96 375 24 119 330
i

!

{ C= Caused l>y Earthquake
; I= Indeterminate
! N= .ht Caused by Earthquake
j N/A = No Action itequired
I
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THE CLEVELAND ELECTRIC ILLUMINATING COMPANY
I no longer wish to

- *;' MEMORANDUM ree'i'' th i' * *'"i 'l-
,. . . , ,

.

AYdQmo K. Pech naam W210 rnow M.R. Kritzer oxyc 2-6-86

PHONE 6460 nooM TQ6
susarcT 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 1n 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 #1 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.

. .
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cc: E. Riley
J. Eppich
C. Angstadt
T. Keaveney
S. Dodeja
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THE CLEVELAND ELECTCIC ILLUMINATINJ COMPANY.

I no longer wish to

J;'.,..., MEMQRANDUM ""i"*i''"''"''-

YH K. Pech nooM W210 rnowM. K , Me ger oArc 2-5-86
PMoNr 6460 nooM TQ6
sumaccT 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 evaluation, as shown on the above referenced inspection
raports, indicates that there were no dimensional changes from the document
.CV's. There was also no plant da age associated with the unrepaired SCV's.

rinx %/a
It should be noted that 7 of the 36 SCV's have at minimum, partial work

- complete.
~

. .

Any questions, please feel free to contact us.

()
L. . '

attachments: 8

cc: E. Riley 1

o S. Dodeja
5 ) 302.MRK
b'

302. JWM
J. Eppich

1

C. Angstadt '

n
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Gilbert / Commonwealth

' February 5, 1986

w J. W. Messenger /M. R. Kritzer

from H. Dharia/S. C. Dodeja
.

sub;ect Walkdown of Open EIR's for
Potential Earthquake Effect

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

|

EIR # SCV d

CC-620-3 5712

CC-679-7 6720

IB-654-4 6797 . -

CC-574-1 6708

CC-679-17 6730

CC-679-13 6726 I

Cc-679-1 6714
\

-

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

AsdQ. ,*

|
-

H. Dharia

/- -

7 .
M /. n = ,~

S. C. Dodeja

CC: C. R. Angstadt
K. R. Pech

O

Get )$ t 2 /7 3
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THE CLEVELAND ELECTRIC ILLUMINATING COMPANY
! no longer wish to

2;',, , , ,, M E M O R A N D U M,"E"so/-2712 ruein thi= = =teri=L

r E. M. Mead nooM E280 rnow I. B. Babiak cATc . February 3, 1986
T. M. Jamesonim% E260 phone 6699 nooM E260

* T. P. Keaveney E230 susaccr N71, Circulating Water System
Walkdown to Assess the Intensity

' of the January 31, 1986 Earthquake
,

.

g.
f On February 1,1986, a system walkdown was performed on the N71 .

l* Circulating Water System and the following was observed:

f No yard flooding was observed above the buried 12' diameter FRP on
both supply to the condensera, and return line to cooling tower. No

. water was present in the Oil Storage Tank Dyke or beneath the te::porary
(trailers) lunch room building or in the Sodium Hypochlorite Storage
Tank Dyke.

A walkdown was also performed inside the 'Ibrbine Building basement to
assess if any damage was present to the systea, and none was observed.

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

n
t) The severity of the vertical seam leak in the forebay flume wall

exhibits approximately 1 to 2 gpm flow rate out into the yard and with
approximately (less than) 1 gpm flow rate through the second vertical
seam leak.

'Ihe Civil / Structural element is to advise on the severity of the leak
with a repair solution.

.

clm

cc: R. A. Newkirk - E280
E. B. Ortalan - E260
N71 System File - E280
PO/DC - R29.0

(
.

I
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THE CLEVELAND ELECTQlc ILLUMINATING COMPANY

O '*** '" '"" *' "" 'g;a ,,,, MEMORANDUM "c sc>-2773,,

&
c K. R. Pech mooM W220 raou E. C. Christiansen DATE February 9, 1986

PHowc 5467 acoM W245
suostc7 Review of Energized Circuits

During 1/31/85 Seismic Event
.

.
;

Per your request. NCES - Electrical has reviewed the circuits
that were energized during the January 31, 1986 seismic event.
The intent of the review was to determine the number of active
electrical components in the energised circuits. Active com-
ponents were categorised in seven subgroups for this study. The
groups were motors power sources. . switches. instruments.
relays, transformers, and miscellaneous. The later category
included lamps, fuses, resistors. diodes, etc. Attachment I
lists major suppliers of equipment in each subgroup. Passive
devices such as cables lugs, terminal boards, conduits, and
trays wre not considered in this study.

A listing of systems that were operating during the seismic
event was obtained from Ferry Plant Operating Department. This
list is included as Attachment II of this memorandum. Upon an
engineering review of this list it was determined that it was
incomplete. Power sources, cozzunication, security, and

h computer systems were added by Engineering. Attachment II also
reflects these additions.

The total number of active components in the energised circuits
was 47,460 Attachment III contains Electrical Device Lists.

used by each engineer in their review of each energized system.
A breakdown of the total active components by subgroup follows:

Motors 775
Power Sources 6493
Switches 6962
Instruments 4721
Reisys 6968

- Transformers 1885 .

'

Miscellaneous 19656

Total Devices 47,460

.

BOC/mcw
-

~

O
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Attachment I

Vendors

Motors Switchgear Breakers

General Electric Brown Boveri

Siemens-Allis General Electric

Westinghouse Cutler-Hammer

Reliance
Switches

'

U.S. Electrical
Allen Bradley

Transformers General Electric
i

4 Westinghouse States

General Electric. Electroswitch

Brown Boveri
Batteries

Relays C&D
C

General Electric Exide

Westinghouse
Contractors

Brown Boveri
Cutler-Hammer

Cutler-Hammer
Allen Bradley

Agastat
General Electric.

Potter Braumfield

!

I

i

:

i



Attachment I
~

MOV Operators Meters

Limitorque General Electric

Rotorque Brown Boveri

EIM Westinghouse

ITT Weksler

Chargers / Inverters Instruments (T/C, RTD's)

C&D Weed

Power Conversion
Recorders

_

Topaz
Leeds & Northrup

CYBREX

Transmitters.
Fuse Disconnects

~~~~

Rosemount

Gi Cutler-Hammer
Gould

General Electric
Foxboro

Cutler-Hammer
Magnetrol

Limit Switches Weed

Limitorque
Molded Case Breakers

Instrument Switches General Electric

Magnetrol Westinghouse

Rosemount Cutler-Hammer

ITT Barton Gould (Brown Boveri)

Mercoid

Meriam

MSW Instrumen.ts

O

,
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Attechnent II

Systems Energized During Seismic,
'
( Event of January 31, 1986

System Supplied of PPOD

System Description

C11 Control Rod Drive
C41 Standby Liquid Control
C71 Reactor Protection System
D17 Plant Radiation' Monitors
E12 Residual Heat Removal
E21 Low Pressure Core Spray
E22 High Pressure Core Spay
F42 Fuel Transfer Equipment
G33 Reactor Water Cleanup
G41 Fuel Pool Cooling and Cleanup
M11 Containment Vessel Cooling
M13 Drywell Cooling
M15 Annulus Exhaust Gas Treatment
M21 Controlled Access HVAC
M23 MCC, Switchgear, & Misc. Area HVAC
M24 Battery Room Exhaust
M25 Control Room HVAC
M26 Control Room Emergency Recirculation
M27 Computer Room HVAC

/~T M32 ESW Pumphouse Ventilation
\~/ M35 Turbine Building Cooling & Ventilation

M36 Off-Gas Building Exhaust
M40 Fuel Handling Building Ventilation
M41 Heater Bay Ventilation
M43 Diesel Building Ventilation
M45- Circulating Water Pump House Ventilation
N21 Condensate
N23 Condensate Filtration
N24 Condensate Demineralizers
N32 Turbine Control (EHC)
N71 Circulating Water
P11 Condensate Transfer and Storage
P2O Water Treatment
P21 Two Bed Demineralizer
P22 Mixed Bed Demineralizer
P41 Service Water
P42 Emergency Closed Cooling
P43 Nuclear Closed Cooling
P44 Turbine Building Closed Cooling
P45 Emergency Service Water
P47 Control Complex Chill Water
P49 ESW Screen Wash
PS2 Instrument Air
P54 Fire Protection
PSS Building Heating

( ') P61 Auxiliary Steam
P62 Auxiliary Boiler Fuel Oil
P72 Plant Underdrain

_
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Attachment II

,rm(,) Systems Added by Engineering

System Description

C91 Process Computer
C95 Emergency Response Information System
P51 Service Air
P56 Security
R11 Station Transformers
R14 110 VAC Vital Inverters
R15 Technical Support Center UPS
R22 Metalclad Switchgear,

R23 480 V Load Centers
R25 Distribution Panels - 120, 208 & 480 volts
R36 Heat Tracing & Anti Freeze Protection
R41 Instrumentation
R42 D.C. System
R43 Standby Diesel Generator (SDG)
R44 SDG Starting Air
R45 SDG Fuel Oil

"

R46 SDG Jacket Water Coolant
R47 SDG Lube Oil
R51 Intra Plant Communications
R52 Maintenance & Calibration
R53 Exclusion Area Paging System

' ' (' - R57 Radio & In-Plant Antenna System
R61 Main Control Room Annunciator
R71 Lighting
S11 Power Transformers

,

h

1
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