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1.0 INTRODUCTIO*'

The 150" Reed Switch Position Transmitter (RS M) and the Litten
,

connector are electrical devices which nust function in an environ-
nent of high temeprature, radiation, htanidity and vibration during
normal plant operation. In addition, as a Class 1E electrical ccrn-
ponent, the instnrnent must perform adequately during seismic environ-
ments up to SSE intensities as transmitted up to its mounting location
(namely, the CEDM shroud) in a plant.

.

The subject report describes the procedures which were undertaken to
demonstrate the RSM's ability to withstand the seismic intensities
stipulated for the ANPP reactor when it is installed in a representative
CEDM. The test specimens had already undergme temperature and radia-

tion aging.

2.0 SlM %RY
,

2.1 Sine Sweep Testing
.

Sine sweep tests confirmed the analytically predicted dynamic*

behavior (natural frequencies) of the /SPP type CEDM. This fact

gave assurance that the subsequently conducted qualification
effort would address the worst seisnic response condition for

,

the /SPP reactor.

The large amount of frequency, damping and mode shape data reported

in this doctrnent will serve for future correlation efforts with
analytical models.

2.2 Seismic Qualification Testing

The two RSIT samples as installed in a representative ANPP type
CEDM were exposed to a sufficient ntrnber of biaxial "randam" multi-
frequency input motions of intensities greater than the required j

'

The RSFTs were tested in fourOBE and SSE response spectra.
orientatio% to allcw for their asy-metric design. No adverse f

transients of failure modes in the electrical performance of the
Therefore, theRSMs were observed in any of the ntrnerous tests.

conducted test is proof that the RSIT assembly meets the seismic~

requirements imposed by the References 2 and 10.

3 7.SF-u.2
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3.0 OBJECTIVES

3.1 Sine Sweep Testing

he objective of the sine sweep test was to identify the dynamic
characteristics of the RSIT support structure; namely, of the
ANPP type CEDM with the longest nozzle. Natural frequencies and.

associated mode shapes, as well as modal damping parameters were
to be obtained prior to the qualification tests for correlation
with analytical predictions.

3.2 Seismic Qualification Testing

he objective of this program was to seismically qualify the
ANPP RSFT and the associated Litton electrical connector for
comercial service in accordance with the purchaser's requirements

of References 3 and 4. Proof was to be established that the RSPT
design would remain functional when installed at its permanent
location during or following a seismic event of an intensity up
to SSE magnitudes. D e RSFT was to be exposed to a minimum of
five 'OSE events and one DBE event following the appropriate tem--

perature and radiation aging test programs.

4.0 EQUIP.G T DESCRIPTION

4.1 RSPT

Re production RSFT is a transducer device used to detemine the
position of the CEA within the reactor core. De instrument is
housed in a stainless steel tube within the shroud which is posi-
tiened adjacent to the extension shaft upper pressure housing of ;

a CIIM. l
.
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The production RSPT is essentially a voltage divider network
cmprised of an array of magnetically actuated reed switches
vired to a series chain of resistors. The reed switches, resis-
tors, and wire are mounted on an extruded plastic strip at precise

,

1.5 inch intervals. A permanent magnet attached to the top of:

the extension shaft generates the magnetic flux necessary to
.

actuate and deactuate the switches yielding voltage signals
,

proporational to the CEA position. Three additional separate
circuits provide contact closures which indicate the Upper Elec-
trical Limit, Imer Electrical Limit, and Dropped CEA position.
The RSM is fabricated in cmpliance with the drawing of Ref-
erence 8 and specifications of Reference 7.

A 150" full length RS M has been rand ely selected fr m the pro-
duction line for qualification testing. This test specimen has
already undergonethermal and radiation aging.

4.2 Litten Electrical Connectoits

The cmponent is a bayonnet locking electrical connector providing
the interface connection between the head area cabling and the
RSPT. The cable penetrations are designed to seal against fluid
entry into the connector. The head area cabling connector is the
Litton CIR06-CE-20-33S straight plug. The mating box motmting

receptacle which is attached to the RSPT is the Litton CIR02-CE-

20-33P.

.

5.0 TEST DESCRIPTION

|5.1 Mechanical Test Set-Up
|*

A full-size 15 Chinch Control Rod Drive Mechanism (representative
of the ANFP design), including the driw shaft, water, conduit and

3 3-ESE-U.:



2 RSMs (Serial Nos. 597 and 604), were assembled ontc the seismic

simulation fixture. For this purpose, a special test nozzle had
been designed and fabricated. The test set-up simulated the
longest CEDM nozzle which, by analysis, had been shown to yield
the highest CEDM response characteristics.

For the sine sweep, as well as the ;eismic qualification tests,
the hydraulic actuator of the seis..'.c shaker system was set at
a 45 angle, thus providing e .citacions of similar magnitudes
to both axes. Although the CEEN itself is syrmetric about its
vertical axis, the RSMs are not, thus,in accordance with the
Guidelines of Reference 2, four test orientations were required.
This was acconplished by rotating the test nozzle plus CEDM
structure once by 90 and by switching the two RSPT samples in

each of the two nozzle orientations. Figure 16 depicts the
four test orientacions. The two RSPT samples provided for the
test were inserted in the CEIN shroud and clamped into place. ,
The actuating magnet was attached to the drive shaft and was
located near the top position inside the upper pressure housing.

5.2 Instrumntation set-Un
.

Two control accelerometers, mounted in a mutually perpendicular
-

arrangemnt to the base plate (which simulated the reactor head

elevation) were used to monitor the excitation levels in the
horizontal and vertical axes. Figure I indicates the strain
gauge locations at the test nozzle which is the highest stressed
ccrnponent of the CEE design. The stress levels at this location,'

although not a criterion for the RSM qualification, were ased as
an index for the intensity of the seismic event and to help avoid'

overtesting (failure) by correlating measured stress values to
analytically predicted ones.

,

g; _q
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The response accelerometers indicated in Figure 1 were used to
monitor CE24 deflections during sine sweep testing. Accelercneter
locations 9, 7, 5, and 3 were also recorded on magnetic tape
during the seismic qualification program to be later displayed

,

in the form of time histories and/or response spectra.

All strain gauges (1/4 Bridge Hookmip) and accelerometers were*

connected over the replay panel to the patch panel of the Digital
Vibration Control System. For signal conditioning of the strain
gauges, the Unholtz Dickie, Type R, Charge / Voltage Amplifiers
were used. Unholtz Dickie, Type H, Ciarge Amplifiers were used
for the response acceleroneters and the model 2216-X units for

the two control accelerometers.

Selected CEDM nozzle strain gauges were monitored on the visi-
.

corder during preliminary and actual test runs. Tne PSPI elec-.

trical perfon ance was monitored on the visicorder during all'

*
; qualification phases.
.

For the sine sweep testing, the "SN21T Version - 04" software
-

package of the digital vibration control systen was used. This
program allcus the monitoring of 4 channels of data simultaneously.

For synthesis and on-line analysis of the generated seismic
envirements, the "SS20T, 3.0 Decade" sof tware package of the.

digital vibration control system was used. During the tests,
selected transducer sig .als were recorded on a 7-channel tape
recorder. Test response spectra of the table input or Cmf car
ponent motions were then developed off the tape by playback into

analysis sof.tware portion of the "SS20T" package.

.
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Doctmented strain measurements are accurate within 5%, and the

acceleration measurements within 10% of indication. All accelero-
meters had been calibrated within the last 12 nonths of testing.
One non-critical response accelerometer, which showed erroneous !

indications, was replaced during' the early phase of the test
program.

5.3 Sine Sweep Test Procedure

The "SN21T Version - 04" software package of the digital vibration
control system was employed for the tests. Figure 4 is a typical
listing of an input file. For interpretation of the various
input parameters, Reference 12 is to be used.

We C-E sinusoidal vibration control system, in conjunction with
the MTS hydraulic actuator and control units (See Figure 3), is

j

a closed loop, digital system that provides four-channel, multi-
strategy control for performing a variety of swept-sine vibration
tests. De system accepts analog input from the seismic table,
digitizes the analog data, and continuously controls the amplitude
of the resulting control signal so that it matches the amplitude

,

of the specified reference spectrum. h e control signal amplitude
is regulated by controlling the amplitude and frequency of a
sinusoidal drive signal that is generated by a programrable
frequency synthesizer.

During the test program, the horizontal table motion was controlled
using channel A of the D.V.C. system. De remaining channels B,
C, and D monitored selected, calibrated transducer signals and
stored them on disc. In this fashion, while maintaining constant
acceleration input amplitude over a frequency range as wide as 1
to 33 Hertz, frequency response data was acetrulated for all



___ _ ___ _ __ _

monitoring locations in consecutive sweep cycles. ne data was
later retrieved frca the disc and displayed in a suited manner
as phase, response amplitude or transfer function versus fre-
quency. At the ccrupletion of the test program, all pertinent
files were transferred to tape NL-014 and stored at the
Blog. 5 data center. ne developed hard copies, alonF with
the reduced data, are stored in the Nuclear laboratories,

Bldg. 2, Records Room.

5.4 RSM Electrical Perfomance Monitor .ng4

With the magnet held in a fixed position (close to the full with-
drawn position of CEA travel), the voltage output signals of both
RSPTs were recorded on a Visicorder oscillograph and also stored

|on tape during all seismic test phases of test orientations 3
and 4. Figure 14 renders a block diagram of the basic monitoring
scheme. W e resolution of the oscillograph recorder was sufficient j

to detect any transient ups5t conditions or voltage signal changes

dcun to five millivolts.

5.5 RS M Inspection Reouirements

he operational specifications and the inspection requirements of
the RS M position indication and the limit switch circuits are
outlined in Sections 4.0 and 6.5 of Reference 10, respectively.
Prior to and follcuing the seismic qualification test programs,
the electrical and functional characteristics of the RSPT asserrbly
were inspected under laboratory ambient conditions in compliance j

with Section 6.5 of the reference test procedure. ne results of

inspections gre recorded on the pertinent data sheets and are
included in Appendix A of this report.

.

7 E-ESE-l.l.2
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5.6 Simulation of Seismic Test Environment

he test specimens were subjected to 32 seconds of
simultaneous horizontal and vertical inputs of random wavefom
motion. Bis randan wavefom consisted of frequencies spaced

1/6 octave apart over the frequen:y range of 1 Hertz to 25
Hertz s= necessary, to envelope the Required Response Spectra of
Figures 11 & 12. De technique used to synthesize the shock
spectrum was to generate a series of wavelets at discrete fre-
quencies (spaced 1/6 octave apart within the desired frequency
range) . he occurrence of these wavelets at each frequency
(within the available time frame of 32 seconds) was specified
in an arbitrary (randan) fashion and the amplitude in g's for
each wavelet was controlled by the Required Response Spectrum
(RRS). At least 3 wavelets, spaced randomly throughout the
event, were used at each sixth octave frequency close to the
CEDM natural frequencies. We Digital Vibration Control System
was used to sum up all the: wavelet parameters and to produce a
canposite wawfom that contained energy at all frequencies
across the band. At a low test level, this wavefom was then
converted into shaker table motion by the shaker control units.
Initia111y, the program autaratically approximated the amplitude
of each wavelet assuming that the transfer function of the shaker
system is fint. %e shock response spectrun of the table response |

waveform (in horizontal axis only) was then analyzed and compared

with the specified RRS. We difference between the two spectra
was then used to adjust autmatically the wavelet amplitudes and
to thereby canpensate the drive waveform. H is process was

I
1repeated until acceptable agreement had been demonstrated. Next,

the output level was increased to arrive at the OBE and the DBE
test levels. Following each increase in test level, several
steps of synthesis were nomally required to arrive at a satis-
factory drive signal.

a 3-55 =-:.:.2~
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In addition to the on-line analysis of the horizontal table
motions, both horizontal and vertical control accelerometer,

| response signals were stored on tape and analyzed later over a
frequency range of 1-50 Hertz usir g the "SS20T, 3.0 Decade"
sof tware package. Figure 15 shows a listing of the input
file for the SSE event analysis. For interpretation of the
various input parameters, Reference 14 is to be used. The.

software capabilities were verified in accordance with the Q.A.
requirements as doctanented in Reference 15.-

Figure 17 depicts a horizontal table time history for Test Run
26 (SSE event). The duration of this event was 32 seconds.
The maximum value of this acceleration time history (approxi-

mately 0.7 g's) is representative of the actual Zero Period-

Amplitude (ZPA) level reached during this event which easily
exceeded the requirements of 0.4 g's (see Figure 12). The
character of the wave form reflects the superposition of low,
medium, and high frequency pulses which resulted in the gen-
eration of a "randcm" type, multifrequency waveform similar to
those of actual earthquakes. The required low frequency
excitations for the high AliPP response spectrum peak (at about

2 Hertz) are noticeable even in this acceleration trace.

|

5.7 Test Procedure. Test Matrix

For more detailed guidelines about the test performance, refer
to the test procedure of Reference 10. A listing of all data runs
is enclosec*as Appendix B to this test report.

|
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6.0 DISCUSSION AND RESU1.TS

6.1 Sine Sweep Testing

Tables 1 through 5, along with Figures 5 through 10, summarize
the results obtained frcxn the sine sweep test. Appendix B
renders the complete Test Matrix.

,

Initial lua level sine sweep testing verified the analytically
predicted natural frequencies of interest. D e experimental
frequencies of 2.32, ~ 9.2, and ~ 11.6 Hertz compare favorably
with the theoretical values of 2.39, 10.08 and 11 Hertz for
vibration modes 1, 2, and 3, respectively. Slight variations in
these experimental frequencies with test level were observed

especially for the somewhat non-linearly responding vibration
,

modes 2 and 3. Figure 5 exhibits a series of transfer function
plots developed for all 9 accelerometer locations along the CDM
height. 'Ihe three resonance modes can clearly be discerned.
D e transfer function amplitudes at these resonances were taken from
all available frequency response graphs and are listed in Tables
1, 2, and 3, along with damping and strain level information.
Figures 8, 9, and 10 render ccrnparisons of experimental and
analytical mode shapes. For the purpose of this illustration,

.

the deflections are shown with similar amplitudes. However, no
attempt was made hen to match the actual test levels analytically.
Generally, the mode shapes agree quite well. But, it is also
noted that the transfer function levels vary with test intensity,
a fact which reflects the variation of damping with test level'

(especially modes two and three), as well as e certain amount of
scatter between repeat test runs. For these reasons, one must

,

view the entire range of test results, rather than using a single
test run for possible input to model correlation efforts or

,

i
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1

extrapolation of results to other plants or higher excitation
levels.

Figure 7 shows some blown up plots of resonance peaks. These
graphs were used to determine the modal critical damping
properties empicying the half power point technique.

af
x 100c/c =~

r 2fn

where
c/c = Critical Damping Ratio in (%)

r

t.f = Width (in Hertz) of Resonance Peak at 0.707 times
Peak Amplitude Value

f = Fesonance Frequency in (Hertz)
n

.

For a variety of transducer: locations, modal damping properties
were obtained, averaged, and listed in Tables 1, 2, and

5. First node damping values varied between 2.2 and 3.09 percent
of critical. The two percent value assumd in the CEDM analyses
appears semesat conservative, however, based on this data, three
percentcouldnotbejustified.

Second mode damping ranged between 3.5 and almost 6 percent. |

Surprisingly, this variation showed up when results taken on
different test days were compared. The damping values obtained !

for a wide range of excitation levels (.05 to .25 g's - Table 5), ;

on a single day, is quite consistent. Apparently, the CEDM
structure condition (e.g. looseness of coilstack and rotation)
as affected b7 test levels, can change.

1

j



Third mode damping values ranged from 2.2 to 3.3 percent of

critical. It is of interest to note here that the ANPP CEDM
has no additional tie between the upper pressure housing an'd
shroud. This tie, which exists for the TVA and WPPSS plant, has
the effect of eliminating one mode and combining the second and

third ANPP modes into one.

Modal Strain levels are sumarized in Tables 1, 2, and 4. For

correlation with analytically predicted stress levels, one must
detemine the associated deflections by converting transfer
function levels into displacements. Considering test file
RSSN02 (Table 1), this is done as follows:

ACC/9/ Horizontal Control Acc = 59.39 (g/g)

Acceleration Level = Transfer Fct x Excitation
= 59.39 x 0.02 = 1.19 (g's)

Deflection Amplitude = 9.8 x g = 9.8 x 1.19 = 2.16 (inches)
2f2 2.32=

The associated maximum nozzle strain = 175 uc or 81 pc/ inch

deflection at CEM Top (First Mode).

Following the seismic qualification program, static load deflec-
tion tests (incrementally deflect CEDM top and monitor strain
gauges 7 & 8), as well as simple dynamic tests (manually excite
first mode), were conducted to verify the observed CEDti strain
versus deflection ratio. The detailed results given in Appendix
C confirm the shaker table data.

M ~&u.2 \



6.2 Seismic Qualification Testing

The ANFP reactor design calls for 87 CEDMs with 16 differenti

nozzle lengths. Earlier analyses has shown that the CEDM type
| with the longest nozzle would tend to respond in the most ,

critical manner. Therefore, this nozzle condition was selected
for testing. The stipulated seismic intensities for the reactor
head elevation are shown in Figures 11 and 12 for the OBE and
the SSE event, respectively. It had been decided earlier to
perform the tests with the hydraulic actuator set up at a 45
angle with the horizontal plane, thereby providing equal input
motions in the vertical axis and in the horizontal axis. During
the tests, the horizontal control accelercxneter was used for
the synthesis of the randczn type wavefoms. The Required Response
Spectra (RRS) used for the synthesis represented the envelope
of the vertical RRS and the horizontal RRS, whereby the latter
was constnicted frcxn two horizontal spectra (using the Root-Sum-

*
of-the-Square technique).

.

.

Figure 13 shows a diagram of the instrumentation book up and
control logic. The RSFIs were placed inside the CEDM shroud
and connected to recording equipnent as shown in Figure 14.
The RSFI locations during the four test orientations are iden-'

tified on Figure 16.

During the course of the test program, the RSFrs were exposed
to at least 30 and 10 seismic disturbancea, each intensity

.

range equal to at least that of the OBE and the SSE type earth-
quakes, respectively. The official test log is enclosed as
Appendix B, .ich includes a mininm of 5 OBE and 1 SSE events

,

in each test orientation. In all test cases, no transient upset

or anomalous conditions were found in the RSFT signal traces.
-

3 -ESE-C :13
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The signal loss observed during one test nm was due to a mon- ,

itoring cable break (cable was inadequately secured at power
supply). The inspections conducted prior to and following
the seismic qualification tests revealed no changes in the
functional characteristics of the two specimens as provided

for testing (Appendix A).

Figure 17 shows the synthesized table acceleration time history
for an SSE event. Since the Required Response Spectrum has a

high spectrun peak at about 2 Hertz, the waveform clearly
reflects these large, low frequency components superimposed

by higher frequency contributions. Typical strain and RSFT
time histories are shown for the OBE and the SSE events in
Figures 18 and 19, respectively. With the exception of a-

small " ripple" (less than 3 milliseconds), all RSPT monitoring
*

,

traces are undisturbed. The strain gauges reflect the response
characteristics of the CET and reveal an overwhelming response.

| (proportional to deflectiod) at its fundanental frequency. Peak
CEDM component strain levels are listed in Table 6 for all +

1

The maximtm values (635 uc for OBE and 770 uc fortest runs.

SSE events) are well within material allowables.

Figure 20 renders OBE Test Response Spectra for all four test'

orientations. The analyses of the table motions was perfomed
at 1/6th octave increnents over a frequency range of 1 to 50

Hertz. In all cases, the graphs demonstrate complete envelop-
ment of the Required Response Spectra (vertical lines show
actual test intensity, spectrum curve reflects RRS). A seismic
table resonance was responsible for the high spectrun peak

,

above 30 Hertz.

|

14 TR-ESE-C.2:



Horizontal and Vertical Test Response Spectra are shown in
Figure 21 for the SSE event. Again, ccrnplete envelopment of
the requirement is demonstrated. Additional table acceleration
time histories are given in Figure 22.

,

In order to capture the resulting seismic intensities at the
RSFT mounting locations (CEDM shroud), four response accelero-
meters Nos. 3, 5, 7, and 9 were monitored and recorded on tape.
Unfortunately, the tape channel recording the CEDM top motions*

was set up improperly which resulted in attenuation of higher
frequency signal components. The test response spectra shown
in Figures 23 and 24 capture the true seismic intensities at
all four shroud elevations, whereby the Acc 9 curve was extra-
polated using data frcm the other 3 locations. Rese response
spectra (2% mping) exemplify the large CEDM response at about*
2.3 Hertz. Some contribution fran CEDM Mode 2 is apparent at

10 Hertz. The response spectnrn peaks above 30 Hert: are due

to the table resonance mentioned earlier.

Figures 25 and 26 sunmarize the acceleration time histories as
recorded at the four shroud elevations during OBE and SSE event
simulations. Accelerometer 3, 5, and 7 traces are basically
unfiltered and some of the higher acceleration spikes may
actually be caused by impacts (e.g. coilstack shif ting at Acc 3
location). Hcwever, this fact would not influence the response
spectrum character across the frequency range of interest (1-
30 Hert:) dich is shown in Figures 23 and 24.

Prior to seismic testing, RSPT Sample No. 604 was removed frcim
test loop 7A af ter 1730 hours of thennal aging at 375'P for a

'

perfonrance check and a visual inspection. The visual inspection
shewed scme deterioration of the silgard encapsulant and the

diallyl phthalate mounting strip. Based on this inspection, it

-. -
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.

was decided to waive future visual inspections of both RSPT's
until the entire qualificatien program had been completed.
'Iherefore, details of the above visual inspection and the
final visual inspection will be doctnented in the final
qualification report.
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e

1 TEST ids RSSNO2
2 mEADINC A%** RS*T SINE SWEEP

S;EEP Ps.R 9ETEmS:.

3 r"ME 2*LOCsDEC), 1= LOC (OCT), e=LIN: 2
4 START, END FREO, H:n 1.e44,25.00
FREQ Ra%CE, DEC=1 447
5 SPECIFICATION 1* RATE, 6-D'AATION: 1

RATE, DEC/n!Ns .2004
SeEED DUR ATION - NES, nIN, SECS e,7,14

TEST LENCTws
G SPECIFICATICA 1. TIPI, e-SUEEP CYCIIss.e

CYC'.ES : 1.004
TEC TI9E - HErS, MIN, SEc s e,7,14
7 START-UP TIFI, SECS 15.00
3 SMgT-DC.Pt tit"E, SECS 5.000

REFEFENCE SPECTR'.=ts
9 UNITS 1*P.ETRIC, 0-NON *ETRICs e

'
to SPEC ~A"". LIMITS

DIS *LACEMENT, IN (P-P ): 4.800
VELOCITY, IN/ Secs 12.50
ACCEt.ERATION, Cs .2549

11 "Y'C, VALUE, FREQs 2,.82600,28.00
ALARn LIMIT +DB, -CBs 3.000,-3.000
ABORT Lif".IT *DB, -CB s 10.04.-10.00

12 TEST LEUCL (DB BELOU RET): e.

13 CCNTROL CHANMCLSs 1
PROCESS 3=Avc ABS, 2= FUND, 1=PEAsC, e=RNSs 2

14 LIf*IT CHANNELS: e
15 AJw1LIARY CMAPELS: 2,3,4

PROCESS 3=AVO ABS, 2.ryNO, 1.pEAp(, S.Ry*S 3 2
g f".Ax ::" 9. EASECTED Cs 3.000

16 ACCEL SENS, nV/Cs
. CM in 10306.
'

CM 2 10000.
CH 3s 10000.
CH 4 : 10000.

I 17 FILTER 1.PRCPORTIONAL BU, 9-FIXED Bus 1
| BU, 2 50.00

18 RE ERE M CHANNEL: 1
19 REspCNSE CHANNEL: 2,

6 20 F.ONIT04 CHA*vmEL: 1
' 21 Con *RESSION SPEED 2-MICH, 1-NORMAL, e-Lous 2

22 LOOP-CFEC< FRIQ(NZ), PAX DRIVE (VOLTS): 5.063,.2000 i

.

RErEEENCE LEVELSs
5Ax DIS * LACER:ENT, INCP-P): .3914
ri.X UILOCITY, IN/ Secs 1.230
P.Ax ACCELERATION, C .62000
!"IN ACCE'.ERATICS, Cs .62004 ,

ACCELERATION RANCE, DB: e.

|CCRGECTIONS7 N
SAVE7 Y
1-4711, e PUNCNs 1
DEVICE: Re:S

' sToRCo RSSNO2

>

!

.

FIGURE 4

TYPICAL INPUT LIS~'DC - SINE S'EEP TEST

.
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. _ _ _ _ _ _ _ _ _ _ _

1 HEADING ANPP SSE
2 SENSITIVITY (MU/G) 990.
3 SHOCK RCSP DEFN C= ABS ACCEL i=REL DISPL 0
4 DAMPING COEFF1.02
5 MAX FREO:50
6 * OF DECADES 0-2 i=2.3 2-2.6 3=3:3
7 UAVE PARAMETERS

rREQ 'AMPL
i 1. 1.53'

2 1.12 1.95.

3 1.25 2.21
4 1.41 2.87

1 5 1.58 2.92
6 1.77 2.52
7 1.99 2.5
8 2.23 2.07
9 2.51 1.61

10 2.81 1.42,

11 3.16 1.38
'

12 3.54 1.26
13 3.98 1.21
14 4.46 1.1
15 5.01 1.07
16 5.62 .98
17 6.3 .E3,

18 7.07 .79i

19 7.94 .76
| 20 8.91 .66
1 21 10. .72

22 11.21 .73
- 23 12.58 .73
'

24 14.12 .73
25 15.84 .66
26 17.78 .49
27 19.95 .<7i

28 22.38 .44
29 25.11 .44
30 28.17 .44
31 31.62 .44
32 35.48 .44
33 39.81 .44
34 44.65 .44

~

35 50.1 .44
8 PEAK UAVELET AMPL(U):10.

'

9 AUTO MODE LEVEL SEG 0= FULL 1-1/2 2=1/4 3-1/8 4=1/1-6 5= DON
FIRST 5 l

10 EXTERNAL TRIGGER MODE 0=NO i=YESti
11 ALARM BAND 1

+DB LIMITd3.
-DB LIMIT:-3.
UPPER FREO, HZ:50.

FIGLRE 15 TYPICAL INNI LISTING - SHDG RESPONSE SPECmLM TEST
27P - SSE DENT
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TABIE 1

f
Slft%RY OF RESUL7b .02g EXCITATION SWEEPS

TET FIII: RSSN02

PODAL STRAIN A''DLITUDES
, -

,

NDES

1 2 3

SH AIN gal.UE 2.3 Hz - 9 Hz -12 Hz
(uc)

S.G. 10 93.51 10.11 48.09

S.G. 9 36.55

S.G. 6 141.7

S.G. 5
S,G. 4 186.07 9.16 18.89

S.G. 3 164.31 9.16 18.32

S.G. 2 171.76 10.31 18.32

S.G. 1 | | 174. 62 | 10.31 | 18.89
I I I I i

FIRST MODE DAMPING
!O3AL TRANSFER AHCTIONS (g/g) g

ACC 9 59.39 6.90 6.70 | 2.7

ACC 8 50.0 4.58 9.06

ACC 7 39.79 2.19 12.40 2.6
,

ACC 6 33.87 .95 15.08 !

ACC 5 23.38 2.19 15.46 | 2.4

ACC 4 3.05 13.36 |'

ACC 3 8.87 3.45 9.77

ACC 2 6.32 3.07 6.86

ACC 1 3.54 2.20 3.80

.

* |

|
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TABLE 2

SUMMARY OF RESUL'IS .05g EXCITATION S'*'EEPS

TEST FILE: RSSN05

TML 'IRANSFER RHCTION AMPLITUDES.

. DE | ACC 1 | ACC 2 ACC 3 ACC 4 ACC 5 ACC 6 ACC 7 ACC 8 ACC 9 |
%

1 2.8 4.6 7.0 17.4 25.5 30.1 38.8 43.3
--

4.8 .5 6.3 7.7 18.9
2 2.9 4.9 5.3 -

9.2 9.1 8.8 7.5 6.7
3 2.3 3.9 5.4 -

PODAL MMPING VALUES

MODE ACC 5 ACC 6 ACC 7 ACC 8 ACC 9 AVG.'

1 2.54 2.69 2.54 2.65 2.61 2.61

2.76 4.04 3.39 3.512 1 3.86 -*

2.193 1.95 | 2.11 2.51 - -

. DAL S'IRAIN AMPLI'IUDEST

LODE S.G.1 | S.G. 2 S.G. 3 S.G. 4 S.G. 6 S.G. 9'

1 360 367 347 377 293 61
-

2 37 43 37 40 - -

25
3 23 23 23 23 '

-

E-ESE-22
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TABIE 3

) SlM4ARY OF MXML 'IRANSFER PUNCITONS - SINE SEEP 'IESTING

DCCITATION
'

MODE 1EVEL (g) ACC 1 ACC 2 ACX: 3 ACC 4 ACC 5 ACC 6 ACC 7 ACC 8 ACC 9
. . i

1 .02 2.77 |4.43 6.41 10.80 15.77 22.28 27.44 34.13 41.49

;| .04 2.42 3.90 5.93 9.56 14.72 20.55 26.10 31.84 38.43,

.06 2.95 5.11 7.40 13.58 20.08 27.15 35.85 45.22 i 60.61

.08 | 20.36 34.23 l 52.01
| .10 19.60 33.27 |46.18

.12 | 18.83 31.74 1 40.15

I I I

2 | .05 2.87 [ 4.33 |5.0 4.04 2.31 1.25 3.81 8.16 , 11.35

| .10 |3.45 | 5.48 |6.53 5.69 3.72| .98 ' 3.97 9.31|.'3.31,
| .15 | 3.50 |5.58 6.50 6.12 4.48| .86 4.52 9.29 | 15.16

'

|- .20 | 5.77 3.81 i 12.88

| .25 | 5.66 3.37 |11.73-

I I I I

3 .05 2.12 |3.85 |5.75 7.87 8.94 8.35| 6.71 4.52 2.69

.10 1.79 | 3.13 |4.61 6.19 7.16| 6.87 6.03 4.32| 3.74

.15 2.29 |3.88 5.77 7.60 8.33 8.87 6.63 4.99| 5.09

.20 4.62 5.19 1 | 3.75 '

.25 3.69 | 4.25 2.60

Note: 'Ihe Transfer Functions are defined by the Ratio of Acceleration levels of the
,

monitored Accelerometer over the Horizontal Control Accelercrneter.
|**

.

|
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IABLE 4

SLYARY OF MODAL STRAIN LEVELS SINE S'JEP TESTING

EXCITATION
MODE LEVEL (g) S.G. 1 S.G. 2 S.G. 3 S.G. 5 S.G. 6 S.G. 10

1 .02 132 13 6.5 127 117 101.7 76

.04 236 241 228 212 183 149

.06 472 492 460 427 | 366 283

.08 640 660 600 560 | 480 350

.10 790 810 740 690 580 420

.12 910 920 860 790 660 480

2 .05 47 47 43 28 19 26

.10 93 96 88 55 | 34 46

.15 138 144 131 79 | 41 | 64'

.20 162 165 150 96 51 | 90-

.25 207 210 192 120 60 110

3 .05 29 29 26 15 9 69

.10 42 44 40 27 | 15 121

.15 74 75 70 43 | 21 203

.20 87 90 81 48 27 240

.25 96 99 84 51 27 230
.

|

|

Note: Strain values are listed in microinch/ inch

.
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TABLE 5

MODAL DAMPIFG PROPERTIES - SINE SL'EEP 'IESTING

EXCITATION
MODE IS'EL ACC 1 ACC 2 ACC 3 ACC 4 ACX: 5 ACC 6 ACC 7 ACC 8 ACC 9 AVGAGE

(g)

1 .02 3.15 | 3.05 3.10 3.05 3.12 | 3.09

.04 | 2.93 2.80 2.94 | 2.73 2.72 2.77 I 2.82

.06 2.32 L 2.32 2.38 2.14 | 2.07 1.97 | 2.20

| .08 2.43 2.41 | 2.34 | 2.39

! .10 | 2.32 2.48 |2.74 1 2.51

i .12 | | | 2.52 i 2.48 | | 3.14 I 2.71

! | | | | | 1 ! |

2 i .05 | 8.32 | 6.63 I 5.17 |5.48 4.48 I l5.04 i I 5.85

| .10 | | | | | | I |

| .15 | 4.93 4.82 | 5.09 | 4.86 | 5.05 | | | | | 4.95 l

| .20 | | | 5.96 | | [ ! ! 5.96 |
| .25 | | |5.65 | | 1 i 3.65

I i| | | | | c

3 | .05 3.45 3.33 3.08 ' 3.08 | 3.48 | | | | 3.28'

3.14 3.19 3.47 3.28 3.19 | 3.17 | | | 3.24 || .10 1

.15 3.19 ,2.54 2.61 3.10 3.20 | 3.58 | i 3.04

.20 !2.19 { I l i 2.19'

.25 3.12 | | | 3.12 l

Damping values are listed in Percent of Critical

.

.
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TAB 1Z 6

SHAIN IIVELS AND RSPT ELECIRICAL PERFORMA!CE

SEISMIC OBE AND SSE TESTING

ELEC7EICAL
MEASURG STRAIN IATA-VISICORDER PER vr%NCE

TEST TEST TAPE RUN S.G. 1 S.G. 3 S.G. 5 S.G. 10 RSPT 1 RSFT 2

ORIEN. DESCRIPTION NO. sc uc uc uc S/N 604 S/N 596'

!

1 I OBE 1 4 625 600 550 340 OK ! OK

I i OBE 2 5 625 600 550 350 OK I OK"

1 i 03E 3 6 625 605 550 340 OK i OK~

1 i OBE 4 7 635 605 550 335 OK i OK

1 i OBE 5 8 625 605 550 340 OK I OK

1 1 SSE 1 1 9 775 745 675 405 OK i &,

|

2 i SSE 1 I 11 i 755 745 680 405 m i OK

2 i SSE 2 6 12 1 775 745 675 400 OK i OK

2 i OBE 1 i 13 620 600 550 335 OK i OK4

2 i OBE 2 i 14 525 600 555 335 OK i OK

2 i OBE 3 1 15 625 600 550 330 i OK i OK

2 1 OBE 4 16 625 600 550 1 340 i OK 1 OK

3 ! OBE 5 17 625 605 555 335 OK OK'

S.G. 7 S.G. 8'
U_C UC

600 615 i i OK i OK3 i OBE 1 20 |
~

I LOOSEiCABLE3 i OBE 2 21 600 62.5
~

3 I OBE 3 22 610 635 OK I OK

3 : OBE 4 23 620 630 1 OK i OK

3 i OBE 5 24 615 630 i OK i OK

3 | OBE 6 25 615 630 OK I OK|

OK i OK': 3 i SSE 26 755 740 i '

4 OBE 1 27 .I 760 740 i OK t OK

4 OBE 2 28 760 750 1 OK I OK i

4 OBE 3 29 765 760 OK i OK i

OK I OK I30 770 7604 OBE 4
''

750 i OK ! OK i4 ! OBE 5 31 770 |

OK i4 i OBE 6 32 770 750 6 OK '

4 i SSE 33 765 750 i OK 1 OK I,

.

Note: OBE Emnts for Test Orientation 4 inadvertently wre run at SSE Intensity.
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TABIE 7

LIST OF ET)tillMNT AND INSTRitflWTATION

Ins t rumnt Manufac turer Model Manber Scrial Manber Calibration Requircrrents

Scismic Shaker Table H/ Rad - --

Ilydraulic Shaker MIE 204.63 299 -

Shaker Controller MIS 406.11B 1094 -

Shaker Control thit KIS 436.llAB 463 -

2

P/N 2931-973 Unit C-E QA Verification of software usedDigital Vibration! -

Control Syston Time Data Corp. 'IDV-25P

Control Accelerometers Unholtz Dickie 100-PA 492/493 Per Manufacturer Oicek
Response Accelerometers Unholtz Dickie 75 D2/PA 156/104-117 Per Manufacturer calibrated within

last 12 months
Response Accelerometers Endevco 7701-100 AA15, AA16 Per Manufacturer

Signal Conditioners Unholtz Dickie 2216x 145/146 Performance Check

Charge Anplifiers Unholtz Dickie D-22 II Type 2024-2027 Performance Occk

Charge / Voltage Amps Unholtz Dickie D-22 R Type 2048-2053 Performance Qieck

Oscilloscope Tektronix 5000 Series Bil7232 Performance Check

Strain Gauges Micro Heasurement WK-06-125AD-350 - -

Visicorder lioneywell 1858-07906 170401177 Signal Calibration

Power Supply ' Power Mate or equal QRD15-1 IL-ll3 -

Tape Recorder Racal Store 7D D7 690/S Signal Calibration

1R-ESE-442
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Static Deflection Tests

Using a pull wire arrangenent (connected to the CEN top), the CEE was
deflected incrementally up to 5 inch total displacement. ne deflection

i at the CEDM top was measured by an LVUT with 5 inch travel. B e strain
'

gauges (Nos. 7 and 8) were connected to a balance bcx and measured by a
digital readout unit. De results from the static load deflection tests

,

are surmarized on page C-3. A linear deflection characteristic was
observed with a strain to deflection ratio of about 111 uc/in, whereby;

the strain was measured 4 inches above the base plate and the deflection
at the CEIH top.

First Mode Dvnamic Test
'

Strain gauges 7 and 8 were connected over two dynamic signal conditioning
,

units (same as described in main report) to the visicorder readout device.i

Le 5" stroke LVITI was displayed on a third visicorder channel. ne CEM
was set into vibratory motion by exciting it manually above the coilstack.'

De resulting CEN top motions, as well as the nozzle strain levels were
then recorded on calibrated visicorder traces and converted into engineering
units. We figure on page C-4 shows a typical visicorder trace and an-

.

averag.no::le strain of about 240 pc per 2.41 inch top deflection (or
100 uc/in) is observed. Eis value is slightly higher than those recorded'

for strain gauges 1 through 4 of the shaker table tests. Le differences
| may be explained by the fact that these two tests were mn with the CDM

set-up in two different orientations and/or by some flexibility of the
shaker table suspension system.

t

[ List of Test Equipnent in addition to items listed in Table 7.

LVUr Schaevitz Model M/N 5000 HPD, S/N 192, Calibrated 1/16/80.

Digital Volt:neter W200, C-E EL-259, Calibrated 2/10/81.

Strain Read-Out Unit Vishay VE-20A, S/N 25026, Performance'

Check 9/81.

m
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FOREWORD

Ihis Appendix treats two related aspects of equipment aging. For clarity the

presentation is subdivided accordingly. Part 1 of this Appendix discusses the

aspects of Age Considerations for Equipment Seismic Design. Part 2 of this

Appendix covers the f easibility of Surveillance Maintenance as Basis for

Equipment Qualification.
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PART 1

AGE CONSIDERATIONS FOR EQUIPMENT SEISMIC DESIGN
1

|1.0 INTRODUCTION

Special concern exists regarding the need for equipment preaging prior I

to seismic test. Much of this concern arises due to the of ten
conflicting guidance provided by IEEE-323-1974, DDR Guidelines ,
NU REG-0588 , and IEEE-344-1975 . The purpose of this Appendix is
to demonstrate the nonvalidity of the requirement to include preaging.
As a rule, when formulating seismic testing programs, in order to prove
the adequacy of the equipment to perform its safety-related design
function.

2.0 PO SITION

Available information and evidence does not justify tnat there will be
any significant enhancement to the safety of nuclear power plants by
including preaging as part of the testing program f or qualification of
safety-related equipment subject only to mild environments. Neither do
experimental studies conducted (Refer to IEEE " Study of the Ef fect of
Aging on the Operation of Switching Devices," 1980) to determine
whether equipment aging affects the vulnerability of electric switching
devices to malfunction caused by vibrational stresses in the range of
seismic frequencies and acceleration amplitudes. For most devices
tested, the fragility level was approximately the same before and after
testing, in some cases the fragility level increased while in others it
decreased. Overall the changes were not significantly different from
the fragility levels variations observed for duplicate specimens under
identical test conditions. The results of this test support the
position that seismic qualification need not be conducted with aged
specimens.

Based on above considerations and other equipment aged versus non-aged-

testing such as the Position Paper " Justification for Seismic Testing-

Un-Aged Sub-Jendor qualified It ems," tests results provided from such
Sub-Vendors as: Amp Special Industries, Anaconda Ericson Inc, Brand
Rex Co, Electroswitch Corp and General Electric Co, it is our position
that the preaging requirement to seismic test
(IEEE-323-74, Subsection 6.3.5) be waived in ene qualification Program
of Safety-Related Equipment subjected only to Mild Environments and
that only IEEE-344-75 requirements be considered for s eismic testing in
this Class IE equipment.

.

0-2
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| 3.0 DISCUSSION j

l

3.1 Based on information submitted by the Industry, and in particular the '

data presented by the Atomic Industrial Forum, and in a meeting held
with the NRC on August 12, 1981 we concluded that any requirement

. for preaging of equipment would have no meaningful consequence on the
F results of a seismic test program perfonsed on unaged equipment.

This conclusion was documented with information supplied to NRC from
the following sourc es:

i. Manufacturers Tes t Reports

Tests performed on aged and unaged equipment show results not
supportive of a conclusion that aging effects play a
consequential role in tLe ability of the equipment to
function, even in the upper limits of seismic operability.

ii, l$st La boratory Report s

Tests performed in components illustrate that the aging -
seismic combination is not significant in terms of component
ability to f unction under seismic stress conditions.

iii. Historical Dat a

Reports evaluating equipment operation of aged equipment
subjected to actual seismic events conclude that the
electrical equipment perf ormed its functions even where
seismic design considerations were exceeded and when some of
the devices were approaching end-of-life condition.

iv. Industry Standardg

Perf ormance requirements for nonnuclear s tations f or seismic
considerations are based on standards which are also
applicable to nuclear stations because equipment environmental
conditions and seismic stresses are similar for nonnuclear and
nuclear non harsh conditions. Pre-aging is not included in
the seismic test neither is recommended.

v. Manuf acturers Type and Ra ting Tests

These tests document the equipment's ability to reach an end
of design lif e without degradation of structural, mechanical,
or electrical integrity not af fecting the equipment's
capability to perform its safety functions during seismic

| conditions.

i
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vi. Plant Surveillance and Testing Programs

These aspee is of equipment aging are disc'ussed in the latter
part of this Appendix.

3.2 Tne IEEE members S P Carf agno, Franklin Research Center, and G Erich
Herberlein, Jr, Gould Inc. , conducted an experimental study in 1980 on

i twenty-four (24) different specimens consisting of duplicated pairs,
except for starters, circuit breaker and current-limiting fuses, to
deten=ine pre-aging effects on the vulnerability of electric switching
devices to malfunction caused by vibratory stress in the range of
seismic frequencies and acceleration amplitudes.

The devices tested were': Circuit Breakers, Relays, Time-Delay Relays,
Contactors, Start ers, Current-Limiting Fuses and Fuse Blocks.

The experimental program consisted of:

a. Functional Test
b. Vibration Test
c. Functional Test
d. Gamma Radiation
e. Functional Test
f. Accelerated Tnermal Aging (At High Relative Humidity)
g. Functional Tes t
h. Electrical / Mechanical Life Cycling
i. Functional Test
j. Accelerated Thermal Aging (Coils Only)
k. Functional Tes t
1. OBE Vibration
m. Repeat of Vibration Test
n. Functional Test

Description of these t ests can be found in IEEE Paper F-80-259-2,
IEEE Power Generation Committee, IEEE Power Engineering Society,
F abrua ry 3-8, 1980.

Results of the tests show that specimens SB, 6B and 21B vere removed
from program af ter irradiation. These specimens correspond to devices
Time-Delay Relay (SB, 6B) and Circuit Breaker (21B) because they f ailed
to function af t er irradiation. All the other devices passed the
environmental test and were af terwards submitted to the seismic test.
In most cases, there was no difference between the fragility levels
before and af ter aging; this includes the cases in which the fragility
level exceeded the tes t limit.

Table 1 shows the specimen identification by number and function
description. Table 2 shows the Cycles Accumulated During Electrical /
Mechanical Life Tests.

The test results demonstrate that there is no significant difference-

'

between fragility levels before and af ter accelerated aging, including,

cases in vnich the fragility level exceeded tne test limit.
i

0-4
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I
t The specimens passed inspections and functional tests conducted in

accordance with the experimental program where minor exceptions
occurred af ter gamma irradiation. Details of the exceptions are
discussed in the IEEE Paper, Page 4 affecting mostly plastic material
of some components. Since two time-delay relays (specimens 7B and 85)
did not function properly after irradiation, they were replaced by

[ specimens 27B and 28B, added to the program, which funct.ioned
satisfactorily af terward s. All specimens passed the final vibration
tests and all passed successfully the initial vibration test (Specimens
27B and 28B were not submitted to the initial vibration test due to
lack of availability of test f acility when the sp'ecimens were added to
th e program) .

An analysis of the component seismic vulnerability was made to
determine whether aging had produced a significant change in the
fragility level (measure of the ability of the devices to withstand
vibrations in the seismic range). An attempt was made to ascertain
whether the changes observed were sufficiently large to be unlikely to
have occurred by chance. A curve was plotted showing the significant
reductions in fragility level af ter aging compared to the level before
aging (aging effect on sei' mic capability), chance variations (smalls

reductions in fragility level) and the normal distribution curve.

A thorough analysis of the Fragility Level Carve by the probability law
was conducted. Tnese anlayses again support the hypothesis that there

; is no statistically significant aging effect. Summary of the results
is tabulated in Table 3.

.

From the test and study conducted, in which devices were submitted to
vibration test consisted of shaking each device in the direction that
was most likely to cause spurious opening or closing of contacts, at
discrete frequencies between 1.0 and 32.0 Hertz at interval of 1/3
octave and maximum acceleration amplitudes increasing from 0.4g at 1 Hz
to 6g at 12.7 Hz, it was concluded that aging does not have a
significant effect on the seismic vulnerability of most of the types of
contact devices tested.

3.3 Suecarizing the documents, tests and analysis referred to in above
Paragraphs 3.1 and 3.2 of this discussion confirm the statement of our
position, Paragraph 2.0 that the pre-aging does not affect
substantially the seismic capability of equipment when in mild
environments such as Motor Control Center Rooms, Switchgear Rooms, Main
Control Rooms, etc, therefore the pre-aging requirement for seismic
testing in Class 1E equipment should not be included in the seismic

|reports.

It is no coincidence that the above testing demonstrates the
insignificance of accelerated aging before seismic testing. Virtually
all of the components used within mild environ =ents are identical in
design to their commercial grade components. In mos t cases the only

( parameter increased for the nuclear grade component is the price, the\ lead time and the volumes of documentation supplied by test labs
attempting to reinvent the decades of experience of the international
elec trical industry.

0-5
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I The conclusion of the ITE Gould/ Franklin Research test program
demonstrating that equipment aging does not effect seismic withstand
ability serves as testimony to the quality of industry in its design
and manuf acture of equipment. Industry, both in the U.S. and
worldwide, has addressed the subject of equipment aging for the past
30 years and has designed their equipment accordingly.

Industry representations have developed many concensus s tandards to
cover the area of equipment aging.

In particular, two ANSI standards apply to a vast majo.ity of the
2

equipment of concern. Tne first is the Standard for Industrial Control
Equipment ANSI /UL-508 and the second is the Standard for Polymeric
Materials, Long-Term Evaluations ANSI /UL-746B. Both these ANSI
standards were adopted from the standards of Underwriters
Labora t orie s. A review of ANSI /UL-746B standard identifies among its
basis materials standards published by the IEEE. These include IEEE-1
and IEEE-101, the same standards which form the basis of Arrhenius
methodology for NUREG-0588.

The point above is that the utilities already use industry standards
developed over decades which reasonably addresses aging. Unfortunately,
a mystique has been carried around the word " nuclear," requiring a
reinvention of techniques adopted not only within the U.S. but
worldwide (IEC 216, " Guide for the D'etermination of Thermal Endurance
Properties of Electrical Insulating Materials," IEC 493, " Guide for the-

Statistical Analysis of Aging Test Data," etc).

Ihe entire issue regarding the aging of mild environment equipment
before OBE and DBE goes away when analysis can point * ack to theo
indus try standards. Moreover, the NASA, and MIL, Standard s are more
s tri ng ent. These reflect vibration and require severe acceleration
values for extended time periods much greater than 30 seconds at under
5g's (the typical nuclear plant numbers).

Another aspect of equipment aging addresses solid state component. As
indicated within IEEE-650 solid state devices are generally considered
not to possess age related failure mechanisms. This position is
support ed by reliability models such as the bathtub curve and the
Unified Field Theory. The latter approach identifies a constantly
decreasing failure rate with time when the equipmeat is under a
continuous stress (i.e. , aging , voltage, etc) .

Us e of the standard bathtub curve with its infant f ailure region of
decreasing failure rate, the flat region of constant failure rate, and
the hypothetical region of increasing failure rate demonstrates that
equipment operating in the constant failure rate region does not
significantly age, all failures being considered random. The recent
evidence Figure 0-1 more than supports the theory that aging to the
deteriorated "end-of-life point" is not applicable for solid statej

| components. The mos t f ailure prone time is the beginning of lif e,,

{ \~ consequently supporting the industry practice of solid state component
"b u r n-i n . "

O-6
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I There is however an immediate problem with these philosophies. Both
' models account only f or a continuous level of equipment stres s. The

situation in a harsh environmental area of a nuclear plant is .

different. Here, the equip =ent appears to see a step function increase
in the level of equipment stress (especially that equipment used only
for and during accident mitigation). This apparent situation decreases
confidence level regarding immunity to common-mode f ailures. Use of,

I engineering analysis tools such as thermal inertia calculations, review
of actual Arrhenius curves, etc can still be used to demonstrate
acceptability. Moreover, component derating can be used to regain the
reliability numbers during all adverse conditions.

*
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PART 2 )

THE FEASIBILITY OF
EQUIPMENT QUALIFICATION BY

SURVEILLANCE MAINTENANC6

Tni is Part 2 of Appendix 0 which describes the Applicant's approach to
determining tne cost-ef fective feasibility of applying surveillance /
maintenance as the basis for mild environment equipment qualification. At the
time of issuance of this appendix there is no Class If equipment dependent on
surveillance / maintenance to establisn qualification.

1. Introduction

NUREG-0588, paragraph 1.5(2) requires that, " Equipment located in
general plant areas outside containment where equipment is not subjected
to a design basis accident environment should be qualified to tne nor=al
and abnormal range of environmental conditions postulated to occur at
the equipment location." Every nuclear plant receiving an operating
license subsequent to May 23, 1980 (per NUREG-0588 Revision 1.
Memorandum and Order CLI-80-21 and IE8 79-01B Supplement 2
Question / Answer 3) is required to meet NUREG-0588.

Earlier plants (those in operation prior to May 23, 1980) were to meet
IES 79-01B (Supplements 1-3) whien did provide a specific limitation in
scope of the formal submittal to the NRC for harsh environment located

equipment, (refer to IEB 79-01B Supplement 1. Question / Answer 1).
However, even enese plants required " qualification" (IEB 79-01B
enclosure L, paragraphs 4.3.3 and 7), where significant aging
degradation has been identified.

No official regulation (prcposed 10CFR50.49) or regulatory guide
(proposed RG 1.B9, revision 1) exists on the issue of mild environment
equipment. Literally thousands of pages of draft staff positions,
ACRS/NRC meeting transcripts, etc. exist - but no official guidance to

~
the industry. .

.
- What does exist is

NUREG-0800 (Rev 2 - July 1981) Section 3.11 which is the NRC Standard
Review Plan (SRP). Contained within that plan is tne following:

Mild Environment

The environmental qualification of all electrical and mechanical
equipment located in the mild environment is acceptable if the following
procedure is followed:

"Tne documentation required to demonstrate qualification of
equipment in a mild environment are the " Design / Purchase"
specifications. The specifications shall contain a description of

I the functional requirements for its specific environmental zone
during normal and abnormel environmental conditions. A well
supported maintenance / surveillance program in conjunction with a

I *

good preventive maintenance program will suffice to assure tnat

) equipment that meets the design / purchase specifications is
| qualified for the designed life."
|

O- 8
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f "Furtnermore, the maintenance / surveillance program data and
records shall be reviewed periodically (not more than 18 months)
to ensure that the design qualified life has not suffered thermal

and cyclic degradation resulting from the accumulated stresses
tr.iggered by the abnormal environmental conditions and the normal
wear due to its service condition. Engineering judgment shall be
used to modify the replac* ment program and/or replace the,

I equipment as deemed necessaty."
.

2. Definition

Replacement / Maintenance Internal

Ine replacement / maintenance interval is determined as tne maximum cost
effective period of time during.whien there is a high level of
confidence that installed equipment can perform its necessary function
up to, during and following a design basis event.

3. Evaluation of NRC SRP Position on Mild Environment Equipment and Its
Potential NeEative impact

Tne key pnrases in ene NRC SRP position are "well supported
maintenance / surveillance", "a good preventive maintenance program", and
" maintenance / surveillance program data and records shall be reviewed
periodically (not more than 18 months)."

These phrases and unofficial NRC discussions reflect very intensive
surveillance / maintenance activities, perhaps at every refueling outage.
Implementation of these activities necessitates a definition of

meaningful degradation, determination of a surveillance / maintenance
procedure to measure that degradation, initiation and maintenance of
traceable surveillance /caintenance records for trending, and other very
labor intensive and burdensome tasks.

The magnitude of the intensive effort must consider:

Labor Productivity

a) Travel Time
b) Waiting for tools and parts
c) Unavailability of components

Workload and Workwindow

a) Magnitude of craft personnel
b) Time available to do work (e.g. ref?seling)

.

f

h

(
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The impact on resources to establish "well supported":

( surveillance / maintenance both by the utility during plant life and by

the design tea = appears to be more costly than qualifying equipment for
mild environments.

For example, simp 2y extending the surveillance / maintenance interval,

$ from a 2-4 year range to a 6-8 year range on 40-50 valve / damper
operators results in a plant cost savings of some $350 - 400,000.00 on
an enginetring evaluated (present worth) basis. It is clear that
excessive dependence on frequent surveillance / maintenance will run in
the many millions of dollars.

4 Qualification Methods for Mild Environments

Significant data exists and/or can be cocpleted to demonstrate that a
significant percentage of equipment is qualified. Much of this
analysis is based on the application of Military and Industry
St anda rd s. Appendix E contains much data which can be used to qualify
equipment by analysis supported by " partial test data".

5. Industry

Frankly, some industry members want to close the mild environment issue
in the short term and are presently willing to commit the industry to
intensive surveillance / maintenance planning to " renew the fight at a
lat er day". Other members want to face and resolve the entire issue
now and recognize the qualification inherent in the standards now used
f or commercial grade items described in Appendix E.

6. gualification Feasibility By Surveillance / Maintenance Decision Logic
Ite e

The attached logic tree (Figure 0-2) may aid in detenmining if
surveillance and maintenance, as a basis for mild environment equipment 3

,

qualification is feasible and logical. Use of this logic tree quickly
and directly leads to a "real world" determination if and when
qualification based on surveillance / maintenance in lieu of
qualification is prudent.

|

| ;
'

|
'

,

|
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q Le adership/ Training

a) Quality of supervision and training

Availability of QC/QA Support

: a) Magnitude of QA/QC personnel available to
I support work on Class IE items

Planni ng/ Scheduling

a) Significant magnitude of planning / scheduling to support
intensive efforts without impacting plant availability -
Is it possib'

Engineering Support

a) Evaluation of treading

Purchasing / Inventory Support

a) Level of inventory for seals, gaskets;
service engineering to support maintenance.

Nuclear Records Management
,

a) Significant historical record keeping to
verify maintenance perf ormed, maintenance
results and other pertinent inf ormation.
The collected information can be handled
manually on historical record cards or
preferably by computer.

Surveillance /Haintenance Operating Review

a) l'rocedures (efforts) to identify deficiencies
and problem areas

b) Factor (a) above into continuing program

To bring this into context review Guidebook Subsection 8.3.4 and
Appendix E. We can easily demonstrate that most com=ercial grade items
such as simple relays, precision switches (e.g. Microswitches) have a
cycle life far in excess of the majority of plant requirements or
alternatively we can check every relay contact f or wear at every
refueling. Likewise cables and motors can be qualified for the 40 year
life, or alternatively the insulation resistance can be measured and
dielectric tests can be conducted at each refueling or at a maximum of
eighteen month intervals. For solid state components we can demonstrate
that aging is insignificant and need not be considered prior to seismic

I' testing (as described in part 1 of this appendix), or we can attempt to.

g establish (if practical), meaningful surveillance / maintenance tests for
solid state components.

L h
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TABLE 1

1DENTIFICATION OF TEST SPECIMENS

Note: All specimens consisted of duplicate pairs, except specimens 19B
through 22B..

i

Specimen No. De scription

1B Circuit Breaker

2B Circuit Breaker
3B Relay
4B Relay
SB * Time-Delay Relay
6B* Time-Delay Relay
7B Time-Delay Relay
8B Time-Delay Relay
9B Relay

10B Relay
11B Contact or
12B- Contactor
13B Sta rter
14B Starter

ISB Circuit Breaker
16B Circuit Breaker
17B Circuit Breaker
18B Circuit Breaker
19B Sta rter
2 0B Starter

21B Circuit Breaker

22B Current-Limiting Fuses / Fuse Block
Trip Indicator

27B Time-Delay Relay
28B Time-Delay Relay

I

* Failed functions test af ter irradiation.

-
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TABLE 2

CYCLES ACCUMULATED DUAING ELECTRICAL /MECi4ANICAL LIFE TESTS

,
Specimen No. No. of Cycles Conditfons

I

1B 6000 30 amp
4000 No load

2B 6000 30 amp
4000

,, No load
~33 2.0 x 100 5 amp

64B 2.0 x 10 5 amp
5B Removed from program af ter irradiation
6B Removed from program af ter irradiation

67B 1.0 x 10 Relay load
8B 1.0 x 106 Relay load
9B 2.0 x 306 5 amp

610B 2.0 x 10 5 amp
11B 2.5 x 106 30 amp
12B 2.5 x 106 30 amp
13B* 2.5 x 106 yog,3
14B * 2.5 x 106 got, 3
ISB 6000 30 amp*

4000 No load
16B 6000 30 amp

4000 No load
17B 6000 125 amp

4000 No load
IEB 6000 125 amp

4000 No load
19B * 1.0 x 106 Not e 2*

20B* 1.0 x 106. . got, 3
*

21B Removed from program af ter irradiation
22B No operations required -

27B 1.0 x 106 Relay load
628B 1.0 x 10 Relay load.

*These devices were cycled without electrical loading. However, the contacts
were replaced with contacts removed from identical devices previously
subjected to electrical load cycles as follows:

Note 1. Make 84 A& 4 5% P.F. , break 14 A& 90% P.F. and 480 v.
2.5 x 106 cycles at rate of 900/h

Note R. Make 300 A& 45% P.F. , break 50 A& 98* P.F. and 480V.
2.5 x 106 cycles at rate of 450/h

Special Note - A quantitative review and analysis of contact cycle life
'. based upon electrical ratings is discussed within Appendix E

of this Guidebook.

0-13
_ _ _ . _ _..___ _ _ ____ _ _ _ __.

- -



..

E t
'

9e he
en

C E

- .
& 6
4 a.
A b

k N N N NN NN N

t
'

C
E, N N N N N NN N
W

S &
P b
am &

E b
C em N

R.
'

. -

f te en

t 8';M N N N KN M N
4 -

,

e
C
E N N N N N N N N

*w |

es ==

M
E
r *

S T = = , ,4 & C
== b h3

b el
se c M!

".s = se c '
" Ca.a e N
g h I

> t &w == '

P

.D=. == c 2 ad$ F a C

.* L b ==
4 h M N N N

=
C &b
aC M G h '

E O =
b g
= i

** C N N N

*

N M E N N N N N N. .
5 : .

O 15
g .& M ,K at

'an* 4
h.sM 4

E E t- C
C N 6 as

e= g a
b - MC ee

.C. 3>
- C
aC .e E NE
g N w

c u-
M 4 & C C ,

EeE i

== T ese
'

b b 6f3 N N Nem
4. tor La b'

.e ,

' 84 N N N

C
E N N N N N N N N N

M C
e to
E em

b M N Ne
R C

S 6 S
C2 e. ==
** U M NE

h
S oe a

i
a w

,C ==
k

.t.f
W & M N N N N F
tt -
Me -

O C
ad

me
M N Ne

t.

e !E M N NN N N
g I

N
5NoC en h O a. er Oh, t= O e em O em N O O m o* * * * * e eg. & e e e o e e e e e e O N @ O em NN = e== M N N m 4 em em E == == == N N m

.

___ -. _
, 0-14



. . .-
- - - - - - -

,

!

1000

I
500 -

250 -

e
_ 100

sn

g 50 -

I
t 25 - *
at

e e
10

,

5 -
'

a

%
2.5 -

%'

1.0 I ' '
250 1000 M0 M.M **#

100 SM 2500 10,000 50,000
AVERAGE AGE /LRU. HRS

i i i i i l IIII
1 JAN JAN JAN

72 73 77

l

,

4

.

t o
; |(

LOUI5!ANA Figu e
POWER & LIGHT CO. ELECTRONICS FAILURE RATE VERSUS

Y'sterford $teom AVER.%E AGE IN HOURS O1
E.eetri: Stetion



_

{ *

1
-m -

q
_

m-

I
,

WHfCH TASE CAN BE,DONE , WHIC_H,T_ASR CAN1RE DONE
WHfCH TASM SHOUL. D.SE_DO.N. E,

- -- - g

(COST ANALYSISI

LIST FAILUREpS tesPENOfMO ygg
FAlttmE Of fECI ARLE - MODEls) AND

BY MONif 0RINC DEFINE Mf ANT OF
MONITORING

NO

LIST FAILIIRE ~ ~

18feePfMOINO MODEISI AND DOf S RE At. AND DOfS Of5 POSITIONVtS =

FAILURE DETECTABLE -

TASRS Rf FEmMO TO "--"---~~-~~~~~-~~~-"T+ snour Tat : TEM CAuSE scHr Out t r)BY MAINTENANCE -
ALL POTENilAL APPLICABLE DATA FAILURE OF RELAf tVE TO

OR TEST DE TECilON OF g DESIRARfLITY OF A SAf f f V MAIN T E NANCE
IMPENDING F ALLURE g A SCHEDUltip TASK CONCE RN PROGRAM

'
1

+

B' *
- - NO

g
'

s vt S----- -- -- -- --- - + eNCtuoE
|

; DOf S F AltimE LIST ALL UTHICH T A%K g
MODE HAVE A VES FAlltlHE MODElSI MUST BF EM)NFP

DIRECT ADVERSE - AND ALL - AT LE Asi ONE TASE ,| ",,* = YE S == -= = = + REOLRR E SEFFECT Og POTENilAL TASR$ MUST flF SELECTED EVALUAT"

NO 4,g %PLANT SAFE TY REFERING TO EMPLAIN ANY TA$g
- PLANT SAFET Y NOI SELECTED % %-- NO ------ + DELETE

NO

J

j seey em s.esmie

LOUlllANA POwfit & LIGHT EO.
w.e..f J 1s El chie 5e. 4

.

IpsAt of Of A 908988 9 6 A%*Att O f V DT
9retWS og g A8ef f hSA#80t| Seatti 5

838 Il'.N180 t(Ett 9 R9 f

FIGtmE O F
_

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


