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1.0 INTRODUCTION

2.0

3.0

The Testing Services Group of the Primary Systems Deparument of ABB/CENO had been
requested to perform a seismic qualification test on three specimens of MNSA Clamps with
simulated cracks for the San Onofre Nuclear Power Plant. Reference 1. which incorporates
the requirements, was the controlling document for the seismic qualification program. Testing
was 10 demonstraie that the components could meet or exceed their specified performance
characteristic when subjected to the stipulated seismic events. This report documents the
seismic eovironments that were generated during this program and reports the leak resistance
performances of the specimens.

These tests were nerformed in the Dynamic Test Facility at ABB/Combustion Engineering,
Windsor CT, from June 10, 1997 through June 18, 1997,

The Quality Class | subject test program was conducted in compliance with Quality Assurance
guidelines of QPM-101, CP 3 6 (Reference 13) as Design Verification per requirements of the
Test Request (Reference 1) and the Project Plan (Reference 21). The testing was performed by
personnel qualified {or this work per Reference 19

OBJECTIVE

The objective of this seismic test was (o demonstrate that the San Onofre Pressurizer and Hot
Leg MNSA nozzle assemblies, with simulated 180° cracks, can maintain their physical and
functiona! integrity during and following exposure to a Safe Shutdown Eantquake (SSE)
preceded by five Operating Basis Earthquakes (OBEs)

SUMMARY

Representative samples of the San Onofre MNSA designs,  conjunction with simulations of the
Pressurizer (PZR) Temperature Nozzie, the Pressunzer Lower Level Instrumentation Nozzle, and
the Hot Leg Temperature RTD Nozzle, all with sumulated 180° cracks, were provided by
ABB/FSME for seismic qualification tesing  These components were tested as mounted in special
fixtures that were provided by ABB/FSME and assembled specifically for the seismic test by
ABB/CENO
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Exploratory low level sine sweep tests, conducted prior to seismic quabfication testing,
demonstrated that two of the three test assemblics, as mounted on the seismic sumulator, were ngid
within the seismuc frequency range (1 to 33 Hertz) The free-standing Bottom Mounted PZR
Instrumentation Nozzle with MNSA exhibited a nozzle resonance at 33 Hertz and a MNSA
structure resonance at 38 Hertz  The sine sweep transfer functions are shown in Figures 16 and
17 To avoid unnecessary conservatism due 1o a seismuc table resonance, the Bottom Mounted
PZR Instrumentation Nozzle was first tested in a supported fashion. With regzrds to the MNSA
quahfication. this was determuned to be acceptable (Section 5. 1). There were no cnitical fixture
resonances below 50 Hertz with exception of the MNSA resonance at 38 Hertz The sine sweep
transfer functions for the supported nozzle wst configuration are shown wn Figures 18 and 19

Biaxia (vertical and honzomtal) seismic base excitations weve introduced to the test specirnens in
either one or in four test orientations to ensure the possibility of the test specimens to respond i all
of thewr horizontal, vertical or torsional vibration modes, if any, located within the seismic
frequency range Qualification was conducted using modified Genenic Floor Test curves that
enveloped both sets of Plant Specific curves

Aruficial seismic tume histonies were synthesized with random multifrequency intensities that
enveloped the supulated OBY. and SSE Required Response Spectra (RRS) curves of Figure |. The
leakage performance of all specimens was momtored after each event simulation There were no
observed leaks. Consequently, the test specimens provided are qualified to the seismic intensity
levels represented by the specified seismic curves  Typical Tume Histones and the resulting Test
Response Spectra (TRS) are shown in Figures 23 through 30 A more comprehensive set of
results is mcluded n Appendix D The Bottom Mounted PZR Instrumentation Nozzle with MNSA
was tested first in the supported configuration and then i the free standing configuration.  Because
of the seismic table resonance being near the nozzle resonance, the latter configuration was a very
conservative test. Nevertheless, the specimen was capable of withstanding these strong seismuc
responses without damnage or loss of pressure.

All horizontal and vertical control and response accelerometer time histories were stored on
magnetic tape and were simultancously acquired by a PC-based Data Acquisition System. The
data were subsequently analyed off-lme at 1% damping These results are presented in Appondix
D For the free standing Bottom Mounted PZR Instrumentation specimen, honzootal Top Nozzle
and MNSA Top Plate ume hustory and response spectra were also generate and arc provided i
Appendix D for the four SSE level events. On-line spectrum analysis plots are not included i this
report because of the narrower (1 to 50 Hertz) analysis range. They are, however, retained as raw
data

The physical integrity of the three specimen lypes was verified throughout the seismuc te..ng. No
damage was observed at apy time, as indicated on the data sheets of Appendix A Leak
performance cvaluations were porformed by ABB/CENO test personnel before and after each
seIsmic event
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4.0 TEST DESCRIPTION

4.1

Test Specimens and Mounting

One test specimen each was provided for the three test nozzle configurations with MNSA
clamps. The drawings of References 2 through 4 and 14 provide details of the MNSA clamps.
Reference 15 provides details of the st fixtures. Each MNSA clamp was assembled using the
appropriate procedure of Reference 16 using calibrated torque wrenches. Minor adjustments
were made 10 two of the seals which are reflected in the final sets of drawings and assembly
procedure. One of these adjustments was the use of a spacer between the comparison collar
and grafoil seal of the Bottom Mounted PZR Nozzle seal. This resulted in a drawing change,
but did not affect the validity of the seismic test. The specimens were furnished already with
weights that simulated the RTD heads and/or the valve that are present in the field installation.
Each nozzie was inserted into an appropriately sized socket and a 180° crack was simulated by
seal welding only a 180° arc rather than the entire 360° circumference. The bore below the
nozzie was plugged and the top of each test nozzie was furnished with appropriate fittings to
allow for intermal pressurization during testing. The simulated piping or pressurizer wall
pieces were welded onto 16x16x1 inch base plates that accommodated the bolting pattern of the
seismic test table and permitted simple rotating of the test specimen in 90° increments. The
Bottom Mounted PZR Instrumentation Nozzie was supported near its top using a Unistrut/Plate
support structure. This support did not affect the MNSA, which was free 10 move. This
specimen was subsequently also tested without this support.

Small diameter tubiug was connected to a hand pump and to shut-off valves/pressure gauges to
permit monitoring of imernal pressures. The gaupes and hand pump were located off the
scismic table, using generous loops in the pressure tubing, in order 1 accommodats large
relative table movements. Specimens were inspected for any physical defects prior to test,
after each seismic event, and following completion of all qualification sequences. No damage
was observed throughout this entire test program.

Symmetry of the test fixture bolting pattern allowed for simple re-orientation of the test
fixture/specimen assemblies in any of the four required test orientations. The location of the
teat fixture was near the center of the tabie, in close proximity to the vertical acd horizontal
control accelerometers. Sine sweep testing was performed to determine the rigidity of the test
fixtures within the extended seismic range of 1-50 Hertz. Photographic documentation of the
mechanical setup is provided in Figares S through 13. Several figures show the placement of
the response accelerometers during the sine sweep testing.
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Equipment and Instrumentation

Seismic testing was performed in the Dynamic Test Facility using the seismic simulation
shaker wble Figure 4 shows a block diagram of the general instrumentation hookup of the
hydraulic test facility that was used in this rest.

The excitation axis of the simulator is inclined at 45 degrees and, therefore, provides phase
coherent motions of equal magnitudes in the vertical axis and in one horizonta! axis. Two
control accelerometers (Unholtz-Dickie 100-PA), mounted to the seismic table in a mutually
perpendicular arrangement adjacent to the test fixture, were used to monitor the excitation
levels in the horizontal and vertical axes during all testing. The control accelerometer signals
were conditioned by * 'nholtz-Dickie 2216X Signal Condi . The horizontal and vetical
response accelerometers (Unboltz-Dickie 7SD21PA) used during sine sweep and seismic
testing were mounted on standard aluminum fixturing blocks that were glued to
equipment locations. Unholtz-Dickie D22H charge ifiers were used to condition the
response accelerometer signals.

é!

For sine sweep testing, the “SN21T Version 04" software package (Reference 7) of the Digital
Vibration Control and Analysis System (DVCA) was employed. The imput listing for this
program is shown as Figure 14. For synthesis and on-line analysis of the table motions of the
generated seismic environments, the *“WAE 3.0 Decade® software package of the DVCA was
used. The permanent fue identification of this code is WAEOVI TSL, and the synthesized
SRS on-line analysis function has been Q.A. verified by Ref~rence 8. The input listings for
this program are shown as Figure 21

%

For each seismic event simulation, on-line analysis was performed for the horizontal
the table. These data were used to assure envelopment of the Required Response
(RRS) by the achirved Test Response Specira (TRS). For this gralification effort, the
duration was 32 seconds, yielding on-line test response spectra from 1 to S0 Hertz. Ti
hisiory recordings of the table motions were used to verify adequacy of achieved Zero
Acceleration (ZPA) levels.

:

1

i

In addition to performing on-line response spectrum analyses of the horizontal control
accelerometer signals (at the specified damping of 1%), horizontal and vertical control
accelerometer signals, and for selected events also up to two response accelerometers, were
recorded by a magnetic tape recorder (Racal Store 7DS). In addition, a P.C. based computer
program was used to acquire table time history records and to perform off-line analyses (1-100
Heruz range) from these recorded motions using the "SRSKHH" program of Reference 11.
The referenced off-line analysis program was used to compute SRS analyses at the specified
damping of 1% and to display the results in both graphical and tabular form (see Appendix D).
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43

44

4.8

A list of all equipment used during this test program is given in Table 1.
Calibrations

Calibrations were required for the accelerometers, the signal conditioners, the charge
amplifiers, the multimeter, the pressure gauges, and the torque wrenches.  Required
calibrations were accomplished in accordance with the guidelines of Reierence 11. A signal
calibration was performed on the tape recorder, using the multimeter and a signal source, as
well as the full range calibration signals from the charge amplifiers. A 1 volt input signal
check was used to verify the “Hands-off" autocalibration of the P.C. based data acquisition
system. Time records of these signal calibrations are included in Appendix B. Table | lists
accuracies and calibration dates of all equipment. Copies of pertinent calibration records are

included in Appendix C.
Sine Sweep Test Procedure

Sine sweep resonance surveys were performed in either one or in two test Orientations A and
B with response accelerometers mounted near the top of each test specimen. For the two axis
symmetric nozzie specimens testing was limited o Orientation A only. Orientations are
defined in Figure 22. Additional details are illustrated in the photographic records of Figures
S through 13.

During resonance surveys, the specimens were excited over a frequency range of 1 w0 50 Herz
at a sweep rate of 0.83 octaves per minute (0.25 decades per minute). The test intensity
ranged berween 0 | and 0.2 Gs (a ramp from 0.1 G at | Hertz t0 0.2 G at 2 Hertz and a
constant 0.2 G above 2 Hertz). Several test runs were made using a constant 0.1 G excitation
level over the same frequency range. Data runs were displayed on the CRT terminal in the
form of transfer function graphs (horizontal response over horizontal input or vertical response
over vertical input) and hard copies were made. Results of these surveys are shown in Figures
15 through 20.

Simulation of Seismic Eavironment

Seismic qualification was performed in accordance with the documented Modified Generic
Response spectra that enveloped the two sets Plant Specific requirements. The test specimens
were subjected to @ minimum of five consecutive OBE level events in either one or in each of
the four orthogonal test orientations, as specified in Reference 18 For the two axis symmetric
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5.0
5.1

nozzie specimens testing was limited tw Orientation A only. This was followed by one SSE
level event in each test orientation. For each event, on-line monitoring of the horizontal
control accelerometer was performed and results were evaluaied W ensure that Clear
envelopment of the Required Response Spectra (RRS) had been achieved. In addition, for each
event, the outputs from both the horizontal and the vertical control accelerometers were
recorded on magnetic tape and swored via the P.C. based Data Acquisition System

During the seismic cvents, the test specimens were pressurized o 3,175 + 50 psig.
Monitoring of the test pressures was performed by ABB/CENO personnel before and after the
seismic event.

DISCUSSION
General

At the time of testing, it was decided to test the Hot Leg RTD Nozzie and the Side Mounted PZR
Nozzle together, but separate from the Bottom Mounted PZR Instrument Nozzle This decision
was based on the tact that the first two nozzles are symmetric about the vertcal axis, and thus
needed to be tested only m one onentation on the seismic table. Furthermore, the Bo' tom Mounted
PZR Instrument Nozzle required some special attention to deal with the fact that the nozzle
resonance of about 33 Hertz cownwided with the oil<column resonance of the sesmic table  Swce
the Bottom Mounted PZR lostrumentation Nozzie had already been sewsmucally qualified by
analysis in Reference 20, emphasis was at first placed on removing unnecessary conservatism i
qualifiing the MNSA seal Whereas the seismic SSE response spectrum intensity level for the
pressurizer near the nozzie frequency of 33 Hertz was determined from Reference 18, Figure A-17,
as approximately 4 8 Gs, the table resonance situation would have increased this level to
approximately 35 Gs. Since the primary objective of this test was to qualify the MNSA seal, it
was justifiable to stiffen the nozzle and to shuft its natural frequency away from the table resonance
peak, as long as it could be demonstrated that the Zero Penod Acceleration (ZPA) level of the
actual test motion 1s greater than the Required Response Spectrum level at the natural frequency of
the mozzie with MNSA.  According to Appendix A of Reference |8, respective OBE and SSE
requirements at a frequency of 33 Hertz are 24 Gs and 46 Gs.  As 1s demonstrated by the
response spectra and time hustones enclosed i this report, achieved ZPA levels for OBE and SSE
events typically exceeded respective levels of 2.6 and 5 | Gs, which met the stated requirement for
this test 1t should be noted here that these ZPA levels are obtamed from the tume histories and that
the spectrum levels shown in the Test Response Spectra actually indicate higher levels up w 100
Hertz.

Since testing of the Bottom Mounted PZR lnstrument Nozzle with support was successful, it was

decided to also test this specumen in the free-standing configuration. This resulted in a very
conservative, second seismuc qualification test for this speamen Maximum G levels of
approxamately 20 Grs were monitored near the nozzle top  However, the test specimen was shown
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§2

8.3

able to accept even these extremely conservative input motions without any loss of pressure or
physical integrity

Sine Sweep Testing

The transfer functions from the sine sweep surveys, which are shown in Figures 15 through
20, allow the following conclusions:

. The Side Mounied PZR Nozzle and the Hot Leg RTD Nozzle, both with MNSA seal
installed, showed no horizontal or vertical resonances within the frequency sweep
range of 1-50 Hertz. There was some motion amplification towards 50 Hertz in the
horizontal monitoring directions which would indicate resonances somewhere berween
60 and 80 Herz.

The unsupported Bowtom Moumed PZR Instrumentation Nozzle with MNSA
demonstrated a significant nozzle resonance peak near 33 Hertz and a MNSA structural
resonance near 38 Hertz, as shown in Figures 16 and 17. As discussed above, it was
decided to support the top of the nozzle and, thereby, forcing an upwards shift of the
natral frequency of the nozzle. This was achieved successfully, as seen by the sine
sweep plots of Figures 18 and 19. The sine sweep plots included in these figures show
the response behavior of the nozzle and the MNSA hold-down plate in the horizontal
direction and of the asymmetric valve simulation iv both horizontal and vertical
directions. Due t0 non-symmetry, sine sweep testing for this specimen was performed
in two orientations. Seismic qualification of the MNSA seal for the Bottom Mounted
PZR Instrumentation Nozzie was performed at first in the supported configuration
followed by testing in the free-standing configuration.

Seismic Qualification Testing

As mentioned previously, OBE and SSE motion syntheses were performed using the Required
Response Spectra (RRS) curves shown in Figure |. Documentation of the adequacy of the
components for these requirements is based in this document on the results from the off-line
analyses. On-line analyses were also performed during the course of the testing to assure
envelopment of the RRS curves by the achieved Test Response Spectra (TRS). The on-line
analyses results are not included in this report. However, they are being retained as raw data.

Figures 23 through 26 show the waveform time histories and the resulting off-line analysis
outputs for a typical OBE event (Orientation A) for the MNSA clamp seismic intensity
requirements. Figures 27 through 30 provide the same compiement of results, however this
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time for a typical SSE event (Orientation A).  As can be observed, the Required Response

Spectra are always cleanly enveloped by the control accelerometer Test Response Spectra in
both the vertical and horizontal directions.

Appendix D contains all pertinent off-line analyses, performed for the two control
accelerometers.  For the Hot Leg RTD and the PZR Side Mounted nozzie specimens, all five
OBE events and the SSE event are included. For the Bottom Mounted PZR Instrument Nozzle,
ore OBE and one SSE event analyses are included for each test orientation of both the
supported and the free-standing test configurations. There were no requirements 1o analyze
any response accelerometer locations, however the horizontal MNSA hold-down plate and
nozzie wp motions were evaluated for the Bottom Mounted PZR Instrument Nozzle in the free-

standing test configuration.

In viewing the previously mentioned time histories, the top portion always represents the "
digitized” signal, sampled at 1,000 Hertz. The bottom portion represent the same
however digitally RC lcw-pass filtered at 100 Hertz. This measure enables
dezermination of the signal content within the analysis frequency range of | 10 100 Hertz.
filtered time histories are the bases for the off-line analysis results. The unfiltered
usable for detenaination of actual Zero Period Acceleration (ZPA) levess. During respective
OBE and SSE event simulations, ZPA levels in the horizontal direction were approximately
2.7 Gs (Figure 23) and 5.5 Gs (Figure 27). In the vertical direction, respective OBE and SSE
event ZPA levels were 2.8 Gs (Figure 24) and 5.1 Gs (Figure 28). Specified ZPA levels, per
Figure |, were 1.5 Gs and 3.0 Gs for OBE and SSE eveats, respectively.

Ef

Table 3 identifies the required response spectrum levels for the 1/6th octave spaced off-line
analysis frequencies. This information may be helpful in evaluating any of the tabulates'
spectrum results. Foshermore, Table 2 identifies the test runs and the data analysis file
names. This facilitates cross referencing berween the log sheets contained in Appendix A, the
Table 2 test matrix, and the attached graphical and tabulated spectrum results inciuded as

Appendices D.

The spectral data are mostly self explanatory and any observed "peaking” phenomena evident
in the TRSes are confined to the table resonance peak near 30 Hertz. There are some higher
order frequency peaks, however, with regard to the qualification in general, th.se are
considered urrelevant. The response spectra for the hold-wown plate and the top nozzle
(Bottom Moumed PZR Instrument Nozzie) reflect the respective natural frequencies of the
MNSA and the test nozzle.

In summary it is stated that the regairements for envelopment of both horizontal and vertical
RRSs by the TRSs were met during ill seismic event simulations (20 OBEs and 4 SSEs for
Bowom Mounted PZR Instrumentation Nozzie each for the supported 2ad the free-standing test
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6.0
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configurations and S OBEs and | SSE for Hot Leg RTD and Side Mounted PZR Nozzles, all
with MNSA clamps installed) documented herein for each of the specified sets of seismic
requirements.

Since the selected, modifind Generic Floor RRS curves completely enveloped those for the
specific plant locations. the test specimens have been demonstrated to exceed all stipuls °d
seismic requirements. Vith regard to the development/justification of the Test Response
Spectrum requiremen’s, one is referred to Appendix A of the applicable Test Procedure,
Reference 18 Since, in addition, there was no observance of leaks or significant pressure
drops in any one of the three test specimens, it is concluded that the seismic qualification test
described has demonstrated full compliance with all acceptance criteria for the MNSA clamps,
as stipulated in Reference 18,

RECORD RETENTION

Test records, raw data and original data sheets were assembled and transmitted to the Primary
Systems (Testing Services Group) custodian of original raw data for storage. All pertinent test
records are included in the test report. Magnetic tape recordings of test data are stored in the
Seismic Laboratory for a minimum of five (5) years. There is no need to store the digital files
since they can be regenerated from the analog tape recordings. The calibration records for
instruments used to record test data are stored in accordance with the laboratory procedure of
Reference 10. Copies of pertinent calibration records are included in Appendix C. Copies of
the original test procedure and test report wili be stored in the Primary Systems (Testing
Services Group) files for 8 minimum of five (5) years. Q.A. Record Storage of the subject
document is the responsibility of ABB-CENO/FSME.

REFERENCES

Test Request TS071A, Supplement 00.

ABB C-E Drawing E-MNSA-228-001, Rev. 02, “Bottom Pressurizer Mechanical Nozzle Seal
Assembly ™
ABB C-E Drawing E-MNSA-228-002, Rev. 02, “Side Pressurizer RTD Mechanical Nozzle Seal
Assembly”.
ABB C-E Drawing E-MNSA-228-003, Rev. 02, “Hot Leg RTD Mechanical Nozzle Seal
Assembly”.

[EEE Std. 323-1974 & 1983, “General Guide for Qualifying Class |E Equipment for Nuclear
Power Generating Stations. ™
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13.
14,
18.
16.

17

19.

21

Equipment for Nuclear Power Generating Stations. "

C-E Analysis Report No. $669-100, Rev. 01, "Q A. Verifirsn of Time/Data Sinusoidal
Vibration Control Code Version 04°, issued April 11. 1985

C-E Analysis Report No. SB63-113, "Q.A. Verification 3.0 Decade Wave Synthesized SRS
Analysis Program, Vibration Conwrol System”®, issued May 2, 1979

C<E Analysis Report No. SE90-125, Rev. 02, "Q.A. Verification of C-E SRS Analysis
Modification”, issued April 1., 1985,

MISC-PENG-IPQP-007, Rev. 01, "Quality Program Plan for the Control and Calibration of
Measuring and Test Equipment”.

C-E Analysis Report No. 00000-ESE-76D-224, Rev. 01, "Q.A. Verification of Computer
Program SRSKHH used for Shock Response Spectrum Analyses”, issued November 2, 1993,

S-NOME-WTR-0007, Rev. 00, “Test Requirements for the San Onofre MNSA Clamp for
Pressurizer Instrument Nozzles and RTD Hot Leg Nozzles®.

QPM-101, Rev. 01.
ABB C-E Drawing E-MNSA-228-004, Rev. 02, “Mechanical Nozzle Seal Assembly Details” .
ABB (_-E Drawing E-MNSA-228-008, Rev. 02, “MNSA Seismic Test Fixtures"

MNSA Assembly Procedures, $3-NOME-EP-0124, Rev. 00.

161  MNSA - RTD Hot Leg, Section 7.0.

162  MNSA - Pressurizer, Bottom Head, Section 6.0.

16.3  MNSA - Pressurizer, Side Nozzle, Section 5.0,

Mini-Specification S023-411-57, Rev. 0, *RCS MNSA Assemblies, San Onofre Generating
Station, Units 2 and 3",

00000-PENG-037, Rev. 00, “Test Procedure, Seismic Qualification of the San Onofre MNSA
Clamps for Pressurizer Instrument Nozzles and RTD Hot Leg Nozzles”.

10C PENG-96-501, Assessment of Test Personnel Certificates for 1997,

Report CENC-1743, “Addendum to Analytical Report for Southern California Edison San
Onofre Unit No. 3 Pressurizer,” December 1986.

PP-2007241, Rev. 00, Project Plan fur MNSA Clamp Analysis and Testing.
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TABLE 1

EQUIPMENT AND INSTRUMENTATION

2 ST S
] w» %
=¥ ok R body.
2 e R A

2

S e -t

PN 2931073 | Unit C-E - Q.A. Verification of Software Used
TOV2S-P
100-PA 492 & 994 1&10G $5% of Rdg * | "ON2R97 1028/97 & 042997 102997
216X 145 & 146 1 & 10G £2% of Rdg.* | O4/28/97 - 10/28/97
75D21PA 109 & 111 10G-30G | 25% of Rdg.* | 04/25/97 - 04/25/98
D-22H 02585482 |10G-30G | #2% of Rdg.® | 04/16/97 - 04/16/98
Store 7DS 6330 10V inpw | $2% of Rdg. Signal Cal., 05/15/97 - 05/15/98
8050A 6168012 VAV | $(0.2% of Rag.) | 12/18/96 - 12/18/97
486DX-33 ABB 01718 N/A N/A N/A I
DT2831-G S/N 10593 0- 10V €<t1% of Rdg. | 05/14/97 - 05/14/98 Signal Cal. ** |
153668 CL-1031 150 fi-Ib 1% of Rdg. 05/20/97 - 11720097

s 250 in-Ib $4% of Rdg. 04/01/97 - G4/01/98 1
%" CL-1041-1043 |0 - S000 psig | %% of full range | OS/15/97 - 11/15/97 1

*Uverall Measurement Accuracy Better Than 5% of Reading.

**See Appendix B Reference 11.
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TABLE 2

TEST MATRIX, OFF-LINE ANALYSIS AND DATA FILE [DENTIFICATION

m_m

I

i |

. |
e
11
o
-
14

.y,

RN RRER R
d.:.,...;.,::_a O IR

SSE Evert

XX = MC = Horizortal Control
XX = VC = vertioel Control

xx-vzz

OBE Evort: 2

Y= Orlortetion A B Cor D
aQe
_Z = Everst Number

zZ

Pt itertifiraron Schwre
whers

* Rafers to inpe recorder log shest (Apperdix A) for tapx. |0 8090
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TABLE 3

REQUIRED RESPONSE SPECTRUM LEVELS
AT 1/6th OCTAVE ANALYSIS FREQUENCIES

- —

TR RN NIRRT

L R OSSN TNl | SRR
00

— 13—
g 3
207 % ;
: uz“—_
373 748 ’
3 00 {2.w )
600 12.00
$.00 SR
6.00 0
“8.00 1200
B 0 12'w &
O
. 1200 OCCASIONAL, UNDERTESTING
.00 AT ISOLATED FREQUENCIES
() IS PERMISSIBLE ACCORDING TO
X | PR - ESPECIALLY WHEN OCCURING
6.00 Tﬁo AT LOW (LESS THAN 3 HERTZ)
516 T FREQUENCIES WHERE NO
Y. o RESONANCE CONDITIONS EXIST
380 ¢
337 674
) S
3 %
2.1 442
1.91 182
168 - 3.32
1.50 300
1.50 SRS
1.50 100
150 300
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Note: A less conservative spectra may be used based on the results from the Sine Sweep Test,
provided they envelop the Plant Specific Curve(s) of Appendix A.

FIGURE i: REQUIRED RESPONSE SPECTRA
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1 VOLT PEAK SIGNAL CALIBRATION CHECK
OFF-LINE ANALY STEM

Mn.MMDyMAQuMSymhwdSh(G)CM.

Page B3, As Registered by the Off-Line Analysis Program SRSKHH for Single Channel

Calibration Check Consisted of Passing Nominal 100 Hertz Signal (+/- 1 Volt Peak) into PC
igit f 5000 (each Channel), Display of

Data Acquisition System, and Finally Display of Portions of
aqumnbymuuuywuym«nmwmmcm

Calibration Performed May 14, 1997
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A NON-PERMANENT
T QUALITY RECORD

CERTIFICATE OF CALIBRATION

—

.( Ingtrument 'vaer‘ Mmool L Caiibranon Date 4 - /L(;) ‘

| ] v‘ \
Manufacturer LL A : W Calibraveon Due Date l
“-l-97 N |

| Range \.\'.\.A_\;_.._ Accwaui_-.a?.:%_ Calibrauon Document
| Mg Seral No A 1xs | | Procedure Rev
l C-E 1D No E tlj X ‘f’ (Yl Manufacturer's Sp.c:‘vc.hoﬂl':“Jﬁ‘){/lq.)?lj

Test Equipment Used To Perform Calibration:

Test Equipment Serial or ID No Test Equiprment Serial or 1D No '
-y - . L

D <390 CL-adys ,
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o — s
NS 2 26T

- A
CALIBRATION RESULTS
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Value As Found As Left }‘gi.
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: QUALITY RECORD
: CERTIFICATE OF CALIBRATION
mwmm Type Calibration Date o ﬁ"’jjfr |
Manufacturer 3N Calibration Due Date q’@ !
V.ange Al,[j__ Accuracy Calibration Document: |
Mig. Serial No Vi ?9 [ | Procedure Rev. e :
C-E 1D No A/ /A | | Manufacturer's S, .«cifications |

Test Equipment Used To Perform Calibration:

'l:u? Egm‘ ent gg.g%g_h_l& Test ﬁ Som.l or ID No.
Hadle ___ CGlaogy
Calumbie, = Ctl-20¢3

T T3

As Found | AsLert [O41 0f

| |
2 THIS CALIBRATION WAS PERFORMED IN ACCORDANCE WITH PROCEDURE F00000-ES- 106-00

CAUBRATION HAS BEEN PERFOAMED UTILZING MEASUREMENT OEVICES WHICH A VE KNOWN AELA TIONSMIPS TO
STANDARDS WHERE SUCK STANDARDS EXIST WHERE SUCH STANDARDS DO NOT EXIST AN APAROVED PROCEDURE WRITTEN
NACTORDANCE WiTh ThE MAMUS ACTURER'S RECOMMENDA TIONS MAS BEEN USED AND THE STANDARDS DOCUMENTED
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ABE NON-PERMANENT

o e QUALITY RECORD

ey CERTIFICATE OF CALIBRATION

Instrument Type Calibrauon Date q- é’:’ 22 |
Manutacturer A Calibration Ove Date 1 =257~ 9 .l |
Range .*LZA__ Accurany Bl el Calibration Document: :

Mig. Serial No. 1/ | | Procedure Y e
C-£ 1D Neo. N/A | | Manufacturer's Specifications

Test Equipment Used To Perform Calibration:

Gl 7 > » il 0w > A -
- o 'y .
fr— S

0%
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THOS CALIBRATION WAS PERFORMED IN ACCORDANCE WITH PROCEDURS #00000-EES-208-00
CAUSRATION HWAS BELN PERZIAMED UTILIZING MEASUREMENT DEVICES WriCH MA vE KNOWN RELATIONSIPS TO mST
STANDARDS WHERE SUCH STANDARDS EXIST WHERE SUCH STANDARDS DO NOT EXIST AN APPROVED PROCEDUAE WAITTEN
N ACCORDANCE WITH “ME MaNUZ ACTURER § RECOMMENDA TIONS MAS 3858 USED AND THE STANDARDS DOCUMENTID

REMARKS E o H}

: CAUBRATED SW__
MW ACCEPTED | | REJECTED

TENPERATURE 2O o
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LV ATTEN. RECORD SPEED 7 12 . D¢ "
(e

(il charvsie) CH. ¢ CH s
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I VATITN RECORD SHE
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L TYPE  MANUFACTURER MOD O CALDATEOUF DATE

SIGNAL CAURRATION ENPUTOOCY 00
EQUEPMENT: DVM _ FLUR
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Rev. 00
Ref. T.R. No. TSO71A

ABB/COMBUSTION ENGINEERING
PRIMARY SYSTEMS

Contract No. 2007241
Md'l‘mﬂm

Appendices 49 Pages

Qua"ty P'us 'nc = Metrology Services

ACC
CERTICATION OF ACCURNCY  ATE o776/
BAIE: 04/01/97
:o-u»mmn ""%-ﬁ."'%‘
WINDSOR CT 06098 SERE; #25
E0.8; 4471600 DATE IRE; 04/01/98 {
W
\)n

ACTUAL RESLLTS

AS FOUND AFTER ADNUSTMENT
CAL.POINY CLOCKWISE  COUNTRCLKWS CLOCKWISE  COUNTROLKWS
o Lt 49.50 80.22
00 RS $8.90 100.20 NO ADVABTMENTS

REGUMRE D

150 NN 148.50 15008
200  wABS 18780 20120
250 s is8.80 250 40

-
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el

PLYMOUTH INDUSTRAL Pans

g '\CE? Z COMNER OF WARCO AND CONTAMER DAWVES

PO 20x
-’ - T Wik, T
CATE Z—Z—f v, somtsren W

SRS . TORQUE CALIBRATION CERTIFICATE
REPORT NUMBER: 213012 PO Nomber: 45676KP
DATE OF CALIBRATION: 52097
CUSTOMER: ABB Combustion Engineering .+ LIBRATION
INSTRUMENT: Torgue Wrench, 150 f/lbs. "ot DATE ﬂ_-_f_f_’ll
$/N: CL-1031 MAKE: Proto 153668
CLOCKWISE 20% ey P 100%
INDICATED
WRENCH TORQUE: 30'Tbs. 60'Ibs. 90'lbs.  120'bs.  150'Ibs.
ACTUAL TORQUE: 30'bs. 60'Ibs. 90'lbs.  120'bs.  149'Ibs.
COUNTERCLOCKWISE
INDICATED
WRENCH TORQUE:
ACTUAL TORQUE:
PROCEDURKE: #32

TEMPERATURE /HUMIDITY: 68%/41%
THIS INSTRUMENT WAS CALIBRATED USING MASTER CALIBRATOR
SERIAL NO-£317
CALISRATED ON 6/{7/96 DUE: 6/179%
TRACEABLE TO THE NIST THROUGE NIST TEST NO. MMAP §22/LA

CALIBRATION TECHNICIAN
Rel ANSI B107.14
Rel Federal Spec. GGG-W-486
Mk W-26497
Calibration conforms te ANS] 2540-1
Estimated level of aceuracy is 2 1%
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APPENDIX D
OFF-LINE ANALYSIS - RESULTS
GRAPHS & TABULATIONS

Hot Leg RTD Nozzie and PZR Side Mounted Nozzle

WMWSMMSOOEBWMISSEBveninouTutOrhudon(Axh«
Symmetric Specimens)

Pages D2 through D11 Horizontal & Vertical OBE Spectra

Pages D12 & D13

Horizontal & Vertical SSE Spectra

mnTmmSmﬂoHOBEudlsssaminMowaTuMm

Pages D14 through D17 Orientation A
Pages D18 through D21 Orientation B
Pages D22 through D25 Orientation C
Pages D26 through D29 Orientation D

4 n
mmmmuIOBEMISSEEmMnMMMTwOrm

Pages D30 through D33 Orientation A
Pages DG4 throuh D37 Orientation B
Pages D38 through D41 Orientation C
Pages D42 through D4S Orientation D
Time Histories for 4 SSE Events, hrHoriaonnlNo:ﬂeTopMHorhonlMNSATopm
Pages D46 and D47 Orientation A
Pages D48 and D49 Orientarion B
Pages D50 and DS Orientation C
Pages D52 and D53 Orientation D

Test Response Spectra for 4 SSE Events, for Horizontal Nozzle Top and Horizontal MNSA Top Plate

Pages D54 and D5S
Pages D56 and DS7
Pages DS8 and D59
Pages D60 and D6!

Orientation A
Orientation B
Orientation C
Orientation D

Note.  Graphs can be identified by File Number in c~mbination with Table 2
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