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This summary report contains comparison between results of final

qualification reports (either analysis or test) and in-plant

mechanical impedence measurements on seventeen representative
f .

LaSalle County-1 Nuclear Power Plant equipment. The objectives

of this evaluation are:

.

To assess the similarity and differences between the impedence

test results and the existing qualification reports; and

To re-assess the cdequacy of the equipment for the additional

f)h hydrodynamic loadings, particularly in regard to the high frequency(.

resonances reported as a result of impedence testing.

Based on the findings, as detailed in sections 1 thru 17 of this

report, it can be concluded that, in general, a good agreement exists

between the existing qualification reports and the results of the '

in-plant impedence tests. Moreover, there is adequate margin of

safe'ty to account for higher frequency resonances found in the

impedence test measurements.

.
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I. OBJECTIVE

The objectives of this study can be summarized a,s follows:

| a) To assess the comparison between the impedance test results and

the existing qualification report,

b) To re-assess the adequacy of the equipment for the additional

hy'drodynamic loadings, particularly in regard to the high

frequency resonances reported as a result of impedance tests

conducted in-situ.

.

II. SUMMARY OF PERTINENT RESULTS FROM QUALIFICATION REPORT

O Qualification report presented the results of analytical assessment

and design qualification for this LPCS pump. (Ref. 1)

In order to assure the functional reliability and operability as
,

well as the structural integrity, the following analytical efforts

and considerations were undertaken:

a) A detailed dynamic / static analysis was performed on a three

dimensional finite element model, which represented the mass,

stiffness and boundary conditions of the pump-motor assembly. ,

b) The seismic and hydrodynamic load combinations (T-Quencher) as

stipulated in the design environment were met. .

c) Compliance was assured with the design requirements of the

ASME B&PV., Section III Code (NB-3200) per service levels B & C
%,

and with other conservative methods of mechanics and stress

analysis.

._. _ _ _ _ . _ _ _ .._...___ , . ~ . . . . . _ . . _ . _ _ . _ . _ . - ~
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d) Operability was verified by checking relative displacements at

critical locations.

Based on the results of analysis as presented in Ref. 1, this LPCS

Pump was qualified as a reliable and functional pump for the RI!R
system in the ECCS.

The schematic representation of the finite element model is given
in Figure 1. Essentially, the model is a three dimensional lumped

mass beam element model, capable of accepting loads from the

vertical and two horizontal directions simultaneously. Model has i

total number of 105 nodes, 97 beam elements and 16 boundary elements.

S&L SAPIV computer program was used for both dynamic and static

analysis of the model.

A modal analysis was performed using the subspace iteration technique

and all e-igenvectors were saved on a permanent file for subsequent

analysis with various dynamic loading conditions. Twenty-five modes

were considered in the analysis, with the highest frequency'of 140.5

cps. This frequency is high enough to cover the ZPA of all

applicable response spectra. Table 1 on page .gives the frequenc'ies

of the structure. As can be seen from this table, the fundamental

frequency of the equipment is 7.82 cps.
.

.

.

III. SUMMARY OF PERTINENT RESULTS PROM IMPEDANCE TEST REPORT

SQRT in-plant impedance testing on the LPCS pump was done on July 24,

. 1980. At that time, all hydraulic and electrical conne'ctions to the

s
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' TABLE 1 - EIGENFREQUENCIES

*

PRINT OF FRCOUENCIES .

MODE CIRCULAR
NUMSER FREQULNOY rREr;UENCY PERIOD Tot.ER ANC E

(RAD /SEC) (CYOLES/SEC) (SEC)

1 .4912+02 .7918+01 1279+00 .6705-08

.5352+02 .8518+01 .1174+00 .2559-002 --

3 7308+02 1163+02 .8598-01 .3421-07

4 .7600+02 .1211+02 .3260-01 .2253-07

5 .2167+03 .3450-02 .2899-01 .1594-07

6 .2173+03 .3458+02 .2892-01 .1240-07

7 2335+03 .3717+02 .2691-01 .1848-07(%
\' 8' .2590+03 4122+02 .2420-01 .2935-07.

9 .3729+03 .5935,402 .1G85-01 4124-07

10 4034+03 .G421402 .1558-01 .8730-08

11 4605+03 .733O+02 .1364-01 .8963 08

12 4825+03 .7679+02 .1302-01 .2232-07

| 13 .4923+03 .7835+02 1276-01 .1750-07

14 .5284+03 .8409+02 .1189-01 .1954-07

15 .5918+03 .9259+02 1080-01 .3938-07

1G .5910+03 .940G+02 .1063-01 .3304-07

17 .5957+03 .9481+02 1055-01 .1984-08
.

18 .5962+03 .9489*02 .1054-01 .2878-07

19 .6201+03 .98G9+02 .1013-01 .1167-08

20 .G219+03 9898+02 .1010-01 .3537-03

21 .G2GG+03 .9973+02 .1003-01 .250G-07
|

22 .6269+03 .9978402 1002-01 .1471-07

23 .643O+03 .1023*03 .9772-02 '.3082-07

24 .G845+03 .1089+03 .9179-02 4870-05

25 .e828+03 1405+03 .7117-02 .1305-07

| -

-- - - - - .. . . . _
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pump and motor were completed. The wire frame model of the test A5

geometry is shown in Figure 2.

The TRANSITEK hydraulic shaker with the small weight (122 lb. mass)

was attached to the top of the motor in the horizontal direct 1ons

at points 27 and 31. The acceleration amplitudes at that point

were limited to the range of 0.1 to 0.39 at the request of the

contractor responsible for the pump installation. Further details

pertaining geometry, method of testing and evaluation are given in

References 2 and 3.

The modal parameters as identified by the tester (Ref. 2, Table

O
4 . 2.1) are given in Table 2, page A7.

i IV. COMPARISON OF RESULTS
,

f An inspection of the wire frame model of the impedance test

geometry as given in Figure 2 indicates that the measurements were

essentially conducted on the portion of the pump / motor assembly

that is visible above the foundation plate; namely the motor stand,

outside elements of the motor and the discharge elbow. Therefore,

before attempting any comparison of the results, the frequencies

that are pertinent to these parts are to be identified from the

analysis results. This task is carried on, and by carefull

inspection of the node displacements and rotations at the nodes of

O rieite e1emeet ae1, acecribieu the eu ve meetioeea e reioee or

the equipment assembly, the important frequencies are identified and

tabula'ted in Table 3, page A8.

I /
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i

TABLE 2

MODAL PARAMETERS OF THE LPCS PUMP

(IMPEDANCE TEST)

Mode Frequency Damping Ref. Res.

1 11.722 0.047359 27Z+ 27Z+-

~2 53.341 0.041495 27Z+ 27Z+

3 63.485 0.041254 27Z+ 27Z+

4 10.355 0.012157 31X+ 31X+

5 83.151 0.043828 31X+ 31X+

6 12.150 U.016476 31X+ 31X+

\

| The Z-direction input force spectrum and

four representative transfer functions in

various directions are presented on pages

A10 - A14.

O
|

- _ . . .- ._ - . _ -. - .. . - _ _ _ - _ _
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TABLE 3

ANALYTICAL FREQUENCIES FOR Tile PORTIONS OF TIIE

EQUIPMENT CORRESPONDING TO Tile TESTED REGION -

MODE FREQUENCY

1 7.82

2 8.52

3 11.63

4 12.11

9 59.35

10 64.21

11 73.30

12 76.79

13 78.35

14 84.09

15 92.59

0

.
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By comparing Tables 2 and 3 following can be said:
.

a) frequency range covered by analysis is inclusive of the

frequency range presented as test results.

b) and of six experimental frequencies presented, four resonant

frequencies can be matched very closely with frequencies given

in Table 3, namely, 11.722 and 11.63, 12.150 and 12.11, 63.485

and 64.21, 83.151 and 84.09.

c) by investigating transfer functions given in pages All - A14, it

can be concluded that there are a number of resonant frequencies

O between 52. end 65. ces. , which is en inc1esive rense for modes

9 and 10 reported.in Table 3,

d) by investigating the input force spectrum given on page A10, it

is concluded that frequencies below 10 cps. were not adequately

excited during the experiements, resulting a difficulty in

positive identification of resonant frequencies below 10 cps.

Yet, investigation of transfer functions in Z direction that are

presented on pages A12 and A13 indicate that there is an identifi-

able frequency in the vicinity of 8.5 cps, however, not well

defined due to insufficient excitation.

e) In general there is' good agreement between analytical and test

results. Small differences may be attributed to the conservative

O eeeroech thet is to11owea ia the ri=1te e1eme#t mode 111as.
.

S

e
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V. CONSIDERATION OF HIGII FREQUENCY RESONANCES
.

In the case of this equipment, there is no special evaluation

required 'for the high frequency resonances at this stage, simply

because the analysis considered both the seismic and hydrodynamic

(T-quencher) response spectra load combinations, and the frequency

range was wide enough (7.82 - 140.5 cps), and equipment was

qualified for this frequency range.

VI. CONCLUSION
1

e

Comparison and discussion of results indicate that the frequencies

identified by analysis and by impedance testing are practically

the same, confirming that the method of analysis, and the modelling

technique using finite element methodology was correct and adequate.

I
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I. OBJECTIVES

The objectives of this study are:

(i) To compare and draw conclusions on equipment adequacy

based on the impedance test rest.lt and the existing

qualification report.

(ii) To determine equipment adequacy for the additional hydro-
:|

dynamic loads. This is of additional concern in view of

the high frequency resonances reported in the impedance

test.

O (iii) To assess the importance of pipe vibration on pipe
'

a

mounted equipment particularly with regard to the

transmissability of high frequency vibration through the

piping system.i

|

'l

.

:
i

,

I
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ANALYTICAL MODEL (3)

A conservative estimate of the minimum natural frequency has been

obtained (3) by considering a single degree of freedom-limped

mass cantilever model. By inspection it is clear that the yoke

section is the weakest section in the valve assembly. Thus a

consideration of this section would yield the lowest natural fre-

quency for the system.

The single-degree of freedom model is

CJ
'

( _ __ w

I L

F
,J .

U )

|

Figure 1

The natural frequency, f .is completed usingn

~~-II)| f *n (w L3

The computed frequency using (i) above is 62 IIz. (3)

- - -. .-.
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TEST MODEL

1. Geometry. (2)

The geometry of the 2" pipe mounted valve described by thei

location of the accelerometers is shown below.

hY

3 a'
|

i
'
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J :5
44

6 z
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3 X
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L

Nodes I ihtu 3 represenf (ocafion of accelerometers.

A
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Discussion of Experimentally Obtained Frequencies & Mode Shapes

In the experimental analysis by Transitek (2) node 7 has been excited

along the three coordinate exes. The following natural frequencies

have been identified.

(i) Seven frequencies based on excitation along the X axis at
node 7.

(ii) Nine frequencies based on excitation along the Y axis at
Node 7.

(iii) Five frequencies based on excitation along the Z axis at

O =oae 7-

Based on the above frequencies the structure-mode shapes
have been plotted. Cross coupling coefficients have not

been included due to the lack of a definite orthogonal
structure frame of reference.

Excitation Along X Axi$

Seven equipment natural frequencies have been identified for struc-

ture excitation along the X axis at node 7. From the mode shapes

it is seen that six of these modes are associated with pipe move-
mont. IIence a realistic assessment of the actual equipment fre-
quency can be made only if quantitative data of the transmitted

vibration is studied. These modes correspond to shapes 1 thru 5

and 7 on pages 28 thru 32 and 33 respectively of the Transitek
Report (2).

-
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Shape 6 on page 33.of the Transitek Report corresponding to a fre-

quency of 60.07 Hz deserves further investigation. Pipe motion at

this frequency is minimal in contrast to the rest of the modes. Node

seven, which is further away than node 5 from the point of support,

displaces more than node 5. These observations suggest a cantilever

type valve motion.

A 1 d-o-f vibration analysis of the gate-valve indicates a flexural

frequency equal to 60.07 Hz. Thus showing close agreement between

the experimental and the 1 d-o-f analytical model. Equipment shape

corresponding to this frequency as represented by the wire model is

shown on page B3

A typical system frequency corresponding to pipe motion is shown on

page Bll.

Excitation Along Y Axis

Ecuipment excitation at node 7 along the Y direction is characterized

by movement of.the pipe along the Y axis. Some local transmitted

vibration is present, however the importance of this vibration can

only be assessed by quantitative values for each of the nodes. Pipe

vibration can be characterized by the following dominant pipe vibra-

tory modes.

O

.



Calcs. For Cafe. No. nA O - 0 3 cg_
SARGENT4LUNDY n,.oo o,,e 06/01/81G N 2tN SOME -

C'*C^" Safety-Related Non-Safety-Related Pc:,a B6 of B 22

q Client Commonwealth Edison Company Prepared by DateA)
Project LaSalle County, Units I & II Reviewed by Date

Proj. No.4266/4267/6093-00 Equip. No. Approved by Date

(i) Rocking Mode

Typically shapes 1, 2 and 3 pages 36 thru 38 of (2). In this

mode.both the ends of the pipe diverge after a common meeting
point.

.

(ii) Parallel Mode

Shape 4 page 39 of (2) corresponds closely to this mode. The4

' pipe is seen to exhibit a nearly parallel up and down motion.

(iii) Convergent / Divergent Mode

In this mode the pipe vibratory motion is such that the pipe

axis tends to either diverge or converge from some point

either on or off the pipe. These modes are shown on p. 40 thru

44 of (2).
-

,

It is clear that none of the above modes constitute a global

mode. Local modes associated with pipe transmitted frequen-

cies may be present. The ext.ent, and severity of these local

modes can be gauged using quantitative nodal displacement

data. An example of each of the modes (i) thru (iii) is

shown on pages Bllthru B14.

.

Excitation Along Z Axis

Five mode shapes corresponding to five natural frequencies identified

are shown on pages 46 thru 50 of (2). All of the modes shown corre-

spond to pipe motion. A typical system frequency corresponding to

pipe motion is shown on page B15. Pipe motion is cicarly identifiable

in this plot.

.. . . _ _ . . _ . . _ . __.~._ ._ _ _ _ _ -__ - - _ - .__
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Comparison of Experimental & Analytical Equipment Frequencies

Experimentally Obtained Valve Frequencies (2 )

Equipment
Frequency

Hz Axis Remarks - (Based on Mode Shape)

11.45 X Pipe motion observed - valve stem moves with pipe
" " " " " " " "

13.66 X

18.82 X a a a a a a a a

21.30 X a a a a a a a a

" " " " " " ". "31.89 X

60.07 X Cantilever mode observed

69.57 X Pipe motion observed - valve stem moves with pipe

7.339 Y Pipe motion observed - valve stem moves with pipe

10.7 Y a a a a a a a a

13.16 Y a a a a a a a "

,

21.46 Y a a a a a a a a

37.67 Y " a " a a a a a

70.61 Y " " " a a a a a

73.02 Y a a a n a a a a

90.75 Y n a a a a a a a

" " " " " " " "94.12 Y

7.216 Z Pipe motion observed - valve stem moves with pipe

6.691 Z Pipe torsional frequency.

21.49 Z Pipe motion observed - valve stem moves with pipe

31.32 Z " a " " a a a a

37.52 Z " " " " " " " "

O
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Analytical Equipment Frequency

A cantilever frequency of 62 Hz is computed for the valve assembly.
The valve is modeled as indicated in Figure 1 of page B2 The

computed frequency compares well with the experimentally observed
frequency of 60.07 Hz.

Qualification For Hydrodynamic Loads

The valve is qualified for 6g (3). The response spectra shown

on pages B16 thru B19 indicate that the acceleration obtained by
summing the horizontal slab, vertical wall and slab acceleration
values is 1.86g. This value in below the value for which theO valve is qualified. Hence the valve is qualified..

i

Brief Evaluation of Piping Vibration Tests (4)

The following three piping subsystems were tested:
.

2" line RI-65C Subsystem

| 4" line llP-06 Subsystem

14" line llP-02 Subsystem
.

|
|

| O
I

|
'

,

\

! b
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The original qualification analysis for the 4" & 14" pipe mounted equipment

i indicated that the valves were unacceptably flexibic.

The required design changes were then made and subsequently implemented in

i the field. *
'

The impedance test was performed on the 4" & 14" lines before the required

design changes were implemented in the field. Thus no basis for comparison

exists between the final qualification report incorporating the required design

changes and the Impedance Test performed prior to the incorporation of the4

neccessary design chqnges.

O.

For trie case of the 2" pipe line the original qualification report was

adequate and the equipment tiested corresponded to the equipment qualified

analytically. Hence an excellent basis' of comparison between the pipe frequencies

and the equipment frequencies exists.

The fregt.cacies at the valve location given in (4) and reproduced

on pages Bil & B12 are identical to the valve frequencies ( pages B7 &B8)

,' given earlier. The average damping ratios expressed in terms of the % of critical

damping are 2.487., 3.27. and 2.77, along each of the three orthogonal exes X,Y &Z
1

| respectively. The tests (4),further indicate that the high frequency vibrations
I

are attenuated no faster than the low frequency vibrations in the piping system.
i

,

1

* The data on these design changes were transmitted to NRC thru our transmittal

OI

dated 3-10-81 ( EMD File # 028847 ).
!
i

.

*--. g #- c.-e9 9--p -? 9=-g9 +. .- ,.,.p- - . . . -e-.m >p,gy-w,.g,- g-a-e-- eep e.g .-,,..we4-~,eg e--n-ee.- +<v-.,-3- --..e--.- e--.. , w- + g- 9
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Concluding Remarks

The 2" motor operated gate valve is qualified for the additional hydrodynamic

loads. The response spectra indicate a maximum acceleration of 1.86g. The valve

however can withstand an acceleration of 6 g. Good correlation exists between'

the analytically con,uted frequency ( 62 Hz) and the experimentally chtained

frequency. ( 60.07 Hz),

References

1. Final Test Report - SQRT In Plant Impedance Testing
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/9 TABLE 4.3.3.1

MODA1. PARAMETERS MEASURED IN THE X DIRECTION

MODE FRE0L'ENCY (HZ) DAMPING

(Fraction of Critical)
1 11.45 .065

.

2 13.66 .034 .

3 18.82 .018

4 21.30 .022

5 31. 8 9 .012
I

,

6 60.10 .009

7 69.57 .014

.

TABLE 4.3.3.2
'

MODAL PARAMETERS MEASURED IN THE Y DIRECTION

n MODE FREQUE!1CY (HZ) DAMPiflG

C (Fraction of critical)
1 7.34 .016

2 10.77 .063

3 13.16 .036

4 21.4 6 .026

5 37.67 .019
,

'

6 70.61 .017
'

7 73.02 .066

8 90.75 .025
~

9 94.1 2 .020

- .

|

%

- ..

4.3-21

.
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' TABLE 4.3.3.3

AV
.- MODAL PARAMETERS MEASURED IN THE Z DI'ECTION

MODE FREQUENCY (HZ) DAMPING-

(Fraction of Critical)
1 7.22 .029

,

'

2 9.69 .039

3 21.50 .023 -

4
-

31.32
- .029-

5 37.52 .015

.

o *

e

'

!'O - -

.
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FSQUIRED RESPONSE SPECTRUM CURVE

( EMERGENCY CONDITION )

FOR

1 251 - F019
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O
LOCATED IN
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I. OBJECTIVE

The objectives of this study are as follows:

a) Comparison between the impedence test results and the existing

qualification reports which were done by analysis and tests.

J
b) To re-assess the adequacy of SLLC Pump for the present pool

dynamic loads especially in the high frequency zones reported by

the impedence tests conducted in-situ.
.

-

II. SUMMARY OF PERTINENT RESULTS FROM OUALIFICATION REPdRTS

O a order to essure eue rueceioae1 retiedi11ev ead overesi11er es we11
.

f as the structural integrity of the pump and the motor of the Standby

Liquid Level Control, the following reports were issued:,

1) liand Calculations for Seismic Qualification of the pump fluid

end aligning pins, pump hold-down bolts and foundation bolts.

In the same report SRV requalification was completed using 'g'

valuer, at 50 IIz for the new response spectra load combinations

and PIPSYS loads for the Ramshead combinations. Fluid end

aligning pin and pump hold-down bolts were analyzed. (Reference 1)
i

I

i

.

2) Tests were conducted to qualify the motor. The qualification

method used is described in detail in Reference 2.

The motor insulation resistance was measured along with the

.

- - , - , 74v__,.---_-e._,, - -g-p --.,,,g -g,,..yp- e,- - , , , . - . - .- w - - - - -
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thermal Aging of the stator at 3475- 365*F for 40 hrs. Also the

stator and all non-metallic parts were subjected to gamma

radiation dosage during a 23-hr period.

A seismic test was conducted including resonance search in three

axes, OBE Simulation (1.4 9 peak), SSE Simulation (2 g peak).

The motor was then operated for 125 minutes while loaded to 40 HP.

As for testing the pump, the performance data, as stated by the
.

vendor, may be found in vendor print files.

Based on the results of the previous two reports (Ref. 1& 2),

O the Stenddy tieuia teve1 conero1 ruma-notor unit was a= 1iriea.

See Tables 1 & 2.

III. SUMMARY OF PERTINENT RESULTS FROM IMPEDENCE TEST REPORT
.

SQRT in-plant impedence test on the SLLC Pump-Motor Unit was

conducted on July 14, 1980. The wire frame model of the test

geometry is shown in Figure 1.

The hydraulic shaker was attached to three places:
.

a) The top of the motor (Nodes 10 and 11).

b) The corner of the hydraulic cylinder (Node 18).

Further details pertaining method of testing and evaluati6n are

given in References 3 and 4.

- Oj The modal parameters as identified by Transitek test are given in
|

| Table ;3.

I
r
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IV. COMPARISON OF RESULTS

J

1) The first mode on Ge Test (31 liz) did not appear in Transitek

modes. This can be explained by the fact that after coupling the

motor with the pump the assembly became stiff enough to eliminate

this resonant frequency.

2) The Transitek frequencies were inclusive of the frequency range

'of the motor tests (GE) excluding the frequency mentioned in 1).
.

3) From the four frequencies presented by Transitek two .

frequencies, namely 46.05 and 79.5 Hz were matching very

Q closely to the GE. tests (48 and 79, 80 Hz).

1

4) The GE tests did not show any frequency beyond 80 Hz on the
,

motor alone. Apparently due to the fact that Transitek

tested the Pump-motor assembly, the pump contributed to the

appearance of higher frequencies (86.25 and 94.997 Hz).

5) Both tests agree that there is no resonant frequency below

30 Hz.

6) Even if we assume that the system does have a global mode of

] 31 Hz in the horizontal direction (a very conservative assump-

tion), then from tlie corresponding response spectra (Figure 8)

we find that the g-value at this Frequency is 0. 559 From

Calc. #EMD-021193 the pump was qual lied for 1.2g vertical
'

O end .83 e horiz. 1oeds. A1eo from GE mses the motor was

qualified at this (31 Hz) frequency therefore it is acceptable.

. ._ _. - . _ . _ _ _ . . _ __ - _ _ _ , . - . - . - - . . . _ .
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!

,

1

7) From the response spectra at El. 820'6" in the vertical

direction and horizontal direction the ZPA frequency is about

| 45 liz, therefore, the only range of interest in frequencies

might be up to 45 !!z. Both tests show that all frequencies

(except 31 Hz for motor only) are above 45 Hz.

IV. CONSIDEPATION OF HICH FREQUENCY RESONANCE

For this equipment there is no special evaluation required for

the high frequency resonances because the analysis (EMD-021193)

has considered both the seismic and hydro-dynamic response spectra
! load combinations with RAMSHEAD which is more conservative than

the ones with T-quencher loads. Also the ZPA frequency in the

response spectra curves is about 45 liz.

i

V. CONCLUSION

Comparison and discussion of the results indicate that the

frequencies identified by both the analysis, GE teats and

Transitek tests are compatible.
!

/ The stresses calculated in the analysis are conservative based

on the response spectra curves used. Thus the equipment is

qualified as a class I active equipment.

'
. _
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TABLEk

1. )~ Axis Definitier.s

.X Parrallel to Motor Shatt
Z Ferpendicular to Motor Shaf t and Mounting flase
Y Lateral to !!otor Shaf t; Parallel to liounting Base

2.) Resonance Frequencies, X' Axis. Resenance Search

Response Accelcrometer Response Axis Locatiore'

O' ^ -

Z Top of end bell
x ton oriroust 2. ssert cad

D;

: C X End bell, near vent'

JicInwc_.ine.ktc=3 er,

j Trcquency | Control AX B Z. | CX Londition.. .

g 54 0.y g O' 4 -
g **stGr On-

r.

( i. u. z iog I u.o I - 1 I:stor Urr-

,

.3.) Response Frequencies, Z Axt: Rescnance Search *

Response Accelercooter Response Axis Lccation

A Z Top of Ibusing, Shaf t end
B Z Top of end bell
C X End of bell, near vent.

.,

b I Redon< e /.ccek roveter |

| Ircquency Control AZ BZ CX Condition
i

48 0.2 1.1 Motor On- -

79 0.2 0.7 Motor On- -

31 0.2 0.7 'l:otor Off- -

J - 51 0.2 0.5 1.5 !!otor Off-

55 0.2 0.5 Ibtor Off- -

60 0.2O 0.5 Hotor Off- -

$

l.
.-

,
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TABLEI

e

4.) Response Frequency, Y Axis Resonance Sev ch '

,

Response Accelerometer itesponse Axis Location

A Y Centei of Ibtor, cbove vent
B Z Top of housing, shaft end
C Z Top of cad bell

Restnnse Accelerometer
frequency Control AY BZ CZ Cor.fition

54 0.2 1.0 0.8 lbter On-

71 0.2 1.0 0.6 P,ator On-

54 0.2 1.1 0.9 lbtor Off-

60 0.2 1.1 1.0 lbtor Off-
-

80 0.2 n.7 n.s t%t3r off-

n i.

I l |
'

.

4
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I. OBJECTIVE

The objectives of this study can be summarized as follows:

a) To assess the comparison between the impedance test results and

the existing qualification report.

.

b) To re-assess the adequacy of the equipment for the additional

hydrodynamic loadings, particularly in regard to the high

frequency resonances reported as a result of impedance tests

conducted in-situ.

] II. SUMMARY OF PERTINENT RESULTS FROM QUALIFICATION REPORT

The Standby Gas Treatment Equipment Train shown on CVI drawing

B453-0001 Rev. B in Ref. 1, was designed and analyzed for seismic

and operating loads and was qualified to the effect that it did not

suffer any deformations and stresses that would interfere with the

i functioning of the units.
i

I

( The housing framework is treated as a planar frame and one average

|
bay is investigated each for various parts of the structure, disre-

t

garding the benefit of interior stiffeners.

'
Frequencies that are hand calculated as a result of plate theory

within clastic stability range are prescribed in Table 1 on page D1

! It can be conservatively stated that minimum frequencies for the

O entire unie are 21., 25. end 28.6 ces es e resu1t of taie emetveis.
|

,

. _ -. .. -. - -- -. . .- . -.
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I

TABLE 1

CALCULATED FREQUENCIES FOR VARIOUS PARTS OF TIIE
.

IVG0lS SGTS EQUIPMENT TRAIN

Frequency (cps) *

Part X Y Z

Base (Front) 1765.3 29.6 127.2

Base (Rear) 1483.9 24.6 >127.2
-

O Poor >33 25 , 33

Side Panels >33 >33 21
,

End Panels 26.6 >33 > 33

Transition 70.9

Inlet Cone: Top => 27.2

Bottom => >33 -

Sides => 32.5

i

Directions are indicated on the wire diagram*

on page D4.

O

!

:
. _ . , . . . _ , . . _ , _ _ _ . . . . . . ~ , _ , _ _ . . _ - . . _ . . . _ _ . , , _ . . . . _ . _ . . , - . . _ . , . . _ _ _ _ _ _ _ , _ . . _ . .
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III. SUMMARY OF PERTINENT RESULTS FROM IMPEDANCE TEST REPORT

l

i SGTS equipment train was shaken in four different orientations at

points 58, 86 and 151 as shown on Figure 1 on paged 4 At the time

of testing, theaquipment train was completely ins,talled and properly

secured to the flocr. All electrical and pneumatic connections were
.

complete. The unit was tested without the charcoal filters because
;

preservation of these units-required that they remain in sealed

storage.

I The large hydraulic shaker was used to excite the equipment train.

The level of force used in the test ranged from 800 pound force
,

: O
'

peak to 2500 pound force peak. The acceleration response levels
;

were 0.lg to 0.5g., depending on the location. Details of testing.

are given in R, 2 and Ref. 3. The modal parameters as identified.

by the tester (Ref. 2, Tables 4.8.1, 4.8.2, 4.8.3) are given on

Table 2, page D5.
;

IV. COMPARISON OF RESULTS

|

A. End Panel:

> The end panel boundaries are indicated by nodes 1,2,3,4,51,52,

53,54 on the wire diagram (Fig. 1, p. D4) . A minimum frequency

of 26.6 cps was identified for this portion of the equipment,

by way of analysis. Tester identified nine frequencies for the

O seme peruen. Theee frequencies ere 11sted in Teh1e 2, under

_
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:

TABLE - 2

MEASURED FREQUENCIES FOR SGTS EQUIPMENT TRAIN

Frequency Damping
Excitation Point (cps)

I

151 X + 19.08 0.041
21.01 0.021*

26.91 0.028
28.70 0.019
36.09 0.010
40.14 0.016
65.57 0.010
73.40 0.023
81.20 0.007

58 Y + 24.20 0.021

(]) 27.40 0.045,

29.90 0.009
36.60 0.005
40.96 0.008 r

45.70 0.003
51.00 0.002

/ 64.90 0.006
78.70 0.030
86.60 0.002

,

13.60 0.015

86 Z + 28.60 0.050
29.60 0.005
34.60 0 008
39.20 0.005
59.70 0.018

I 63.40 0.011
83.60 0.023

,

' 92.10 0.006
95.50 0.001<

58 Z + 38.40 0.091
53.80 0.041
57.00 0.031i

64.50 0.001
/~T 97.90 0.034
%):

|

|

|
t - . - - . - . - _ _ - - - . _ , . - . . . . . - . . - . . . _ - - __ _ ..- - - _ - , - _ -
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excitation point 151 X+ The range is from 19.08 to 81.20 cps..

As seen, analytically identified 26.6 cps frequency is also

observed in this list. Yet, two frequencies smaller than 26.6,

namely 19.08 and'21.01 cps., also exist. However, inspection

of horizontal response spectrum curve indicates that all nine
.

frequencies are in the ZPA range.

B. Side Panels and Inlet Cone:

Minimum frequency for side panels is identified as 21. cps.,

by analysis in Z direction and the test results indicate fourteen

frequencies affecting various parts of the panels in a range

'

from 28.6 to 97.7 cps. Again, all these frequencies are in the

ZPA range of the horizontal spectrum curve.

C. Roof:

Minimum frequency identified by analysis is 25 cps., in vertical

direction. The test results indicate eleven frequencies affecting

the roof panels in a range from 13.6 to 86.6 cps. The mode shape

for 13.6 cps., frequency is given on Figure 2, paged 7 The

maximum deflection is seen to occur at node 58. This particular

node (58) is the location where the large shaker was attached on

top of thecquipment train to excite the structure during the test.

The weight of the shaker is 500 lbs. The inspection of the

structure in as built condition indicates no special conditions

for the occurance of this frequency strictly in this region. It
,

appears that this frequency is a localized frequency, excited by

.. -. . . _ - --- .-. . , . - _- -_.
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the own mass of the shaker itself. However, since it is lengthy

to prove this argument analytically, 13.6 cps. is considered as

a natural frequency of the structure and an equivalent static

analysis is carried on for this portion of the structure to assure

the structural integrity. A simplified and conservative frame

model is considered without the benefit of internal stiffeners.

There are two 3 x 2 x 1/4" L angle stiffeners welded to the 1/4"

plate forming the casing of the equipment train in this region.

The representative frame, cross-section and properties are shown

below. Pertinent computations are given on following pages.

O
D^ '' 7, = Z, = I

f, d a 97 ''
I, h I, 7, 4 -f=

[MA y

) Y- k ,7 A s ee lern f co, s he |3 5 cfSi :

L .aat = o . c gt, tv, g
6 L vni,c 4 , s. 9 g

L
/z, 3x2 x

. -fr

:( . .. 1. -. -

E-Y -' ' A = (V . /3 i, L
,

se | 1 = e. n i,,e
14 .2 9 " .g g ". = = w

I
. }c. * Gh4 8 In

O C = s rc-ye = 2 7a k

- -
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Therefore, the final bending and pressure load stress (shear and

membrane stresses are negligible) is 9802. psi. for combined seismic,

hydrodynamic and operating loads.
J

There are five other ' frequencies, namely 24.2, 27.4, 29.9, 36.6 and

40.96 cps., that have acceleration values slightly higher then the
.

ZPA value. Their combined effect is:

24 12+ 0.86 g(1.25 + 1.05 + 1.03)2a =
c

3.58 ga =
c

O
If 13.6 cps. frequency is also considered to exist and all six

frequencies are excited simultaneously, the acceleration value will

be:
,

7.33 g.a =
c

Comparing both these va'ues and, values and results described on

pages D8-Dlt it can be concluded that an acceleration of 7.339 does

t not present any problems; the section considered has considerable
I

margin up to allowable stress. Elsewhere on the structure, the

typical section will have one 3 x 2 x 1/4 angle stiffener, instead
of two, reducing the area and moment of inertia to slightly lesser

! values, yet by inspection of figure 2, it is obvious that 13.6 cps.,
O does not participate at these sections, making sure a = 3.589c

|
|

1-- _. , _ _ . . _ . _ _ . . - _ _ , , - _ , . _ _ . _ _ _ ._ _._ _..__ __ . _ _ _ _
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i This value of acceleration, in spite of lesser stiffness, still does

not create an overstress problem.
't

D. Instruments:

i There are various instruments mounted on the side panels of the
.

SGTS Equipment Train, mostly on the east side. Differential

pressure transmitters and numerous thermometers and switches are

basically mounted on the 1/4 inch plate of the housing unit.

Special measurements were done at the locations where these

instruments are mounted and no new resonances were identified

] beyond those which existed as global resonances on the SGTS

Equipment Train. Since all the instruments are mounted on side

panels, the frequencies identified before correspond to the

ZPA range on the horizontal response spectra curve for all modes.

Consequently, it can be concluded that, the mounted instruments
1

will experience acceleration values of the ZPA,namely 0.6g in

{ case of the combined seismic-hydrodynamic events.

4

V. CONSIDERATION OF HIGH FREQUENCY RESONANCES

Inspection of Table 1, page D2 indicates that existence of high

frequency modes were predicted by analysis, but were not identified

in most cases. The test results that are summarized on Table 2,

page D5 shows that there are a number of high frequency modes existing

for various parts of the equipment. In all cases, for the horizontal

direc ion, frequencies that are above 16. cps., and for the vertical
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direction frequencies above 40 cps have corresponding response

acceleration values in their ZPA range. Therefore, these frequencies

have no significance as far as the structural integrity and operability

are concerned. (The reuponse spectra curves are lncluded at the end

of this report.),

VI. CONDLUSIONS

Comparison and. discussion of results indica'te that the frequencies

identified by analysis and by testing generally agree; except three

modes, two of which identified for the rear panel and one for the

roof. Yet, all the frequencies considered both in lower and higher

ranges indicate no serious effects on the structural integrity and

operability of the SGTS Equipment Train, verifying the adequacy of

this equipment for seismic, hydrodynamic and operating loads.

O
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I. OBJECTIVE

The objective of this study can be summarized as follows:

a) To assess the comparison between the impedence test results

for SRM & IRM Preamplifier Enclosure and the existing quali-

*

fication report.

b) To re-assess the adequacy of SRM & IRM Preamplifier Enclosure

for the additional pool dynamic' loads particularly in the

region of high frequency resonances.

II. SUMMARY OF PERTINENT RESULTS FROM QUALIFICATION REPORT

Qualification report presented the results of a dynamic analysis

(Ref. 1) using S&L SAP-IV computer program with-seismic loading

in X, Y& Z directions for SRM & IRM Preamplifiers Enclonures

which were welded on the Floor (P030 & P033) by two legs.. Stress

i in P030 & P033 Panels were considered more critical than P031 &
|

P032 which are bolted to the vertical wall.

|
;

The mathematical model consisted of 74 nodes, 62 beam elements

and 66 plate elements (See Figures 1 & 2). The response spec-,

i
tra method was used to calculate the forces in the model's

elements.

The response spectra curves used in the analysis were obtained

; O sy enve1oging SSE (2s oemging) and 08E (1s oemging) seismic
i
, .

loadings at EL 740'-0" of the reactor building.
i

!

'i
i

s
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i

' Figures 3 & 4 represent the enveloped response spectra for

horizontal and vertical directions.
.

;

i In this model all devices and attachments including the weight
1

| of the preamplifiers were considered for their masses which'
i
'

were distributed on the nearest nodes.*

1

j The weight of each amplifier was conservatively assumed to be

' 50 lb. which tended to give smaller values for resonant frequen-

cies.

1

Based on the results of analysis as presented in Reference 1
'

the SRM & IRM Preamplifier Enclosures were qualified as a

reliable and functional. structure.

I Table 1 shows the resonant frequencies for the enclosure in
~

the analysis. As can be seen from this table, the fundamental
i

! frequency of the enclosure is 7.35 IIz.
1

;

! III. SUMMARY OF PERTINENT RESULTS FROM IMPEDENCE TEST REPORT
i
;

|
SQRT in-plant impedence testing on the equipment was done on.

|

) July 27, 1980. The three preamplifiers were installed and were
.

operational at the time of testing. The panel (III22-P 03 0 ) with
!

L=30", W=17", II=36" was mounted by molly bolts secured to the

concrete wall. For unknown reasons, the wall had high (0.5g)

i
;

, ,--- ,,m,,.,.cem e ,.,,-,,.r.,<,,,,... ,,,,...,.r.,.,,., -,,,_w r ,.,-.u.,....e ,w, ,,,3 --% , , . - -,, , . , , .r, . , , ,~, , ~ ., ..,y-- .~,,.-.,-.,e . . - - - - - -
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ambient vibrations. The panel was excited by both electromag-

netic shaker and the hammer blows. Excitation by electromagnetic

shaker and the large hammer was done in three directions while

response was measured in the Z direction. The wire diagram of

the tested panel is shown in Figures 5 & 6. The preamplifiers.

were excited separately by the use of the small (3 oz. ) hammers

while the response was measured at the points pictured in Fig. 7.

Figure 8 is a representative transfer function using the large

hammer with the response in the Z direction. Figures 9, 10 and

11 are representative transfer functions as excited by the elec-

tromagnetic shaker in the Y, X and Z directions, respectively.

Note that for the two Z direction tests, resonances are equiva-
4

lent.

|

Table 2 lists the resonant frequencies and dampings determined
;

| from analytical fits to the test data. The cross co2pling coef-
!

ficients for each resonance are listed in Table 3.I

[
Figures 12 through 17 are composite mode shapes associated with

~

I
the resonant frequencies in the Z direction. Figure 18 through

|
20 are the mode shapes associated with the resonant frequencies

;

! in the Y direction while Figures 21 through 25 are associated

with the X-direction.

,

According to the Impedence Test report, the results show many

resonances in the 30-100 Hz range.

.

. . . . _ . ~ . . . . . .-_ ..m . - . . - - , . . _ . . . - ,-- --, . _ . _ _ _ . _ - - - - . _- -
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IV. COMPARISON OF TIIE RESULTS

a. Wire Frame model in Impedence Test Vs. Finite Element Model:

By inspection of the wire frame model (Figures 26, 27) it is

indicated that t'he measurements were ta' ken at three or four

points of each corner of the enclosure plus the CG of the

side of each plate. For the preamplifiers, measurements were

taken at each corner and the midpoints (Pts. 32, 37 & 42).

Essentially, the wire frame model is very similar to the

finite element model. The global axes for each model are

as follows:

'O XT = -X3, ZT = YgYT=ZAry>

Where T = Impedence Test, A = Analysis as shown in Figure 27.

Table 4 shows the nodal points in the wire frame and the

corresponding nodal point (s) in the analysis for comparison.

b. Frequency range covered by analysis is inclusive of the
:

frequency range presented by tests up to about 63 IIz which

is the cut off frequency in the analysis,

c. Due to the fact that the preamplifiers' masses were lumped

at the nearest nodes on the panel's sides the first mode

in the analysis was lower (7. 35 IIz) vs. the first mode in

the tests (10. 4 IIz) . Also in the analysis the weight of

G
V each preamplifier was assumed to be 50 lbs. which is very

;

.
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conservative since the average weight of each is 21 lbs.

As a result of this assumption the first mode in the analy-

sis-tended to be lower than the tested panel.

Another factor which contributed to this high first mode

is the fact that in the test the shaker-did not have enough
.

energy to excite the panel at a frequency below 10 Hz.

d. By comparing the second mode in both the test and the analysis

20.8 Hz in test vs. 17.92 Hz in the analysis it can be noticed

that they are comparable because of the excess weight of the

preamplifiers assumed in the analysis and the nature of the

finite element model in assuming lumped mass versus distribu-

ted mass actually present and reflected in the test results.

e. A major difference in the two models is that the model ana-

lyzed was mounted on the floor by two legs while the panel

j tests was one which was mounted on the wall. That tended
:

| to give higher resonant frequencies in the test rhan in the

analysis due to the flexibility of the leg supports.

f. The impedence tests showed two frequencies 29.5 and 30.7 Hz

which were not shown in the analysis results. From the mode

shape composite associated with 29.5 Hz (Figure 12) it can

be shown that it is a local mode for the door at node No. 25

({} of the wire diagram where there is no instrument located hence

it has no ef fect on its performance..

!

.

e-
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g. As a conservative approach by inspecting the maximum stresses

which might result due to the frequencies 29.5 and 30.7 Hz

in the panel the following calculations were made:

From Reference l' the maximum stresses in the, beam element

m16100 psi. By multiplying this steess by a factor K where
.

K = 2gmax + 9 g = g value corresponding to the given

2gmax 9" " Y

gmax = maximum g value in the Response
Spectra Curve

2 (1. 9 ) +. 7 1.184 (f = 29.5 to 30.7 Hz)K= =

2 (1. 9 )

Therefore

..S = 19062 psi ( 25,500 psi allowable (.7 Sy)max

Hence it is safe. Table 5 shows the values of k for every

mode.

h. As mentioned before due to the fact that the cut-off fre-

quency in the analysis was about 60 Hz, any frequency above

this number did not show in the results. However,

sirce the ZPA frequency for this equipment is 50 Hz,

frequencies higher than this value are not important
,

from the qualification point of view.

i. In general there is a good agreement between the analytical

O a#a ene test resu1es-

- _
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V. CONSIDERATION OF HIGH FREQUENCY RESONANCES

In the case of SRM & IRM Preamplifier Enclosures there is no

special evaluation required for the high frequency resonalices

at this stage. The reason for this is the fact that the ZPA

frequency at the EL 740'-0" is about 50 Hz., (considering all-

seismic and hydrodynamic loads Figures 28, 29 & 30), while in

the existing qualification analysis frequencies up to 65 Hz

are already accounted for.

VI. CONCLUSION

Comparison between the impedence test results and the analysis

done by S&L indicates that the frequencies identified are

practically the same. Some of the frequencies were not identi-

fied in the analysis due to modeling techniques but by conser- j
t

vatively estimating the stresses the maximum stress in any beam )
ic still less than the allowables hence acceptable. As a con-

!

clusion the method of analysis and modeling techniques were;

correct and adequate.
i

! O

:

i



~ _ ._ . _ _ .- g

Csles. For Cale. No.2)|D-03 t Ki?
- SARGENT&LUNDY

Rev. 0 0 Date 06/0 Val
E N GIN f!E f18 ..

'

C"*^ Safety-Related Non-Safety-Rew 3 Page ES of E4'3

O Client Commonwealth Edison Cotnpany Prepared by Date

Project LaSalle County, Units I & II Reviewed by Date
,

Proj. No.4266/4267/6093-00 Equip. No.H 22-P 0 3 0- 3 3 Approved by Date .,

VII. REFERENCES

1. " Qualification Report for SRM & IRM Preamplifier Enc osure"

i EMD Calc. # EMD-030188, Dated 5/26/81.
:

!

2. Impedence Tect For SRM & IRM Preamplifier Enclosure,
,

Transitek Inc, EMD File No. 029474, dated 3/10/81.

I
1

, +

4

g4

,

i

.

1

i

t

!

i

|

,

Oi

;

:

i
'

.|
9*- gw wy--w y w-7 v *3a4-*,m mwr+,e-y-y.-.-yngrwg---s-- -,y ,vree4 +e~4remc4 e wM^ g'Gr9 - cw y w yeam p p<wy-r w e e,eeevevpr'"'-- -'v-e%e4eb = = = =



% _. .. ._ .. . _ . . . . . --

,
. : -.

D'Y"' I-s IRM Preampiifier s tej h. f A 1 0 0,3 4 </p f. _

I T... ~.l.,,~. ] . 3. m ...,,,
} .,,d o nu re n,y. 0 0 um 06/01/C *.. . . . . . , , ..

u- --- : ;.m v.:.u=L
X Rfe:, IMitted

_

Mc 9--S:f ety- 34atul inge E 9 af_E/J _..#'"'*

.
.

( , _

Co g;yqqe ., q q 1 tjtJ' gi. .qo n Cqrnpppy _Prept 1 by S. Yassin iData !(,/ _Cfesit g,

S'd..fi_] 9_S* N I. R.f g g t'ft finits I O I .C ihtitat i by 0-c.e i

IA> ; re nd by yFraj. f4 A 26nf!'(67/GC93-G r.C.nia. No. ;
- _ _ _ _

1l 12. (~!.
- -1 o

f
*

SS

h (9 4~ (4
p

75 'i

/
l / |

f0I
SS, ,

(f, I f6. CS_
SL

'g,
47/'

/ | /|34
.

54 /Ifo / ,
s / $3 67'

I / J44 [ 31

''[ /I f
'/ /

|/ |/
|/ 95 ( g 3, 49 4o

52 ' ''

. I '/ 3;
/ | ) 38

/ ,eqs_- , ,y
42 di'

I / 23
31 i, / J 32,
p f

I //
|3f" / I /

'
ES I 34 33

36 '

/l IS'
, |

21 .

/ i 21 /I 2e as
28 i

I izi f n

|/ k 7~~~ ,/~ gs
~

g

f / /
/

/| / ' //

q)./ n ./ 2/
-

;,4
/ p. - --- / --/

20 ' ^

'
sq IB |2'

/ / /
/ / /

1

] ---(
~/ ,/ / yi r

g ej 3 A

Eb r
.,-

s"
233 AcoKE f SEA ra ELE *tEtJTS yy,

(G.lc. .# E.M D - 05Ol%8 h
p)e ,

i 8.; ui
.

h



.
<, W.

f~ e-

. , . . - - , . . , _ . _ . - . . _ _ , ' i fcr sl'qi 3 Im.: P& amp 1ifipr egc nn,pyp_gggp..iy
| . .-, . . , , . . ,, -

,

;. , ,... .. - . . . . ,

s '- - - - . v. n ,,. ..m :. ] liMC}2iu=c -ns. O o yn, osja3;c._;
A;| , e: - ns!m

_ .

|at ,, wai. nermo I Elo d Ed
. - --

d l
e . . .c m., c, ,,

-. - .-.__ a g,32
- . . - _ _._ _ _ _ _ . _

- Cb"' Cc aary.:pa)._qtp4:qgn,,pg g , ; ,,.g ,g,,, 3, 3 g y --

. - .

.

;|. psi a na sallc_gnur.qyt u.nj tr_.. I._ .r._. .I._r. I u %.n.,.
_ _ _ , , ,

i, .,2
.

,
,

,
i.try f.o.4?66/y.'///6093-Ghi+ "6.

-- _ _ . .

.gc,c ,,d *>y '' $r.
,

_

, ,

.

ua ,,
.

'

/ GI Sg

14 1 -

d / S1 ,

~7 /

| ,, g
v.g * ,

/j |
-

Sg
- li /j

/ 21 6. 4z/Ssl ) 28' .

/ I /| (c
| / | 2. l 20 'l3

'

4 . .- - - -- --- -. - - - -

,

'l / |/ /
/ I/46 I

CS 12,/ / | A*

26 19/p / :15 Le .

'
| '| 64 11

Q''
s.

323 / I 25 is'

,(A BI '',/t - - - - - - - - -| - - j g/
-

39 s
g

/ /

/ |/ | 10/
/St d44 | 63 y

} 9'' | 2A \ *1
,3r | ~

'' 'l / ns i,
' 8 23 sc (,23oI j

g, ,k ,- -. , - - -- --

sp- 53 /
g ,f 43 / ss i

'/ / '/
|/ /

,/ k-.- - .s 7- ----,t. . -_ .

i

3> / 2q 22 ig / S' '
/ j |/ / r e

| SA / S?. |

51c.URS R : PL ATE d~lEt4&JT 5

(Calt. 6 t<10- 0301 SV )

f')v
M W.7:

.

y .-% , , y _ -- _ , g _ . , . - - . -w-, _.-.,..,,%,g -..,m,.i.,- , , , , , , y. y
- -



__.

S P.'! 5- --- -. .i P rmmp 1 i f i e r Catt. No.gfy)J-p34.3$f.I R'. . . . . ._. - - C 2 .rer
.e .........,...3.3.,.,

--

.

... .... f...u .- 7.:nc ] onu r e ..n.e, 0 0 c..m. _06/01/u _'_
,

g-.--._--,..s,,,,._,% . -

x ggregy_gsg,9 | | g, n _3 3;p,y _g,,,,,,,c . -a m) a(..N, g|| c9_ .g.yg .p

.. _ __ _

Chei' "c :ra nn'..'e a l th Ed.z..n.o. n ce. n n a. .n.i, Permut by S. Yassin Datei
- - .

-m
( , e

| I're:lt i,a 8 :] 10 ('n u r t y , U.n i..t r_._ _I_ .5_. I. r _. ;h._ie.._w] t,y
. _ _ .

v' 0.. c.e. _ .. ,

I.b.. 'j._h_ __/, ? tM. ./_Z.. _ .7/fA q 3 -W d t No. 1/me,ed by Data I
.

200 100 50 33 20 .). 0 CPS 2.0 1.0-

,2 0 . 0 ym i i i i tr"7TTi'n t"-@mm. m . . . .+..c n i m W ..iTT.1 ."O.0. .
-s ..

- i, .

'15.0 - ' -- - -- 15.0
.

Hor %sz. RESPosise
..

10.0
-

Vgure 5:
. 7

$PECTRUM USE.D IN
,

,s .O--

__ _ TNE MA/ALYsli ;' L;;!

8.0
-

J- - . i * a

- L' ,' ~1' !
' ' ! ' !':- 3.0! l

.i
t i t i! i-_-_..

--it i i i i i in. , i i i
- : : : - : :

.

6.0 -

|| .| - | | | | b|I
o.0

-

|
_ _ - .. __. , .

4.0, - ---- - --- -- -

|| *| -|' i l.4 |||.|'
-

. .e ' *.0
.

'.-

}
. . -

,.
i _

.
;.0.

J,Q . . .. -. -
_ _ _

.--. i .. - ., L\ .1 .-
-

- .W
]

-

t.a.0 - ..9 -. . - ,

.,0.

2.0 .

:
i - [i .

.. .,...
.

,
.

*

I...* 1 c!
1.6

-
, .

a-

'.2 \, =lr ; -

.w+'.. i. ) .: i ,
,, .(v/ - * * - . - ...,..:-u ;

. ..
,

'
i . :,

f . . el, .4' .M .,!)* j' ' .\'

. _ . . . . _ . _ . .

, g.. ., -.G.y,1,0
_ .p.. _

, ;-. ,s,-.
_

. p,
. . -

.,

Qy ,i p ,-

I \ a. ; I t
. -

---- - /. t
, .

0'8
- --|- | 6 i I

____~..'-r.

i _ _.,. . e
-

. . t i a *:i

c.:m : isd +-- . -
~ ~ - - + -

4 i m. .| i ,,

* Qi f.d," | | | | | ! | 1 !~. . i .W, P. 7 ), | |

=

10 '.

.- .

|||-
- 040.6- - --- --- -: -- - - - -

,| | | | f | h.,i ;- }p-)4) d ( .;r.,,!| ,

_ . - -

- f. ') .- . " -

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

Ii. N, . .s. .e I
i

, : , s , i i
ty: t. u . | ; | ||..

i 0 . ,.0*4 --
._

' e, \' i :' . | -N. 4
I tO | I

o,3 .-._ .. _ ____ +r,*
,%,.3-
.

. - ) - y

. .

-
- .

n . .. .t. 9 . .,n,y. . -_ . . . . .- . . _ . _ . . -.- -- .. _. . .. . .

.

}_ _ . . . . _... ._.. ._ - .- -| 0.150 , j r,
. .

-h , | - -_. r. i
0'l00: 10 [- .. - ..- .. -. -

. _._1 .
4._,_ L -

1-* r -
- __j , .

- . 1

r0.08 ?- - - - l _: L.~' i- - -i - 0.C3i i .I &i
- - &' - e,- -

- l.--I
- - - - -

i' i
*- --

i
-

_ .i. i- i:-i i : i , i-
, i

,

- l | I _l I. -

i.__l|
- j l I t-

.
; 1 l i. i

.._ : ..

''''''''i''| | -|"' - ''i'|' | | i l- 0 Oc
i| '

' ' ! ' ' ."2 ' '1 ' .'6
1

-

'' " ''' ''''

(~) 0 ' o '' .'0 0 5
' ~ ' 2- -

''
''

01 .02 ' .~0 4
106 ,.i. D?.:-: 0, :eX

.3 4 .0 1.
'

- ..

RFACTOR DUILDING-ELEVATION : 740' 21 Dinping !!orizontal q (, l6
-Icu 5-:.

,

- - c a.E io u .. i..u.
O~ f h ['; ,.gia ft '

n Q.

} p y chcr.; -E v)) a d (CIL --*.S )] <td (.%F--Hct:.2'h1



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

g ... Z ._ ._- -- cats Fn DIN & --_a:.N_.,'. gf r$_.-44<4ffff
,

-----... Int P r.um n l i f l o rJ c
_. -

,

. .g 3,... ,, --. .... - . - - - -
.

.c, .... '. n .! .
_ _.. - --.E.n.c l o n u r e _ _ . _ . _ _ _

.- '

rio_00.. . ___.nm_ .._./_0_1]__c_:.03,, . - . - - . - - - - . . . , , , , , . ,g
_

_ __. -

-

,,",, ' " "
_ __

X Olety-@.hte:f
'

T'< &S.foty-Nbted
. n .I'.m..E l2. cf 8.._(/)_...g

2 _

'Jer t Commortvleitlt'n TS)pgrL ,Cqmontyg hesit i by S. Yassin U.su '

- Prej te ._..I,a t;i_l .l.l e_ _Co. u n. .h. './. t _ U_n i. ta._ _I. . .r, I.I. _ :!'.s.'.ci b_y f 8
_ t'.e_ _._._- .. .

. . . . . _ ..__. ___. ._ ____. ___
.

I r:j. fa.4pf,6/ r/ 3'//(JN3.gi. ui1. "o. I s';rre td by U!ts i

'

200 100 50 33 20 10 2.0 1.0. . . .

.2 0 . 0 ' '.' " i i F i s i i i ii . i m. a im im. .i 3 - i., .4 6...m .. . i ro . u .;, . ,a 29.c
!

|3
*

15.0 i- - - - - -- C- 15. 0
4~ F# m 4: WRT* K6 SPatJ5 6, I i*.

'I O ,0 h SPECTR'>t1 656D
1

' .1 i '
. . .

30*0/N , ;,,, , , , , , ,,
: :

-

-

! ' '
.-

l'0.0 - W AtW-m5 l--
!i e i i I ! t i. iir-

3.0
.- !

- a
-

.

-

| || | 1 | 1 I i li46.0 -.
-

-
: - u.0' -

risil@j r.i. t.!.0._ i | | | | | ii- '

. -- -. .
.

h h.Mih" hNM | | |i
...

4.0 -. ---..- -.. h'-I/.!b
_

.O.

i
- ~. ,

i. c6k;) 1,

3.0-_ ] ' 3.0- --

- -

-.---

,
- ,.J d

. .- Ae ?h t,
--- -- > t*- .a,..- . t [ . . . 3. ,

-
. .. ... g o - -----___ __

.

, r .,

/ ,.O
.

a.., -.~. . i f ,_.;,- .
.

._
. ,. . y

.. " .
4. !'j N, ) kt :!

- -~--

| | |r
s. j

j : - !

t.
;r ..a

-
,s. . . *

.s i ,. n -

- - - ----.

, .i )j . ' 's *
-.~ n

/ N||' 7\ I |f
- J' ;'

;.

1 1,f * *. \- . . .'. 5 . '. f ' t - i n
* -

T : -? .. .t} ,1.0 - - -- - - ---

-.
-

-f.
,--

- --: -

. . . -i! t i i4 i ' :_ N. i - -

/____l
! ! '8 -_., __ 1

I
'

- I /e- j i i iii I (i i i .' t * *0*8
- '

.:.r. . a t
. v.qa

> .
- :

/ : /j i ii.1 N _ _. i.-i t .=,

* e r< :m - -

'

0*6 - 1-- v.. - ~ f- l/ I | | 1i d I i O b '- i ~ - ' , - >r
- -

-
-

- - -

3" I
. _ -_.._ .'. .l , /| Y | | rpp( fij)| 1 | \] % .' ,.

" " *
-

,
--- .-

-

/- | | k | | IV.t* .' ' ; *O4 . -/, i :
-0*- - - -

~ - , ,

;

o,}
. y . i n.si:-=*

\ | . - 4.,.
.

,. ..

. -
,

- | }4
..

,

.

o,2 _.. ___ _. . . . . . - . _ _ . .
-- _ _. 0.2,,

,-
. .

, . 3 ..0,]5
.

. _ _t_ . . ___- _ _ __4 - - - -. v. >,

q.

1 ]
0.10 ' ~ ... _ .. -. _;. _ . _ _ _

.t
.

..___i, G.10
-

i , s .

-, , _ . - -
-o,og -

i i W I : < > ' _1 ! ' i ' .; 0.08T- _

_T1 I a i i a ! 1i a-

'. - i | t| | n 1 i | | ! |-l-

- _ _ ._ _. .. 3 : -j
- n . 0 s h.mu2Luim m. o.u.auamal ? ! , . - , I , m b!Ju. mum11 c . 05

. . 005 - .01 . 0 2 .G7.cip. 0 4.:V . 0 6 .1 2 .3 4 b b 1.-
,

- I
I s,,i.

.
. .

,

. . . . . . . . .

h d. 4 , :.. e
gy f:c Tc P. CUI L blHG E LE Vb ro otl: 7 W - t-

*

t iln t Ci. L - W i | /:.L / f.i .

- i % D.it y.x, - Up uT W. b : " 6 - l~rd "i"' 'il
i

m -.~ ----,.,-.,,,,,w-,---, --;------.m__--w-, , - - - - . . , - - ~ . , . - , , - - - - - - - - . - - - - - - , , - . , , - . - - . - , - , . - - , . - , . -



s. ..s

r--
--- - --- - - - - - -

~~~

-1
'

c:;rg r, r
- - - -

.o . , , , , . .. ;. , ;z;...),,
---SID1 T. 1R1 Pre &mp1i.fier Cefc. Nr.. E gfp_-o 3 d f.^ ?-

.

....223.. .....: . E nc] o'iu r.c n.:v. 0 0 0 r: CC/ OyC f.---- - - ~ ~ - - - . . . y j n g g . .. y

X kicty.-nd:e f | N. 9- Sf ety- R,tateJ i,:'3p E.13 crE Q __';*'"''

O
_ _ _ __ . ._. - . _ _..

Cr:rt cc:: inmicalth Ed,i r:on Cen::any _. ,1),q7ti l:y S._Vannin D it.r '
.

e
__

-! |i'm!4r. _ .La...t:a.- ] .1. r. __c.. n. u n t_ y ,_ .U. _n i.t n.. _I. ..a .I.C. .._ _ :h._m.a 1 by
_- _ . . _ . _ _ .

r !m
_ . _ ,.

Y) tY.1 b. e . (N }
.

$ O - .O SO t j , *fiy

4

1

.:

.6

4

: -
.

..

.

i

F;

|
'

: .H.e . _.4

| 8 7.5' e 29 -

3

\< .:s).
36

F '3'3 N
)

,e -333 11' *+
_ .;

.

' '

:
- /

} .O A1 N3A
3 s.

-

| 1 10

,/ 3 42 538 7
_

|

' - %5y qc,

,

5B---
3

4

\47 3
.i

! .

.

;

I .

FIGURE 5~

; GE0 METRY OF THE SRM/IRM PANEL
(IM pet > EtJCE TEST)

,

i -

!, O
i
a

4

4 9
|

I

L



_ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - _ - - _ - - - _ - -

,.

. - . - .

, - - ,_.r.._.. . cgp pe, S RM r. In.1 Promapli fier
.. ._er__3 14#1-.CJAf61.p.. ,

- - -

. : .
Ii e . . .. . n... .. 4 . . ; ,. .

, - - ~ ~ * * . i.:nc.l onure n. ,,* 0 0 e n 06/01/:p-
. . . . . . . .

,

- .; .g, g fj p g.j g,,, ,,

^

K hg.gg,gg ge
, b * S C +W O -

,

.

.._ ...-. 4. g a 1.g, , { g
*

9g,,

- _...
._

_ - -

f# r ' Ocam..v nwe. a lt.h Ed.j non Cer1::any h < 1 by S. Yacnin U .i:.,
.,

._. -

*

| he!:c8- La. S : 1 l e .C.o. tin. .t. .'.r ,. Units I T. II :!r. ~.t ! by
. _ _

s ?.' o. . . --- .

I80j. f 3.4266/I' 37/C093-GGEniL f!0. | /ri'ered by
__

b U it?
*

. _.

.

.

-
,

!

N. .

%

i .

| - |\y.

/k s

.,

i
1

.

1 e
1

i g i

v -
.

,

,
.

.

,V '
-

.

i
,

1 .

| /\. . . .

i
, .,-

1 .

j \J

! '
.

FIGURE '6

FOUR VIEWS OF THE SRM/IRM PAfiE'

|~ (. IMPEDE.tJCE 'rdST),

! .

i

|O
,

.

!

!

-...,,m . _ - , . . . , , , _ _ - - _ _ . . . . . , _ . . _ - . , _ _ _ . - _ - _ . , , . , . , _ _ ~ _ . - - . . - - , - - - --. --_.-.-___



. _ _ _ .

.,_ . - . . _ .
. _ - _ _ . - __._-_. - . _ - . . _ _ - _ _ _ _ _ _ _

_7__.
_

L~.--

: . ;. _. ._ .. . . - r
~

.c.. tr. *n E414-A3di/6?Sl91 l' 3"p.1 ,,^.namn1 if w.rcm.* Pr
.

{ :, | ,'| .' .Y
.',f. ',' 7

2 ~2 ,~ ^ ~~~' --

. . . . . , , . . __ ..___ MPS.129"" -
e. ,,. 0 0- p;tly3/1ME!.,

.

.L_. --- ;...n.sc.
_x_ - Uft1L.___ ___

; A .,_s,te <-nu,a $ E ls et_E f,I ..
. ...o ;* y- l - - - _ s i .-_2

O ,T. . .:_ __e_c_x<_. ..-
.-- -- - _ _ .- - - - . .

.

mwen t t t.t. t'8"">"-- '' " ' * ':'''- g,, ,. r,<, c. .f c. g:)!;111 t.i.n
,

a.-

3 Nip.___4 M; .a, 1. e.r_(t'n:1;; t'l f ~ U! d..D i 1. .!!- u .,... r,c. m ,
--- _ - -

- ~ ~ ~ ~ ~ ~ ~ - - -' -*~~t
.

..
- 3------ ~ ~ ~ ~ r19.. '

.a.. 3.p.3.4 a rs/j?J!/_fdWi-?E 'bS*' -- - ~~ ~~~ ",,~..,.,c,an,y Wtl ,
.-

~'~ . . - - ..

,

?.B
o
-

o

.

.

30

.

16
33

O ..

'

L
34.

.

.

41~
_ 98

A

39.

.

.

FIGURE 7
GEOMETRY OF THE SRIVIgM PAtiEL PREAMPLIFIERS

JM PEDE,J cC. TOY

.

$



e
s .-

T. . . ,..' .,I.. - .; . ; , . . . u ,,
. .

W rn S_Ij_M & IRM Pmamp]ifier Cyspg'}fjggdf6 7 '
. .. . . . . . m . 0 .

-- - --- ; w s . , n : . . .,
-

-- I:nclonure R. . 0 0 U>r3 05/01/O'.
'' ' * " *'

E k'ct |--||'.f:t:.1 (li *1.k*L t j_ l1+|3ted |_V p $|0 cf [f)$n _.

V Cth Co x."v? nwe a 1 t h Eci,i.p c :1.Cc;p ppy Qesenil 5 p S. Yassin Dets !
,_,

| . .'. . ____. "W d - [1 'fl E.i'-Y.t_OU b bO 1 b I( ;h'#if #l bY I III

!
-

|Jr.ia9EU3' 269EM9.s19 - _.._ _____ .L:u '< d bt _1!> !
._.

.

^#KKKKKKK /\,.iml,N.,!,,/,f('tMFi. 'T''"1.\. . . . .. ., .

.-
, g, . .j ~ .d ^ ' ''Nj ,

!.00E-01
'

,1
. - '.

i ;

'

1F: 2.951E 01
li1= 1.585E-03

45
2F= 4.467E 01 .! A

2f1= 3.981E-03 - l}T,

'

3F= 5.495E 01 f2 1

ln
3i1= 1.068E-03

[1 / ., I - 4 .|.1._
.

-

O 4F= 6.998E 01k /
," - '

li

iI 7'
411= 9.060E-03 3

t hSLSF=7.674E019 A A r.4 .
'yjyp~1ir

, . .

!=1.899E-02j \/' yI 'q u
7

T
i

1.00E-05
1.00E 00 FREQUENCY (HZ) 1.00E 02

A1:SRil/IRi1 Pil5 -

'072180-000000 FRE0 RESP-80DE
142+ 17Z- #0:

FIGURE 8,

REPRESENTATIVE TRANSFER FUNCTIO.'i IN THE Z DIRECTION FOR THE SRM/IRM PANEL
(HAMMER TEST DATA) -

..

O . .

- ._. . . - .. _ -



a. i.m .

. ._. . n r._. . . _

--

. yn.. , n u
-

,Sml &- Imi Prean:n1ifier C.N.* ( |p -474 f.f.9.,.s rcr
-- -

.

. . . . . .. : . 3.. f. .o*. .. g . Enclonure n.,,,. 0 0 mn N/01/ :;'.
w v v r; .1.:. : -

x m,_n.se .g,;, ai,,., n ima a l.e.n. ,. a r7 a_E._a_...
~~-

O Civ.t
~ - - -

Co:rmonwealth Edisort.Cgmpay Pr,- m db/ S. Yassin U.iu

frei.ct Lat:ni 10 Cnur.ty,_Unitc I f. IL :!r.ie.wl by C ,:e 4

T rej. f;o.4 2(35/j. ;'.57/609 3-00.~..ui 1. f!o. Arr'c std by it ti

-
'

^9KKK \ V..
~... * . _

\ t ._ . h- -1,ggg_g; _
i - , m _ _.

'

!F= 2.08?E 01
il1= 1.693E-03

2F= 3.055E 01 mz
211= 2.683E-03 /
3F= 7.161E 01 t2

''

3ll: 9.'060E-03C.c
O 5 *i

/c,
*w

w
U i

/$

$.;
'

. .f #. , .. .m . j , ..
. .,,

. .

-
.

1.00E-05 1

1.00E 00 FREQUENCY (112) 1.00E 02
A1:LA SALLE SRii/lRM PAIR

000072-000000 FREQRESP-80DE
2Y+ 2Y- #0:

FIGURE 9
REPRESENTATIVE TRANSFER FU"CTION !N Ti!E Y DIRECT!0!! FOR THE SRt.f.'RM PANEL

(SilAKER TEST DATA),

n-

. - . . . . . . . , - - . . - . _ ,.n. - , - _ . - . . . . , , .



. - -

=
-_

.-

[ [J . .T '~. T,'.~ ,~{,,- C: rffr[ _SR1 & IIQ P,i carnpl i_f i e r te.tn.fgpgy gh
t- . . . . . . . . . . . .. Fne:losu re n .,. 0 0 p in e.i/01/; '.'

L ~ su r s _ . ... .

s .m,e E 1 8 a _ g g y..... : . . _. . e x w,,. n y,,,, , ,, ,, g n., . n ,,., a.
.

O
.__. _ . _ . . ._ ___. _ .. .

_ _ . __ .
_ _..__ --

Cllr.t _ _"c::. rnple n I tiL 4),i nan _ Cen:r:py h'Scrol b / S. Yasain U.s t.:1
..

i
irei a r..>s a u n c o u n e z ,.. u n a s 1 r. u e.*.e v i ., e

W.i.!$fdS3/J626993-M'"s'C')- ''Tr'e r d t.y uits *

...

^#KKKK \ ,b^., b. ,! $
~ ~

L'' I I
1.00E-01 -' ~

1F= 1.000E 01
1M: 1.484E-04

.

2F= 1.995E 01
2n= 7.0?JE-04 iy

,

4F= 5.309E 01 4 I
-

4M=2.391E-035
n/

' ~

O.
- ,,

3F= 7.586E 01 t2 ,/#
: 3M= 5.353E-030 1 /

(#4 5 ' i
.

m .
-

= s. 1
-

.~

d \/3 o
l\,2 -

*

t

1.00E-05--- I/
1.00E 00 FREQUENCY (HZ) 1.00E 02

| A1:LA SALLE SRWIRM PAN $
'

000072-000000 FRE0 RESP-B0DE
2X+ 2X+ #0:

.

FIGURE 10 .

REPRESENTATIVE TPANSFER-FUNCTION Ifl THE X DIRECTI0tl FOR THE SRM/IRM PANEL
(SHAKER TEST DATA)

O.

_ . . . _ - - . - . . -- - - _ __ _-- - - - . . . _ . . - . - _ _ ---



= . , ,

~ ~ ~ ~n

C. g.F_cr SlOl & IRM Prnamplifier cse. ?|a.ff.jfy ..gJg3rg' ~ T.',,~C.~~~. ~ . t , . n pt
-

- .. , .. . . ' .n. . .; . !.a : . . Enclosure
-

't W.- 00 0_i! - 06/01/"'_L" - - _. ; N . i .e : r..%
,. , - J

i p E lY cf_ 4 f'y' ' " " " ' ' X kf et.;-I:st,:ted rin -s3fety-R.hted *
P

_

rl. .,pt Oc rcrnm.'ealth Edffig;; ,Cg,7p I t.y ,fy' yyt bi S. Yassin Da s
_

[ I'Ri C' LOS.'llo County 2 Units I & II |k.ie..t9 hy O i.e

bi' j. f.o.42f'6 / !?57/C093-MEui). !!o. Arre red by _01t3

_

I

.m.

1.

i.fi M. ;.,, V. . .k -
. . . . . . .-

^#KKKK '\... .. /i
~ '

l

4|L.s. ./ i . .1 | ,.,Mr n imi
, cio"''yt.^ " " ' - | .. , - . .

5.0.A. n.? y..
i '' -

!F= ,. Uzu . -...

<. t U r
:1

1., i.m. :.L qt i., i I,- . -it- I. .

: I..

. I'g r 4. * .e. t .il.. --mi ....m
.

i

. , ,, : b.o'i'?t-00 I /
,..- ., .

us .. , i i-

.u ! , , . , .-

, Z',t 4 E U l a.a vi4P:
- .

(. q:
-- .< _ ; e , , . a- ,..,v.

.t- .. .> .7 0 t - e c o / /-
:

O
..

I / I
-

.u i ,f'

Yb *' ?= , ' = '( ..c M p n. i s
/n r.. .- -

..,Wcy- .< c ~ r. - -

Jii- " . .J O t t - O c ul e
'

^ {! 5 , J./

-1.(d
A fg . ik .

?

| 1 'u !| p,r .-,|,f ,, . -

s .. . .,.
'

i pt i
*.! | .

1 1i !i
i, i L

c e-

.J . L . c . . bvu-v

1.,Ob FREQUENCY (HZ) 1.00E 02. , , . , y / 17.,,b. 0 0
-

g: - .-,. .

L t M .ll il eO. .

n. a. n. n. ': ? n a n 3 3 0 Fh''E0W:c' ':0.7u . i -t ,t-

- )7f f 7 7.y d.. h. .um i .

FIGURE ||
REPRESENTATIVE TRANSFER FUNCTION IN THE Z DIRECTION FOR THE SRM/IRM PANEL

(SHAKER TEST DATA)



_

L. .

.

l
. .cm. ...- ._.r.Cr C;;o. En SIC 1.O !R'1 Preamolifier C 'e.'h. E S- A - M 3 +'4 9 ~~
T........i, . f . p . . J. . , ,

- - - - - - - - - - - - - -.. , , , . - . .

1:nc iona re n.g 00 lio n 06/03 /C t... .
,

th = - : . ;:wur r=::.a
-

- - - - --~~- --- -- - - ~ - -- - -

|~
...x . ideu-nt.. te:f H. : ..5.?..w.: t...n.L,t.e.a

- .> | .V.m. . E. 2 0 nt E 43.- - .
' ' ' ^ ^ ' ' *

... .. - . -- -
_ _ , , . _ _ - , . . -J - -- - --

Ci ti.t Co:r.mnwer.l.th Ed;ifon Comeani Pv.:'" HY 9n Ydjifl n' ,' ppi
. _ . _ _ _ .

'

Paria I,a t;a 3 1.r. C. o n.*.t v.a_ I'n i tm 'J f. 1 't Bev>wi by Ne' '

I rei. !;a/,'>t;6/ !? ',7/G0T.4./. s.ua M.'. ' ,' r;" td 'ay
_ . . - . . _ . . _-

- U.n '
_

e'g%,, ,~
-

.

,,,1,,*:,t,1,3

I
a,=......j ..m",,,,ym,,,,,umn"""g' k.. .e.:mt,,,,,u,,, im,,,,,,,

nm 7".,mttoo /

% ,g.,,,:g.
'

d =*+ **r* &

N
,

&:s**@W -

W' .%.v&ged.gw,j,t
,

/,t
e

%g- /
'

/.,>.s,
k w;
0 %*-

..

ft
. \gd@.
-

.g / \"

n.~'A],/
/-

'
-

* ri e . b. ( 4

\~4.' .,., s.,

p
Q ,['i

.

.4
y /e- }}:o.3

. A* == a= --

,

_.

,y%,
% ,,e %ef

.g.

Ku. W

%q,g,,,,4ccx.vm., I"'"' /-
-

mm
ggW' *d,' g

'
,

n m,..ce. wm::>o.w .ms s
s

!
I

I

; FIGURE / 2.
<

i

MODE SHAPE 1 A3SOCIATED WITH THE 29.5 HZ RESONAtlCE IN THE Z DIRECTIO|1
.

I

i

I

f

I
|

|
,

<



-
.-.

_ ,

pr: :::rr_.._ .-- c:ks.Fer SlQi__5 IR31 Pream_n1ifier pfcl7.f,$/h;;Mdfgif/
,.-....,..;. . p . 3./

f.c "'r . . .. . e . . -.v,,,,'i..,,,. Enclonure n v. 0 0 0,t 06/01/C !.' - - - - - -
) n - - - -

l I
<X M.g ,,.J.sg _;j [.y 4-M.f _ n,,b'.'d , g .f . _.'' b| d_O/8C ''l*< O

f-*
__ _ . , . _ ;.. _..__ -- - .. -. - - . _

.

I I % i>f C01'n ?nte/ea 3 til I'd)non CON ~M'r he:ca15/ S. YaSSin DJ!.!v'
t

|'_I'''i ti....idstir l 10. C. G.u7 tar 4. /-. .U.n i..t.n . I. r. _ .I I- -.__-
| 'Pr'c ed by

,'1 - -

3' m e!by I' d

|I '

L rcj. f.o.4 ? f,5 / !'/. ,'//f,')93-097.' li 1. I'0. IJ- 4.11 0 '

_.

.

/*@j";''na a...... ,,.n,,,,,,,,,
,,t r ,,,,,,,_,:"'' v.ac ...,n
i ny',,,,"""ihn ,,,g..,,,,,,,~'.

f| '\o , N,I......,m, .,.#
s w#"D-

, ., .

M' b, *..$ $e. ~ . /'.p.g dp'!P!f!!!! N!,. hi

.H AI' '.."A, $W&,.
/ g, s . .~ .~,-~.w- n.gn. . . . .

'' N l~.;y )
%~. ; 3.,,

ws-... .

.

l. N

h.A - f Vi.
,/ .

i |

ta

lt.i ,.w ,

* N, , . , . t
*

t 6.s. . .. . e l
,

, y.n., I +}# ,uv
.!r u

(i
.o

k h Ng34 [ ]
'

h
%y<'\''W;'6 . .t :

.a ,j-("7
/ i! -

'

l' tl
,.f ' .,/q',Q ' f,". ' ;6 'hs *

g.
,

y 't . ,v.y 43
d.f.f [.y '%4hk

.

h r M'. ','N j| .g

11h ,,,

. .O 6>j''%_. '- '''~=r'.f.
v 4

y r

l.,iT2W '1 d

N ' w.,,% ;. e.,<v,:ci r,'"'t. 1 .. N-r/- ..,.,...,.t
m n. >-y;

t 3 .. t. , , , . . . . .

o :;-s
_A nm:anit reb.;;;yi..yy. .

r'*
iI. - t'. ,,- a .m : rto qtf-

- ,. .. .;y. ,. .u. . .,.. ... . ._. ... %..... . .. . gn ..t.r!,. .. s e. i . , . j.

>:,.i.,%. ..:3...._,. . -.;; .e x.i.. <
. . . - m. . , < ..-

. ..

......,u........_..._.,-~,,,, f
. . - ;

......m.

.

*
FIGURE 13

P,0DE SHAPE 2 ASSOCIATED 11ITH THE 45 HZ RES0NA"CE It} THE Z DIRECTION

m
i s.v'

i

!



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

,........ ,. , , . q" ,*, . Ith1 P_re.a_mulifier ceu. ,n. gyp _ogggf
~

- - - - - - - - - - - c ;r.s per s n*4 &
.

.

""'**'*"'. i '' Enclosure n.. 0 0 .---a .n 06/0. .1/". '.--- -~:n r en.< _ - .

" ''" '''' " X Safety-C=!2 red ik.. .hf atv-MMd > L.F:;c d .2 2 of E U.. .
.

,
- ..

CI : int Commn..t.zea 1th Ed. ison Comcauv Prerm dby S. Yassin Dau, -- --- -

: IPcist LaSallr: CountL Units I _&__..I [_. __ .hrivej by c :a
_ . _ _ . _ _ _

,

_Fr_ei. fa.426_6/ !M7/6093-00 wis. Go. I Arrre ed bv. .oao 1
. .

-

_

. _ . -

;

j 2 .

. ,.
.. -.___

.

, ' " ' , , , .,. _
1 . . . , 7",

, , , , , , , , . - . . .
. . . . . . . . .. ..__..s....,,,

. , , , , . . . , , , , , . .

J..

\|
|

! .

i)> -

~
a ,

t

- i.t .

>
.

..;.

1
.

-

O i !
s |

'
.1

7... .
. .

_ ..... .
,

. ,
. . , . -

..,,,,,, . .

d'.,,...........nn...nnnSn,N5Ms|,"',||"""~"'l.tk"".~.~s
/ '''in

nne-

..-...--...._~~.,i....,,,,n .. ;;.;,n
,,j

, ,
.

!

i

| FIGURE {dt
, .

MCDE SHAPE 3 ASSOCIATED WITH THE 54.1 HZ RESONANCE IN THE Z DIRECTION
_

..
. ..

I

i

e

I

i
r

.

|

1

|

|
I

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



- 1
. . .

,_ _ _ _ -

.ir:~~~~ n --- ..... = c. a rc, smi .s m.: Penamoiirier c.::.m.441kmW ii

h . .J.:.3 - B' S'l nnciogto ,
_

n.z,. o o_.pn jl&E 'e,

r- ._ . . ._ m . . . , , .- -- x ..c..... . _.7
_

.

. L .:,. .,.a . . , ,. . , . , g . u,.. .c. ;.m..- -._. -., g. ,, a c,. :,. a c ,,,3
.

,. ,,. . c. , -
- .-.

. . - . . . - . . . . . - . . . .-. . .-. -~
. . - . . . . . . - . . . - . - - - - - - - - - - -- ; --- - - - - - - - - *- ~

;

e : 'at. I t.1.1_ (d;I n o n. .C 'O .03'.'/. _.. .! f 8 " '" 4 W U* Y#"d U UC.I %. .t. ' .''e. :;. *:.o..
- - h.

.

n..i u._ p s a.u_counz,.. uni en.1..L.u ..._ , W~" h ' ' " '

I ;CEMl".' 2 '--- .. -
yr5i :. 0,-'a.a/ vi*n /G m - v , uj &

.. . .!
...

.

'

.c,q7[iii, n. p,,|kr...., P....,.--...-,,_,,_,,,,,,,,,,,,,,,,,,,,,_,-,-"~m
.

r!a.k.
**"'T.e< ...en,,.....,,w;a"n; ;:;. c.x.:.v,:.yr=.;;;.w. - - s.

. . . . . . . .

.

, ,

g.m-.iad.~O..d!!w."~%mwfg%,g
n.. o .,...

.:;! h. U|di:: du,i.rb%> .C"e%
-

. -
ft .,.:

y.j1 :. .u
01 . j1

R,3
-

11
>

3
.

i.- >. ,
s+

,
,

w-t a .

<
. r

. .

ppi , . ..s

[ n e,A
,

h" /*
.

*

p ,ch
.>

.

,
. .. ..

7..:::;;; .ligt,thj
4 . - . . . . . . . , ,9; q

,--a',u.
.

;

$af'er-I .a**"
[ UUhn n;; gal $iT Ml""" Y~"",, w

w ,...,. c f' d L t,b.||gU ;po.n"n 'h
{.5 .,.,,,.. #t |

a"
... -

h i s,3:
.~ h- .

r%~
~f.97
m, ._. w

FIGURE !;;

MODE SHAPE 4 ASSOCIATED WITH THE 70.9 HZ RESONANCE IN THE Z DIRECTION
i

.

l

.

!
,

t

e
'

I
|

f

_.y , - . . , , ., ..-,,_1w,-e. --v>',-=T----' ~ ~ ' ' - " ' - ~ ' ~ ~ " ~ ' " " ~ ~ ~ " ~ ' ' ~



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

-1

. . . . ~ -
~

. .I _ __r Cmt. Fer S ISI .(, 1 D;; Prr:.1t*1n1 i fie?-
-

-- .. No f-Afp 03.6 f$f8'., 'c. -e.' . , . . . . ' !.p . : . if
-- - -- -

.'. . J. ..' a s .3
.

>r.d- j-
- -

e I'ncionure .n_ . 0 0 | c.,, , Cd/0]j..(. _.-, . .
3,. , y - _ . . .

[X &fety-IW:ted Di i-5:f aty-% lated a I .I': .e E 2ef or E gf ....
' ' ' ' ** O

T
Cruit Jc;. rlwe11th Ed,i n.91). .Cynpa13*/ | h" nti by S. YLins.in U.ite '

a
o

l hel:tt La !'. : l l o Co u r. t,v.. ,._U.n i. . .t _n___I _ _.&. .I f._ . _ !_! . ie._s c__l by
._ - f 4..

8

.. .t e ._
_ . . ,

I,Ej. f.3.426f;/y 57/6093- 00T.Mi L fio.
.

/ rt re rtJ by Ort: I

..

.

g., -. m 4 .-m.
%

* l' ff, '.3IU'.{'z',,'g't|t#5h*rf@h,EYf,b*"'
f

!{.I'1 e, -
g g.,

i. 74df FU"'
'",,,y|ty]3fi$\,S.

ii ".
* *

me+c'sL';#J;th:: mt*wiwgLED

.

L .

.

\,.

i
3,t

'

<

,

.
\

\
'

i
s#

~ #g m
/, w r

/ , ' ' ,,,,gtsttW ' '

ww.... . .,,,,,,,,,m.,,,mma""'"- %\'{|,*gipmm/ '"

%, |%sw.wssue

m .uNor,,;.s.uurat
o w. ;-

. ,

*
.

|

| , FIGURE [rj.

M00E, SHAPE 5 ASSOCIATED WITH THE 76.0 HZ RES0 NANCE IN THE Z DIRECTION

;
I

,

!,

'
,

|
'

1
L



._. __.

.._

---

.

. _ . . .

~.I.'T..[[J..,>.!...-- C::gpr SID11 IRM Pre: amplifier. cae. no._ [ gff - g g y g: .

. . . . . . . . . ..a,

-..s.,,,,.% . - - - liiE.3 " _no. 0 0 0;n06/0J/:3i' -- - -
..

c . . .c c
x_ p*n-ne e n,, s-sur n,u a 'y~,;., 525 c, gg

O ,i.ws_.aw.,2;,ee1u, sa.:.s.ou cc.mcm.,
~ '--

.m mu, s. vessim i;, . . o . .

jo+o La::.-o t n county ,. . uni t.c._1_ .g_u a,,;em.nv n ,2 ,

L.Ei .f3.4.2!s8 '.'-}Z/.Cg 9 3-C .Eui ). no.
.-

| p n.,e. d bY iI
04t3.

- - -

.-

.:g,.-.,,.-,,,,,,.......,,,,,,,,....,,,1.....,Q.., y mm. ::.,~...-#:w --

,

#. d.ha. %. . M; ~,e q;;;": k..< %< x
, ii i@

;:aw
:.

,

, ,.,.,p '. h.
'

es, !."',L- , ; ="..

2'5'.:'2::::M;2': p4>W
't% ;2.umetwh&

)4 h' y
., u..

| ,

q.N .-

1
.

a

h
t q

-

.

f,M
. . '

,, t
I

# 3 t.

'^

,s,ha./ I6

,, .s.
. d, m,'

.

. Nk
Q.*;% ') ' ,

y:.
31

s |

k
.

%
..

.

...~
_r.%,WrzN

. w'
I) 6[.'2f;...rsh,,,.....t,y*w... ii

'mGtp..epst-% 1 '"""
Gh,.' illt

,

i
b m . m . m w rit.q M,a

,-
\
\

I
-

-
..,

FIGUP.E M '

MODE SHAPE 6 ASSOCIATED UITH THE 96.2 HZ RESONANCE IN THE Z DIRECTION

\ .

U-
.

.

.._ _ _ _ , , . . . , , . _ , _ _ . _ . , . . _ _ _ _ . . _ . _ . . . _ _ . _ _ . _ . _ _ _ _ _ . . _ _ _ _ _ _ _ , _ _ . . _ . _ _ _ _ , . . _



.-. - - __ . .-. - _ _ - _ _ - _ _ _. .-_ - - - .

_

l ~.2 -- T C:.kt rer S101 E. 1I01 Preamplifier c ,te. nn.-- E4f#-03e49-
: - '...: ,. - .

- -
-.....,.....:!.9.....n,0. Enc 1onure - mv. 00 tra.o 06/0.1/0 '.

---,

,

L .~ ~ ~ 1tvs ase r:: .' u .

i ' ' " ; '"' O X $&c., -f;Wre.f M.i .1.-_S_a,f ety- F elated .a l.P.a..c E 2b r,f [9'I._ . .L . -- s-

I Ci er.' Comme n tre a I t h Edfffyt). ..C.erpajj'e Pra'xr.rt by S. Yassin Data '

'
i ,

hni at i.a sa) 1.o cnur.ty L unitn 1 c. 11 th.w e1by- co *

h ei. t.a.42 c6 /U'67/6093-W.nia. no. trr<e,rd by can f
.-.. 2

,M u

:

.
3

.

7

M.','.',a'a=-,,.....,,,,"*'"-a'-,a,,,,,,,,,,,,,t
''a,,,,,

' . , ~ ~ , , , , , , , , - - -,

.
,,,- ,=~~~,,,, :., , -~~

,
.

*% n n a.,,n,,,,,,,,,,,,,,,,,,,,,''%'
-'

i w
N

:
i

\

,

4

'O :
,

' k .

i

:
.

.

N

I!! ~"~','.",,~, :""~'"-; .
.,. . , , ,,,,,,,

.
j

%uw . w a ... -.,

; . ./v
C ~-- i f *ng :.j!I

.n.I1,.~ ,.,...i,.
i 1u5

.

I;itj!I'.e
,

Sqi$"'lillilil!illi!a,q'qa :ll'k.rer cr. .: 'j!!j'j;M'.q \ j41 k..Jd
.-n..

'***"*'I t
.

! 'u '45 l s
a~r2@.379:.: J ;Ij'@f,

! m. .ii
i

~;&.':T);.'49.
.-

, .,
-

!

,i
FIGURE 18* .

;

MODE SHAPE 7 ASSOCIATED 'r.'ITH THE 21.1 HZ RES0 NANCE IN THE Y DIRECTION
i

-

,

I-
.

4

i

.

l
_



. . _ - _ _ - . . = . - . ... - . .

_
s N6 mea-

._ . _ _ _

g....--._... g.;c, pp, gigt f, -ypg ppgag,1jpjg7 gj,,, g, f,fQ_,._g_3g y f
['_"'.';*_'',';.-._I'p . s . .,

-- -
_, c. ...-.. .

'' ;

n . ,,,','.; ,,u;
.

--- F:x.:lo.s. ure . . . - . - .
,n ,., 0 0 p r . 06/0]/. .c..!.' -- -.

.j ,

I

..x_.. s,re t y.. M.'t H i! a S:!ety f % u d a |p,c E27 cf [FJ'" '""o
-

'

- . . . . . , .s
..--- _ ,_ _ .

CIht Com*tior! wealth Ed,i son Com: att's i' rep [roi by S. Yannin Dat,r

Prei it f.a S t] 1e Cour.t'L,...Un i.t r I . ..r, I.J :t _ ..c.iu,.c _I _b_y___
, _ , _ _ , , _ , ,

.0 ._3,
, , _

:
- . . - . _ . ,

'
hei. f2/,2f.6,/ !? 7//60:13-W.ui.i. '!o.

-

._f:"r._% etd hy O.t.t' _-
- . - - .

. w__ .

i

~;;,~~,%"*".a=%,,,,,,,,_--.s,,,,,,"'"
a

;
,,,.,,,,a>

.,,"%,,
, , , , ,

- ~ . - " ' , , , , , , , ,
-

j

"

~~,, ,,,,
,,... MIllihihih,87-. .

;
,

4
-
\'

-

v.
l
t j

.

1 / j -

1
,

4
4 ,

\ !.I/s

j [(
%..,

&-
< ,

h y' -

u%
.

-) p.%./";;;'f'""" -",,,,,, 5@9h, , , ,,,

, , , , , , , ,

;
-

; - .

:

i FIGURE 'g 4,

| MODE SHAPE 8 ASSOCIATED WITH THE 30.7 HZ RES0 NANCE IN THE Y DIRECTION

:

,

|

t

'
i
>

!
-

i

I
I

.

------e-e, , ,m c9----wm,e,,,w.--y----+ e,,-e . - , , - . , g3-,, ,---,--.g=.w-,-,e,s ,-w,3,,---,yw,yr - ,y,,y4 gr,,.-w. ~ ,-,---.---,+-m-



._ - =- - . = _ _ . . .. - . . ..

,

j

- , . _

.cy g ;3 p f A ,e g e/ gC:kt. Fn SR Q ;IFM,frnqpplifier
j T. . .7,,7. ,n ,~~ t.3, . m ,7

r
.

...a., .u . a . INE3""" . .R v. 0 0 tip OG/03fg[,,
,

t'------ .va,na. - , ,- L

i X &Iery-nef:ted
_ | _ th 1-53faty-iblated gyge E28 of f*//g ,;.

" * ' " * ' " ii

-- - ._.- -- _

ClYrit Commonwealth E(1,i .gn_.Cq2cany I'r,,pn ii ty S. Ya ris.i n Date !f
o [,' PM'i at La1:al1e Connty_,_Unitr. I G 1I ;F;.p.ie 1 b f Ne

. ,j

Frei. f.3 4266fi?.5"//6093-00C.r.si 2. flo. /;, ,r ,;.d by
'

.til.t L_ !
-- - - -

: ..

,

4

| ' 'Y,7,'t|,','|, '" aa-,,,,
,,, ,,,,,,,,,,,

' "

, , , - - ,
wi,:.,,'%

. . . ... .... nn. a'"">f
'

t 'l ill:t /
.; Is

/ ;-
'. '

> -;
, s

- |4 \

0 '\ /
i |

; P

: i
r

*
I i
.

-

.) | ./ ~

. .,

1 '/i
i1 /

j / \(i
f 4

,

iE{'{"' ""'"na....n. ,n,,,,hh j4

Y,,
' I @ t,:,3,!3,; .g..,,,i5$,$.{f ' $ '

d.,V' ._ ._ -~ ":-).r-:r.t.g,,j;j. |,1a,9.1 nn%.g:q[.[;[[|13 :7iiYi.,
7.e

8

#WI.IIW,.a..t.''g.1f
,

gi """%:m;g;|jgjg.. ...,_, ,,..gj$g.Qg, 3jh'jf
4 ,*-- .. . 3 .,

, g-
. .,

. ,.. .m

FIGURE 2.0

MODE SHAPE 9 ASSOCIATED WITH THE 72.5 HZ RESONANCE.IN THE Y DIRECTION
.

%
.

. . - , . . . . . - , , . . - . . . - - ---.,....-.--.... - . - ,.



_ _ . . __ ._ - _ , . _

_

._:....-_.--
. , . . . ,

-

SlOl E 1RM Proamplifier C fc. fh.E4h_-o_J_o_?_'49
C;kt.Ftr

.e. . . . , . ,. . -
-

-...
. . . n . a) ,.

. . . . . . . . . Enclosure
"~ * ' ~^* ~~~''.* N 6 s e t 2 * .*.% L ,.

~
n y* 0 0 osn06/01/c!~,

. .X. Silet /~I.I.&ted . Pi 1.-Sif a'v-fietated ..,l.P.c.;c E.2 9 cf [ ( d ..
';*''""" /^

- - -

. _

,

- - - - .-
- ..

) W nt ''ommentten] th Ed,i.qon .CqipO_t.y
_

,Prepp-1bf S, Yassin ' Dan
'

fPmiat La Sa31 c: County,t, Units I r, I f ih de e J_by cce'

__ |
) | hei. ! s.d. ')66/ !. ? '.7/6093-CE.u:t flo. / rcre nd by U .t 3 I
,

. .

I
e-.

-,'e.,,,,,
n. , , '-J J.=r

_

.;.....
.. uy umn'""",, .....= % Li / .. mn1nn

' [f,, p [C :m%.~-... ,ni.,,,,,,3n,,. nit ,I.
~

'

\\i .d;.,' y 4
.

; %,_j ,,.j4
j

-
. i \ ,r .

] Pg% 8 i
4.iD l / '. j,I / h

'

e .9 s
y)j.a .

It.
. u.

k

1.1 a,

,

t.) n, yi .. r

|-

k i /' / % s
h,,i!
%u

,

'

w
[[I ./f D M ij%r | %'Uq)4fjj.it

o a '-

.. s %
huic. ...... .... .... ,_ , ,g%%.\\g%.g.3;6. t

.

b. mg.g.
..; , .

. g.

.

_

,

FIGURE P.!

MODE SHAPE 10 ASSOCIATED WITH THE 10.4 HZ RESONANCE IN THE X DIRECTION
~

.

O
\

!
t
i

(

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



V
-

..

1 c.Ie rer SI M s. Imi Prnatup1ifier '.c.fM3fd@ -A36Nhf,..._._..__...__.3

}.........-. .. ..,;

......c ..! t i .r----_-,.'..,,.,,,,._,_ Enclonure r:. y. 0 0 a.r3 Cri/0]/C.*
! ' ' " " ' ' ' ' ' ' ' X Sdtty-f!WtM K 1..Saf et /-Nfated g .P.r.y:--80, ire.g.f...'m ..) -- --

U'

CI S.t CO;n'1 <Mwe l.tli E%I son Com:: atty I'rerrt 4 hy S. YaSSin Da!J
"

| .I'te..j tt. ._f.,._n. ;;.t_j 10__C. n. ;] T; t. .'/. /._.U n i t". 1 I, 1 f. II*'.i.wt by C .,*e I.
i . . . ..

f If *j. f!3.4 266/ l'<'.57/6093-00;'U 4 IIO. / PI'C ':d by th!? I

- . ..

1

v;f,i,|.". ..a,-..... ,,,, ,,, ,,,,.i
.

a-o,......,,,,,,,,,. . . , . ' , . . . p,

| ~

, , n.,, ,,,,,,,,. .... . , 5 %
,.......,n, ,

yW% .,,,,,."""HH"n:1mluq;IQ J[V.s
;
,

,
.-

,s
.

d .' /.

\ /6

'

/
,Y |

4ge ,

J 0.

.

.5 \ -df [ h .

/[ \ r- .M Q.9 7kr%5):- 4 h A h.2rd
t Ilmi

ihy;I Mf$lMgk74=.....
i . .. .

"'""8tt ti
__ x_t ,p,:.n.Ln. T

_ .d . . . f..
-. u.4. 6 n,t.

.

j FIGURE-22.

MODE SHAPE 11 ASSOCIATED WITH THE 20.8 FZ RESONANCE IN THE X DIRECTION

.

<

l .

.

, _.,y.,. _ , , - ,--3,g , -,w- -.--nw--w---



- -

.

,
..

_

.

. .... ,-- C:!qfr r SIDI & IID1 Preamp 1ifier CW.No.f'4j h p] M {47e......,. .

..,'2'_'f_'''':m"n"rv.d* Enclonure n v. 0 0 0 .t. 05/03 /.0. !- - :.-

.1:a .

X S.,f et t-C e!:ted ff o--S:!ety-R,tated (P g E 3 1 of g f/f''" "'* '

n

U
CGrit CO r.monweis 1 th Ed,ij;91) _CKqi,::ajgi l'rrpri 4 bf S. Yassi.n 0j,3

_,

11

! !%j .c t- . . - . 3;i: 0 ., !- - - .-. o. u. h. .t. y. ,, U n i t a I f. If !!? tit.wj byf,a 3le C
_. e_ _ ,

__

ti. :h ci. t;a.47 c e i/1 ;' 57/6093. w 283. rro.
_ = - -

/r r.r e. .ed._by n_it s __.

,

- -- . _ .

._

.

.-
" --,

,,,,,,, g-~' --u

-

~ , , , ~ , , ,|

$v
. , .,....,} .;...v-,-..' "- ,|,:: ::,7'~.... .,,,,,, <
.

fK''l;%. .. ,,,, maa.aw"m"",",N,,, lib-,

g i ,nu,
''

Ng L

'1

i.

s. i

!
. .. :

i.

i

s
b
tf.

.

, ,

i
|,mj.// \ ,

. ,a .

' . ..- L, * n.

'*"*

2

-

__,,,,

.- -

. .,,i:;. . ..'''N,i,,.ingdb3$9,g,d./
N,N . ., f

, ,
.

.

/a.:.-.-----

. . - -
. , , , ,

--.

.

1

i

FIGURE 23

MODE SHAPE 13 ASSOCIATED WITH THE 75.9 HZ RESONANCE IN THE X DIRECTION

(
,

,

.

- - - --. . . . - . . - . -



v

,

.. >
__.

. . . . . . . . . . - - -- C::t... rcr SIDI .5 ID'1 Pre.mp1if ic.r t k. "n.g;<#J. gJepjff. . . . . . . . . ,,. .s.f -- --.
- - - - - - . - - - - - - - -,s

. . . . . ;. . .z. ' !. . ; r . d .. 1?nclo!sttre n,.v. 0 0 e u 3 Cii/01/::,

t - -- ;: ~. rse r ....m 3X| 50cty-thbte.1 rk n-S,f ety-1;<tatd ..,l.l'v,e b 2 cf__8.. 9 ....
'''"2"'"

. -

(~
- ~~ ~~'~ ~ -

~~ ~ ~~

Ct en.: Commonwontt*n I'd,ij on Cemean'/ htm ulb/ S. Yasnin lic.:
a .|

' .bei.o ._La.8.:.t ] 1. c. . C_ o u. n t y ,.-.U.n i..t. r_. _I.-_ r. _ .I.f. !rtin.c! hy
_ - - - - J i' .i'.e._

,

*
. . . . . . . -

. .. ._ - -

h:i. fa.476';/ U57/6093-W.ui d!o. trere,rd by oio
'

.

n:'""a~~~""*""**a-.,,,,,,,,,,
.,,",,,,.,,a ~ ~~

.

--""",,,,,,,,,,~aa'i.

-
n,

,,-.
- -

s'a '::: .. . .\ .."""*=.,,,,,s..,.-*a,.,"*,,
~~

p

,.s:,

.

.

l..
; o

,

, g

,

/
- t,';-.~

,,,~~.. . . ,,,,,,,.
,. ,

' -

* * . . . , w1| .: ,

..,*n.,,,-

4.,..,,,,,,,,,,,,,..n~~,,-
-- g g

, j
,

. -

-....~~-..-.-%~ |
'

..

FIGURE .'i.'

MODE SHAPE 12 ASSOCIATED WITH THE 53.2 HZ RESONANCE IN THE X DIRECTION
.

.

O
,

!

r

.

- - . . . , . - - . . . . - - - - - - - . - - - . - . - , - - - - - - - - -



. --

_

~~

C h .Ier $101 & 3 R*4 Preamp [i fiOr CftNo.f*fff,.-pJ44hf, .- . p . . y
- - - -r

.|, ' . . . , . , ~.
,

.

-

[ . . e c, .: e. . 1 f.a : .0 . F:nc1onure nv.00 om 05/0]/J !
.

- - -- -- w ne c..s _

/ -

.a ...ea o E c,. ~o cf 4"p5.. *
c . , .c s.oo ). ,Act .*-C *te:! K q-Safety-Mmd ;.

-

-

{_
- _.

.

S _Y_a n:i i n Um, f.!)t Co:r.monwoulth I'cj,ifon_.Csmpany Prepnd by -

( . ._. __.

i Pmi d I,a S.1. 1.1. e _ C o.u. n. t. v..,. Units I r. I I ikekac4 hy
_ . _ _

i0..1,.
_,.

NN. f.lf,266/ Pf'/;7/6093-CTMit f!0. | /.rpt. . d by gag |
s

-.

no;/" w"p***
**e.e'[/ ****c pe.*

w w m,,

w*"* w.-e,w.m.w.a, gin/ . , * - , , " * * * * " , ,

#w.*.*e***.*****,,,-~**
.-

" ,*
t. , ??*e ?'!"s.e? feist: ;:.~*s"sJ.a.5,

. ;tstt*".
.o,.

D. , . ..
,.e*-

4

N,
p

,
W

% **a *" "lly [s
,

/ .

h. 'W'Y'
25R** 3. ;YW %W.

. s .

/.g.*.* w "e.u**,,a, e *y;,.:

N "".,.w
j..a

. ra;r

$. . " e '"...
7.. $ . e as./. e

\
y/

/ . '

e...,,****.p****p""M. ,

O., . " "s 7
:

.r" %:; ,
,

/ ,

,,.y.4 -' .e.

.f ,

.w
=. e * a* * .. r -

".wE''e?"**.-"**""p''p|/ . ~
, ~ "

Nt

txc: -
-

- *'=C
- -

.
'*******f.f t .|i s

l
+.

-

~ - ~ , , -\

-. .l

h . . -

i

1
*

.

i

* FIGURE 2G,. *

MODE SHAPE OF THE TOP PREAMPLIFIER IN THE SRM/IRM PNiEL AT 37.2 HZ
- . ,

.

,

1

.

I

s

d

M

- -y - -,.-,ry-,,ve.--.--,-.--.w..%-w-.-e.. ~ ..e,- -,-,--e.~.--,.m,.,,.,--e-,r. ..mr,-,-.-..,x--- -rw-.. .--,,-.c,-.--.,.r,----,..4,- , ev.-r--



..

kCy e.I!@fh-4J4L'ff?"-'''.f,'.~.T[.~~~y.-],-- C:ks.rer S 11.1& T1p1 Preamn1i fier i
7
...... ... ..a... . Encionure ._no. 0 0 pa_3CG/0]f_c!.. . ..----m,,,;,,,,._%' -

_ -.

''#^'" X &fety-Rshred th o. S:f aty-Refated |Pge_E[. (of [f7
,_ _ _

- . - ..

Q r,13#,t Com nom.'enith Edl.non. Cepjtat3y I'rewri l by S. Yansin Data .
.

i

I"if'.._lSMN.1__C99ph'.s_U!Tk.DIl_I_.fL1{.___. N'.i'it^t ! by
__ f3e j9

,

F r:j. f.o.426 ';/ ! ? ",7/6093 -00E d.). flo. 4rre red by L)ata !
. - . .

Ficuns ac , sgunf_zna pAragt view ju y,y,ggc7;o,,(z.,..p,ggg.7,,,)

'
N

'NSo_#NN '

,,

cl - ' IS '%

/ n N ,7'
.i \ss

''T - 15 / 7\ |

k
'

., .,

/0 W X 6 H l d g4 j
(TYP) 29 40

23 |

|l l2P

W|@
-

9oem 33
-

L

Q) ~ Il a 3;
i *ggM s(rrr),

C ' 3'SR as 02 ;

b K [ 6 ,. ' ' ;

,M h-,

2F NN33 '

a 5%,

Al * 27
Or~ Yr

'8 A59
' r---%

,
'

90 t
, %

2A / ' Nk
-

X "T" 7,

7.o p. \ A|7
| -b / 4 ye) \. _ . _

;-
.s

<

. / - . . -

52' |
_.-

12
4 \

4

C) o usacs wAc<c hpo<cip r ncn.ns ary ed duiy tes+~c <c

X ,'r ,z3 , G6641 axis used in4 a am sis

Gloki axes med in bsih.kY zv -

B Tf ~7*



_

be.nnfelfp_-d336fff
~ ~ ~

c:ks.rer S!O! 5 IR*1 Preamn1ifior
~.

... . . , . ; f.,..u . 9 e
. .-v...

. . . . . . . . . Enclonure
;u msrs ... .

. n, v. 0 0 cm 06/0.1/C:,

- ~ ~ - ~

X hr f- RWted P. :-&.hty-RAatet , sp E35 cr Eve _ _" "'

.3.D.' __ECl*1Mh'8EI.$ I _ @_Id!I911_CO9W/_ Wem 4 by S. Yaaain Datel

w 1.uauncoaz,_ne w _u %.sv r .2 :

__a_i._ta4 2_6__6/.!.7 '.|,_'//_6093 00I..wi 2. Co. I Ar'e td byh 1 .

.
-

thu '
- _. _ :

m .

$ g

#_r.Eg m # g RM/ry .mumwgy gj
.L_ ;-

-H, 2.u 4 ,7 ILL gi R.phmeog
;

-

_ _i .1, .

g._ _ . . _ . _ _ _ , _ . _ .. i _ j .,, _ i
; ; .

- 1__3 i ,,

. .y ._ , ; ,

o ~ , _ b [ 7 0 - L.- . _-._ u . rst _ _ L L m.;> ,
i i.

t

I _r.

| | ! ; | j ji t : I i i !'

4 .. - . . _ _+ . ; . . L _1__ L_ _ . p~,%. 3 j$ . _ _ _

_._ _. . _ . , . _ _ . .. .j _ . .

._._ _. . f. . . _. _ _.. . _ _ _ .

_ . _ _ _ _.! ,i__
_ . _ _ , _ . _ , . _ _ _

I

,
1

_7. - g.
, . .

. . m . - -.,_. -,,,.. - ., .+
__ ._. .--..-._ _ p . -

f.. . . . .i _ --..__y - -.
| | }

i t i >
.

'|
\ '/ bi ! |q'.4..g..]~

1t. _ - . .

,'i
|-_ --

j _ - . . ! .._\, . __ J t
l

'

. ,/ .'-sj .
j j !

'
E-

._ ._! ! | |8 of Mf ,! 'I! |
. . _ .' _ 7 -~ | *J %

''
- __. _ .r _ _ _ _ .

.. _ . '3,g
m__.

.. _ _ - ..!.-._.!. _.
i % _._ pNo ._.i | i |

'
,

f , . _ - __._ .
!p ! I_.'.-.... _a._.L_

' I <*- A Ig f

s JLc "n -
- :V s ,'

I
_ _. _ __ f _._ L _ |

_

..N'..C. N o. N. .._ j |=\
'

.r _ _ . |g3 , ~ .;. _.._.4 s . _ _ . . _ , _ .

!

__!, 7__ _ _i . _. . N . , N._ g34 a i i t
, :\

_ . . - _ - .. _ .i. .

j j i >;i '

, h, . .P. . N
''

. ! ;'.

_ f. ,i .q,g. g) =qq| f_ _}
4 2.- = ( l ' D !

.,. n , ._
t % - :x i i j

|
j

j _,

.. r -. t f;u ,n + .. - ,_
.

i ! ,6o m' W-
,

| ! l
'

- - y/: 22./ ) i i i

. . sp m . . . _ v y J a!.
4

. . . , . . . .
_ 7, ,

Y
. . i_ ;-' ~ - W. L-.. --- ._ . , ,

J. / N . . _ . _ . rm ~N ._
,

i y N i 3 !._j
i

- . -

:_g-g p ._ _ _ )( _ l _. .
|

.. _1._
~ 7* , g .

- -_ . _ 3 .. _ . _ .

'
__ t.... _

. __,
'

Ii

4 6 _ g. :
i ,

_.-

. + I__...i_. ,i__.
,

.. _

! I._N. - v o . . I i
m. t, _ _. g_.

| | |
, ,

_ _ _. _ . r , N !_l_h' i I I I i

q__..._.!_!,__Iy
|

, _
I

'

;
|

, , ,

,... - .- i | , ! - .i- .' ). ,,-|-
> -

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

f f !

I I '
f

!

.

2_.!-i ._ ,, 4 _... M.___fI

! ____;_..a _ ... _ . _ a . _ L ...;_ < -__._._.! _ _ _ _;_ _ . '
'

'

} | | | l I i I
'

!i , '

f

__ j . ' ' - ' i '
_ . . _ . _ _ . _ _ , . . , . - -

. . . . _ _ . _

. .j f -. .. -. * f. f S.. = - ! ' ! ". $
'

N. t '",
. _ .4 - .- -- ) -84_ . -..}O __

. . t. . . . s. T =
i

,
, , . i., .

._ _ a .
* - - - - + - - - - - - - - - "

_. . . .- .
. _ - - - -- . Y '!

, [

% =,z, o. P,4 Hb, ; r+Hz, ---4+ H, i - -tL i, , 1 .



- - - - -

. _ . ' _ . - - - - - - - -
.

.
sy L U 54 Prea m lifier g!hAfh-dJpfM

c;:n rer
e, . . . . . . . . .;. f. m. . . g,....,.u....

, t __ _. . . _ .
w i r i. . .. : '. * __Enclocure. ..no. 0 0 | cmc 6/0.1/0!t .

_ _ - -

c . m u c-
--

b ,- , d,,---- iy 3,,ge,j.4 ,.! !0f *h 1- 5:f ety-Ref a!d Drf C
_ _ _ _ _ _ _ . - . . . . _ -.

.s ( .l'.r.,e
~ . . .

-.

_9._:n_t_-Oc=vn..:.v.e._a_l.th _E_ d..,i v o n Ce mumw l'rw by S. Yassin Jau . _ _ '
4

-

'd ' hei o Lat:alle countou.. Un i t.n I r. I I mne by no i
, _ ,

hej.13.4?66,/ !' 57/C09 3- 0''ini ). f'0.
.--

/iT'e rtd by this I
/

200 100 50 33 20 10 Fcco. cps 2.0 1.0
.

20.0 ."r

.

m i , n i WT r ; i . . i i u a r rrn t o no w, ; . i i
:

i ii i iais tairi unw '

20.0
15.0

'

.
-

- _

_ _. -- 15.0

10.0
~

Pfun28e HonstOHTAL ;
_

EPo d6 SP6cT&M
_

~

__- _l 10.0. e i
1 -

_' M SI-' WO~08.0 .. -- --

"g --

' i -L -2 8.0
| _

6.0 - -- - - - -

-
- '-

6.0
,. _ _ . _ . . _ . _

,

4.0 - -_ - -- . - - . . -- _ . -
=- - 4.O

~

t
:
-

! 3.0
_. ,

~

3.0

~ ,

-
- ' .

~
, .
l

.- t
.

,'

2.0 9- -- - -- - "i " ~

- - 2.0
2 m :

1.s' -- '
s - U 2 1.5

hs
-

i-
.

! -,

m---

1.0 --- -- -~ -- -
-

. - - 1.01 J

0.8
- .

/ \. I'-~/ ~ \ c'
., ,.

' --

J .M / \k
--. 0.8. -.

_ _ . .__ .:~
_ !- 1

j I;0.6< -- - - s.

- % 0.6V 3
.

.
__ - f,

e

0.1 . - -
- - -- - !

. 0.4i.
.

_

.

0.3- -- ---- - - - - - -- - - -- -

- -
-

0.3..
- -. .

..
_

. .
o ., y . _ _ __ . . . . _ . . . . . _ .__ -

_

0.21
. !

. .

g
--.

.-

.0.15.{ -- ---
- - - -=

- -- ;;
..

, .
.

0.15,
-

I
-

0.10 . ~-_ ___. _._. _ . . . _ _ . _ _ . _ 4 -
.

_

.... + 0.10,
i. 1 i 4 .!o,og -- . _ .l_

-~! I , ! -' O.00'e i W ' .

7'
'

o
- 1. . I !j | b

i-
_ _ .

i r i bm6-
, , ". 0 4

'o , ~o g b l . . o !2n!n nm.,211| n r
.02 .06 .1 .2 .3 .4 .6 . 2.b 0.05

no em 2i. 14 i ieii
.005 .01 .8 1.

.. .. .. .
. .. t*>. s c. '

~ REACTOR BUILDING-ELEVATION : 740' 2% Dmiging Horizontal.: Envelop of a) SSE + CO i

LEVY-1 _
.

b*i SSE + COLEV1,-2 + Enve' lop cf (SRVALL + SRVASY) -
'

'c) SSE + Cl!UG. + Envelop of CRV r,L + SRV ,qy) '

_

p, A
.

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



hC:1 t Fcr SIDL&_I roLi'rcamp1 if ie r C.te. :3. ggfa-pg[e-. .i..ns,7-
[ '_ _:*.: ~ " ';.

~ ~ ~ ~Enclonure no 00 tr e,06/03/F '
.. .

"'d*
' ** N te r s *; .*,%:, ,.

--
.

' ' ' " " X 9fety-lhbtM
_ _ fic,7-S:fery _ Mated , | p- - --:,e E37 of EC - '

- ..
__

CBnt Oc T.mo n we n 1 t h Edj_qg 0, ,_C_qmpa_tjy I'r.pn 1 b / S,. Ya!; sin 04:f '

s

Pf ei t t La Sa i. lq_Coim. t y1 Units 1 G If I!reite f by : i' ,te i

irei. f.a.4266/j 257/6093,Wak :!o. _I rr.'_e .1d by thu !
_

. - . .

200 100 50 33 -2,0 10 rec 6. |c es. 2.0 1.0
20.0 i i i i iiis sin un un ini nu na i e i i 4 > > i u n .... .m i n i un ',"i i ' i '. 20.0

15.0 2 15.0
-

Pojwe zA s V6RTicAL
10.0 ---- WAL nwms6 ~

10.0
~

-

T
' ~

A. CPEC.i'R u M
a.o.- i;4,~710 3 !

-

___. . -

~

8.0
-

6.0
~

'-
-

- - 6.0.

. -
.

--- . - -
,

_. ._

4.0 -.- .. 4'.0
-

3.0
~

3.0- -

-

: :- -

-
-

-

2.0 --

- I
~

2.0: .

| m -
-

kt . r, .L. -_ __.-_.._-__ _

-
, 1,5_,.

- .

1.0
-

~

- . - . . 1.0
- /

.

v .
_

.

~ / -k L- 0.80.0
. 7 \ g-;

i
~

0.6
u

-
>

, \0.6 -- -- / "

N| -

:|
,

_ x h
x p

0.t. --- --- - - 0.4 .!
- .

n .3 3 . _ _. . 0.3
~

.. :
-

.

0.2 [- -- --- - - - - - - -- - [ 0.2
: -

}
- -- - ' - --- 0.150.15

0.1o . - . _._ .. _ . . . -_ O.10'

- - --...

! 1 0.08
.

0.08 J, . ---- .

I--- -~- --

j j --
I

' ' ' ' " ' ' ! "1' '" ' Num A L au ' ' ' ' " d" .b i r. n u ..uuk i 0.05' ' ' '0.05p u

Q .C0$ .01 .02 .04 .06 .1 .2 .3 4 .6 .8 l '.
.

..

. . Pak4 'A
REACTOR BUILDItJG-ELEVATIO" : 740' 21 Dadj5ing Vertical Wall-

'

Envelop of a) SSE + CO
. ggyy_y , ,

b) SSE + COLEVY-2 + Envelop'of (S2V3ng + SRVggy)
c) SSE + CIIUG. + Envelop of (SRVm, + SRVgy)



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

'

rJ".For SIU1 & 1 mi Pr..anol i fier C.c.fh.P,1hfCSAff9
| :~ . . , , . . .

. , . . . .

' , , -. . .. J i d. Enclonure.

u n =, :. r---------- - na. 00 om M/01/C t-

t .--...
x | Ny..n,im.3 n ..way-r,.anca a i.n.:..;e E.5 8 d Ev3. , '

ucwo
.

_ __ . . _ - - - -- . - - .

o na "c:cemf oql ti _ Fdin.on CeSpa t.:3 hm.'n a bf S. Yim s in _ Um '
l

b .+ a I,a N1le Connty,_Unitn I r, I I :le.4.sti by 8'd I

.h. ..j f.::.4. 2_6._6/17 ',7/CW3-C*W ni 1. IM. hM ':d _yy Um _..
I

200 100 50 33 20 10 rue., cps 2.0 1.0 i
20.0 rrTTTTr1T a u r o u ui a n i in n.a.~ i ii..4 4 ioi .. .. .iv o u n.i ii.; i (20,04.

.

-

,

15.0 . .

2 15.0
- FIGUCf. WJ t

i
-

10.0
~

t VEnr. G:.A S XESPn #
.._ 10.0

'
- ~

.TecTKur^ m' __'
t -- -

--

; |
_ : i

8.0 F - - g , p. 3 o"
'

.- 8.0

6.0 }- --- -

6.0 t
. ..

_._- . - -
.

. _.-
4.0

-
- - 4.0

. ,

-
.

-
_ _ _. _ . . . __. .. -.

: j
_.

3.0 . . -
= ~

3.0
- t . .

. .. . .t .
- .

I-2.0 .

2.0 1: /- 1 :
i s.?__-._.. ,_ _- . . _ - k lO 1.5'

: T :,
.

-

/- y -

1 ~

1.01.0-- -

r
-s i_

--

'-- / ! !\ - I _' I.0.8
- / -

e N -
O.8

__ _ _ _ , -

1

O.6 - - -- l\ -

0.6 ;
.

'
- -

N -

|
.

l'- s
0.4 -- -

, N

.

)
-

0.4 |
,

: .-

0.3 J.-- - --- - - . . - -~ ; _J 0.3
'

-
. .

.

.
-

p . ;-

1.
i

g-o,y __-. _ _..... _ . . . _ _ . _ .
' .

0.2 ,
: - !

,

<
.

0,}g ___ __ _ ._ . . _ _- - _ __.__ -

0.15
4 -

g
<

. ,.

.. .

0.)o ~ 0.10. .___.. ...

.-_.- - . . ..

0.00 h " -

l. '.1
-

0.08 j--.._.. .-_ - -. -- -
-

-

a s i - -

-
1 Ji c i | - - I

_ _ _ _. _ . .
.

' ' ' "I0.05 5"' ' ' ' " ' ' b " ' " "

' ' ". 0 " ' " "
' ' ! ' ' ' ' '

' '. '2s"'b " ". 4M ""
' ' ->i. 0.05'

CJ't .005 .01 .02 04 .06 .1 .3 .6 .8 -1.
tak4 see.

REACTOR BUILDING-ELEVATION : 740' 2% Otinp'ing " Vertical Slab'Envelop of a) SSE + CO VY-1
'

, Im .

b) SSE + CO ,VY 9 + Envelop of (SRrALL + SRVAsy)Lr.
. _ _ c) SSE + C!iUG. + Enveloo o.f f .c n V . - - + S n W -..) I

,



-

_ _ _ _

C:1cifer S101 & J pg.1 Prc.w 91 i.f i r hk N't Ct)A-d,gy'f37,f .' " .: f,T;.''- ~, p~9 ,g- f-
f . . . .. . . ! ' * . , 2 :
i--------..y,.,,,,.,,. , _ _ _ _

Enc 1oSure n v. 0 0 g ,,,06/01/c .!,

,,
-

t...._,,,.c, ..
' '- Y.S . ,, _,[{1 -3'.f ,ty--firb'ed

.
g_;' p E 5 7 cr E g t ,''

- - -

- - - - - - _--. _ __ _. - ~-

k.
r,6d CCir.T.'? pt;/imJyh_ gd,i g gq - - - - - -gg m;m n,,

- - - 2. _ _ _b1 . .l. , Yd S S i n g ,i t ,,
,,,

6

| I'5 I i.a Sg] 1e _ ng; :e../.f. Units 1 5 1 f. :h ;t.sc.! by
~ - ' ~ ~ ~ ~- -~

l' i'e

| I CI We 2.f)t3./. .I./.~ 7. ,/C.T_ ) M.
,

rd.y;a, r|,). /. gg[--------- . .. . y ,_, a._ .

. . - .

WOl[ $ i $$$0NA NT* V R E Q Q ffj( j$ $ fg y g y ,g. yQ

PRINT OF FREQUENCIES

MODE CIRCULAR
NUMCER FRECUENCY FRECUENCY PERICO T Ot. E R ANC E

(RAO/SEC) (CYCLES /SEC) (SEC)

1 4018+02 7350401 .13GO+00 7110-08

2 .1126+03 1792+02 .5581-01 47G4-07

3 .1445+03 .2300402 4348-01 5725-08

4 1516+03 .2413+02 4145-01 .2441-07
4

5 .2433+03 .3872+02 .2583-01 .629G-07
.

6 .2904+03 4G22+02 .2164-01 4740-07

' 7 .307.7*03 4898+02 .2042-01 .5G14-07
i

8 .3168*03 .5041402 1984-01 .3292-07*

( ~g I 9 .3511*O3 .5589402 .1789-01 .3G35-OG

()
10 .3951+03 .6288+02 1590-01 1205-06

TABLE 2A : RESOtJANT FREQUENCIES FovuO p/ IMPEDEHCC TEST

|
,

S RECORDS IN USE
REC 1: 29.500 HZ SRM/IRM PANEL Z-AXIS#

REC 2: 95.100 HZ SRM/IRM PANEL Z-AXIS
REC 3: VS4.100 HZ SRM/IRf1 PANEL Z-AXIS
REC 4: v70.900 H7. SRM/IRM PANEL Z-AXIS -

REC 5: 76.000 HZ SRM/IRM PANEL Z-AXIS
REC 6: 96.200 HZ SRM/IRM PANEL Z-AXIS
REC 7: V37.200 HZ SRM/IRM PREAMPLIFIER Z-AXIS
REC 8: 572.500 HZ SRM/IRM PANEL Y-AXIS
REC 9: v30.700 HZ SRM/IRM PANEL Y-AXIS
REC 11: L21.100 HZ SF%IPM PANEL Y-AXIS
REC 12: vS3.200 HZ '< IFM PANEL X-AXIS,

REC 13: t/75.900 H' ' P 'IFM PANEL X-AXIS
'IRM PANEL X-AXIS20. 800 K'"V > >

REC 14: .

: U REC 15: v10.400 H; SkWIRM PANEL X-AXIS',o

n
age-
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TABLE 2 B

M0DAL PARAMETERS OF THE SRM/IRM PANEL

4

: N0DE SHAPE PARAMETER FREQUENCY DAMPING (") DIRECTION

; 29.5 1.36 2
; 1
4

2 45.1 1.96 Z

3 54.1 3.12 Z
.

'

4 70.9 94 Z. '

.

s 76 o 33 z
O -

6 96.2 3.01 2

:

| 7 37.2 1.4 Z,

,

! 21.1 2.08 Y
| 11

9 30.7 2.f,4 Y
*

.

- 8 72.5 2.31 Y

)

15 10.4 6.90 X1.

14 20.8 8.06 X

r

| 53.2 4.11 X-

12t

13 75.9 2.3 Xi

i
L
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TABl.E 3.

CROSS COUPLItiG COEFFICIEtiTS FOR THE SRM/IRil PAffEL
.

EXCITATI0ti EXCITATI0ii EXCITATI0il
MODE FREQUEflCY DIRECTI0il X DIRECTI0il Y DIRECTI0ti Z
SliAPE (11Z) X+Y(%) X-+Z (%) _Y-*X (% ) Y4Z(%) Z-*X (%) ,Z-*Y (% )

1 29.5 29.0 37.0
i

,

2 45.1
! ,

10.6 7.6'

Q 3 54.1 45.8 37.5i

,

4 7I).9 14.8 7.3-

5 76.0 10.2 16.2

6 96.2 6.3 15.8.

7 37.22 45.3 40.0-

1

11 21.1 37.0 58.6
, ,

9 30.7- 137.9* 22.5
:

8 72.5 32.3 38.7
*

.

15 10.4 29.5 77.8
' '

14 20.8 134.3* 51.7
s

12 53.2 4.7 43.8

13 75.9 118 l* 338.4*

O
4
'
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I. OBJECTIVES

The objectives of this report are as follows:

a) Comparison between the results of the impedance test and the

existing qualification report for Reactor Building Isolation

dampers.

b) To re-assess the adequacy of the dampers for the present pool

dynamic loads especially in the high frequency zones reported

by the impedence tests conducted in-situ. This comparison will

be based on the response spectra at El. 791'00" for the Auxiliary

Building (Spectra No. : 105DB-NA, 105DB-EW, ll4DB-VW).

II. SUMMARY OF PERTINENT RESULTS FROM OUALIFICATION REPORT

In this qualification report the valves were analyzed for static,n
b

seismic and dynamic loads (Ref.1).

Figure 1 illustrates a schematic descrpition of the dampers. As

shown, the VR04YA&B valves are held open by air cylinders, and

close to seal the building at 1/4" H O negative pressure. These2

two valves are made with aluminum valve plates. The VR05YA&B

valves are also held open by air cylinders. With no flow through

the valve and the air cylinders vented the springs will close the<

valve and will maintain the valve closed against a 1/4" H O reverse2

differential pressure trying to open the valve. These valves are

made with steel valve plates and special bracing (struts) for high

pressure strength.

O ^ = e u m i = 9 e n e v a 1v e o e te e s a s i m e t r = = v e r ec a 9 e t e t h e " e te re 1-1

frequency of the steel valve (worst case) was found to be 231 Hz.

'Since this frequency exceeds 33 Hz (ZPA frequency) the dampers

were considered rigid. The ZPA accelerations at El. 786'6" were

L
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used for the static analysis of the rigid parts.

Table 1 shows the ZPA and maximum g values used in both the

horizontal and vertical directions.

As for the valve plates, which constituted a flexible system,a factor

of 1.5 cf the peak loads was used in the calculations to conserva-

tively account for the higher mode participation.

Multiplying the maximum seismic horizontal loads (3.3 g) by a factor

of 1.5 the. equivalent static load would be 5.0 g which was the

basis for the valve plates' design.

* Using the value 5.1 g > 5 g the seismic equivalent pressure on the

plates was calculated and it was shown that both types of valves

, aluminum and steel plates,are safe where the stresses for the

aluminum plates (VR04YA&B) did not exceed 0.5 Sy, i.e. 24.5 ksi.

The stresses on the steel plates (VR05YA&YB) did not exceed the
,

|
' allowables 7.5 Sm.in the upset conditions i.e. 26250 psi

(SA-515 Gr 70 at 300 F).

The vertical supports of the valve plates were qualified based on

a horizontal seismic load of 0.575g (Rigid part) which was larger
,

than the resultant of the horizontal ZPA loads in Table 1 (0.538g).
i

| Table 2 illustrates a summary of the results based on which the

dampers were qualified.

<

|

L _ ~ . _ . _ . . _ . - . , . . - , . ~ . _ _ . . . _ - _ _ . . _ . . . _ _ _ . - - _ - .. . - . . _ , _ . . _ _ . - - - . _ _ _ _ , _ . . _ _ _ . _ . -
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In the mean time ASCO Valves (831655 & 631667) were tested in the

lab where it withstood 7.5g and 8.5g loads respectively in all

altitudes and pressure ranges (10 to 125 Psig & 10-40 Hz). (Ref.

2& 3).

III. SUMMARY OF PERTINENT RESULTS FROM IMPEDENCE TEST REPORT

SQRT in-plant impedence testing on the Reactor Building Isolation

Dampern was done on August 20, 1980. The lVR05YB steel damper

was chosen to represent the worst case. The damper consisted of

two plates (leaves) which are heavily reinforced bolted plates,

pneumatic actuators and a square cross section vertical support

nember. The test has concentrated on the square vertical support

and the right damper place as viewed from inside the ventill_ation

tube. The wire diagrams for these parts are shown in Figures 2

and 3. The damper was fully installed- and operational at the

time of the test. The damper was tested with the plates in the

closed position that is the position that would not permit flow

through the vent (Ref. 4).

.

Method Of Testing

The damper was tested by the impulse technique in all data col-

| lection. The vertical support was impulsed in both the axial (Y)
i
i and horizontal (X&Z) directions. Testing on the plates was per-

formed perpindicular to the direction of the plate (Z direction).

Figures 4 through 16 depict the results of the impedence tests
,

,
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along with the modes shapes. The modal parameters-for the dampers

are shown in Table 3. As shown the resonant frequencies ranged
,

between about 17 and 90 liz.

;

| IV. COMPARISON OF RESULTS

f An inspection of the wire frame diagram of the impedence test

indicates that it represents the essential parts of the damper,
!

namely one plate and the vertical support with the actuator.

Therefore, the results would give a true representation of.the

behavior of the damper under seismic loading.

O
,

Figures 7 and 8 show the bending modes of the vertical support
,

in Z direction . The principal resonances detected at 29 and 61

liz are torsional and in-phase bending of the support to

the spring. The ZPA frequency (Figures 17 & 18) is.

about 15 IIz where the resultant horizontal acceleration is

| V.362+ ,4 2 .= .538g. From Reference 2 the vertical support was

qualified for a horizontal load of 0.57Sg which is higher than
| .

.538g with a ratio of 1.07 hence it is safe.
i

; Also from Figures 13, 14 & 15 the resonances of the vertical sup-
.

| port in the cross axis direction perpindicular to the vent axis

! (X axis) are 19, 21 and 17 IIz respectively. As mentioned before

i these frequencies are higher than the ZPA horizontal frequency of
:

O 1s riz. Since in the ene1rsie the eugverte were destemed for

higher g values, hence it is safe. It must be noted that these three

1

---,,,,r--we.,.--,r.m ,-,=m,.-o~,,--,,-,--..-..,_,,-,,..,...--, ,-,--,.m--- ,.,,.4.,. ,., ,,_,<,-,....c.m.,-.,,.w_ ,,---.:,-e,-.-..c.---,,-..--m
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modes (19, 21, 17) are essentially identical responses of the

vertical support to its somewhat loose later ends. Figure 16

shows the 2nd bending mode curve of the support at 70 Hz > ZPA

frequency of 15 H2,.

As for the valve plate -(leaf) Figures 9 through 12 show the bending

modes which are an expected bahavior of a simple plate bending

modes with irregular restraints. The lowest frequency is 38 Hz for

the plate (Fig. 9) which is almost two times the ZPA frequency at

the damper elevation. Since the plates were qualified statically

for 1.5 times the peak loads, therefore the damper load 5.lg is

considered safe enough to qualify the plates.

.V. CONSIDERATION OF HIGH FREQUENCY RESONANCE

The ZPA frequency in the response spectra curves is about 15 Hz

in the horizontal and 25 Hz in the vertical directions. The highest

resonant frequency in the horizontal direction from the impedence

tests is about 17 Hz. There was no resonant frequency detected in

the vertical direction from these tests. Therefore, no special

calculation was required for the high frequency resonances.

VI. CONCLUSION.

4

[ Comparison and discussion of the results indicate that the loads

| tLken in the analysis as design basis confirm the fact that the

j damper plate and vertical support have natural frequencies higher

f than the ZPA frequencies specified in the latest response spectra.

.| Therefore the qualification for this equipment is correct and
'fi adequate. '

<

*
-.,.,_._,_,,-,,--..___...,_.-,....-m...
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TABLE 3

MODAL PARAMETERS OF Tite REACTOR hEllDItiG ISOLATI011 DN!PER
1

?
. .

i

LADEL FREQUEflCY DAMPING REF. RES. MODE _
;
,

28.996 , 0.05E 9Z- 10Z+ 1
I 1 -

|
; 2 61.329 0.04t 9Z- 10Z+ 10

3 90.396 0.058 22Z- 22Z+ 3

4 76.108 0.036 22Z- 22Z+ '4

:

! . 5 59.544 ' 0.051 22Z- 22Z+ 5

i-
6 38.316 0.079 22Z- 22Z+ 2 ,

,

f 3 21.080 0.009 3X- 3X- 7-

s

! 7 18.867 0.01 8 3X- 3X- 6
.

1

i
.

0.012 3X- 3X- B
! 9 16.841

i 10 70.228 0.019 3X- 3X- 9

!
*

!
I

i

l
..

!O -

.

1

i

|
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ASSESSMENT OF VIBRATION CIIARACTERISTICS AND

ANALYTICAL SEISMIC QUALIFICATION

SIZE = 240' x 97' x 36'

I OBJECTIVE

To assess the vibration characteristics of above equipment

determined analytically and by i:..gedence test, and to determine

adequacy of equipment under the additional hydrodynamic loadings,

particularly in regard with the high resonances determined by

impedence test.

O I1 1NrnoouCr on

In conducting this assessment, one must recognize the prac-

tical limitations of available analytical and experimental tech-

I niques. For example, the finite element method is limited when

representing a structure by number of nodes, number of elements,

nodal masses, nodal stiffnesses, idealized boundary conditions and

by the type of functional relations between the nodes.

On the other hand, experimental techniques such as impedence

testing is also limited by the number of locations utilized in

applying vibration inputs and in measuring vibration response.

Other limitations include inaccessability to certain areas, coherence

of signals, cross coupling b6 tween natural modes of equipment and

i cross coupling with other natural modes of attached structures.

-. . . - . - -
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f

Therefore, assessment of the results obtained b3 both methods,

has to consider these listed limitations and consequently has to be

based on engineering judgement of obtained results..

III SUMMARY OF IMPEDENCE TEST RESULTS

The equipment is represented by the wire diagram shown 6n Page 6..

The panel was shaken with a small weight attached to the hydraulic-

actuator at two locations as shown on Page G8 The nominal force uti-

lized is 1000 lbs.

The panel response was measured each time at 50 locations in

86 directions. The resonant frequencies and damping were determined

from analytical fits of test data. The determined natural frcTuen-

cies are as follows:

fn Hz Direction *

17.02 x z

19.62 y

22.54 y
33.66 y

37.18 x y z

41.42 x y z

43.39 x z

45.32 x y z

54.10 x y z
!
' 55.25 x y z

64.12 x

70.5 x z

Q 78.03 x z

92.73 x z

* Axes referenced here are those of finite element model

_
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IV SUMMARY OF ANALYTICAL RESULTS

The reactor cooling core bench board has been represented by a

detailed and rigorous mathematical model.

The mathematical model consisted of 146 nodes, 174 beam elements

of 35 dif ferent beam types and 112 plate elements. The distributed

masses of the structure (beams and plate) are computed and distri-

buted at all respective nodes. The concentrated masses of mounted instru-
s

ments and devices are calculated in detail for each of 112 supporting nodes

A schematic representation of the board by finite elements is

shown on page,G9.

() Computed Natural Resonances of Main Bench Board

Modal Participation Along Global Axes *-

Natural Frequencies Hz X Y Z

.11 .01 .5714.16 -

15.88 1.25 - .01 .07
21.02 .01 2.48 .00

30.05 1.06 - .01 .19

31.18 .02 .44 .03

32.97 .03 1.10 .01

| 34.64 .09 - .05 .02

.04 .0136.38 .03 -

,

I 48.33 - .28 .02 .01

| 52.76 .02 .03 .05

56.81 .11 .09 .11

! 57.58 .04 .08 .01
58.19 .10 - .05 .03.( 59.62 .00 .02- .53

,

64.76 .85 .09 .07

i * Global axes of Finite Element Model
,
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j IV FREQUENCIES IN AGREEMENT

*

| ANALYTICAL EXPERIMENTAL

15.66 17.02~

| 21.02' 22.54
,

i 32.97 33.66

36.88 37.18.

48.33 45.79i

i 52.76 54.101

,

56.81 55.25

64.76 64.12

V EFFECT OF RESONANT FREQUENCIES WHICH ARE NOT DETERMINED EXPERIMENTALLY

| It is advantageous that more natural frequencies are determined i

analytically than by testing, since the dynanic stresses in the final

Qualification Report are based on analytically determined resonants and

their node participation factors.

I In this case of the bench board there are three frequencies that
i

| fall ih this category, below ZPA level of 33 Hz. These are 14.16 Hz,
i

! 30.05 Hz and 31.18 Hz.
I

! If these natural frequencies do exist, they are already included
!

!

! in the stress computation. If they do not exist, this could be an
;

added conservative element in the seismic qualification. Investi-

| gation of transfer functions obtained in impedence test report show i

i

! that there is no peak of'g level at 14.16 Hz, at 30.05 and 31.18 Hz
:

! there are high levels in some transfer functions and very few peaks

; O in some others, see vases c17,01ao19) . The conc 1usion is thee -
t

| inclusion of 14.16 Hz as a natural fregtency in the Finite Element
:

!

,

v-- +- -,mu-.e-+, -,-..y- ,,w-. _ . . , , . , , . ,,.e ,- .,,.c,-r4-3~,. , , , , . .,.--,...,v.m. .w,,. .e ,.*,,,,mw,e-,_.p.-.v_,.,-,.,,-- _ e.,,,c- - ,,.,,-enw -e-
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!

1 analysis is considered an added conservation, and the inclusion.of

30.05 Hz and 31.18 Hz is considered an added accuracy of the analy-

; tical analysis over the experimental analysis.

!

| VI EFFECT OF RESONANT FREQUENCIES DETERMINED EXPERIMENTALLY AND NOT

INCLUDED IN ANALYTICAL RESULTS

1) Itesonants Below ZPA Level

! This is generally a cause of concern especially to the seismic

I stresses calculated. analytically, however, in this equipment only

! one frequency of 19.34 falls in this dategory.
4

The investigation of transfer functions indicates that there
i

.is only one peak of the g level curve at this frequency, page .

i

This transfer function resulted from the test when the shaker
I (weight 122 lbs) was attached to the side of the board and input

vibration was directed along + X direction at node 27 and thei

response was measured along - X direction at the same node. The

effect of adding the mass of the shaker at this location would be

a lowering of the actual frequencies i.e.. The actual frequency

of 21.02 which was confirmed both analytically and experimentally was

temporarily ' lowered to a level of 19.34 Hz. Therefore, we con-

| clude that this frequency is not an added mode which was not picked

up by the analytical analysis but rather an artificially lowering
!

of an existing mode of vibration. It must be added, however, that the

| Q g level at this frequency in this direction (horizontal) lie in the

! ZPA range if .42 g's, hence contribution of this mode is not signi-
!

ficant..

!

I
|
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2) Resonants Above ZPA Level

'

There are three natural frequencies which fall into this cate- I

gory. These are 70.5 IIz, 78. 03 IIz and 92.73 IIz. Since these fre-

: quencies are higher than the ZPA level, there will be no added

seismic loads on the board structure due to these frequencies.

Therefore, the qualification of this equipment which is based on con-

| sidering the analytical frequencies alone are still valid.
'

VII CONCLUSIONS

Based on the fact that the analysis considered the

additional hydrodynamic loads, and based on above assessment of ana-

!O
; lytical and experimental vibration clharacteristics, it is concluded

that the analytical result has been verified by the impedence. test

i and that the qualification of above equipment is based on sound

| and verifiable technique.

It is also concluded that extending the qualification of this

b6ard (llil3-P 6 01) to qualify the two boards [11Il3-P602 and IIll3-P603]4

! which are sim lar in structure and contain less and lighter equipment
|
'

is therefore adequate. The adequacy of this extended qualification

is based on the following reasoning. Since the structures of the
:

two other boards are simular to that of 11I13-P601 board, and the

masses of mounted instruments / devices are lower the natural frequencies of

1

| the two boards will be higher in magnitude and the seismic stresses

O *11 de wer-

1

:

!
i

.
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I. OBJECTIVE

To assess the vibration characteristics of above equipment determined

analytically and by impedance testing, and to determine adequacy of

equipment under the additional loadings, particularly in regard with

the high resonances determined by impedance test.

II. INTRODUCTION
_

In conducting this assessment, one must recognize the practical

limitations of available analytical and experimental techniques.

m For examples, the finite element method is limited when representing
V

a structure by number of nodes, number of elements, nodal masses,

nodal stiffnesses, idealized boundary conditions and by the type of

functional relations between the nodes.

On the other hand, experimental techniques such as impedance

testing is also limited by the number of locations utilized in

applying vibration inputs and in measuring vibration response.

Other limitations include inaccessability to certain areas,

coherence of signals, cross coupling between natural modes of

equipment and cross coupling with other natural modes of attached

structures.

Therefore, assessment of the results obtained by both methods,

has to consider these listed limitations and consequently has to

be based on engineering judgement of obtained results.

- - - . . ._. - ,
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| Ill. SUMMARY OF IMPEDANCE TEST RESULTS

The valve and part of attached pipe are represented by the wire [

diagram shown in page HB. The small weight (122 lbs) was attached

to the Transitek hydraulic actuator. The positions in which the

hydraulic actuator provided force are shown in page H9 The top of

valve actuator was tested by hammer impulse in the direction parallel

with the valve actuator stem.

Representative transfer functions resulted from shaker positions 1,

2 and 3 are shown in pages HIO through Hi?. .
.

The results of the impedance test are listed as follows:

FREQUENCY Hz DESCRIPTION

17.3 Bending of yoke section along y* axis

21.2 Bending of yoke section along x* axis

53.8 Torsion of yoke section around z* direction

30.4 Coupled resonants of pipe.in Bending and Test line.

37.3 Coupled resonants of pipe-valve body and limit .

switch bracket .

66.4 Pipe-valve body bending mode

75.6 Pipe-valve body bending mode

89.6 Pipe-valve body bending mode

86.9 Pipe bending modep
%)

93.4 Pipe bending mode

* Axes referenced here are those utilized in impedance test,-page H8

r.~
. . . . . . , _ _ _ _ .._.._,..-_.._-L . _ .
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The first three modes are the fundamental frequencies of the upper

yoke section. The remaining seven modes are typical bending modes

j of pipe and valve body vibr9 tion. As shown in the attached mode ~

shapes pages II16 through 1122. Five of the seven modes are decoupled

j completely from the yoke section modes. It is important to note

; that there are two resonants of the pipe 30.4 IIz and 37.3 IIz. which
.

| are coupled with a resonant frequency of the test line and that of
i

the limit switch bracket respectively. The mode shapes of thesei

! two critical frequencies are shown in pages Ill6 and 1I19.

! .

''

O
i

IV. SUMMARY OF ANALYTICAL RESULTS

'

Only the yoke section was modeles for finite element analysis to
determine the determine the natural frequencies and the maximum
dynamic stresses of the yoke section. Page H23 shows the finite

; element model. The results are as follows:
, FREQUENCY llz DESCRIPTION
.

| 16.66 Bending mode along y* direction
.

16.74 Bending mode along x* direction

41.31 Torsional mode

77.14 Combined bending & torsion

.j 88.82 Combined bending & torsion

* Axes referenced here are those of finite element model page II23,

1

s

%
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The mode shapes determined analytically are shown in page H24
.

through H26.

V. NATURAL FREQUENCIES IN AGREEMENT

The following is a list of frequencies which are determined

analytically and were confirmed by the impedance test. The first

three modes represent the three fundamental modes of the yoke

section. The fourth resonant is that of the limit switch bracket

assembly.

' ANALYTICAL Hz IMPEDANCE, TEST Hz DESCRIPTION

16.66 17.5 Bending along y*

16.74 21.2 Bending along x*

41.31 53.8 Torsional

35.12 37.4 Limit Switch Bracket

77.14 75.6 Pipe mode coupled with
twisting of yoke section

88.82 89.6 Pipe mode coupled with
twisting of yoke section

* Axes referenced here are these of finite element model.

VI. FREQUENCIES DETERMINED BY IMPEDENCE TEST WHICH ARE NOT INCLUDED

IN THE ANALYTICAL RESULTS

There are four modes which fall in this category. These modes

n
!) concerns only the valve body and the attached piping. The mode

shapes at these frequenices are shown in pages Hl9 through HZZ.
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l These modes were not picked up in the dynamic run because the
i

j- finite element model did not consider the valve body or tne

attached pipe. It is.important to note, however, that the
!

impedance test results clearly showed definite separation between

the modes of vibration of the upper yoke section and five other-
,

'
modes concerning the valve body and attached pipe. It is therefore

; concluded that the additional seven-modes determined by the

| impedance test shall have no effect on the analytical results which
! -

was intended for the upper yoke section.

VII. ANSWERS TO THE COMMENTS MADE BY TRANSITEK, INC. IN THE IMPEDENCE

TEST REPORT
A

! Two comments were included in the impedence test report of the MSIV

valve. The first is a recommendation to analyze the fatigue life
i.

j of the limit switch bracket in light of the-coupling of frequencies

,
between one of the pipe modes and that of the bracket. The second

1

. comment is a recommendation to secure the 1" test line since there
!

is a coupling between one of the pipe Modes and that of the. test line. ,

i

!

! The Limit Switch Bracket

The Final Qualification report of the MSIV valve EMD-029523 did

include determinatic a of three ' fundamental modes of vibration of
.

the bracket. One of theso modes is torsional about the center of

| mounting bolts of 37.6 Hz. This mode is coupled with one of the
b

.

---3- , -- ,- , ,e,-,m e-g--...-,,--,,%a.. y-%.,q..-,-,.,-,www.w.+-,.,...--% ,-.-,~p.,,, ,+,-9 , -,,--+.-.wy.,.,---, --w-..-sym ,.w--
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|
pipe modes measured by impedence test. However, the detailed fatigue*

analysis included in the Final Qualification report did indicate that

I the fatigue life of the bracket is sufficiently secured.

a

| The 1" Test Line

j Based on field assessment conducted by the preparer on May 22, 1981

it was concluded that the coupling of frequencies reported in the'

-

:
1

j impedance test report Ref. (2) is due to the fact that the 1" test

line of the tested valve 1B21-F022A was not yet supported at the

corner of two long arms as it should according to the installation,

O grocedures.
.

!

.
After-inspection of the 1" test line of 1B21-F00C valve which is

!

supported at the corner it was concluded that adding this support
,

a
'

to all eight valves will increase the natural frequency of the test

'

line and will reduce the amplitude of vibration of the new natural

! mode.
a

1

Therefore, it is concluded that the recommendation included in the

2 ,

impedance test is based on temporary conditions and that the

i installation of the corner support will resolve this problem
;

.| completely.
4

|
'

VIII. CONCLUSIONS

! O
i v Based on the fact that the analysis considered the additional

! hydraudynamic loads and on above assessment of analytical and'

i
t
i

---,-,wn,--,---,r-,,- , , ..-----r..~n,, n ,- _ -- n ,--,------.,-.-.,n+-n-..w,w,.-,-n,-, v,. m-.-,-----
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experimental vibration characteristic and based on the answers

provided to Transitek comments it is concluded'that the analytical

results has been verified by the impedance test and that the

qualification of above equipment is based on sound and verifiable

technique.

It is also concluded that extending the qualification of this MSIV

valve (lB21-F022A) to qualify the other sever MSIV valves

(lB21-P022B,C,D) and (lB21-F028A,B,C & D) is adequate. The adequacy

of this extended qualification qualification is based on the fact

that all eight MSIV valves are similar in structure and subject to

similar ] cads. ,

.

IX. REFERENCES

1) Seismic qualification of MSIV valve #1B21-F022A/D,

EMD- dated Rev. O.

2) Impedance test report for MSIV valve 1B21-F022A

EMD- dated 3/17/81.

3) Final test report SQRT in plant impedance testing,

LaSalle Co. 1. Transitek, Inc. Job No. 80042,

EMD-029601-00 dated
i
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ASSESSMENT OF VIBRATION CHARACTERISTICS

AND OF SEISMIC QUALIFICATION

I. OBJECTIVE

To assess the analytical and experimental vibration characteristics

of above equipment and to determine adequacy of equipment under the

additional hydraudynamic loadings, particularly in regard with the
,

high resonants determined by impedance test.

II. INTRODUCTION

In conducting this assessment, one must recognize the pract.ical

limitations of available analytical and experimental techniques.

For example, the finite element method is limited when representing

a structure by number of nodes, number of elements, nodal masses,

nodal stiffnesses, idealized boundary conditions and by the type

of functional relat2ons between the nodes.

On the other hand, experimental techniques such as impedance

testing is also limited by the number of locations utilized in

applying vibration inputs and in measuring vibration response.

Other limitations include inaccessability to certain areas,

coherence of signals, cross coupling between natural modes of

equipment and cross coupling with other natural modes of attached

structures.

Therefore, assessment of the results obtained by both methods,

,y
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has to consider these listed limitations and consequently has to be

based on engineering judgement of obtained results.

III. SUMMARY OF IMPEDANCE TEST RESULTS

The MSIV blower is represented by the wire diagram shown in page.E

This unit was teste> by both Electromagnetic shaker and hammer

testing to demonstrate the equivalence of the two test procedures.

'
The results of the impedance test are eight natural modes as

listed below:

Natural Frequency Hz Description

U 11.7 Torsional Mode around z* axis

17.5 Bending mode along y* direction

22.65** Reported but not confirmed

39.75 Bending along x* direction

42.5 Springing mode on the thrust bearing

64.55 Pitching mode (I beam as simply
supported)

92.5 Rocking modo as a result of motor
shaft bending

97. Pitching mode, tail plate is restraint

* Directions referenced here are these used in dynamic run.

** This mode was reported to be in doubt by Transitek and evidence

of its existence could not be substantiated.

0)v

._.
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IV. SUMMARY OF ANALYTICAL RESULTS

The blower assembly is represented by finite element model shown in

page in which the blower is represented by its mass concentrated

at its c.g. (node 9). The results are listed below, and modo shapen

of the first three modes are shown in pages through,

Natural frequency Description

7.5 Torsional mode around z* axis

17.1 Combined bending along y* axis and
torsion around z1 - z1 axis

49.39 Bending mode along x* direction

s/ 151.1 Bending mode along y*, support beam
as simply supported, tail plate
is not restraint

* Axes referenced here are those utilized in finite element analysis.

V. FREQUENCIES IN AGREEMENT IN Hz.

Analysis Impedance Test

7.5 11.7

17.1 17.5

47.4 39.8

These three modes represent the fundamental modes of vibration

which are needed to compute the dynamic stresses of the equipment

structure.

. .
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V l, FREQUENCIES DETERMINED BY IMPED. ;CE TEST WIIICII ARE NOT DETERMINED

IN TIIE ANALYSIS

Five frequencies fall in this category, the first is 22.66 liz.

analysis of obtained transfer functions indicate that this frequency

is not of one of the natural modes and therefore it is excluded.

The second and third are 42.5 Hz and 92.5 Hz. These two modes are

local modes of the blower unit and they do not contribute any

vibration to the structure supporting the blower. Furthermore,

the analysis could not determine such local modes because the finite

element model recognizes the blower unit as a concentrated mass

located at its c.g. It is therefore concluded that the exclusion

of these two local modes from the final qualification report does

not affect the adequacy of the qualification. The last two

resonants which fall in this category are 84.55 Hz and 97.0 Hz.

These two modes are above the ZPA level and will not contribute

additional stresses to the blower structure. It is therefore

concluded that all five natural frequencies which fall in this

category shall not have any effect on the adequacy of the final

qualification report.

Vil, CONCLUSIONS

Based on the fact that the analysis considered the additional

hydraudynamic loads, and based on above assessment of analytical

and experimental vibration characteristics, it is concluded that

w
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the analytical renult has been verified by the impedance test and that

the qualification of above equipment is based on sound and verifiable

technique.

V[[i, REFERENCES

1) Seismic Qualification Report of MSIV Blower #E32-C001/2,

EMD- dated Rev. O.

2) Impedance Test Report for MSIV Blower #E32-C001/2,

EMD-02(jta.M dated 3/17/81.

O 3) Eina1 rest negort Sacr in g1ene impedance testinS,
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I. PURPOSE

SBGTS Control Panel 1PLl7J was originally qualified on 12/4/1979

by Systems Control Corporation using resonant search and sine beat

tests. The sine beat test was completed using the ZPA values of the

response spectra for seismic loads only. Recently, Transitek, Inc.

has performed an on site test program. The purpose of this test pro-

gram was, to determine on site the dynamic characteristics of the

equipment.

This study has been initiated to utilize the test results of

Transitek, Inc. and has the following goals:
OV a. To show tnat the test results of the Systems Control

Corporation are in agreement with those obtained by

Transitek, Inc. and the original tests were accurate enough

to qualify the Control Panel IPLl7J

b. Using the test results and applicable response spectra

curves to prove that, in addition to the seismic loads, the

hydrodynamic loads also can be safely resisted by the sub-

ject panel. The final response spectra are plotted on

pages 22-24

During the test performed by Systems Control Corporationc.

the panel was excited serarately of each eigenfrequency so

that contributions of the other eigenfrequencies to the

test frequency are not accounted for. It will be shown

in this study, that in case of the SBGTS panel the single
frequency test is an acceptable one

_ _ __ . _ _ ___ _ _. . _ . . _ ._
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II. CONCLUSION

The Systems Control Corporation determined as the first three

natural frequencies of the panel (See pp. 8-16)

f = 18 IIz , 2 6 IIz , 28 IIz

The natural frequencies recorded by Transitek,Inc. are as
.

follows (See pp.17-20)
.

f(in IIz) = 26.6, 28.45, 33.57, 38.02 for main panel,

f(in IIz) = 28.5, 52.8, 84.8 for interior panel

Based on a comparison of both test results, obtained by Systems

Control Corpora'.: ion and Transitek, Inc. and taking into donsideration
,

the applicable response spectra attached to this report, the fol-

lowings can be concluded:

a. The original test, performed by Systems Control Corporation

show a first natural frequency of 18 IIz which is in hori-

i

zontal direction and not contained in the results of

Transitek, Inc.. Sine beat test is performed starting

i f = 18 IIz.

I b. Second.and third frequencies of both tests are coinciding;

both tests show en eigenfrequency of f2 = 26 IIz and,

i

i f3 = 28. 0 IIz
;

The original test does not cover frequencies beyond 28 IIz, .c.

such e' 33.57 IIz, 38.02 IIz and 41.69 which are identified

by Transitek, Inc.. But, as it can be seen from the appli-
cable response spectra curves (See pp. 21-24) these values of

the natural frequencies are in a range of low spectral

acceleration.
|
t

_ . _ . _ _ _ - - - -
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d. ZPA value of the response spectra for seismic and hydro-

dynamic loads are equal or smaller than the ZPA value of the

original test spectra (See pp.21-24 and Ref. 2, p. 7):
Panel 1PLl7J, ZPA values:

0.54 IIorizontalSSE: g =
g

go = 0.94 Vertical

SSE: : go = 0.54 IIorizontal.

&

Ilydrodynamic go = 0.75 Vertical

Since there is no peak in the response spectra in the fre-

quency range of inttrest; f = 33-10 0 11z , and ZPA values of

the original test are higher than those of the seismic &
!

./

hydrodynamic, the subject panel can be qualified based on

the results of Systems Control Corporation for seismic plus

hydrodynamic loads also,

c. The natural frequencies 18 IIz, 26 Hz and 28 Hz, identified

by the test programs are in horizontal directions (See pp.13-

36, and Ref. 1). Since all the frequencies fall in the

applicable seismic and hydrodynamic response spectra curve

for horizontal direction into the ZPA range (See p. 22) , none

of them would excite the subject panel. Therefore, none of

these frequencies contribute to the final response of the

panel.

f. The original test performed by Systems Control Corporation

was adequate to qualify the panel 1PLl7J for the specified

seismic loads.

- , _ _ _
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III. SOME DETAILS ON TIIE TEST PROCEDURES

a. Description of the Panel: (See pp.6-7)

SBGTS Control Panel lPLl7J is located in Reactor Building of

the elevation 820'-0". It consists of a main panel with 90"

- height, 30" wide and 30" deep and a subpanel, which is

attached to the main panel at the interior side of X-Y plane

(See pp G-7) , at a dictance Z=6", parallel to the X-Y plane,

b. Test of Systems Control Corporation

Control Panel 1PLl7J was originally qualified by res.onance

search and sine beat tests on Date 12/4/1979, completed by

] Systems Control Corporation, Iron Mountain, Michigan. The

loads were applied at the points 1 and 3 (See pp.13-36) and the

acceleration were read at points 2, 4, 5 and 6. The following

natural frequencies were determinec' (See pp. 8-16): 17 Hz,

"

18 Hz, 25 Hz, 26 Hz, 28 Hz '' ' ' ' -

c. Test of Transitek, Inc.

Transitek, Inc. performed an on site test program to determine

the dynamic characteristics of the subject panel. The wire

diagram of the panel is shown on Page 6. Input loads are

applied and natural frequencies are measured at several loca-

tiots of the panel. The following natural frequencies were

recorded (See pp.17-20 ) :

Ov

.
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Main Panel: 26.6, 28,45, 33.57

(in IIz) 38.02, 41.69, 54.8

61.2, 76.97, 76.57 '

Interior Panel 28.5, 52.8, 84.8
'

L

(in liz),

IV. REFERENCES

1. "Transitek, Inc., SBGTS Control Panel"

2. " Seismic Test Report on Control Panels 1PLl7J, 2PLl7J"

EMD File Number: EMD-018952 Dated, July 16, 1979
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, CUSTOMER Commonwealth Edison Comoany

CUSTOMER ORDER NO. 186455

EQUIPMENT TESTED Control Panels IPLl7J & 2PLl7J

DATE OF TEST 12-4-79

MANUFACTURER Systems Control Corp.

TYPE OF TESi Resonant Search & Sine Beats
. ,

WITNESS None .

FREQUENCY RANGE l-50 Hz.

TYPE OF CONSTRUCTION Welded

M/slN FUNCTION OF EOUIPME'lT Stby. Gas Treatment

[iETil0D OF FASTENING TO TABLE Clamped with (6) 1-13 A-325F Bolts
r() C0"J. TENTS

.

- ' Panels panned soismic oualification, soo followino report.
i

.

Only panoi IPLl7J was tested, other panol quall flod by
~

identical desion.
'

.
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O. -TveE OF uST- = E 8E^T TEST -

.
.

*

PER FIG. 5 . .
,

.
- ACCELERATION IN G'S

FREQ.
ACCEL NO.I ACCEL NO.2 ACCEL N0'.3 ACCEL NO.'4 ' ACCEL NO:5' ACCEL NO.6

I . .78 .78 .46 .46 .47 .21
,

t

2 .78 .78 .46 .46 .46 .20

,3 .79 .79 .47 .48 .47 .21
,

'

4 .78 .79 .47 .48 .48 .21
>

6 .78 .80 .46 .47 .47 .20

8 .79 .7) .47 .49 .48 .22

12 .80 .81 .48 '.52 .50 .22

16 .81 .83 .48 1.~ 04 .87 .23
n.
U 17 .81 .83 .47 1.07 .89 .22

.

18 .80 .81 .47 .74 .67 .20 -

24 .80 .81 .46 .49 .47 .21

25 .78 . .80 .46 .58 .51 .20 -

26 . 79 .81 .47 .51 .49 .20
,

32 .78 .80 .47 .48 .46 .20

48 .79 .79 .46- .47 .46 .21

..

ACCEL NO. I - Z-VERT. IN LASALLE. COUNTY STATION UNITS I & 2 -
! ACCEL NO. 2 - Z-VERT. OUT SARGENT & LUNDY SPEC. NO. J-2551

ACCEL NO. 3 - X-HORZ. lH C0fe'ONWEALTH EDISON COMPANY P.O. NO. 186455
ACCEL NO. 4 - X-HORZ. OUT Hi -' SYSTEl.lS CONTROL CORP. PROJECT NO. 67278
ACCEL NO. 5 - X-HORZ. OUT H2 PANEL IPLl7J

. ACCEL NO. 6 - Y-HORZ. OUT H3
|

i.
.

; O . .

,

.

j .

''
_.K 9-

t
._ _ _ _ , _ . . _ . _ .. .__.._._ _ __
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TABLE 140. . 10 PMedd_._0LA.A.[_._..

O' .'*
TYPE OF TEST-SSE BEAT TEST.

.

PER FIG. 5
- .:- , .,

.

ACCEIERATION IN G8S
'

I
'

FREQ.
~ ~ ~ ~ ~ ~

,

- _ _ . .. ACCEL N0 4. . ACCEL NO.3 ACCEL NO.4 ACCEL NO.5 ACCEL NO.6ACCEL NO.I-

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

1 i94 :94 :54 54 54 :313

2_ . 9. 4 .94 .54 .54 .54 .41
. . - . . . - .

, ,

3 .94 .94 .54 ;54 - .54 .31-

. . . . .. .

,

4 .95 .95 .56 .54 .56 .31
- . . . .. . .

6 .95 .96- .56 .56 .56 . 31 '

58 .56 .32
9 :99 -:99 :5@

'

12 96 .97 .56 .62 .59 .32

16 .96 1.02 .56 1. 2_1 .92 .32
. . . . . .

,

17 .96 1.03 .56 1.26' .95 ' .32

e

95 1.01 .56 . 87 __ _.72 '3118 3
.

24 :96 1.0 .56 .59 .56 .32

25 96 1.02 .56 .59
.

57 .31
. .- . . . .

26 .95 .97 .55 .58 .56 . 3. 1
. . . . . .

1

9@ pp :Sp 57 .3132 95 1

4.8 9. 5 96 .55 . 57.- .56 .30
. . . . . .

| 6CCEL NO. 1 - Z: VERT. IN- LASALLE COUNTY STATION UNITS I f 2
6CCEL NO. 2 : Z.-VERT. OUT SARGENT & LUNDY SPEC. NO. J-2551 '
ACCEL NO. 3 - X-HORZ.' IN C0'410NWEALTH EDISON COMPANY P.O. NO. 186455

! hCCEL NO. 4 : X-HORZ. OUT HI
',

SYSTEMS CONTROL CORP. PROJECT NO. 67278

| 6CCEL NO. 5 : X:HORZ. OUT H2 PANEL IPLl?J
' ~ ' ~ ~

A.CCE( N.O. 6. : Y:HORZ. O.U.T. H3;
r- . . . - .,

.

.

|O .

-

. .

.p

-klo - -

_

- . - _ . . . _ . _ _ _ . . . .
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TABLE NO. I| Pa n t h . 0 L .c;_ 4 C,,
O .

.". .

TYPE OF TEST-0BE BEAT TEST ,

'

PER FIG. 6
'

~

.

' '

ACCELERATION IN G'S -

FREQ. .

e

ACCEL NO.I ACCEL NO.2 ACCEL NO.3 ACCEL NO.4_. ACCEL NO.5; ACCEL NO.6

1 .78 .78 .46 .46 .4f .21,

2 .78 .'78 . 46 .46 .47 .20

3 .79 * 79 .46 .'4 6 .46 .20.
.

'

4 .78 .79 .47 .47 .47 .21.

6 .78 .79 .47 .47 .47 .21

i 8 .79 .79 .47 .47 .48 .21

#

12 .80 .81 .48 .48 .49 .23
s

16 .81 .83 .49 .54 .56 .23

; 18 .82 .83 .49 .64 .68 .20 .

i
.

19 .81 .82 .48 .66 .70 .21
,

24 .82 .83 .47 .49 .51 .21
;

26 .79 .81 .47 .49 .51 .21

| 28 .80 - .81 .46 , . 53 .52 .20

32 .79 .80 .46 .49 .48 .21
1

48 .79 .81 .47 .48 .49 .21

| -

ACCEL NO , 1 - Z-VERT. IN LASALLE COUNTY STATION UNITS I & 2
ACCEL NO. 2 - Z-VERT. OUT SARGENT & LUNDY SPEC. NO. J-2551

| ACCEL No. 3 - Y-HORZ. IN r COMMONWEALTH EDISON COMPANY P.O. NO. 186455

| ACCEL NO. 4 - Y-HORZ. OUT HI SYSTEMS CONTROL CORP. PROJECT NO. 67278
| ACCEL NO. 5 - Y-HORZ. OUT H2 PANEL IPLl7J

''

ACCEL NO. 6 - X-HORZ. OUT H3
*

O
i .,

1 -
.

Kii-
'

,

- . .. - . . - - .- - - - . -. .-= -- . - ... - .
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TABLE NO. 12 - Page...U 22 0L 4 g / _.

- O TYee Or TEST-SSe 8E^T TEST- . . .

~

PER FIG. 6

.

ACCELERATION IN G'S

~~FREQ.
ACCEL NO.I , ACCEL NO.2_ ACCEL NO.3 ACCEL NO.4 ACCEL NO.5 ACCEL N0'.6

~l ,94 .94 .54 .54 .54 .31

2 '94 .94 .54 .54 .54 .32,

} 3 ,94 .94 .54 .54 .54 .31
.

1
- -

.

.! 4 ,95 .94 .54 .55 .56 .31
1

6 ,95 .96 .56 .58 .58 .31
,

8 .95 .96 .56 .58 .59 .31

12 ,95 .96 .56 .59 .61 .32

| 16 .95 .96 .57 .73 .79 .33

18 ,94 1.09 .58 .82 .88 . 32

19 ,95 1.05 , .56 .89 .93 .32'

i 24 ,96 .97 .57 .62 .66 .33
i

| 26 .95 .96 .55 .61 .63 .3I

28 ,95 1.01 .56 .57 .59 .?O

32 ,94 .95 .56 .58 .57 .31

48 ,96 .96 .57 .58 .58 .32

,
-

ACCEL NO. I - Z--VERT. IN LASALLE COUNTY STATION UNITS I & 2
-'

ACCEL No. 2 - Z-VERT. OUT SARGENT & LUNDY SPEC. NO. J-2551
ACCEL NO. 3 - Y-HORZ. IN COMMONWEALTil EDISON COMPANY P.O. NO. 186455

'

AQCEL NO. 4 e Y-HORZ. OUT-Hi SYSTEMS CONTROL CORP. PROJECT NO. 67278'

i ACCEL NO. 5 - Y-HORZ. CUT H2 PANEL IPLl7J
| AQQEL NO, 6 e Xril0R OUT H3 *

l O .
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- -.
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'-
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. . .
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. SARGENT LUNDY SPEC. NO.J-2561 -

CO.'.U.IOTMEALTH EDISON CCMPANY PO. NO.15G455 .

S'rSTEM3 CONTRDL CCRP.FROJECT NO.67278 ' .

FANEL IFLl7J (2)@@). ,,

r .

3 .

ACCEL EROMETER AXIS -

[x
-

' I-V$iUT. IN E
'

.

2-VERT. CUT r -i
-

. , . .

3-HC32. IN Y - - -
, . ;

'' '

4-HCR3. CUT HI Y -

,

5-HCO3 CUT H2 Y -

.6-hoi!Z. CUT H3 X
. . .

- - '
,.. . ,

RESCMANT FREQUENC!ES .
.

,

; *- '
-

IS H 2.
-- * '

. . .

19H Z. . . p ,: a

2EH2. * '

,

28HZ. ' -

- -

0_QBE. 8 S.SE. TEST FREQUENCIES _ . .
.. .

1,2,3,4.6,6,12,1% 18,19,at24 28,32 Q 49
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40 6 6-
MODE PARAMETERS
LABEL FREG DAMPING AMPLITUDE PHASE REF RES MODE FLAGS

4 26.-313 0.057420 2.109 -0.7809 58Z- 58Z+ 4 OOO 1 1
6 33.573 0.013275 2.572 -1.8100 58Z- 58Z+ 6 0001 1 -

? 61.201 0.029139 0.8841 -2.4417 582- 582+ 7 OOO 1 1
8 76.571 0.036473 5.015 -1.7577 58Z- . 58Z+ 8 000 1 1
9 91.382 0.023719 0.4499 -2.0933 58Z- 58Z+ 9 000 1 1 r

10 41.E.95 0.008237 0.1147 -1.3531 582- 58Z+ 10 000 1 1 .I

5 28.455 0.025198 1.147 -0.6869 58Z- 58Z+ 5 0 0 0.1 1
11 38.022 0.015230 0.2860 -1.7774 58Z- 582+ 1 OOO1 1
12 54.847 0.035878 0.3537 -2.2844 58Z- 58Z+ 2 OOO 1 1,
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| NODE PARAMETERS '

: LABEL FREQ DAMPING AMPLIT'UDE PHASE REF RES MODE FLAGS
1 28.500 0.030670 2.870 -1.7869 158Z+ 1582- 1 OOO1 1

~

;
2 52.815 0.015492 3.457 -1.3008 1582+ 158Z- 2 0001 1 -

3 84.795 0.021500 3.612 -1.5625 158Z+ 158Z- 3 O O O.1 1
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I. PURPOSE

250 Volt Distribution Center Control Panel was originally

qualified on 11/2/77 by P; stems Control Corporation using resonant

search and sine beat tests. The sine beat tests were completed using

the ZPA values of the response spectra for seismic loads only.

Recently, Transitek, Inc. has performed an on site test program.

The purpose of this test program was, to determine on site the dyna-

mic characteristics of the equipment.

Since the load conditions are changed due to introduction of

T-Quencher loads, a new test has been performed in Wyle Laboratories,

(OJ lluntsville, Alabama, to satisfy the latest Regulatory Guide, IEEE-344,

1975, and most recent load requirements. A new set of response spec-

tra curves which account for seismic and hydrodynamic loads, have

been employed during this test.

This report has been prepared to make a comperative study

between the test results listed above and to confirm the requalifi-

cation of the 250 Volt Distribution Center Control Panel according

to the latest load requirements.

II. CONCLUSION

The Systems control Corporation determined as the first two

natural frequencies ,(See pp. 6-14 ):

f (IIz) =6, 12n

,A The natural frequencies recorded by Transitek, Inc. are u 1;' lows
O

(See pp. 15-23):

fn (IIz) = 11.15, 13.74, 18.13, 30.79, 36.93

- . . - - _ -
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Wyle Laboratories found as minimum natural frequency:

f (liz) = 12, 14.5n

Based on a comparison of the test results listed above, the following

can be concluded:

a. The original test program performed by Systems Control

Corporation show a natural frequency of 6 Hz, which is not

contained in the results of Transitek, Inc. and Wyle

Laboratories. In a private communication, Transitek, Inc.

has stated that they have observed a very weak resonance

in 6 Ilz range, which they did not state in their report.

p) Also in the attached response spectra curve (See p. 25 ) ,
%

a frequency of 6 IIz gives very small response,

b. The second frequency of the three tests are in the same

range:

f2 = 12 IIz
so that we have an agreement of the three test results,

c. The Systems Control Corporation did not identify any fur-

ther eigenfrequency. The third frequencies recorded by

Transitek, Inc. and Wyle Laboratories are very close: .
-

f3 = 13.74 Transitek, Inc.

f3 = 14.5 Wyle Laboratories

These results document the accuracy of the applied test

methods. Since the subject panel is tested in Wyle Lab.

Q for the latest load combinations, described by-last version

of Regulatory Guide and IEEE-344, 1975, the 250 Volt

_ _ F
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Distribution Center Control Panel is qualified to resist

the required seismic and hydrodynamic loads safely.

III. SOME DETAILS ON THE TEST PROCEDURES

a. Description of the Panel

250 Volt Distribution Panel is located in reactor building at

ti.e elevation 694'-0". It consists of a box which is 91" high,

19" wide and 180" long (See p. 5 ) ..

b. Test of Systems Control Corporation

250 Volt Distribution Panel was originally qualified by reso-

nance search and sine beats test on 11/2/77, completed by

Systems Control Corporation, Iron Mountain, Michigan. The loads

were applied at the points 1 and 3 (See pp. 7-14 ) and the

acceleration was read at points 2, 4, 5 and 6 Only two.

natural frequencies were determined; 6 Hz and 12 Hz (See pp. 7-14 ).
c. Test of Transitek, Inc.

Transitek, Inc. performed an on site test program to determine

the dynamic characteristics of the subject panel. The wire

diagram of the panel is shown on page 5 Input loads are.

applied and natural frequencies are measured at several locations

of the panel. The following natural frequencies were recorded

(See pp. 15-23):

fn (Hz) = 11.15, 13.74, 18.13, 30.79, 36.93, 41.13, 47.45

d. Test of Wyle Laboratoryp

The two lowest frequencies found by Wyle Laboratories are:

fn (Hz) = 12, 14.5

- - - .- _. _ _
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More details are not available about the test procedure in Wyle

Laboratories at this tirre. But we are informed that the test

satisfied the latest load requirements and the subject panel is

qualified for seismic and hydrodynamic loads.

IV. REFERENCES

1. "Transitek, Inc. 250 Volt DC Control Pancl"

2. " Seismic Test Report on DC Distribution Equipment"

EMD File Number: EMD-011085, dated November 23, 1977

3. "Wyle Laboratories, Test of 250 Volt DC Control Panel"
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pd TYPE OF TEST- HEECNA?.'T SEARCH

PER F13.3
*

=-

ACCELERATION IN G'S
FnFQ. -

ACCEL.NO.I ACCEL.No.2 ACCEL.NO.3 ACCEL.NO. 4 ACCEL MQS ACCEL. NO. G

I .13 .10 .19 .II .20 .02
, _ ,

2 .13 .Il .24 .17 21 .02
. . .

3 .IS .12 17 .22 .22 .02 -

4 .14 .13 .21 .22 .22 02
._

5 .l5 .13 .22 .2G .25 .02

G .I5 j_ .15 .22 .24 24 .04
_

7 .E 15 .21 .24 .25 07

8 .14 .15 22 .25 .23 .08
__

9 .15 15 .22. 20 .35
__

08
, _ ___

10 .lG 23 .22 | .35 | 4G / .11
~

11 .l5 20 .22 | 39 .54 / .14

12 .15 | .20 | 21 .71 / 1.08 .13
'

s

13 20 | 23 .22 | .72 / l.06 .71/

M 22 15 .24 39 .CG / 2l

IS .22 .lG .23 .20 43 .18<

I5 .24 .!D .23 [0 | .23 07

17 .?A .20 | 22 04 | .22 08

13 1 .2I | 38 23 04
- _ . - _ .

- - | .13 _ .| 09
.

!9 .?2 .2| 24 .03 | .!5 | .0?,
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- --
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_

22 j .25 30 23 14 .10 35
_

23 19 12 22 .10 .13 .05

24 .10 19 22 .11 .t2 .05
i

25 20 .23 |_ .22 .12 .ll 04
__

' ACCEL. NO.1 -E-VERT. lW LASALLE CO'JNTY STAT!C ] UNI)5 I( 2 ~

* *

ACCH.140. 2 -2-VLf:T. 0UT SAfdE iT 6 Lut?D? SPEC. !!O. J-255!
ACCEL. NO. 3 -X-3 IOR." IN CC.V.'.10:ThEALTH EDGON ~ COi,1PAi!Y f.'0..l'O !C3055
ACCEL i40. 4 - X-l!CM. CUT i C ~ SYSTEMS CONTif.'. CCR2 filOJECi NO. IE4.m ACCEL. NO. 5 - N-HORE. 0U T H2(d ACCEL. NO. 6 -Y-Hoa?.0UT }l3

4

o

M #

i



.

.

Calc. flo: Et.iD .didM/,_.
ilcv: ..4.Q.. . . D3ic: O,d.;M'

TADLE HO.G Proj. Ib. EfM:@ ' .. .

(V) Pa2c. /M. 0I ... AEZ ...
-,

TYPE CF TEST - RESCN.'.NT SE,',P.CH

PEll FIG.3

ACCELERKi!OM IN G'S
FREQ.

, LCCEL. t:0.1 ACCEL.f|0.2 ACCE!..MO.3 ACCEL .MO. 4 ACCEL;MO S ACCE L. !!0. G

.23 .2G .22 .15 { .10 | .032G j

27 | .23 .34 |, .23 14 .11 04 --

28 | .24 .27 22 .14 .l7 .05 -

2a 22 I .29 .24 .m .ic - .oa

30 .20 1 .m .23 .n .o .u ..

3! | .21 | .70 .24 .Il yo .13

32 .2G .33 .23 | .13 .I'd - .f4

33 2G .35 | .23 | .20 - .I4 - - .lS

3'1 .21 | .32 .23 .20 .10 .I4

35 | 20 .25 .22 20 .05 .11
_

3G .20 | .22 .23 .14 05 .Il

o 37 I .2i | .a | .23 .ia . .c3 .is
..... _ t...- .._. ..g m | 30 | .19 | .22 .15 .c5 | .ls

39 .17 .15 .22 .11 .lo - .l3

40 .19 .13 .22 | .l4 09 .!2
. ,

41 13 .13 .24 | .14 12 | 2.to
_

42 | .21 | 11 .23 | .13 .I'2 ,1%.

43 | .23 | 08 22 i .l3 .! ! .13

So j 3s .C., .m .c I ca . r.
-

,

_| .a i s .in i .r< l.45 | .% .a
'.

46 44 .24 | 24 .19 22 | JO
-

47 | .55 | .75 | 22 .35 f.u 37. i
-p._. ._.

.;0 |/l .30 . - -
-'- 48- .G8 .39 '18.

g
_ . - . .

49 .59 .21 - 24 (i9 . 71 .22 - - -
'

So .72 23 .21 .5! - .90 2.4

'ACC(i. U0. l -2-VENT. IN LASiLI.E (CUNU Ff/JiiCM UMn'.; I $ 2~ '
~

-

/ CCEL. MO. 2 - M -VU : f. OUT SARG9iT I; l UNt E.''EC.110. J -2%)
/4CEL. I'O. 3 - X- 1 D.1.- IM CC .lMO:'.%F1TH KCN CC.TN:/ !.'O. NO. IPC';%4

o / CC E L. NO. 4 - X - Hi ' e O' ' i t il SY51D.'3 COM T.~.~i (CR.:.' FP.alECT . .0. fdC74,

V ACC U.. NO. 5 --X -il.'H2. C'Jf h2
ACGL. t|0. C' - Y --HOH?. CUT !!3

i. /O -
-

.



Calc. flo: E!!D .0.M.1Ef-
'

Rev: 4.4 Date:efdd%. 42' ~~-
.

2 *- Prol. flo: Mdd-M - -- .

7
' '" .

. ~ page_ 4 4 .0f M E < - - -
'

-

. ,

-A [y.

N. N
?

eQ . w* *=~ ~q
.. s

7
r, n,.. ..... .

. . . _ . . . .. .. .
s. . . . . . . . . . . .

,o1. .. . - . . . .,
7. . . . -

. . . . . . . . . . . %
.,

N .o.
. . . . . . _ . . . . . . . . . . . . ... . . . . .L.

c,,. . . . _ ., .. . . ..

. _ . .. _ . . . . . _ .
'

. . . ,j.
.

. . . *.. . . , ,(
. .. . - - . ..

,
. . . .. , .

.
/ ,Q

''*'/ ~tO
, - /+. . . . . .<

. - . f
. . . . . . . . ,/. . .. O, ,f.

g
. . . .

f..
. . .

'
,

t -
. 1.._. O

g ~.),3~

. . . . . - . .\ .

'f. ,

. ( ._ . . . . . ...Q '
. _ . . - _ _ . - .. . . . . _ .. ..-.

-
... .. s .,,

. ~ . . . . . . . . . '. .. . . . . . . . . . , . . . . . . . ...
' .'..... . . - ,

. L-
- - - - ,n -

3 j.
~ .Jf.

' j .j- .

'" ' h( f (N}- / '"-

. ( ).,
,

(:1 (= |

(' ~* ea
,- s 'JIi1 ..

E.- 5 5..'- C.d, e ('

~c-{S
g'hg--N

.
;,;py '}}Md )

e ft a. s(** < . / .. &...f. [1] g.. g
. .s

I- .d,
,

.'ff .~.~>LJj~ g O
I9 [[.1 h '$y d,D~ - / - **wt Lt.j*

. O. I;Io e f. r.. .d. p gij
~ * */ IL

) t. ., L. . . .,/ L,...# . . . . . c. s . ,-

,,
[M C l 8 T i L*- 113 0

. .j
, C

~* i -, #
' '" ''

4 N:N '. ; E . *~. i 3
..ig. . '.d* ,# ,./._)__. .g

.

.t i !r . s . ;.. -

N;/ 8' ' .~ , .Ill ,i 'j f CitO.
. s

:. r ; -
~ ~ ~ ~ ~ ~

~ ~
~ ' ~ ~ -

,.

(.:t U z .
(-() 14:f. ?*.. .. :<> O. ;t, j ij . fo}.;

.-.-

- - - - - . - . - r

,; - - ~c.

f d:r .7 ':.~ .'
.,

.;
-

..

.. q ,,';} o .J
!:, ? ' tgw * s tttt?t - ** %g, *^e.

1 '} o,f .![I'38.* ~
4,' . .th. g's.,

GN
t.o s t) L.x>u~~~--m. . . . . .

.-
o.uer r

--~ - ~ ~ ; . Ct|t .( %. . - . - . o -.--

. ~O
*

.-

R g; N .'.- ;. O ; :.. .
.

'i. gigs " '-- 'N-
.

2- ,

.

|$; 8.. N
s. .

~m,-

ei g
. T.C .

s
.- .

s
f ej

- . . . . . .
*

. I
_

/>.. -n.-.

>

. *
. , , , .

. *> ~N-

/
i /

U | F (' { _,

I L i i, .-

. to y. ia c.: -

't

i . (TIO39BOmi NOLi_VDI.-!DdW ' # --
i . .



.

Calc. Ho: EMD .Afdenf...-

Rev:.. 4_4. Date: v#/kJ2
Proj.Ho: W.Mr.M. .....
Paae l. / L Df..A. E 2.

1 ABL 110.7
Qm

t
.,

TYPE OF TEST-RESQlM:f SEARCli'

PER fig.4

ACCELERATION IN G'S
FREQ. --

3CCEL.NO.! ACCEL. NO. 2 ACCEL.lio.3 ACCEL.NO.4 | !.CCEL.1:0,5 ACCEL.110. G i
-

i .iO .08 .i7 .is 22 .I .02
_.

2 .13 .!O .20 .23 .23 .02 --

3 .l3 .to .21 24 26 .02 - -

-. . . . . - . ..

4 .M 13 .21 26 34 .02
f

5 14 .13 20 .30 .37 .03 i,
--

= - - - -

G .11 12 JD .Gl 1.07 .10

7 .:5 .12 .20 41 91 .Ii

.[ 55- 09- 8 .15 .13 .20 22
_

9 .3 .!4 20 .11 42 ,07'

_. ,-
I

10 .20 .15 25 08 35 07.

11 .17 .15 .24 .03 | 29 .05 ,

12 .13 .I4 .23 | 05 24 ,04Q
|.13 .15 14 | .25 04 20 04

_. -

M 15 .l3 24 .04 17 04

IS 18 .15 25 0G .14 05
_

--

36 15 14 .21 03 13 .07
~

17 | .19 .!4 23 | .Q7 .10 03

[ .09 03 03ID .20 13 23

19 | J9 I 14 .21 .10 | 05 | .i2

20 19 .15 22 31 00 03
_ _

21 21 .!3 22 .l3 .ii 00
= <-

22 .21 17 .23 12 .f4 .0G
. _ . . .

- 23 - 22 17
- 22 -- .l5 .13 03 -

.

_ | .07 -24 .21 .13 -

21 - % . 14

25 |_ .25 .20 24 .13 .l5 .f2

"/.CCEL. NO. | -E -VERT. IN ' LASdLt.E COUNTY STATION UNMS I $ 2 ', . . _
'

ACCEL. ro, 2. -i'- VERT. 0UT _SARGENT & LU:1DY SPEC. l'O. J-2551
ACCEL. NO. 3 - Y-!:C .'2. IN CC.OMONWEALTil EDISON CO?,U.iNY PO..ND.10G'i55:

p, ACUL. NO. 4 -Y -HDR/ OUT H! SY5Y3iS CONTFG. OCR2 PROJECT NO. i!971' V ACCEL. !!O. 5 -Y -!2 ORE. OUT H2
ACCEL. NO. G - X- HOR 2. OUT H3

- L /2 -

.

w, - - - - - . - y-
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Calc. flo: EMD- A.Edf42. .. ..

Rcv: ..d6 Datc:&;.4vjX.

TADLE NO.8 Proj. flo: f24t_-ea'

0 ?aie.4 Z E 0t. 4 -! Z ..
TYPE OF TEST-RESCMANT SEARCH

''

PER fig.4
-.

ACCELER ATION IN G'S --

FREQ. -~

ACCEL.NOI ACCEL.NO.2 ACCEL.UO.3 /.CCEL.NO. 4 ACCEL; NO.5 ACCEL.NO.G

2a I .is .i3 .2i .n .i2 03 - - -

27 20 41 3 '24 .13 .ll - 07 - - -

.

28 fS -- 22 .18 .23 .13 03 .03 - ^'-

i- ~29 | .19 -- .13 - .24 .17 ;Il-- .| .00 -- -n

_ -. . . .

30 .20 .I ", .24 - .20 - - .!O .10 -~'

~

}-- -- 31 | .22 15 | .22 '.21 .12 -- 15 -

.-
'

.32 2/i .I3 .22 21 - .13 - - - - .I B -
'

-

- . 33 7, ;24 .17 - - - .22 -- .21 -- - -.14 - - -- .19 - - -

- |. .23 .22
,

.|2 | 30- 34 .23 - - | .!G -
.-

33 .21 .13 | 24 .23 .!! .l5
_.

_

- 3a .co .le 22 | .2o .la .la

n- 37
,

.20 | ;20 .23 .t3 00- 18
--

30 |
'

20 2i .23 .13 .03 ,1 I

| 2i .2s . - .22 I .is . ow- . it .-.m . . .

- - 40 .26 - .13 .24 .17 ,.05 - - - .lG -

. di .3s 4s .2s .ia a 2.i9
-

-

62 40 54 | .23 20 .04 .25

.75 .?5 | .24 | 03 .29 -- - - -43 | -57 |_
| -.-- 24 | | .7.-iaq | (,G 70 .19 07

-

. . . , .

65 00 73 22 30 | .13 .2;J
_

- 4G - 45- .GG -
- .22 | .37 -- | --- .13 - -| .32 - - - -

. . .

47 | 43 | .GI - .23 .30 .f5 '|- .39 -- - --

_

- .. . 4 3 . . ,39 j .. . . 53
- .24 33- - .15 - -- -- 4G- -- : - - - - - -

. .

-49 -| - ;3G -- | .54 -
_

-- .2 r 33 , .15 - - E--- - - "

.

50 ;.3! 47 24 .30 - .t2 ; .5! -- -;
_

' "

' L494LLE (CU::TY Sr.iTic,: U.N:T2 I .$ 2' ACEL.1:0.' I -Z-VERT. !?; '

ICCEL. NO. 2 -i'-VERT. OUT SAf? GENT l. I. UNDY SPEC. !!O.JJ -2351
_

. ICCEL. l|0. 3 --Y-1!OR2 1.$1 CO|.0 '.0"||E;.Lui ED ?.ON m.'.:Px:Y ffa.. ||3.10G';55
A ACCEL. NO. 4 -- Y-HOIR. UUT IO SYSlE.'.15 (CNTi:CL (Efii.' fAOJECT NO.153i1
V ACCEL. I:0.'5 - Y -H0.W. CUT l-i2

ACCEL. No. G - Xrl!CHE. CUT H3

- L IS -
_

. m.

.-..--y . , - . , - . - , _ , ,
' ' ' '

-
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S RECORDS IN USE -

REC 1: 11.150 HZ ' ~ ~ ~ ~~
_

REC 2: 13.74G HZ
REC 3: 18.130 HZ
REO 4: 30.790 HZ

.

REC 5:- 36.930 HZ
REC 6:' 41.130 HZ.

REC 7: L 47.-150 HZ
. REC 11: 11.150 HZ SHAPE 1 MODIFIED-
~

R L.C .l a r 1 3 ? -; O H Z SHAPE a MODIFIED
REC 13: . 18.133 HZ SHAPE 3 MODIFIED
REC 14: 30.700 HZ SHAPE.4 MODIFIED.

REC 15: ! - 36.933 HZ SHAPE 5 MODIFIED
REC 16: ! f 41.130 HZ SHAPE 6 MODIFIED

: REC 17: 1 47.453 HZ SHAPE 7 MODIFIED
'
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1. OBJECTIVES

The objectives of this study are:

(i) To compare and draw conclusions on equipment adequacy based on

the impedance test result and the existing qualification report.

(ii) To determine equipment adequacy for the additional hydrodynamic

loads. This is of additional concern in view of the high fre-

quency resonances reported in the impedance tests.

II. ANALYTICAL MODEL [2]

The finito element model of the panel consists of 138 beam ele ~

monts and 65 plate elements. Maximum values of acceleration found

along the X, Y, Z axes are respectively 0.79 g, 1.09 g and 0.46 g.

The maximum deflection of 0.0379" was found along the X axis. A

total of twenty frequencies ranging from 13.89 IIz to 60.26 Hz are

identified. [2]

In the finite element modeling of the structure portions of the

structure that do not substantially contribute to structure strength

or rigidity are ignored and the mass lumped at the closest nodal

points. The structure mode-shape is determined by monitoring struc~

ture response at selected representative points. The following

representativc points indicated on the panel below are selected.-

Nodal numbering is c.s in the original qualification report.

O

_- . _ _ . -
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III. LIST OF EXPERIMENTAL & ANALYTICALLY OBTAINED FREQUEMCIES

Experimentally Obtained Frequencies [1]

Equipment Frequency Ecmarks - (nased on Mode Shape)
11 2 .

19.34 Global Cantilever Mode bending along verti-
cal axis

23.19 Cantilever Mode: Dending along vertical &
longer in plane axes

41.12 Local Mode of Panel
" " " "44.13
" " " "48.66
" " " "57.37
" " " "68.11

O " " " "vo 4s
" " " "82.15
" " " "91.86

Frequencies of Attachments to Panel Board

Frequency (IIz)

17.9

22.87

41.92

53.64

67.384
72.671

17.95

28.58

39.83

42.57

64.63

The above are local frequencies of attachments to the structure. Note

the first two frequencies 17.9 IIz & 22.87 IIz are close to the two

global modes identified earlier.

_ _ . . . . . _ _ . - _.- - - . . - . .- ... . . - .. . _ . - _ _ - _ ~ _
.
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LIST OF ANALYTICAL FREQUENCIES

PRINT OF FRECUENCIES

MODE . CIRCULAR
NUMBER FREQUENCY FRECUENCY

(RAD /SEC) (CYCLES /SEC)

1 .8791+02 .1309+02

2 .1079503 .171R+02

3 .1649+03 .2625+02

4 1687+03 .2085+02

5 .172G403 .2747402

0 .235G403 .3750+02

7 .2371+03 .3773+02

8 .2374+03 .3778+02

9 .2503tO3 .3987+02

10 .2521+03 4012+02

11 .2G33+03 ,.4190+02

12 .2691+03 4283+02

13 .2725+03 .4338+02

14 .3022+03 48f0'02

15 .3055+03 .48G3*02

10 .3218+03 .5122402

17 .327G+03 .5214+02

18 .3437+03 .5471+02

19 .37G3+03 .5990+02

20 .378G+03 .6025+02

. . - _ - -. . . . .
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DISCUSSION OF EXPERIMENTALLY OBTAINED FREQUENCIES & MODE SHAPES

In the experimenta.t analysis (1) accelerometers are located

both on the panel as well as on attachments to the panel. Items

attached to the panel exhibit resonant behavior independent of

panel resonances. These resonances are of a local nature and do

not influence global structure behavior.

A total of ten frequencies are associated with panel vibration

ranging from 19.340 Hz to 91.860 Hz. Eleven frequencies ranging

from 17.90 Hz to 72.67 Hz are identified for attachments to the

pancl.

O A cantilever mode of vibration is associated with a troquency-

of 19.34 Hz. This is a global mode affecting the entire structure.

The second mode is also a global mode. However, the left

hand portion of the structure undergoes no motion almost simulating

a fixity condition on the left hand side. A frequency of 23.19 Hz

is associated with this mode.

The remainder of the panel frequencies are strictly local
,

and do not correspond to any global mode of deformation. These

frequencies fall in the Z.P.A. range of the response spectrum,

and hence will have no significant effect. The mode shapes of

the panel attachments are strictly local and do not influence

any global modes. Also, it should be noted that these frequencies

(^ fall in the Z.P.A. range of the response spectrum (Page M16-20);

| and again are not significant.
i
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COMPARISON OF EXPERIMENTAL & ANALYTICAL EQUIPM8NT FREQUENCIES

Twenty frequencies ranging from 13.89 IIz to 60.25 IIz have been

computed. The first mode corresponds to a vibratory mode dominant along

the longer of the in plane axis. Since the equipment'was not excited

along this axis this frequency (13.89 IIz) has not been found in the

experimental analysis.

Mode 2 (equipment frequency = 17.18 IIz) corresponds to a ccntilever

- type of vibration. This frequency compares well with the experimentally

determined frequency of 19.34 IIz. ThJs modo shape is schematically

shown on page M12.
Ov

Mode 3, also a bending mode has a resonant frequency of 26. 25 I:z.

This frequency compares e' ; with the 23.19 IIz frequency determined

from the impedance test.

Frequencies greater than 26.25 IIz - computed and 23.19 IIz -

experimentally determined, correspond to panel local modes. Also,

on examination of the responce spectra charts p. 17-21 indicates that for

freq'tencies greater than 20 llz Z .P. A. range is reached.

The frequency of vibration of modes 1 & 2 of the attachment to

the panel board corresponds clocely to the global modes. The

remainder of the modes are local and do not affect the panel board

since these frequencies fall in the Z.P.A. range. A typical vibratory

mode for the panel-attachment is shown on page M15.

O
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OUALIFICATION FOR HYDRODYNAMIC LOADS

This equipment is not subject to hydrodynamic excitation and the

combined spectra shown in pages M16 thru M20 is the spectra used for the

analytical results. Hence, the equipment is qualified for the required

spectra.

CONCLUDING REMARKS

The vertical panel board was excited only along the shorter of

the in plane axis. As a result a lower natural frequency ascociated

O
with motion along the longer axis is not picked up by the Impedance

Test. The next two modes obtained from the Impedance Test compare

well with the analytically c',tained modes. No hydrodynamic loads

are involved, and since the original qualification report used identical

response spectra curves the equipment is qualified. The equipment

local modes consisting of both the vibratory motion of attachments

to the panel as well as the local modes of the panel fall in the

Z.P.A. range and hence, are not of significance.

(o3
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1. OBJECTIVES

The objectives of this study are:

(i) To compare and draw conclusions on equipment adequacy based on

the impedance W result and the existing qualification report.

(ii) To determi.le equipment adequacy for the additional hydrodynamic

loads. This is of additional concern in view of the high fre-

quency resonances reported in the impedance test reports, [1].

II. ANALYTICAL MODEL [ Qualification Report Ref. 1].

Simplified frequency estimates are obtained by concidering

1 d. o. f and 2 d. o. f modelling of the SEGTS fan. The following

b frequencies are obtained:v , -

Equipment Component Frequency, Hz

Fan Shaft 165

Motor Base 85

Power Side Bracing Longitudinally 126

Power Side Bracing Laterally 34

The equipment was considered rigid since equipment frequencies were

found to be greater than 33 Hz. The equipment is qualified for i .Sg

in the hcrizontal direction and i .88g in the vertical dire, tion

[1]. The motor can withstand an acceleration of 7.2g [1]. The

anchor bolts hava a margin of safety of at least 5.0 11].

III. IMPEDANCE TEST MODEL [2]

The wire grid diagram of the fan showing the locations of the

accelerometers is shown on page N5. The fan was tested by the

impulse technique. The f an is bolted to the ground through a solid

grout pad.

I
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IV. LIST OP EXPERIMENTALLY & ANALYTICALLY OBTAINED FREQUENCIES

Experimentally Obtained Frequencies (2)

The following frequencies were obtained fror: the impedance test.

Equipment Frequency Axis Remarks

Hz.

1. 59.0 X In ZPA Range *o

2. 49.0 Horizontal X In ZPA Range *

3. 46.0 X In ZPA Range *

4. 49.0 Y In ZPA Range

5. 46.0 Vertical Y In ZPA Range

6 32.5 Y Vertical Motion of Motor

58.0 Z In ZPA Range *

O 36.5 Z In ZPA Range *

9. 28.0 Horizontal Z In ZPA Range *

10. 76.0 Z In ZPA Range *
'

11. 95.0 Z In ZPA Range *

* See pages N10 thru N13

Comparison of Experimental & Analytical Frequencies.

The global equipment modes shown in the impedance test report

are not identifiable in the analytical effort. In the analytical

effort [1] discrete components of the equipment are analyzed and

the associated frequencies computed. In the analytical effort

equipment frequencies computed fall in the ZPA range of both the

seismic spectra as well as the current spectra that includes hydro-

dynamic loads. Since in the impedance test frequencies of specific

components of the equipment were not determined, the experimentally

- .- . - ~ -, _.
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obtained frequencies' cannot be compared to the analytically deter--

mined frequencies.

Frequency #6 p. N6 indicating vertical vibratory motion of the

motor base lies in a non ZPA range [p.N10-13]. All oth;r frequencies

determined by test, lie in the ZPA range. The importance of this

frequency is assessed in the next section.

:
i Discussion of Experimentally Obtained Frequencies & Mode Shapes.

Equipment frequency #6 indicates vertical vibratory motion of

| the motor base both at the ground (where it is restrained by bolts)

'as well as at the top of the motor base. The apparent ground motion4

O.

of the motor base p. M6 is attributed to bending motion of the motor
i

'

base mounting element. Since only four edge monitoring stations

describe the motion of the base of the motor support, this motion is

i spuriously shown as vertical translational motion. This frequency

corresponds to an acceleration of 1.05g. For freq0encies greater

! than 32. 5 IIz, the response spectra curve i- monotonical.ly decreasing
: -

'

until the ZPA plateau is reached [p.N10-13].

The remainder of the experimentally determined frequencies fall
i

in the ZPA range [p.N10-13]and are not addressed here.

O V. QUALIFICATION FOR I!YDRODYNAMIC LOADS

In the analytical determination of the equipment-frequencies,

the equipment was considered rigid. In the inpedance test a 32.5 Hz;

frequency in the vertical direction was observed. This frequency falls

close to the ZPA range, see pages N10-13. All other frequencies are

higher and fall in the ZPA range.

4
- _ . _ , . _ . _- . ._ _ _ _ _ _ _ -,_ . -__ .. _ ._ _ _ . . _ . _ , , _. . , _
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An acceleration of 1.05g corresponding to a frequency of 32.5 Hz is

shown in the response spectra curves pages N10-13. This corresponds

to an offective acceleration of 1.5559 The motor is qualified in

the vertical direction to an acceleration of 7.2 g Il]. The equip-

ment therefore is qualified.

VI. CONCLUDING REMARKS

Equipment frequencies obtained thru analysis fall in the ZPA

rang e [p'.N10-131. All but one of the equipment frequencies obtained

from the impedance test fall in the ZPA range [p. N10-13]. Based on

this frequency the motor is subject to a maximum acceleration of
J

1.55 g. The motor has been qualified to an acceleration of 7.2g

therefore is adequate.

Based on the above observations the equipment is qualified for

combined seismic and hydrodynamic loads.
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1. Qualificatton Documents for SEGTS Primary Fan
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.
'IProj. No' 4266/4267/6093-00 Equip. No. Approved by Date

I. OBJECTIVES i
,

The objectives of this ' study are:

(i) To compare and draw conclusions on equipment adequacy
.

i

based on-the Impedance test result and the existing ;
t

qualification report.
. ,

!
(iil .To determine equipment adequacy.for the additicnal hydro-

,

*

dynamic loads.- This is of concern in view of the.high
I

' frequency resonances reported in the Impedance tests. j.

:

ANALYTICAL MODEL (1)
m
Q. The valve is schematically illustrated on page P9 The

'

.

valve it 1odeled as a 1 D.O.F. system. The major frequencies
,

iobtained associated with vibration of various components of
|

~ !
'the valve are:

!
t

1
(a) The cantilever mode of vibration, lengtl- L, considered i

-

t
(p. P9 ) as the cantilever arm yields a frequency of !

!
32 Hz.

.

!

:
i

.(b) A system torsional frequency of 72.24 liz has been !

i
identified. !

:
1

! (c) A natural frequency of 22.3 Hz based on length L1 :

(operator to yoke-bonnet connection) has been computed. f

O !
,

e

,

_ _ _ _ _ . __ . , _ -. . _- . _ _ . . _ - . . _
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Test Model

Geometry'(2) -

,i~

The geometry of the 14" valve as described by the location of

the accelerometers is shown on page P10. The equipment (valve
1 p.

-and piping).was excited by blows from a large hammer. The
.

equipment was excited along the three mutually orthogonal. axes.

Discussion of Experimentally Obtained Frequencies & Mode

Shapes

Six resonant frequencies along the X axis were identified

ranging from 17.510 Ilz to 93.47 IIz.

Pipe motion is associated with the 17.510 11z frequency as
~

t

evident from the mode shape page P15. None of the other

frequencies exhibit pipe motion. The most common mode shape

identifiable is movement of the upper valve body and actuator.

.

Five resonant frequencies along the Y axis have been identified.
2

The frequencies range from 17.720 Ilz to 91.990 IIz. Again the

i lowest frequency is associated with clearly identifiable pipe

motion. As for the case of X-axis frequencies; the most com-

mon-mode shape identifiable corresponds to motion of the upper

valve body and-actuator.'

!
l

;

|
!

t

!
_ _ _. . . _, .- - - . _ . _ _ , - _ _ . _ . . . - , ,. ,,- --



s.). ; . - . _

tv

Cate.No gsy0 0369ZCaics. For s

SARGENT$LUNDY
1s#4smomene .

-
Hev 00 Om 06/01/81

Safety-Related Non-Safety-Related Page P3 of P28C"C^"

'( Client Commonwea1th Edison Company Prepared by Date

Proi*ct LaSalle County,_ Units I & II- Reviewed by Date

Proj. No.4266/4267/6093-00 Equip. No. Approved by Date

Seven resonant frequencies are identified along the Z axis.

These frequencies range from 7.42 IIz to 92.77 IIz. The lowest

frequencies 7.42 Hz and 9.3 IIz correspond to pipe motion with
,

the valve body moving rigidly. No valve frequencies are

. excited.
.

X AXIS (ALONG PIPE AXIS)

The 19.450 IIz and 93.47 11z frequencies are associated with

bending motion of the valve body. Ilowever these frequencies

are not of significance an evidenced from the Response Spec-

'tra pages P25 thru P28 .S

The mode shape associated with the 36.790 !!z frequency exhibits t

translational movement of the upper valve assembly, strongly

indicating a localized near-rigid body motion of de motor.

The 30.07 !!z and 25.92011z frequencies exhibit lateral motion

of the operator. The 17.510 IIz frequency is associated with

pipe motion. The rigid body like motion of the operator con-

firms.this.

Y AXIS (VERTICAL)

The 91. 9 112 frequency is associated with movement of the pipe

as well as mcVement of the motor. The mode shape associated -

the 36.64 liz frequency combines an up-down rigid body motion
'

- with bending in the vicinity of the motor.

. - - . . - - - -- -
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-The mode shape associatcd with the 30.710 112 frequency is a
~

cantilever mode; the motor being ' cantilevered' from the

stem. The mode shape associated with the 26.370 liz, a can-

tilever mode, cantilevered from the stem of the valve.
,

9

The 17.720 IIz frequency is associated with pipe motion. The
.

motor assembly exhibits up and down motion relative to the

pipe.

Z AXIS IIORIZONTAL PERPENDICULAR TO PIPE AXIS

Seven frequencies are identified:

0 tatera1 movemene of the motor is obeerved for mode shenes

corresponding to frequencies 92.773 bz, 81. 2 Ilz and 4 8. 61 liz .

These frequencies, however are in tre Z.P.A. (p . 25-28) range

of the response spectrum, pages 27, 28 and hence of reduced sig-

nificance.

The mode shape associated with 23.48 IIz is a cantilever mode.

Frequencies: 17.530 IIz, 9.296 IIz & 7.416 liz are pipe modes

and do not involve the motor assembly. The 17.530 I!z frequency

also appears along the X axis.

Comparison of Experimentally & Analytically Determined
~

Equipment Frequencies
;

Fundamental modes can be compared. The higher valve modes )
b"-

,

are not accounted for in the analytical ef fort and hence are

not compared.,

,

,. . , - - - -e +
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Bendinct Modes

The system cantilever f requency of 32 112 corresponds well with

frequencies 4 & 16, both associated with system bending modes.
,

Frequencies #5, 10, 17 along the three coordinate axes corre-

spond to a stem valve frequency of 22.3 IIz. The experimental

frequencies are greater than the computed frequencies, since

the full structure stiffness has not been accounted for in
the analytical model used.

The higher frequencies 1 ve not been accounted for in the

analytical model and b .: ce no basis for comparison exists.

Torsional Mode

A torsional mode f = 72 IIz has been computed analytically.
n

.

It appears that this mode has not been excited during the

course of the c.'perimental test.
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List of Experimentally & Analytically Determined Frequencies

Experimentally Determined Frequencies

Equipment
Frequency Axis Remarks Based on Mode Shape

# Hz.
. .

1. 93.47 X Bending Mode

2. 49.45 X Bending Mode

3. 36.79 X Bending Mode

4.- 30.7 X Cantilever

5. 25.92 X Valve Stress Bending

6. 17.51 X Pipe Frequency - Valve L. oves with pipe ,

7. 92.77 Z Bending Mode

8. 81.21 Z Bending Mode -

9. 48.61 Z Bending Mode

10. 23.48 Z Valve Stem Bending

11. 17.53 Z Pipe Frequency

12. 9.3 Z Pipe Frequency - Valve moves with pipe

13. 7.42 Z Pipe Frequency - Valve moves with pipe

14. 91.99 Y Bending Mode

15. 36.64 Y Bending Mode

16. 30.71 Y Cantilever Mode

17.- 26.37 Y Valve Stem Bending

-18. 17.72 Y. Pipe Frequency - Valve moves with pipe. |

O

4
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Analytically Determined Frecuencies

The valve is analyzed as a 1 D.O.F. system. A bending-canti-

- /et requency of 32 Hz corresponding to the fundame:K.al

cantilever mode is' identified. Due to the limitations of the

analytical procedure higher ~ modes were not determined. A
.

torsional frequency of 72,24 IIz was also identified.

A valve bending frequency corresponding to the natural frequency

of the valve from operator to yoke-bonnet connection is computed.

This fundamental mode is associated with a frequency of 22.3 112.
'

p Qualification for Ilydrodynamic Loads
L/

The analysis (1) was performed using the final required combined .

seismic & hydrodynamic snectra (p. 25-28). Since the equipment

frequencies determined from the test cluster around the analy-

tical frequencies, and the analytical frequencies represent a

more severe condition the equipment is qualified for the

combined ceismic and hydrodynamic loadings.

Concluding Remarks

Fundamental frequencies as determined by the original analytical

qualification report correspond with the lower modes determined

from the Impedance Test. Pipe frequencies in the Z.P.A. range

have been identified, these however do not constitute equipment

vibratory motion and are therefore disregarded. Iligher

.
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*

. frequencies determined from the test fall either in_the

Z.P.A. range or yield substantially lower responses'to the

responses obtained for the primary modes. Based on this
a

and since final combined seismic & hydrodynamic response
J

'

spectra curves were used in the analysis (1) the equipment,

'is qualified.

References '

l. Qualification Documents for Motor Operated Gato Valve.

EMD File #028900

2. 14" HPCS Valve, Transitek Inc. EMD File #u29462 3-17-81. ;
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I. OBJECTIVE

The objective of this study can be summarized as follows:

a) To assess the comparisco between the impedance test

results and the existing qualificatiori report.

b) To re-assess the adequacy of the equip mt for the.

additonal hydrodynamic loadings, particularly in

regard to the high frequency resonances reported as

a result of impedance tests conducted in-situ.

n II. SUMMARY OF PERPINENT RESULTS PROM OUALIFICATION REPORT
N)

Qualification report presented the results of analytical
4

assescntent and design qualification of this recirculating flow

control va]ve (Rof. 1) .

In order to assure the functional reliability and operability

as well as structural integrity, detailed analysis was performed

on various components of the valve in accordance with the rulet,

of Article NB-3000 of "ASME Boiler and Pressure Vessel Code,

Section III, Nuclear Pcwer Plant Components". The results

of the evaluation indicated that the valve is adequate under the

defined service.

The valve upper works was analyzed to determine its lowest

natural frequency. The anlaysis was performed using the SAP lV

(; finite element program. The configuration was modeled with beam
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II. SUMMARY OF PERTINENT RESULTS PROM OUALIFICATION REPORT (C ONT ' D)

elements whose section properties were determined from the

thinnest sections in the area of the elements. The mass of t.he

structure was distributed to the nodes by a careful weight

analysis using the drawings of all component parts of the

assembly.

A schematic drawing of the valve upper works is shown in

Figure 1. The nodes utilized in the model are shown by dark

circles and the node number is indicated by uncircled integers.

D
G) The beam ele:aent numbers are indicated by circled integeru. A

6Young's modulus of 29. x 10 psi and a Poisson's rat io of .3

was assumed for all elements.

The final mass distribution for the nodes and the total

weight is given on Tabla 1 below:

TABLE 1

Mass Distribution

Node No. Mass Weight

1 1.19 459
2 . '/ 9 2 306
3 1.58 612
4 4.14 1599
5 1.03 396
6 2.12 819
7 1.08 417

(j, 8 1.03 398
9 .65 251

10 .16 62

Total Weight = 5319 lb.

. - _ ..
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The section properties for the elements are given in Table 2.

TABLE 2. Section Propert-f en

Element il R
i

R I J Ag

1 6.7 9.75 5515 11030 158
2,3 10.75 13.25 13718 29436 188

4 Rigid Rigid 105 105 500
5 4.5 7.5 2163 4326 113

6,7 8.3 9.9 3817 7634 91.5
8,9 0 6.75 3630 3260 143

|

(a^') The two lowest natura1 frequoncien associated ulth the confi-

guration are 1.14.5 llz and 139.1 IIz. The lowest or fundamental

is ancociated with a torsion-bending mode. The long run of

the configuration twist.s about the staallest section of the

large casting at the honnet cover. The next highest frequency

which in very close to the lowest is associated with a bending-

bending mode. T

III. SUMMARY OF PERTIMENT RESULTS FROM IMPEDATICE TEST REPORT

The reactor coolant system flow control valve was fully

installed and operational at the time of testing. All hydraulic

and electrical connections to the valve were complete. The

piping system was empty at the time of testing. The line
n
U drawing of the valve and the wire frame drawing used in the modal

anlaysis is shown in Figures 2 and 3.
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To excite vibration in the reactor flow control valve,

the hydraulic shaker was used with the small weight (122 pound).

Acceleration levels on the valve were nominally in the .1 to .5

g range. The valve was excited in three directions.

Figures 4 through 6 show representative transfer functions

for the X, Y and Z directions, respectively. Tables

3, 4 and 5 list the resonant frequencies and damping values

associated with transfor functions shown in Figures 4 through -

6. Tables 6, 7 and 8 show the cross coupling coefficients

computed for excitation in the X direction, Y direction,

O-
and Z direction, respectively.

An inspection of resonant frequencies that are given in

Tables 3 to 5 and the corresponding cross-coupling cow 'icients

given in Tables 6 to 8 indicate that the same frequency

appears in three directions most of the time with slight

differences. Examples are 17.8 cps versus 18.0 and 18.2 cps,

or, 29.3 cps versus 28.8 and 29.7 cps. This phenomena was

observed by the tester (Raf. 4) also, and the frequencies in the

dominant directions were laLeled "real". Theoretically, if

a mode is participating in more ft:1 21.e direction, individual

measurements must indicate the same frequency, yet,considering

the approximate nature of taa experimental method and evaluation
i

I h
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i
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TABLE 3

MODAL PROPERTIES OF TIIE REACTOR FLOW CONTROL VALVE
MEASURED IN THE X DIRECTION

MODE RESONANT
SIIAPE FREOUENCY (IIZ) DAMPING,

1 5.4 0'.059362

2 9.0 0.063174

3 11.5 0.033636

4 17.8 0.037966

5 21.5 0.021416,o
V

6 28.8 0.032197

7 37.7 0.011769

8 49.1 0.035443

9 59.5 0.042132

P _ _ y



m

-

i Cates. For ,Catc. No.i
SMIGEIjT ELUij0Y

= ENGINEERS -
*nev. 0 0 nue06/01/81~

., X Safety-Related Non-Safety-He'ated Page k of d} 2. b_"C^"

I )
'''-

_ Client Commonwealth Edison Compliny Prepared by Date

Project LaSalle CountL _ Units I & II
,

Reviewed by Date

Prof. No.4266/4267/6093-00 Equip. N o. Approved by Date

TABLE 4

MODAL PROPERTIES OF TI!E REACTOR FLOW CONTROL VALVE
MEASURED IN THE Y DIRECTION

MODE RESONANT
S!! APE FREQUENCY (llZ) I],7 MPING

1 5.5 J 037823

2 9.7 0.057075

3 18.0 0.044098

4 22.0 0.071703

{} 5 29.7 0.033983

6 58.5 0.024549

7 61.5 0.036330

8 81.3 0.038563

13
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|
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|
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TABLE 5

MODAL PROPERTIES OF TIIE REACTOR PLOW CONTROL VALVE
MEASURED IN Tile Z DIRECTION

.

MODE RESONANT
SIIAPE PREOUENCY (llZ) DAMPING

1 7.4 0.051854

2 8.6 0.060499

3 12.3 0.063374

4 18.2 0.042194

5 22.5 0.017809
rs
d 6 29.3 0.027080

7 39.7 0.017744

8 53.4 0.062978

9 ~8,6 0.029086

10 78.2 0.023980

.,Il
v
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TABLE 6
, _ .- .. ~ ,

.

Ec.h.t,c: E'.10 .f.9 / 1
pey; . ep E a*.,;.'f l'N'i

COEFFICIENTS FOR EXCITATION Ift TiiE X DIRECTI0ilpai, ib; l* 9 3 ' '*
_v_ _ l.i!LOL d Mr. e .d

i

MODE RESONAtlT
- - 4

SHAPE
FREQUENCY (fil) X4Y(%) X42(%)

1 5.4 61.6 35.0
2 9.0 144.0* 72.5

-

3 11.5 140.0a 131.0
4- 17.8 73.1 32.6
5 21.5 41.0 36.2

.

L' 28.8 137.0 206.0*
7 37.7 167.0 1037.0*

'

8 49.1 97.5 200.0*,) 9 59.5 47.8 20.0,.

'
l

* Cross coupling coefficients greater than 100" generally indicate that
the node is dominant in directions other than that in which the excitationwas applied.

.

+

8

e

,

e

h

t

C#
'

.

a i
*

1
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%g TI-80042-4
liarch 20, 1981m1m'y TABLE 7 __

Ca'c. !!c: EMD ./1'01
CD 999. rs'Q W: / '

R|w* .COEFEICIEt;TS FOR EXCITATIO!i Ili THE Y DIRECT 10:1 '

p gj, ,{'}},., o c, ,.,

PVe G.I.5.0l....G 9 6
'

140DE RE50tAtti
'

,

SHAPE FREQUE!;CY (HZ) Y+X(Q Y-*2(%),

1 5.5 224.0* 60.9
-

~ .

2 9.7 75.5 24.2

3 18.0 293.0* 91.0

4 22.0 287.0* 69.8

5 29.7 99.7 151.0*

6 58.5 52.2 184.0*
'

7 61.5 68.1 560.0*

8 81.3 46.5 200.0*
q
.'. /y

J

* Cross coupling coefficients greater than 1007: generally indicate that '

the node is dominant in directions other than that in vihich the
excitation was applied.

.

6

hI

%

.

.
.

0' s

9
. .

'
'

4.11-11
1'

1
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w

% TABLE 8
b&.. iio: l#0 #3'''9_ Ip 9.e/N //W
pr.# ' " cp''~7/s .ej:

_ .

COE'FFICIEtiTS F0.3 EXCITATI0ft Ifl THE Z DIRECTI0ti !
Pr:t. 143; --

..a e ,,c,
Ya;e Q A[ Ni. k 'I G _=

!!0DE RE50flAtiT
SilAPE FP.EQUEtiCY (H2) Z4X(%) 24Y(%)_

"

1 7.4 11.8 19.8
-

2 22.5 235.0* 102.0*

3 29.3 89.0 90.3

4 39.7 13.7 36.0

5 53.4 27.6 39.6
'

6 78.2 41.5 22.2,

7 12.3 422.6* 55.3

8 8.6 49.8 131.0*
^

9 58.6 56.7 82.7,

t/

10
' 18.2 414.9* 300.0*-

* Cross coupling coefficients greater than 100~, generally indicate that the
mode is don:inant in direc* ions other than that in which the excitation
was applied.

~
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techniques, mentioned differences are expected and permissible. 1

In the light'of this discussion, it con be safely stated that the

experimentally determined "real" frequencies are locs in number

than given in previous tables ; and these frequencies are 1.isted

on Table 9.,

TABLE 9

EXPERIMENTAL FREQUENCIES (REAL)

FREQUENCY (CPS) DOMINANT DIRECTION

5.4 X
,

7.4 Z.O
'9.7 Y

,

12.3 Z

17.8 X

21.5 X

29.3 Z-

39.7 Z
;
'

53.4 Z

58.6 Z

78.2 Z

IV. COMPARISON OF RESULTS

1

Two frequencies, namely 114.5 and 119.1 cps were identified '

for the valve upper works through analysis and were labeled as

O
lowest natural frequencies. Inspection of the Tables 3, 4, 5 and 9

I

i
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IV. COMPARISON OF RESULTS (CONT'D)

indicate that the maximum experimentally identified frequency is-

78.2_ cps, which is substant.ially smaller than 114.5 cps.

This obvious discrepancy between analysis and test resulta

lead to the investigation of.the dynamic characteristics of
.

the piping subsystem on which this valve is mounted. Dynamic

analysis of the subayatem 1R1102 was performed using PIPSYS

integrated piping analysis program.(R2f. 5). Total of

45 modes were considered and the natur-al frequencies were deter-

mined,for the piping subsystem. Selected piping frequencies in
i

the. range of interest are given on Tabic 10.

TABLE 10

SELECTED FREQUENCIES PROM PIPING
ANALYSIS (REF. 5)

MODE FREOUENCY (cps)

1 8.48

2 15.00

3 21.20

6 28.80.

12 38.11 |

| 18 53.91

20 57.97;

32 77.76q
Vi

_ . - _
, ._ .' ._ ._ .

_ . _ . . _ . _ _ _ _ _ _ _ .. i i l
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Considering the simplifying assumptions that are used'in piping
,

modelling and the approximate nature of testing procedures, the

comparison of Tables 9 and 10 indicate a satsifactory correspondence

between the piping frequencies that are analytically determined

and the impedance test results. Indeed, inspection of mode caapes
.

Indicate that the measured frequencies are pipe frequencies rather

than valve frequencies. This observation is demonstrated by

Figures 7 thru 10, where modo shape plots for 5.4, 7.4, 12.3 and

17.8 cps are given. As seen, the deflections on various parts

of the drawings indicate rigid body translations or rotations

for-the whole of the valve rather than relativo displacements.
,

Similar observations can be done for the rest of the frequencies

with the exception of the INDT bracket-assembly situated on top

of the extended portion of the valve, which was not considered

in the finite element modelling of the valve. This LVDT bracket

assembly experiences its own local' natural frequencies of 29.3,

39.7 and 58.6 cps and participation does not persist for higher

frequencies.

It is reported in Fef. 2 that the valve experiences a horizontal

acceleration of 1.971 g and vertical acceleration of 1.799 g.

-The allowable values for these accelerations are 8.48 g and 6 g

for horizontal and vertical directions respectively. These

O
V

e
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values indicate a minimum allowable amplification factor of

3.3, which in turn is regarded as a fairly high safety margin, and

leads to a qualitative statement that the LVDT bracket assembly

will not experience excessively high stress levels.

.

V. CONCLUSIONS

a) Actual valve frequencies pertaining to the valve

upper works are determined by detailed finite element

analysis to be 114.5 and 119.1 cps.

b) Impedance tests did not cover frequency range higher

p than 100 cps, therefore, it was not possible to
J

compare analytirsl and experimental results for

frequencies higher than 100 cps,

c) Experimentally determined freauencies in the range

below 100 cps were shown to be pipe frequencies by

comparing piping analysis results and impedance testing

results with the exception of LVDT bracket assembly.

d) Considering high margin of safety and non-persistant

behavior of excitation, it is concluded that INur

bracket assembly will not experience high stress levels.

g
()

r (
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An asses'sment of comparison between the Impedance Test Results

and the results of the existing qualification report (final)

cannot be done.for.this equipment.c-

Earlier analysis indicated that the 4" gate valve (E22-F012)
,

was not qualified in the as built condition to resist the

existing loads. Therefore it was necessary to implement a

design change. This change consisted of building supports

between upper yoke flange and the nearby 16" diameter header

pipe. The data on this design change was transmitted to NRC

thru cur trar.smittal dated 3/10/81 (EMD File #028647).

The impedance tests were conducted in the field for the

as built condition of this valve, whereas the implemented

design change modifies the fundamental dynamic behavior of

the equipment, climinating the basis of comparison between

analytical and experimental results.
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.'An assessment of comparison between the Impedance Test Results

I and the results of the existing qualification repo: cannot be

done..for this equipment.
, ,

j

'
Earlier _ analysis indicated that E22-F023 globe valve was not.

|- -qualified in the as built condition to resist the existing

loads. Therefore'it was necessary to implement a design
,

change. This change consisted of building additional yoke

legs between the upper yoke flange and the bonnet _ flange.*

'

.O rue 1 veaeeee teeee were ecoaeeted in fie1d for eue ee au11t

condition of this equipment, whereas the implemented design'

i.
j change modifies the fundamental dynamic behavior of the-

-

equipment, climinating the basis.of comparison between

] analytical and experimental results.
!
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*The data on this design change was transmitted to NRC thru

our transmittal dated 3-10-81 (EfiD File #028847).
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