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ABSTRACT

This report presents the results of the Phase I in-plant safery
relief valve (SRV) discharge tests conducted at the Caorso Nuclear
Station in Italy during January and February 19739. These tests
represent the second of two phases c¢f the Caorso SRV discharge
tests which included single valve first actuatioms at normal and
low reactor pressures, eingle valve first and comsecutive valve
actuation tests with leaking and nom-leaking SRV's and multiple
valve actuation tests using two, three, four and eight valves.
The results of the first phase of testing, which ineluded omly
single valve first and comsecutive vclve actuation at normal
reactor pressures, were provided in a previcus repor:.

The resulte of the Phase II tests show that all tost datu exhibit
excellent repeatability and comsistemcy within clloweble limite
of the acceptance criteric. Further, these results are applicable
for use in the Mark II Contaimment Supporting Program.

xvii/xviil
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1. INTRODUCTION

1.1 BACKGROUND

In-plant safety relief valve (SRV) discharge tests were performed at the Caorso
Nuclear Station in Italy as part of the Mark II Containment Supporting Program.
These tests were conducted in conjunmction with normal plant startup testing to
provide in-plant measurements of loads that may be imposed on suppression oool
and contaimment structures, and on nuciear steanm supply system components as a
result of SRV actuations. A detailed descripiion cf the test plan for these
tests is given in the Test Plan Document.*

This report presents the test results from the 53 test actuations condmucted in
January and February 1979 during the second phase of Caorsc testing. The results
from the first phase of Caorso testing are reported in the Phase ’ Test Report, **

1.2 TEST OBJECTIVES

The overal) objective of the Caorso SRV test program is to obtain SRV discharge
test data as applicable to Boiling Water Reactor (BWR) plants utilizing the

X-quencher SRV discharge device. Figures l-1 through 1-4 are schematics of the
type of contaimment configuration and quencher device tested. General data on

the SRV and SRVDL vacuum breakers used in Caorso are presented in Table 1l-1.
The specific areas of interest addressed by the Phase Il tests are:

a Suppression pool 'oundary pressures

b Containment dynamic response
SRV discharge line clearing and reflood transients
Quencher structural response

e
d

e. Submerged structure loads

f Suppression pool thermal mixing
8

.Containment liner and downcomer vent structural responsc

*C.T. Kawate, et al., "Caorso Relief Valve Loads Tests - Test Plan," NEDM-20983,
Revision 2, Addendum 1, October 1977, Addendur: 2, April 1978.

*%G.M. Bjorkquist et al., "Caorso SRV Discharge Tests Phase I Test Report,"
NEDE-25100-P, May 1979,
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Items (a) through (e) are covered in this report., Items (f) and (g) will be
covered in other reports.

1.3 REPORT SUMMARY

A summary of the principal observations i{s presented in Section 2. Description
of cthe test plan procedure, the data acquisition system from the sensors through
the pulse code modulatzion (PCM) tape outputs, and the data reduction process
from the PCM tape outputs through the final outputs in the form of engineer-

ing data plots are presented in fecticns 3, 4 and 5, respectively.

{wscriptions of the data evaluaticn methods, phenomenon, compariscns with
data predictions or acceptance criteria as appropriate to the report, and
evaluations of the data plots concerning hydrodynamic phenomenon, que:i.cher
response, and contaimment response are presented in Sections 6, 7 and 8,

respectively.
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Table 1-1
GENERAL DATA = SRV and SRVDL VACUUM BREAKER

Safetv Relief Valve

Manufacturer: Dikkers
Cat. Number: ALS G471
Valve Type: 123 mm Pilot Operated
Safety/Relief Valve
Size -~ Inliet: 6 inches
= Qutlet: 10 inches
Throat Diameter: 4.84 inches
Design Temperature (at SRV inlet): 608°F
Set Pressure Range 1165 - 1205 psig
Capacity: 861300 - 890500 1b/hr

SRVDL Vacuum Breaker

Manufacturer: Atwood and Morrill Co.
Model Nuamber: 10" = 300# 13680-C1
Valve Tyre: Straight through with swinging
disc
Line Size: 10 inches
Throat Diameter: 10 inches
Flow Area: 78.54 1a.2
Flow Coefficient (AVK): 0.2 fcetz
Design Conditions (at valve throat):
Flow: 14000 ft>/min
Pressure: 14.7 psia
Temperature: 100°F
Delta P: -7 psi

Service Conditions (maximum conditions
in SRVDL at VB location):

Pressure: 500 psig
Temperature: 470°F
Cvcles: 5000
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2. SUMMARY OF PRINCIPAL OBSERVATIONS

2.1 HYDRODYNAMIC

2.1.1 Internal Pressure Loads in the SRVDL and Quencher
(Reference Subsection 6.3)

During Phase Il testing, the highest SRVDL pressure of 345 psia was meacurcd
at a point near the SFV. The maximum inte’nal quencher pressure of 677 psia
was measured in the conical transition section between the SRVDL and quencher.
Both of these pressures were recorded during CVA, WP, EWL tescs. A compsari-
son of these results with Phase 1 test results shows excellent repeatability
for tests with similar initial conditions. As ir Phase I the SRVDL and
quencher internal pressures tended to increase with increased initial water
leg volumes. MVA and LV tests resulted in maximum SRVDL and quencher pres-

sures similar to those observed during SVA and CVA tests.

The low reactor pressure (LP) tests resulted in lower SRVDL and quencher

internal yressures than the tests under full reactor pressure.

2.1.2 SRVDL Reflood Transient (Reference Subsection 6.4)

The reflood data of SRVDL A fruwm the Phase II testing confirmed findings of
the Phase I tests. Generz..,, the peak SRVDL reflood level was befween

1l and 5 feet above NWL. After the first excursior, the water level dropped
below NWL and remained there for the duration of the transient and osciliated

about an equilibrium point for 30 to 50 seconds.
Initial test conditions did not have any apparent effects on the reflood

transient, except in the LV tests where the equilibriva pyint seemed to be

below that for non-leaking valve tests.

2-1
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2,1.3 Suppression Pool Boundary Pressures Due to SRVDL Clearing
{R~ference subsection 6.3)

Results from bot the Phase I and . tests showed excellent repeatability of

the data for tests under siiilar initial conditions. The maximum positive

and negative pressuzes for any tests were 9.4 and -6.6 psid measured during a
CVA, HP, DWL (Valve U} - As in Phase I the CVA tests resulted in somewhat

higher boundary pressures than SVA tests. The maximum floor pressures (Sen-

sor P19) of 8.2 and -4.3 peid were measured during a CVA, HP, DWL test (Valve A),
43 compared to 5.0 and -4.0 psid for a SVA, CP, NWL test (Valve A). The maxi-
mum boundary pressures measured during a CVA, WP, EWL test were 5.4 and

=-3.9 psid.

LV tests had low positive boundary pressure peaks of 3.8 psid (maximum) on the
first actuation. The negative peaks, however, were within normal range

(=5.7 psid maximum). In LV, CVA tests the initial couditions did not differ
significantly from initial conditions for the non-leaking valve CVA tests

with the same initial pipe temperature. Consequently, the peak boundary
pressures were also similar,

MVA tests resulted in peak boundary pressures no higher than those measured

during SVA tests.

LP tests show that all boundary pressures obtaized under the reduced RPV

conditions were lower than those resulting from full reactor pressure tes-'s.

Th2 boundary pressure waveforms for all non-leaking valve t»sts observed during
hoth Phase I and Phase .. tests were characterized by one or two hizh frequency
(25 to 30 Hz) oscillations followed by four or five lower frequency oscilla-
tions in the 5 to 10 Hz range.

During the first actiation of the LV tests the initial pressure peaks were
followed by an oscillation of higher frequency than observed in non-leaking
valve tests (approximately 20 Hz). The CVAs of the LV tests, however,

exhibited the sam¢ waveform characteristics as the non-leaking valve cests.

2-2
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The MVA tests did not result in anmy significantly altered waveforms, although
most MVA test pressure histories were more irregular than those for the SVA
tests. The most conspicuous difference was in the energy content distribution
because some of the M'A tests had significant energy content in the 20 to 60 H:z
raoge, while their dominant frequencies were still 'n the 5 to 10 Hz range as
in SVA and CVA tests. Lower reactor pressures did not result in any change

to the boundary pressure oscillation frequenay.

2.1.4 SRVDL Clearing Loads on Submerged Structures (Reference Subsection 6.6)

The highest pressure difference of 4.8 psid measured across a submerged structure
was vrecorded during a SVA, CP, NWL test. With one exception, in everv tes:
the maximum pressure difference measured across any submerged structure was

less than the maximum positive boundary pressure.

2.1.5 Suppression Pool Boundarv Pressures Due to Steam Condensation
(Reference Subsection 6,7)

The maximum boundary pressure due to steam condensation observed during

any Phase II test with normal pool water temperature was 2,5 psid. The fre-
quency of oscillations ranged from 65 to 95 Hz. During the extended discharge test
the highest ieasured boundary pressures were 3.3 psid at a pool temperature of
95°F. The boundary pressure measurements tended to increase slightly with

pocl temperature. Also, the range of frequency oscillation was broader for the
extended dischavge test (50 to 125 Hz).

Lowar reactor pressures and steam flow rates produced lower steam condensation
loads. During the two lowest reactor pressure tests (50 and 100 psig),
intermittent condensation was observed after a brief period of smooth condensa-

tion. The maximum amplitude of the pressure oscillacions during intermittent
condensation was well below the may opum boundary pressures due to smooth

st-am condensation at full reactor pressure.
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2.2 QUENCHER STRUCTURAL RESPONSEZ (Refereac= Saction /)

All dynamic vibratory stresses measured on the wetwell SRV piping, quencher
hub, and quencher arms were less than 6200 psi. The maximum total stress,
including dvnamic vibratory stresses, weight stress and pressure stress was
less than 0 psi or two to three times less than Section III code allowable
for occasi ual load.

There were no significant differenc:s in measured stresses between the (SVA,
CP?, L) and (MVA, CP, NWL) tests. This indicates that blowdowns of quenchers
ad Jacent to quencher A, i{.e. quencher E, F, or U, resulted in negligible

dynamic stresses on quencher A.

The average stresses in the wetwell SRV discharge piping just above quencher A
for the (SVA, CP, NWL), (CVA, HP, DWL), (MVA, CPF, NWL) and (LV, SVA) tests
were 3220, 2910, 3110 and 3400 psi during water clearing, and 4160, 3070, 3490
and 3460 psi during air clearing.

Both air clearing and water clearing demonstrated about the same magnitude of
stresses in the quencher hub. Hub stresses during air clearing were primarily
due to a bending moment on the hub from loads imposed by the quencher arms.
Hub stresses during water clearing were primarily due to high pressures in
both the hub and the arms. The maximum messured stress was 4750 psi.

The ptessure peak vweasured in the quencher during water clearing did not
appear in the quencher hub stress measurements. This indicates that these
peaks are of such short duration they do not have sufficieat eLergy to stress
the hub,

The average water clearing thrust loads for the (SVA, CP, NWL), .CVA, HP, DWL)
(MVA, CP, NWL) and (LV, SVA) tests were 36 kips, 67 kips, 44 kips and 75 kips.

’

The linear thermal grs .ent stresses a’ the top and bottom of the quencher

arms were much nigher than at the quencher aim sides. After SRV closure
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reflood of cold water into the SKVDL did not cause any significant negative

linear thermal zradient stresses for the case studied.

Negligible responses were found in the wetwell SRVDL piping and all parts of
the quencher during discharges at reactor pressures below 100 psig. At pres-
sures above 100 psig, the responses were about in proportion to the pressures.
The extended discha:ze test did not result in any iacreased stresses due to
dynamic lcads, because all the peak stresses occurred within 0.6 sec after

SRV actuation.

2.3 CONTAINMENT DYNAMIC RESPONSE (Reference Section 8)

A significant scattering of data was observed for nearly identical SVA tests.
The coefficients of variation ranged ‘rom 13 percent on the basemat to 25

percent at the top of the biological shield wall.

Thae repeatability of the tests was proved by the observation that responses
from similar tests conducted during Phace I and Phase IT agreed reasonably

well in terms of magnitudes and frequency conten's.

Responses to subsequent actuations generally enveloped those of the first
actuations. Different structural modes were er-ited by the two types of

actuations.

The responses increased, relative to single valve actuations, wien multiple
valves were actuated. However, the increase was substantially less than

proportional to the number of valves actuated.
In multiple valve tests the responses were affected by the time phasing of
valve actuaticns, but the effect was small in consideration of the scattering

observed for identical single valve tests.

Leak‘ag valve first actuation tests generally gave higher responses than

SVA tests.

2-5/2=6
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3. TEST PLAN AND PROCEDURE

3.1 TEST PLAN

A matrix of the SRV tests conducted during January and February of 1979

(Phase II testing) is shown in Table 3-1. Phase II testing included single
vaive first actuation tests at normal and low reactor pressures, single valve
first and consecutive valve actuation tests with leaking and non-leaking SRVs,
and multiple valve actuation tests using two, three, four and eight va.ves.

A total of 533 tests were performed during the Phase II testing. The initial
conditions for each test are shown in Table 3-2. A classification and summary

of the tests according to their initial conditions is given as follows:

Number of tests

Test Condition performed

SVA, CP, NWL Valve A, normal reactor pressure 5
Valve A, low reactor pressure 6
Valve U, two VBs 1
Valve V, two VBs 1

CVA, W2, DWL Valve A 4
CVA, WP, EWL Valve A 1
CVA, HP, DWL Valve A 7

Valve U, two VBs 4
SVA, LV, DWL Valve A 5
CVA, LV, DWL Valve A 8
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Number of tests

Test Conditions performed
CP, NWL, ®VA valves A, F 2
Valves A, E  F 1
Valves A, E*, F, U 6
Valves B, C, D, L 1
Valves A**, B, D, H, K, L, R, V i
Total 53

Test conditions CP, WP and HP are qualitative descriptions of the SRV pipe
temperature prior to a given SRV actuation. CP indicates that the pipe was
cooled to the ambient temperature of the drywell/wetwell, which ranged from 85
to 100°F during the tests. WP indicates that one or two S5-second SRV actva-
tions, an equivalent of 5 to 10 seconds of steady steam flow, preceded the
test by less than 2 minutes and resulted in a pipe temperature between 100°
and 300°7, HP indicates that the test was preceded by a steam flow through
the SRVDL sufficient to heat the pipe to an average temperature above 300°F.
The average SRVDL temperature before each tast is given in Table 3-2.

All SRVDLs were equipped with two 10-inch vacuum breakers (VB). A typical
arrangement of two VBs on an SRVDL {3 shown in Figure 3-2. However, for the
test program one VB on line A was equipped with a butterfly valve to determine
the effect of variable VB size, and instrumented to measure air flow through
the VB. The other VB was blocked off as shown in the figure. The effective

area (A//E) of each VB as calculated from VB flow measurements was 0.24 ftz.

fable 3-3 lists the timing of the SRV openings (starts of the main disc move-
aent) for tha MVA tests. The times elapsed between subsequent SRV actuations
for CVA tests are listed in Table 3-1.

The duration of the valve actuations vari~. from 4 to 20 seconds with the
axception of Test 40 which had a total discharge tize of 13 winutes 7 seconds.
Table 3-1 gives the actual discharge time for each test.

*Test 45-2, Valve E leaking (as determined by in-plant temperature sensors
in the discharge line).
“*Devressed vater leg in SRVDL A due to some valve leakage.

3=2
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3.2 TEST PROCEDURE

All SRVs were actuated manually by cne to four persons. During each test run,
on-line real time data fro; approximately 40 of the 236 test channels were moni-
tored and evaluated. The brush recorder and reactor/plant data were reviewed
after each test run for acceptability, and used as input for subsequent test
planning.

3.2.1. Control of SRVDL Water Level

Previous experience with other in-plant SRV tests has shown that the SRVDL
water level stabilizes below normal level after SRV closure due to excess
air drawn it through the VB. An air bleed vent was installed on each SRVDL
to ensure that the water level returned to normal level prior tec each first
., actuation test. However, during the leaking valve tests the water level
remained depressed even when the air bleed system was used. A schematic of

the air bleed svstem is shown in Figure 3-1.

Prior to start of each first actuation (SVA or MVA) test, the air bleed system
was operated for 5 minutes and closed 5 to 10 minutes before the start of
testing. This system, however, was not operated between consecutive valve
actuations, because this would not have been typical of a normal plant operation
and would have also precluded an accurate measurement of the air volume in the
discharge line. In the CVA tests the time intervals between actuaticns were
predetermined from the reflood plots to establish the desired water level in

the SRVDL, 1i.e. DWL, NWL or EWL.

3.2.2 Single Valve Tests

3.2.2.1 First Actuations

After verifying that all initial condition requirements were satisfied and
communication had been established between the control rocm and the recording
stations, the steady state data was collected. The actual test started with
a 5-minute countdown. When the count reached 10 seconds all recording equip-

ment was started, and the valve actuated at time zero. The valve was kept

3=3
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open for a predetermined time and then closed. Reactor/plant data was recorded
for at least 60 seconds, and structural and aydrodynamic data was recorded for

at least 90 seconds following valve closvre.

3.2.2.2 Corsecutive Actuations

CVA tests were conducted in the same manner as the SVAs, except the valve
was reopened after initial closure at various time intervals as specified in
the test matrix (see Table 3-1) to attain the required water level in the
SRVDL. Each CVA test series consisted of a first actuation followed by four
subsequent valve openings. The reactor/plant data and structural and hydro-
dynamic data were recorded for 90 seconds after the final valve actuation in

each test series.

3.2.3 Multiple Valve Tests

MVA tests were2 performed in much the same way as the SVA tests, except

that one to four operators manually actuated the valves depending on the
oumber of valves to be opened for any particular test., Each operator was
responsible for actuating a maximum of cwo valves. Because synchronization
depended upon the operators' skill and timing, many dry runs were performed.
In every MVA test where data on the SRV main disc movement was available all
the initial SRV main disc movements started within a time span of 0.15 second
or less. In those tests where this data was not available, the maximum time
lag between the valve actuation switch signals was 0.222 second. The exact
timing sequence of the valve openings is given in Table 3-3. The valves were
closed individually at approximately S5-second intervals. The recording of
reactor/plant, structural and hydrodynamic data continued for at least

30 seconds after the last valve was closed.

3.2.4 Leaking Valve Tests

Following Test 2305 the outside pipe temperature measured by Sensor T2l immed-

iately downstream of the SRV would nct decrease below 220°F. Usually after the
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normal 4 to 5 hour period between tests the temperature returned to 100 to
110°F. T .is high steady state pipe temperature indicated that steam was leaking
through the SRV, The decision was made to proceed with the optional leaking

valve tests as part of the test program.

The SRVDL air bleed system described in Paragraph 3.2.1 was used prior to SRV
actuation for Tests 41 through 43. In spite of this, the water was depressed
to a level between Sensors L9 and L6 (2.8 to 8 ft below NWL) prior r each of
these leaking valve tests. Test 440i was conducted without activating the air
bleed system before the test to simulate the effect a leaking SRV would
actually have during plant operation. Upon completion of the leaking valve

tests the SRV seat was lapped and the normal test program resu. 2d.

3.2.5 Low Pressure Tests

The low pressure tests are considered a part of the SVA tests described in
Subparagraph 3.2.2.1, the only difference being the lower reactor operating
pressure. These tests were performed to determine the dependence of the con-

tainment and SRVDL pressures on the reactor pressure during SRV discharge.

3.2.6 Extended Discharge Test

The procedure for the extended discharge test required ccoling the suppres-

sion pool water to a temperature of 60°F using both loops of the RI'R svstem.

The test was initiated about 4 hours after both loops had been turmed off.
The SRv remained open for 13 minutes and 7 seconds at which time the highest

in-plant suppression pool temperature sensor measurement was 101.5°F.

Reactor/plant data was recorded for 90 seconds following valve closure. Record-
ing of structural and hydrodynamic data was terminated 60 seconds after valve
opening, and resumed again for approximately 90 seconds at the end of the test.
Pool temperature measurements including those made by plant instrumentation
were recorded during the entire test and for 20 minutes following SRV closure.

The results of this test will be documented in a separate report.
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3.3 ACCEPTANCE LEVEL CRITERIA

Plant safety wai the primary consideration governing the performance of the
Caorso test program. Assurance of plant operating conditions being main-
tained within safe limits during testing was controlled by key measurement
points selected to constantly monitor for Level 1 and Level 2 acceptance

criteris. Explanations of these criteria are given in Subsection 3.2 of the
Phase 1 Test Repcrt.*

A summary of the Level 1 and Level 2 criteria established for the Phase II
tests is given in Table 3-4.

*G.M. Bjorkquist et al., "Caorso SRV Discharge Tests Phase I Test Report,"
NEDE-25100-P, May 1979.
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Reactor Approximate
Test Pipe Temperature, Pressure Discharge
Test? Type Valve Water Level (psig) lime (sec)
22401 SVA u CP,NWLD 982 20
22402 CVA U WP, DWL 982 5
22403 CVA U HP , DWL 982 5
22404 CVA v HP, DWL 982 :
22405 CVA U HP, DWL 932 5
2301 SVA A CP,NWLP 980 5
2302 Ca 3 WP, DKL 980 5
2363 CVA A WP, DWL 980 5
2304 CVA A HP, DUL 980 5
2305 CVA A HP , DWL 980 5
2311 SVA A CP,NWLD 977 4
2312 cVA A WP, EWL 977 5
2313 CVA A HP, DWL 977 5
2314 CVA A HE , DWL 977 5
2315 ovaA A 1P, DWL 977 5
2321 SVA A CP,NWLDP 967 20
2322 CVA A HP, DWL 967 5
2323 CVA A HP, DWL 967 5
2324 CVA A HP, DWL 967 3
2325 CVA A HP  DWL 967 5
2% MVA AF cP, L) 982 5,10
25 MVA AF CP, ML 977 5,10
26 MVA AE,F CP, ML) 973 5,10,15
27 MVA AE,F,U CP,NVL 969 5,10,15,20
28 MVA AE,F,U CP,NVL) 970 5,10,15,20
29 MVA AE,F,U CP,NUL, 970 5,10,15,20
30 MVA AE,F,U CP, WL, 980 5,16,15,20
45-1 MVA AE,F,U CP,NWL 980 5,10,15,20
45=2 MVA AE,F,U CP, N} 382 5,10,15,20
31 MVA B,C,D,L CP,NWL 985 5,10,15,20
32 MVA A,B,D,H
K,L,R,V cp, b 973 20
33 SVA A cP,NWLD 50 20
34 SVA A cp NP 100 20
35 SVA A cv,NWLP 215 20
36 SVA A cp, NP 400 20
37 SVA A CP,NWL? 601 20
38 SVA A cp, MWL 802 20
39 SVA A CP,NwLD 977 20
40 SVA A cp,NwLP 975 787
41 SVA A wp, pwi.P 476 5
42 SVA A WP, pwL.? 977 5
; 43 SVA A WP, DWL? 980 5
]



Valve On
G ime
Date (ar:imin:sec)

1/20/79 13:51:47
1/20/79 13:572122
1/20/79 131524

1/20/79 13:53:02
1/20/79 353222
1/20/70 18:48:00
1/20/79 18:48:20
1/20/79 15:48:40
1720/79 [8:49:00
1/20/79 18:49:20
1/26/79 19:33;14
1/26/79 19:33:21
1/26/79 19:33:28
1/26/79 19:33:35
1/26/79 % 33143
¥722119 00D:42:00
1/27/79 00:42:35
1/27/79 00:42:55
1/271179 00:43:15
1/27/79 00:43:35
1/26/79 12:46:3)
1/30/79 13:58:41
1/30/79 202243 24
1/31/79 00:28:20
1731779 15124228
/31779 19:23: 50
2117179 09:56: 00
2/1/79 L5 100:04
2/1/79 19:51:20
2/3/79 23:42:06
272779 12:10:00
1724779 6345121
1/24/79 3:39:31
1/24/79 00:06:00
1/23/79 19:45:00
1/23/79 1521743
1:23/79 10:19:20
1/17/79 19:44:13
2/3/79 11:35:00
1721779 11:22:5]
1121779 17:22:06
2121779 21:36:00

CVA Vilve
Closed Time
(sec)

L5
15
15
15 = .
15
15
15

—
(1]

el i B VI CS0N SCUN OV |

WML W N

Two 10=in.
in use on SRVDL U

Short valve
closed time

Table 3-1

NEDO-24757

"AORSO PHASE 1I SRV TEST MATRIX

Lomment s

vacuyum breakers

Both valves opened within 8 ms

3 valves
4 valves
4 valves
5 valves
tlves
valves
valves
valves

&

I S8

8 valves actuated within 222 ms, Valve A leaking

Low
Low
Low
Low
I v
Low

Extended discharge test

Vi

reactor
reactor
reactor
reactor
reactor
reactor

opened
opened
opened
opéened
apened
Opcned
opened
actuated

pressure
pressure
pressure
pressure
pressure
pressure

Valve A leaking
Valve A leaking
Valve A leaking

within
within
within
within
within
within
within
within

10
[
Hi
25
80
18

92

6 ms
0 ms
ms
ms
ms
ms

ms, Valve E leakingt

116 ms

3-7
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Reactor

Test Pipe Temperature, Pressure

Test? Type Valve Water Level (psig)
4401 SVA A WP, DWL 967
4402 CVA A WP, DWL 967
4403 CVA A HP , DWL 967
4404 CVA A HP , DWL v67
4405 CVA A HP , DWL 967
4401F SVA A NA, DUL, 979
4402F  CVA A NA, DWL 979
4403F CVA A HP DUL 979
4404F CVA A HP , DWL 979
46405F CVA A 0P, DWL 979
501X SVA v CP,NKLY NA

gy

F" indicates tests where incomplete data was gathered
SRVDL bleed system employed prior to test

All SRV lines equipped with two 10-in. vacuum breakers.
However, one vacuum breaker on SRVDL A was blocked ofif
during testing.

Leakage from Valve E was determined by discharge line
in-plant temperature sensor,

NA = Data not available.

b

o I e e e S









Drywell/
- Wetwell
 Pressure
Difference
(psid)

=£).01
~{), (i
~0.01
=0.01
=001

=001
={}. 01
=0.01
=0 .01
=0,01

=0.01
=0.01
~-0.01
=0.0]1
=0} .01

=1 .0]
-0.01
=0.01
-0.01
=1, 01
={.01
-0.01
=0, 01
~0.01
=0.01
=0 .01
=(.01
-0|01

=0.01

Tatal
Pipe

Pressure

2

&5
NA
XA
NA
NA

b2
15,06
17.90
18,70
19,20

14.92
NA
NA
NA
NA

14,94
19.45
19.85
19.99
1939
14,92
14:.9%
1591
1492
14,90
1%.93
15.S2
1492
14.95

14.91

(psia)

SRV
Steam Flow
Rate

(1bm/sec)

— bt

o 1 B b B

-

o o e B 12

237,228,242

336,227,241,209"
236,227,241, 209"
336,227,241, 200"
738,230,256, 211"
224,225,248, 238

237,221;245,242
234,230,242,243

b2

Valve(s)

U
u
U
L]

P T (=1

b R

b i ol

ALF
AL F
AEF
ALE,F,U
AJE.F,U

A EsF D

INITTAL TEST CONDITTIONS

NEDO-24757

Table 3-2

Vaive
Reactor Opening
Pressure Timet
_fpﬁig) (mqjk
982 42
982 40
982 42
gs2 wh
982 W3
G930 56
QSU G40
950 Wh
GE( S0
980 50
977 45
a77 45
877 53
977 45
a77 49
967 43
Q67 40
bh7 92
g67 Y
G957 52
. PR
982 'U‘ 4n
; f
475 ih o NA
973 56,60, 56°
i
969 5&.5&,32.38»
470 52, 50, 9k, 35
¢
970 bil, 6l 61,47
980 48,55,60, 38
9835 NA
973 NA
50 NA




’
]
’
i Pool
Average Steam Water Temperature
Pipe SRVDL Partial Leg at Quencher Drvwell
Temperature Air Mass Pressure Length Clevation Pressure
Test (°F) (1bm) (pr"a) (ft) (°F) (psia)
34 91 4.63 0.73 1 81 14.91
35 89 4.65 DL€ |\ 81 14,88
36 90 4.64% 0.70 277 81 14.89
37 90 4.66 0.69 i iy 82 14.91
38 90 4.64 0.70 1 L7 81 14.89
39 2 4.75 0. 53 17.7 80 14 .86
46 84 4.73 0.58 Sy 59 1%.90
4 217 0.26 16.21 12.5 80 1%.92
42 218 0.03 16-. 53 13:3 80 14,92
43 218 0.04 16.53 13.6 80 14.92
4401F NA NA NA NA NA NA
4402F Na NA NA NA NA NA
4403F 326 NA NA 5. 86 14.95
4404F 345 NA NA 5.5 86 14.95
4405F 353 NA NA 5.3 36 14.95
4401 218 0,18 16.53 12.5 81 14.95
5402 286 2.10 11.27 3.7 82 14.95
4403 331 2.30 9.88 6.9 B 15.95
4404 347 2,30 8.7 8.3 88 14.95
4405 357 2.30 3.46 Q:2 88 1%.95
45-1" 92 4.70 0.51 17.7 80 14.92
45-2° 93 4.60 0.77 17.7 80 14.93
501xP NA NA NA NA NA NA
%




Drowell/

Wetwell Total

Pressure Pipe

Difference Pressure
fpsid) (psia)
-0.01 14.91
~0.01] 1% B8
=0, 01 14,89
~0.01 14,91
-0,01 14.89
-{.01 14.86
=0.01 14.90
-0.01 1217
-0.01 16.64
-0.01 16.68
NA NA
NA NA
- .0 20,18
~0.01 19.18
-0.01 19.38
-0.,01 17.18
-0, 01 19.32
-0.01 19.22
-0.01 18.32
~0.01 18.29
-0.01 14.92
=01 14.93
NA NA

SRV

Stear Flow

Rate

97
i46
195
238
237
237
237
238
238
238
238

238
238

235
235
235
235
235

(1hm/ 59(5)

f

238,230,240,209

239,230:2
NA

’
44,2

0o’

Table 3-~2

INITTAL TEST CONDITIONS (Continued

Valve s)

= P B 2 >

A

b 2

i i~ >

e

23 2 2

AvEE U
R EsF, U
&!

Valve
Reactor Opening
Pressure Timge

‘asig) (ms)
100 NA

200 «NA

LS00 NA

611 NA

S04 A

4977 309

975 30

976 NA

977 HA

Y480 NA

979 A

974 NA

979 A

979 NA

q79 NA

967 IRA

967 NA

967 NA

967 NA

96 7 NA

980 46,50, 50, 55"
g2 40,41,48, 42"
NA NA

'
i
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Table 3-2
INITIAL TEST CONDITIONS (Continued)

The methods of obtaining initial conditions are explained in the Phase I Test
Feport, Appendix D, For LV, first actuations, saturated steam at average
temperature in the SRVDL was assumed.

a,

Tests 22A01 through 22A05 were performed on Valve U. Except for the SRV
flowrate, the initial conditions for SRVDL U prior to Test 22A0l1 were
obtained by detarmining the initial conditions for SRVDL A because SRVDL U
was not instrumented. The ini*ial conditiomns for Tests 22A02 through 22A05
were incomplete as the necessa:v <3ta was not available.

Initial conditicas indicated are for Valv: A only. Except for steam flow
rates, and valv. opening times, other conditions are Jependent on line
geometry and since all 1 nes had similar geometries, they all had similar
initial conditioms.

The initial zonditions are those of Valve A. Although A was not actuated it
was assumed that the initial conditions for Valve A were similar vo those
in the other valves. The SRV flow rates are for the indicated valves.

The values in parentheses are the initial corditions for Valve A only.
Teaperature readings indicated there was some leakage in the valve. The
other initial conditions shown - not in parentheses - were determined by
the method used for Test 22A01.

Valve opening time is defined as time elapsed be:ween the start of the main
disc movement and the fully cpen position. Sensor VAP (SRV A position
indicator) was used to determine the times.

Order shown corresponds to the order given under "valve(s)."

Water leg length is defined as the distance between the initial gas/water inter-
face and the X-quencher arms centerline.

Test 5C1X was performed on Valve V whose SRVDL and quencher were not
instrumented. Only the containmen: pressure an¢ temperature histories
are available from this test.

- Data not available

3-11
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Table 3-3

TIMING* OF VALVE OPENIMGS DURING THE MULTIPLE
VALVE ACTUATION TESTS

(All Values in Milliseconds)

Safecy Reliel "alve Time Lag Between
First and Last SRV
Test No. A B CD E F H K L R U vV Actuated

24 0 = = -« = 8 = = = - - - 8
25%% 22 - - - - 0 = = = =« = = 22
26 0 - = = 106 106 - = = - - . 106
27 0 - = =11 115 - - - - 150 150
28 0 = = = 40 40 - - - - 80 60
29 0 = = = 0 0 = = = =« 25 25
30 80 - - = 70 0 = = - = 0 80
45-1 18 = = « 10 4 - = - - 0 18
45-2 0 = = = 35 92 - - - - 82 92
31%% - 87 0 52 - - = = 116 = - = 116
32%% 222 61 - 68 - - 06919 6 - 111 222

*The valve actuated first (first to move main disc) in any given test has
a zero time assigned to {it.

**Only time between actuations of SRV operation switch was available {or
this test.

3-12



Measurement

SRV discharge pressure, pT25%
Quencher pressure, P>

Containment response:
Reactor flange, AlZ
Reactor pedestal, A3Z
Reactor pedestal, A4Z

Quencher inlet nozzle dynamic

stress, SG33, SG35 and SG36

Quencher arm dynamic stress
Arm top and bottom, SG2/6
Arm sides, SG4/8

Containment floor liner

strains
SG44A
SG46A

Containment wall liner

strain
SG48A

Dc mcomer vent strain
8GS1/52
8§G52/54

NEDO-24757

Table 3-4
CAORSO TEST SENSORS SELECTED FOR LEVEL CRITERIA MONITORING

Level 1
Criteria

625 psig

890 psig

Sensor failed.

Sensor failed.

0.55g

17320 psi

31800 psi
31800 psi

2500 us
2500 us

1000 us

1100 us
1100 us

Level 2
Criteria

550 psig

535 psig

Maximum
Measured
Value

330 psig

662 psig

Backup sensor A42 used.

Backup sensor A42 used.

0.44g

11160 psi

25380 psi
25380 psi

1100 us
1500 us

250 us

70 us
70 us

0.033g

6700 psi

NAb

50 us®
80 us

20 us

59 us
59 usc

‘Subscqunnt to the Phase I tests it was determines that the sensor originally

specified for SRVDL pressure monitoring was giving erroneous readings.

sor PT25 was used as backup during the Phase II tests.

Not available. Review of SG2/6 and SG4/8 data after the conclusion of test-
ing indicated the readiugs were inaccurate.

b

cRﬁ:l time data.

3-13
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220 VAC
SOURCE
S0 M2 —\
MANUAL SWITCH
! IN CONTROL ROOM
e - - 5 = ?;NTMW!NT WALL' o
-1 |
SRV A"
1
; " G s VENT TO
f DRYWELL
3-4?-4;-» -De - @,_ML_, @_
B
.. -
~ SOLENOID
D} ¢ et @ s VALVE
TYPICAL
| NORMA LY
;& CLOSED

r

Z SAFETY RELIEF (SRV) PIPE (VALVE A IN DRYWELL (TYPICAL)
§ fout (MINIMUM) DOWNSTREAM OF SRV

Figure 3-1. SRV Discharge Line Air Bleed System

Schematic Ciagram
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4. DATA ACQUISITION SYSTEM

4.1 INTRODUCTION

A total of 236 signal channels were used to collect test data during the Caorso
test program. In order to accommodate both this volume of data and the fre-
Guancy resolution requirements placed on the instruments, the PCM system was
selected for reading the output of the individual sensors and storing the
information on magnetic tapes for further processing. A description of this

system is given in Subsection 4.1 of the Phase I Test Report.

4.2 -7 SENSORS

A complete list of the 186 sensors installed at Caorso is given in Table 4-1
with references to Figures 4-2 through 4-22 showing their locations. Specifica-
tions for these sensors are given in Appencix A of the Phase I Test Report.
Figure 4-1 shows quencher locatioms in the suppression pool. Figure 4=23 is

a detailed illustration of SRVDL U.

As noted in Table 4-1, several sensors failed before or during testing.
However, the basic objectives of the tests were not compromised in any of

these cases because:

& There were sufficient direct or indirect backups to the failed
se. sors.

b. The data to have been obtained for these sensors wvere of a secondary
nature,

o Sufficient data were obtained prior to the sensor failure.

The alternative applicable in each case is specified in Table &4=-1..

b=1
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4.3 DATA ERROR ANALYSIS

In assessing the quality of the data obtained from the Caorso tests, a data
accuracy evaluation was performed on the data acquisition system from the sen-
sors to the final system output (engineering computer plots). The results of
the ~omplete evaluation performed on the data acquisition system and the

Phase I test data are reported in Appendix B of the Phase I Test Report.

In assessing the applicability of the data accuracy evaluation results to the
Phase II test data, evaluations were made of statistical samples of test data
from the Phase II tests. The results of these evaluations show that the end-
to-end accuracies reported in tiie Phase I Test Report are also valid for the
Phase II tests. Although soma measurements were of greater magnitude in
Phase II than the corresponding measurements in Phase I, the increase ¢id not
result in any significant accuracy differences. The report on the results of

the evaluations performed in the Phase II test data is included in Appendix B.

4=2
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Sensor
ge,_si_!.gﬁat fon

Pl

P2
P3

P4
PS
P6

P7

P8
P9

P10
Pl
P12

P13

Ty|_)e

Pressure transducer

Pressure transducer
Pressure transducer

Pressure transducer
Pressure transducer

Pressure transducer
Pressure transducer

Pressure transducer

Pressure transducer
Pressure transducer
Pressure transducer
Pressure transduccr

Pressure transducer

Table 4-1

CAORSO TEST SENSORS

Location

Inside

Inside

Inside

Inside
Inside

Inside
arm

Inside

nside

SRVDL A

SRVDL A

SRVDL A

SRVDL A

quencher A

quencher A

L

SRVDL A

SRVDL A

On suppression

wall

On suppression

wall

On suppression

wall

On suppression

wall

pool

pool

pool

pool

At Intersection of
suppression pool
wall and floor

Reference

Tigure

4-7

4-7, 4-8
4-7, 4-8
4-7, 4-8

4-2, 4-3

4-2, 4-3

4-2, 4-3

4-2, 4-3

4-2, 4-3

Remarks

Failed during Test 4 of Phase 1.
Comparison of Pl and PT25 for the

first three Phase 1 tests showed suf-

ficlent consistency that PT25 was
acceptable as a backup.

Failed prior to start of testing.
Intended as backup to Pl.

Failed during Test 4 of Phase 1.
P55 used as backvp.

Falled prior to start of testing.
used as backup.

Failed prior to start of testing.
P9, P13, Pl4 used as {fudirect
backups.

P4

L{SL%T~-0Q3N
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Sensor
Qeg!gyntlon

Pl4

P15

P16

P17

ris

P19

P20

P21

r22, P52

P23

P24, P53

Type

Pressure

Pressure

Pressure

Pressure

Prossure

Pressure

Pressure

Pressure

Fressnre

Pressure

Pressure

transducer

transducer

transducer

transducer

transducer

transducer

transducer

transducer

transducer

transducer

transducer

Table 4-1

CAORSO TEST SENSORS (Continued)

Location

On suppression
wall

On suppression
wall

On suppression
wall

On suppression
wall

On suppression
wall

On suppression
floor

On suppression
floor

On suppression
floor

Outside of
quencher A arm

On suppression
floor

Outside of
quencher F arm

pool

pool

poot

poo’

pool

pool

pool

pool

pool

Reference
Flgure

4-2, 4-3
4-2, 4-3
4-2, 4-3
4-2, 4-3

4-2, 4-3

4-2

4-2

4-2

4-2

Remarks

Falled prior to start of testing.
P15 was used as indirect backup.

Fatled during Test 11 of Phase 1.
P15, P17 used as indirect backups.

fallad prior to start of testing.
P19, P42 used as indirect backups.

Failed prior to start of testing.
P19, P35 used as indirect vackups.

Sensors located in area of high
vibration and appeared to show an
acceleration response of the sensor
diaphragm.

LSL{vT-0A2N
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Sensor

Deslgnat fon

P25

P26
P27
P28
P29
P30
P31
P32
Pi3
P34
P35

P36

P37

P38

P39
P40
P4l
P42

Type

Pressure transducer

{'ressure transducer
Pressure transdacer
Pressure transducer
Pressure transducer
Pressure transducer
Pressure transducer
Pressure transducer
Pressure transducer
Pressure transducer

Pressure transducer

Fressure transducer

Pressure transducer

Pressure transducer

Pressure transducer
Piessure transducer
Pressure transducer

Pressure transducer

Table 4-1

CAORSO TEST SENSORS (Continued)

focation

On suppression pool
floor

pedestal wall
redestal wall
pedestal wall
pedestal wall
pedestal wall
pedestal wall
pedestal wall
dowecomer vent 9

downcomer vent 9

F 8§88 855758 °%8

suppresslon pool
floor

On suppressic  pool
floor

On suppression pool
floor

On suppression pool
floor

On column
On column

On column

~NON NN

On cofumn

Reference
Filgure . !e-arti
4-2 -
4-2, 4-3 -
4-2, 4-) -
- -33
Sile, 23 Failed prior to start of testing.
4-2, 4-3 P31, P32, P27 used as backups.
4-2, 4-3
4-2, 4-3 -
4-2, 4-3 -
4-2, 4-4 -
4-2, 4-4 -
4-2 -
4-2 -
4-2 -
4-2 Fatled before Test 22A01., P36, P
and P51 used as Indirect backups.
4-2, 4-4 -
4=~b, 4-4 -
4-2, 4-4 -
h=2, 4-4 -

LSL%T~0QaN
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Sensor
Destignation

P43
P44
P45
P46
P&?
129}
r4a9
P50
P51

PS4
PSS

P56

P57

Type

Pressure transducer
Pressure transducer
Flow probe pressure

transducer

Flow probe pressure
transducer

Flow probe pressure
transducer

Pressure transducer
Pressure transducer
Pressure transducer

Pressure transducer

Pressure trarsducers

Pressure transducer

Pressure transducer

Pressure transducer

Table 4-1

CAORSO TEST SENSORS (Continued)

Locat fon

Upstream of
quencher A VH

Upstream of
quencher A VB

In suppression pool
In suppression pool
In suppression pool

Inside quencher A
pedestal

Inside quencher A
pedestal

On suppression pool
tloor

On sappression pool
floor

Inside SRVDL A
Inside SRVDL A

On suppression pool
floor

On suppression pool

Reference
Flgure

4-17

4-17

4-6

4 6

4-6

. =3

4-5

4-2

4-2

4-2

4-2

Remarks

Falled prior to start of testing.
P44 used as backup.

Sensors located In areas of high
vibration and appeared to show
acceleration response of sensor
diaphragm.

Falled before Test 22A01. P54
nsed as indirect backup.

Falled before Test 22A01. P50
used as indirect backup.

Falled before Test 22401, P51
used as indirect baciup,
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Sensor

Designat fon

P25
71

T2

E &

T4

5

T

T8

T9

T10

Ti2

T13

T4

Type

Pressure transducer

Resistance tempera-
ture detector

Resistance tempera-
ture detector

Resistance tempera-
ture detector

Resistance tempera-
ture detector

Resistance tempera-
ture dete~tor

Reslstance tempera-
ture detector

Resistance tempera-
ture detector

Resistance tempera-
ture detector

Resistance tempera-
ture detector

Resistance tompera-
ture detector

Resistance tempera-
ture detecton

Resistance tempera-
ture Jetector

Resistance tempera-
ture detector

Table 41
CAORSO TEST SENSORS (Cont inued)

lLocation

Inside
Iinside

Inside

Inside

Inside

Inside

Inside
arm

Ins {de
arm

Inside
arm

Instide
arm

SRVDL A
SRVDL A

SRVDL A

SRVDL A

SRVLL A

quencher

quencher

quencher

quencher

quencher

In suppression

In suppression

In suppresslion

In suppression

A

A

pool

pool

pool

pool

Reference
Flgure

4-1
4-9

4-9
4-9
4-9
4-9, 4-10

4-9, 4-10,
4-11

4-9, 4-10,
4-11

4-9, 4-10,
4-11

49, 4-10,
el

4-16

4-16

Renarks

Falled during Test 12 of Phase 1.
T21, T24 used as indirect backups.

Falled during Test 22 of Phase 1.
T21, T24 used as indirect backups.

Falled during Test 22 of Phase 1.
T5 used as Indirvect backup.

Fatled prior to start of testing.
T8 used as backup.

Falled during Test 22A01.
as backup.

T9 used

LSLYT-0a3N
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Sergor
Deslignation

Ll
L2

L3
L4
L5
L6
L7
L8

L9

L10
L1l
L12
TL6

LVDT1

LVDT2

Level

Level

Level
1~ el
Level
Level
Level

Level

Level
Level
Level
Level

Level

Type
probes

probes

probes
probes
probes
probes
probes

probes

probes
probes
probes
probes

prokes

Displacement
sensors

Displacement
sensors

CAORSO TEST SENSORS (Continued)

Table 4-1

Locat fon

Inside

Inside

Inside
Inside
Inside
Inside
Inside

Inside
arm

Inside
Inside
Inside
Inside

Inside
arm

SRVDL A
SRVDL A

SRVDL
SRVDL
SRVDL
SKVDL
SRVDL A

> > > >

quencher A

SRVD! A
SRVDL A
SRVDL A
SRVDL A

quencher A

On quencher A
pedestal

Ov. quencher 2
pedestal

Reference

e

4-12,
4-12,

4-12,
4-12,
4-12,
4-12,
4-12,
4-12,

4-12,
4-12
4-12
4-12,
4-12,

4-13
4-11

4-13
4-13
4-13
4-13
4-13
4-13

4-13

4-13
4-13

Remarks

Operable only during Tests 4 and
501-505 of Phase 1.
127 used as Indirect backups.

L1, L3 and

Falled prior to start o! ‘esting.
T8, T9 and T10 used as indirect

backups.

Fatled prior to start of testing.
Data to have been obtained woo 1
be of secondary importance.
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Sensor
Designation

————

A8

A9

AlO

All

Al2

Al3

Al4

AlS

Al6

Al7

Al8

) ;-]

Triaxial
accelerometer

Triaxial
accelerometer

Triaxial
accelerometer

Triaxial
accelerometer

Blaxial
accelerometer

Unfaxlial
accelerometer

Untaxrlal
acceierometer

Triaxial
accelerometer

Blaxial
accelerumeter

Blaxial
accelerometer

Blaxial
accelerometer

Table 4-.

CAORSO TEST SENSORS (Continued)

i e

On pedestal! wall

On suppression pool
floor

On suppression pool
floor

On RPV at flange

On contalnment wall
in drywell

On basemat betwsen
primary and secon-
dary containments

On basemat between
primary and secon-
dary contalnments

On quencher A hub
On quencher A hub

On end of quencher
A arm

On end of quencher
A arm

Reference
Filgure

4-14, 4-15
4-14, 4-15
4-14, 4-15

L-14, 4-15

4-14, 4-15

4-14, 4-15

4-14, 4-15

Rena(ks

Range of all 3 axes saturated for
all Phase 1 tests. A4 used as
backup. Vertical axis was cor-
rected for Phase Il tests. The
correction for the other two axis
was not successful,
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Sensot
Designat fon

5G20/24

5G26/30

SG28/32

5G33

SG34

S5G35

5636

5G137

SG38

SG39

SG40

SG41

5G42

Type
Straln gage bridge

Strain gage bridge
Strain gage bridge

Unfaxfal straln
gage
Unfaxial strain
gage

Unfaxial strain
page
Unfaxial strain
page
Unfaxial strain
gage
Unfaxial strain
gage
Unfaxfial straln
page
Imiaxial strain
pape

Strailn rosette

Straln rosette

Table 4-1
CAORSO TEST SENSORS (Continued)

Locat {on

On quencher arm
On quencher arm
On quencher arm

SRVDL A at
quencher inlet

SRVDL A at
quencher inlet

SRVDL A at

quencher ‘nlec

SRVDL A at
quencher Inlet

On quencher A hub
On quencher A hub

On quencher A hub

On quencher A hub

On suppression pool

floor liner

On suppression pool

floor liner

Reference

4-18, 4-19

4-18, 4-19

4-18

4-18

4-18

4-18

4-21

Remarke

Two uniaxial strain gages coupled
to join a bending moment bridge.

Two uniaxial strain gages coupled
to join a bending moment bridge.

Two uniaxial strain gages coupled
to join a bending moment bridge.

-

Falled prior to start of testing.
$G33, SG35, SG36 used as indirect
backups.

LSL%T-0Q3N
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NOTE: All measurements are in feet 0
unless otherwise noted.

Figure 4~1. Caorso Quencher Locations
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4. SENSORS P12 14,16, 17,18

. SENSCHT PS0 AND P56 ON

HOTES:
1 ALL MEASUREMENTS ARE i INCHES
UNLESS OTHERWISE NOTED.

2. SENSORS P13, 19 23, 35 36
37, 50, 51, 56, 57 ON FLOUGR LINER.

VENT NO 1

ONZ

3. SENSORS P20, 21, 25 ON
PEDESTAL BASE AT EL
BB FT (39 20M)

AT EL 1355 FT (40 720M)
P16 #7 EL 141.7 FT (43.19M) P39,

40
6. SENSORS P22 24,62 53
2, 24, 82, COL.NO 7
ON QUENCH
QUENCHER AR SEE FIG. 45
FOR EL

STHAIGHT LINE CONNECTING
@ 's OF QUENCHEHRS "A" AND "E*

7. SENSORS P51 AND P57 ON STRAIGHT
LINE CONNECTING ¢ 's OF QUENCHERS
IIAIJ AND tau"

8. SENSORS P39 THRU P42 ON STRAIGHT

LINE CONNECTING ¢ 's OF QUENCHER “A™
AND COL. 7

9 SENSORS P33 AND P34 ON STRAIGHT
LINE CONNECTING ¢ 's OF QUENCHER “A™

AND DOWNCOMER VENT 9

180

e
P9, 10, 11,

12,13

P14

P15,16
P17
prg SEE FIG44

Flgure 4-2.

. EL 1335 FT
"T,_,.,, 70M)
\Q P3s

f 19 68

49 29 |
P35 3012
e |
\.1
COL.NO.8 LINER SEAMS

— l/1 SEE FIG. 422
P38 e

VENT NO. 9 A

P34 39.37

SEE FIG 45FOR EL
OF LENSORS

SEE FIG. 44

Pool Pressure Sensors

LSL7T-0Q3N
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180° I80°
(REF) (RFF)
{ EL 151.3 (46.10M!
| T——— pg | = = -_
. | P26
o . 3
! . . i
] |
: ' |
| ‘ | :
ad 2 z
22.68 | : ’ |
| - 20.89
| 20.94 b |
; | f , :57
| PIO | :'
B mm— B
| | | |
14,94 5 15.08
T T | _rzs
. | Pl "‘_—""
N A e ]
| .77 L | lio.0s
’ | ! l { ; 1
l | | | || EL133.5 (4070w S EL1337
l | | |19.97 ! | "\ | | | . (40.76M)
I' | { 1 ! ’ \ § |
| | | | !
1 | | N * | P28 P3I P32
l 1 ]| P12 | P14 PIS P17 PIB | | | PP
f S Ak e->—-90—-0—0 LT s
| : ‘ i -OIQJISIIT-O- ! ——:3,33;—-— ! ! | 3 | B ——— :
l | - | 3.28teetmm—3.19 | | ol [
! { ' | ! l | -
1 l ; 4.'95"1 :‘"0.656 I | i ‘ : P303 28_—
11 19 9173 roorizesmsaom g ¢ ¢ 135°
i
CONTAINMENT WALL PENESTAL

NOTE:

Figure 4=3.

All measurements are in feet
unless otherwise noted.

4-19

Pool Pressure Sensors on Containment
Wall and Pedestal (Detail;
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VENT
NO. S

EL 151.3 (46.10M)
WATER LEVEL

P38

THLT § o L, T
0
r
(@]

EL 1335 FT
(40.70M)

P33, P34
| P4 |
* | 5.1
l ‘tr EL 140.6 (42.60M)
| é
| |
| 7.65
1 8 :
E
942 \ ‘
TR O T
' f FLOOR
EL 128.6 (39.20M)

NOTE: All measurements are in feet
unless othervise noted.

Figure 4-4.

Downcomer Vent

4-=20

Pressure Sensors on Column and



NOTE:

NEDO~24757

180 ¢

1
|
N\ | ,/'
]
}

Pressure sensors to
read pressure within .
pedestal support.

)

i
hm':z B
;](0 h
<

Figure 4-5. Pressure Scrsors in Quencher A Support
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NO.3

NO.4

QUENCHER "A"™

COLUMN 8
ARM NO.I

NO.2

Flow probes located in vertical
VENT array midway between downcomer
NO.S vents with 3 sensing elements

pointing directly toward

Quencher A and 3 directly away

EL151.3FT (46.10M)
WATER LEVEL

® P45

181.33 NOTE: All measurements are in feet
unless otherwise noted.

f ® Pag

112.59

33.’28

1

FLOOR EL 128.6 FT (39.20M)

T_TP47
{
:
|

et
by —————— —

figure 4-6. Elevation of Flow Probes and
P?ressure Transducers Assembly
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67,65M)

VaCuum E> \—5.8 |
BREARER T\ '\( > 23.0
d/ & 1
EL 1§32 o ( !
(88.87M) |

V..
| ~d
l . va b EL 1813
9.9 ,//1f// - A
9. |
10.5

WATER LEVEL

(YACUUm
BREAKER
BLOCKED)

|

|

Pss)
' EL 1367 > ’~
~2 oy &

EL 133.8
(40,70M)

|
e.52

"

ye -

*LOUENCHER “a”

N

NOTE: All measurements are in feet
unless otherwise noted.

Figure 4=7. SRV A Discharge Line and Quencher
Configuration Pressure Sensors
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NO.2 NO.3
PS
P4
NO.4
Pe AR M
NO.!
P3
/ A\ e
PS \I— 1.96 !
/ :
¥ ARM NO. £ .\ /L; ARM N0.3 ;
‘ 4
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unless otherwise nored.

Figure 4-8. SRV A Discharge Line and Juencher Pressure
Sensors
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Figure 4-9 . SRV A Discharge Line and Quencher
Configuration Temperature Sensors
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Figure 4~10. SRV A Discharge Line and Quencher
Temperature Sensors
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QUENCHER ARM CROSS SECTION A-A
(SEE FIGURE 4-11)

Figure 4-11. Quencher A Arm No. ] Tempeérature Sensors
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Figure 4=12. SRV A Discharge Line and
Quencher Water Level Sensors
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Figure 4-13. Level Sensors-Section A-A
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NOTE:
1. Accelerometers have been rotated into plane of
paper (see Figure 4-15 for locatiocus).

2. All measurements are in feet
unless ctherwise noted

Figure 4-14. Containment Accelerometer Location
(View From 50° Azimuth)
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180

NOTE:

1. All measurements are in feet
unless otherwise noted.

2. Accelerometers elements X, Y and Z are oriented tangentially,
racially, and vertically to the pedestal wall, except Al3 and
Alé4 rhich are uniaxial accelerometers oriented vertically.

Figure 4-15. (Containment Accelerometers
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Figure 4-16. Pool Temperature Sensor Location
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NOTE: Vacuum breaker velve at elevation
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Figure 4~17. Vacuum Breaker Flow Measuring Probe
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unless otherwise noted.
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Pigure 4-18. Quencher A Strain Gages and Ancelerometers
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Figure 4-19 View of Fach Quencher Arm with Strain Gages and
Accelerometers - Looking Toward the Hub
(General Electric Company Proprietary)
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Figure 4-20, Strain Gage Locations on Downcomer Vents
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Figure 4-21. Pool Floor Liner Strain Gages and Accelerometers
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5. DATA REDUCTION

After the test data had been collected by the PCM data acquisition system,
the resulting data tapes required further reduction before the test data
engineering plots or data edits could be evaluated. A description of the
data reduction system and the various software programs comprising this sys-
tem is given in Section 5 of the Phase I Test Report.

5=1/5=2
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6. HYDRODYNAMIC PHENOMENA

6.1 INTRODUCTION

Emphasis during Phase II testing was on MVA tests, tests at low reactor
pressures, optional LV tests, and the extended discharge test.

The extended discharge test (Test 40) was performed to evaluate the thermal
mixing characteristics of the suppression pool. The results of this test

will be presented in a separate report. The SVA tests and CVA tests will

only be discussed briefly in this report as they are mostly reiterations from
the Phase I tests with exception of Test 501X in Phase II. This test involved
an actuation of Valve V located opposite to the instrumented SRVDL A in the
suppression pool.

Measurements recorded include SRVDL and quencher internal pressures and
temperatures, air flow through the vacuum breaker, SRV stroke time, water
reflood level iu the SRVDL following valve closure, suppression pool tem-
peratures and boundary pressures, and pressure differentials across submerged
structures.

A summary of the principal hydrodynamic data is presented in Table 6-1. The
maximum SRVDL pressures, quencher internal pressures and pocl boundary pressures
together with the means (;), standard deviations (s) and the ratios s/x are
tabulated for the various test conditions and selected sensors. As appropriate,
data frow both I'hase I and Phase II tests were used in the statistical calcu-
lations. The hydrodynamic data from all operative sensors and all tests in
Phase II ar= tabulated in Appendix B.

6.2 DATA REDUCTION AND EVALUATION METHODS

6.2.1 Data Sampling Rates

The data acquisition system used to record the hydrodvnamic data during the
Phase IT tests sampled and recorded data at one-millisecond intervals. Mos:

hydrodynamic data (e.g., SRV pipe and suppression pool pressures) were reduced

6-1
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at this rate. Any data that did not require as high a resolution (e.g., pipe
and suppression pool] temperature, and water level measurements) were reduced

at greater time intarvals.

6.2.2 Zero Shifts in Pressure Measurements

After completion of some test runs some pressure sensors did uot return to
their initial base value (zero signal). Such zero shifts are not caused by
the property being measured, but are attributable o possible changes in ground

potential and/or thermal effects on the pressure sensors.

The values for those sensors that did show some zero shift were read from the
data plots with an estimated zero reference point ar the approximate center of
the pressure cscillations. Those sensor readings basad on assumed zero
references are identified by an asterisk (*) in the pressure tabulations of

Appendix B together with an estimated uncertainty which was assumed equal to the
magnitude of the zero shift.

6.2.3 Manual Manipulation of SRV Pipe and Quencher Pressure Data .

The SRVDL pressure data recorded near the SRV contained high frequency oscilla-
tions (approximately 200 Hz) superimposed on the pressure transient. The peak
and steady state pressures reported for these sensors were read from the data

plots as mean values of these oscillations to obtain the bulk pressurization
of the line.

6.2.4 Filtcringﬁof Submcgggd Structures Pressure Data

High frequency osci. .tions were alsoc obsarved in pressure data for the
submerged structures. This was attributed to vibration of the structures

on which the pressure transducers were mounted. Frequencies of above 100 Hz
were filtered out to obtain the plot of the forcing function. This was for
sensor pairs P24-P53 and P33-P34.,
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6.3 SRV PIPE AND QUENCHER PRESSURE

6.3.1 Description of Phenomenon

Following SRV actuation, the pressure within the SRVDL increases. Pressuri-
zation continues until the inertia of the initial water slug located in the
submerged portion of the piping and quencher is overcome and the water and
air initially located in the SRVDL are cleared.

6.3.2 Instrumeniation and Test Data Summary

Nine pressure fransducers (Sensors Pl through P6, PT25, P54 and P55) were
installed on SRVDL A to measure pipe and quencher pressures during line
clearing and steady state steam flow. Locations of each sensor on the SRVDL

and quencher are shown in Figures 4-7 and 4-8.

Sensor P3 failed prior to testing, and Semsor P55 had. to be excluded because
its ambier: pressure reading was negative. Readings from Sensors Pl and P2
were «lso excluded from the results because thev showed more than 10 percent
calibration error during testing. The remaining sensors mounted on the SRVDL

provided adequate indirect data to compensate for these failed sensors.

Representative peak SRVDL and quencher pressures, the mean values, and standard
deviations if appropriate for the various test conditions are shown in

Table 6-1. The table also shows the result of both Phase I and Phase II

tests with equivalent conditions. Selected plots of the SRVDL and quencher
pressures from these tests are shown in Figures 6-1 through 6-3. The peak
pressures magnitudes measured by eacn sensor from every test are repcrted

in Appendix B.
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6.3.3 Results

The maximum pipe pressure measured during any test was 345 psia as recorded

by Senso: PT25 located 7 ft downstream from the SRV. Sensor PS5 measured

the maximum recorded quencher pressure of 677 psia. Both of these maximum
pressures were measured during Test 2312, a CVA, WP, EWL test. Generally,

this test had the maximum values for most sensors. As in the Phase I tests,
the SRVDL internal pressures tended to be higher with a higher in.tial water
leg. The dependency of the SRVDL pressure at PT25 and the quencher pressure

a. P53 on the reactor pressure is shown in Figure 6-4. Generally, both of these
pressures increased with increasing reactor pressure while none of the pressures
under LP conditions were higher than the corresponding pressure resulting from
a full reactor pressure test. The maximum SRVDL pressure recorded for all
first actuation tests of 315 psia was measured by PT25 during the two-valve
actuation Test 24. The maximum quencher pressure of 522 psia for all first
actuation tests was measured by Sensor PS5 during SVA Test 2301. The SRVDL

pressure did not appear to depend on the number of valves actuated or :the
amount of steam in the SRVDL prior to valve actuation in LV tests.

The SRV pipe and quencher pressures observed are consistent with the Phase I
test results, and confirm the findings from tests with similar initial condi-

tions. Also, the MVA and LV tests did not exhibit any major deviations from
the pattern.

Typical traces for Sensors PT25, PS5 and P65 (quencher arm pressure) from MVA,
LV, and LP tests are shown in Figures 6-1, 6-2 and 6-3. The SVA trace at
full reactor pressure is included for comparison.

6.4 SRVDL WATER REFLOOD

6.4.1 Description of Phenomenon

Following SRV closure, the pressure in the discharge line decreases and the
steam inside the line begins to condense as water rushes back into the quencher

and SRV line. This condensation rapidly reduces the pressure of the line
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even further, and draws in more water. Finally, the discharge line pressure
drops to a point where the discharge line vacuim breaker (VB) opens and
allows air to reenter the line causing more cundensation., The maximum
height to which the watef refloods the discharge line is dependent on vacuum
breaker dynamics and flow area, i.e. the amoun: of air which enters the dis-
charge line. Furthermore, the quencher volume minimizes the water level

overshoot by acting as a reservoir for the incoming water.

f 4.2 Instrumentation and Test Lata Summary

Conductivity probes and temperature sensors mounted on SRVDL A measured the
water level. Ten of the twelve conductivity probes (except Seasors L10 and
Lll) and temperature Sensors T3, T27 and T28 were used to measure the water

level in SRVDL A. Level Sensor L2 was inoperable during testing.

The conductivity probes reacted with a step change when the water rose or fell
past a probe location, and the temperature sensor reacted with a slope change.
To obtain a plot of the reflood transient, the time of sensor activation was
plotted against the conductivity probe height. Pressure Sensor P19 located
on the pool floor near quencher A was used in determining the time of valve
closure (t = 0 on the plot). The retura of the pressure at Sensor Pl9 to its
base value was assumed to coincide with the SRV closure. Water reflood data
is shown in Table 6-2.

6.4.3 Results

The maximum water level overshoot zbove NWL with one 10-inch VB was approxi-
mately 5.4 feet as shown in Table 6-2. The VB lets in enough air for the
equilibrium point of the oscillating water level to remain from 6 to 10 feet
below normal water level after the initial overshoot. These observations

are in agreement with Phase I test results.

After LP Test 33 (reactor pressure of 50 psig) the steady state reflood level
returned to normal water level following SRV closure (see Figure 6-35); while

in nearly all other tests the steady state reflood level ranged from 6 to
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10 feet below normal water level. The test data for Semsor P44 indicate that
the vacuum breaker did not open during LP Test 33. Otherwise the low
reactor pressure tests had little effect on the water reflood levels. Fig-
ure 6-6 shows a reflood plot for the LP Test 36 (4CO psig).

The reflood plot for LV Test 4401 is shown ir Figure 6-~7. A trend toward

lover steady state recover levels was noted in the SVA leaking valve tests which
had recovery levels between lU and 14 feet below normal water level. The LV, CVA
tests resulted in normal reflood levels between actuationms.

6.5 SUPPRESSION POOL BOUNDARY PRESSURES DUE TO SRVDL CLEARING

6.5.1 Description of Phenomenon

On SRV actuation the water and air content of the SRVDL is forced into the
suppression pool by high pressure steam. The water leg initially at rest is
rapidly accelerated until the water clears the quencher. The water leg is
imediately followed by an air/steam mixture that is also forced through the
holes in the quencher arms. The air/steam mixture forms several air bubbles
that oscillate 4as they rise toward the pool surface. As a result of these

phenomena, pressure loadings on the suppression pool boundary were observed.

6.5.2 Instrumentation and Test Data Summary

Thirty pressure transducers (P9 tnrough P21, P23, P25 through P32, F15S
through P38, P50, PS1, P56 and P57) were mounted on the suppression pool wall,
floor and pedestal beneath the water level in that quadrant containing
quenchers A, E, F and U. Locations of these transducers are shown in

Figure 4-2.

Sensors P12, P16, P20, P21, P29 and P30 failed prior to testing. Calibrations
of P10, P11, P18, P28, P38, P56 and P57 drifted more than 10 percent during
testing. Consequently, the data from these sensors is not included in the results.

Enough sersors remained operable to provide backup data for the failed sensors.

6-6
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Faak positive and negative pressures measured by selected sensors, including
oscillation frequencies, mean values and standard deviations for each test
condition are presented in Table 6-1. The means and s:andard deviations

from Phase I and Phase II data have been combined wherever appropriate. Peak
positive and negative pressures measured by each operable sensor in every
Phase II test are contained in Appendix B. Representative plots of boundary
pressure versus time from several locations are given in Figures 6-8

through 6-14.

5.5.3 Results

The maximum pool boundary pressures measured during Phase II testing were

9.4 psid and -6.6 psid. These pressures were recorded during a CVA, HP, DWL
(Test 22A02). The maximum pool boundary pressures for SVA, CP, NWL tests

were 5.0 psid and -4.0 psid (Tests 39/2311). This compares well with the Phase I
results of 5.0 and -4.3 psid. 7T.e maximum pool boundary pressures for CVA,

HP, DWL (Valve A) tests were 8.2 psid and -5.0 psid (Tests 5324/2313), compared
with Phase I values of 7.5 psid and -5.2 psid. The maximum pool boundary
pressures for CVA, EWL tests were 5.4 psid and -3.9 psid (Test 2312). Similar
Phase I tests produced pressures of 8.0 psid and -5.7 psid. First actuations
of the LV tests resulted in maximum boundary pressures of 3.8 and -%.7 psid
(Test 42). The maximum values for Phase I and Phise II testing with means,
standard deviations, and boundary pressure frequencies for various test
conditions are compared in Table 6-1 which shows consistent results between the
two test phases. Subsequent actuations of LV tests showed results similar to
aon-leaking valve tests with comparable initial conditions (i.e., CVA, HP, DWL,
Valve A). The maximum boundary pressures recorded during the LV tests were

3.9 and -5.9 psid (Test 4402). MVA tests can be grouped into two-valve, threa-
valve, four-valve, and eight-valve tests. The maximum pool boundary pressures
for these groups were 5.3 psid/-3.8 psid (Test 24), 4.2 psid/-5.3 psid (Test 26),
7.0 psid/-5.3 psid (Test 45-2) and 5.6 psid/-4.6 psid (Test 32), respectively.
Reduced reactor pressure tests resulted in lower boundary pressures. Fig-

ure 6-15 shows the relationship between RPV pressures and the supprassion

poel boundary pressures.
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6.5.4 Boundary Pressure Waveform Characteristics

6.5.4.1 Initial Boundary Pressure Spikes

Pool boundary pressure oscillations in the 5 to 10 Hz range were usually
preceded by higher magnitude/higher frequency oscillations. Generally, the

frequency of the inftial pool boundary pressure peaks was 25 to 30 Hz.

The SVA, LV tests had lower positive peaks char the CVA, LV tests. CVA, HP,
DWL tests had higher initial positive pressures than CVA, WP, DWL tests,
however, the negative peaks did not differ significantly. The effect of

MVA actuation did not result in any significant variations in the pressure
peaks.

6.5.4.2 Boundary Pressure Oscillation Frequency Content

PSD is used as a measurs of the energy conrent versus frequency of a given

signal. First actuation ind consecutive actuation analyses are discussed

in the Phase I test report. PSD analyses of M.A, LP and LV tests are addressed
in this subparagraph. The PSDs of Tests 2301 (SVA, Valve A), 2305 (CVA, Valve A),
22A01 (SVA. Valve U) and 22A05 (CVA, Valve U) are included in this sub-

paragraph as representa.ive of the SVA and CVA tests in Phase II. Sensor P23
located on the containment floor midway between Quenchers A and F was chosen

for PSD comparison of the tests given in Table 6-3.

In the Vaive U actuations (Tests 22A01 and 22405) Sensor P51 located on the
containment floor directly under Quencher U was selected for the PSD analysis
(see Figures 6-24 and 6-25).

Comparing the PSDs from Semsor P23 shows that with the exception of LV Test 43
there i{s little difference in the signal frequency content of these various
tests at this particular location. The dominant frequencies are located in

the interval between 0 to 10 Hz. Also, in almost all cases, over 60 percent of

6-8
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the signal energy (over 90 perceir for the LP tests) is concentrated in this
interval. Due to large higher frequency initial pressure peaks in Test 2301
a greatar portion (almost 50 percent) of the signal emergy is distributed
above 10 Hz. Similar phenomenon can be obsarved for the Valve U actuations
by comparing the PSDs of Tests 22A01 (SVA) and 22A05 (CVA) at Semsor P51
location. 1In either case, however, the dominant frequencies of the forcing
function are still in the normal O to 10 Kz range.

The PSD for LV Test 43 shows that bounda;y pressure energy is distributed in
a bell shaped fashion from 0 to 60 Hz with a "dead zone" in the 30 to 40 Hz
range. Other LV tests have similar energy distributions. Waveforms from the

LV, SVA tests are.highly irregula. compared to waveforms of other tests.

6.5.4.3 Boundary Pressure Phasing

Appendix B contains a discussion on ‘he phasing of the pocl boundary pressure
at various locations about the quencher. The pressure traces and the cross-
correlations between different pressure measurements in this Appendix show
that the boundary pressures around the quencher are essentially in phase dur-

ing the LV, LP and most MVA tests.

6.5.5 Boundary Pressure-Distance and Pressure-Time Attenuation

Discussions on pool boundary pressure-distance and pressure-time attenuation
for the SVA and CVA tests are presented in Subparagraphs 6.6.3.2 and 6.6.3.3 of
the Phase I Test Report. Detailed discussion of MVA, LP, and LV test boundary

prassure~distance and pressure-time attenuaticn is presented in Subsection 6.8.

6.6 SRVDL CLEARING LOADS ON SUBMERGED STRUCTURES

6.6.1 Description of Phenomenon

Loads on submerged structures in the suppression pool are caused by the water

air clearing phenomenon discussed in Paragraph 6.5.1. This discharge of water
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and air creates velocity and acceleration fields in the suppression pool
causing drag loads on submerged structures. Pressure sensors were located
in the pool to measure the pressure differential across the submerged

structures.

6.6.2 Instrumentation and Test Data Summary

Pairs of pressure transducers were imstulled on opposite sides of various

submerged structures to measure the pressuie differential (AP) across these

structures. The AP across each structure was -alculated by taking the difference

between the two readings at each time step.
Sensors were installed at the following locations:
P24 and P53 - on the arm of Quencher F

P33 and P34 - on downcomer vent 9, 7.1 feet above the horizontal center-

line of Quencher A

P39 and P4l - on diaphragm floor column 7 (adjacent to Quencher A),

11.9 feet above the horizontal centerline of Quencher A
P40 and P42 - ou the diaphragm floor column 7 at Quencher elevation

See Figure 4-2 for the sensor locations. ill sensors performed well except
for zero shift in P42 (see Paragraph 6.2..). Sensors P24, P53, P33 and P34
recorded high frequency oecillations superimposed on the pressure transient
because of the vibrations in the structures on which they were mounted. These
data were filtered at 100 Hz (see Paragraph 6.2.4) prior to evaluation. The
maximum AP readings for each sensor group in each test is shown in Appendix B.
Velocity probes were installed to measure local suppression pool water motion,
but vibrations in their ﬁupport structures dominated the velocity readings and

rendered them useless.
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6.6.3 Results

The maximum AP across the submerged structures was always less than the cor-
responaing maximum boundary pressure for all the tests, except AP readings
for Sensors P24 and P53 (across quencher arm on SRV F) during MVAs in which
SRV F was actuated. The highest AP of 4.3 psid was recorded during SVA, CP,
NWL (Test 39) and MVA (Test 29) tests.

Figure 6-26 shows a typical plot obtained from Semsors P40 and P42 during
SVA Test 2301 and MVA Tests 26 and 32. The maximum 4Ps across submerged

structures for all tests are tabulated in Appendix B.

6.7 SUPPRESSION POOL BOUNDARY PRESSURES DUE TO STEAM CONDENSATION

6.7.1 Description of Phenomenon

After clearing the initial air/steam mixture a steady flow of steam
(approximately 240 lbm/sec at a reactor pressure of 940 psig) passes through
the quencher hcles. Condensation of this steam in the pool results in high fre-

quency, low magnitude pressure loads.

6.7.2 Instrumentation and Test Data Summary

The instrumentation used to record the steam condensation loads is the sanme
as that used to measure pool boundary pressures during SRVDL clearing (see

Subparagraph 6.5.2).
6.7.3 Results
The maximum pool boundary pressure measured at normal pool temperature due

to steam condensation was 2.5 psid (5.0 psid peak-to-peak) during Test 40.

The fregquency of these oscillations ranged from 65 to 95 Hz.
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During the extended discharge test (Test 40) steam condensation boundary
pressures were recorded over an average temperature range from 350° to 100°F

in the immediate vicinity of the discharging quencher. Sensors Tll through
Tl5 were used to determine the average temperature. Because of fluctuations
{1 the measured values, pool temperatures and corresponding boundary pressures
and frequencies were averaged cver a time interval of 10 seconds in 70-second
steps. Figures 6-28 and 6-29 present the average pressures and frequencies,
respectively, as a function of the average temperatu-=. The maximum boundary
pressure measured Juring this test was 6.6 psid peak-to-peak at a temperature
of 95°F. The frequencies of the pressure oscillations for this range of

temperature varied from 50 to 125 Hz.

During the LP Tests 33 and 34 (reactor pressures of 50 psig and 100 psig,
respectively) intermittent condensation oscillatio~s with frequencies ranging
from 25 to 50 Hz were observed. The period of these oscillations ranged from
0.3 to 0.4 second during Test 34 and approximately 0.6 second during

Test 33. In either case the maximum amplitude of therce oscillations was less
than maximum boundary pressu.es due to steam condensation at normal reactor
pressures. Also, the remaining low pressure tests produced normal steam
condensation loads of lower magnitude than those resulting from full reactor

pressure tests.
6.8 DFFR (REVISION 3)/DATA COMPARISON

The suppression pool boundary loads measured at Caorsoc can be directly com-
pared with loads predicted by the current Mark II containment methodology.

Only pool boundary pressure loads during the SRV discharge transient are con-
sidered here. The methodology for the SRV boundary loads discussed in the DFFR
consiscs of independent calculations which are combined to describe the
boundary loads. These calculations include the peak positive and negative
boundary pressures, the distance attenuation of the peak pressures, and the
determination of an idealized time history., Each is compared separately with
measucred data from the Caorso test.
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6.8.1 Peak Positive and Neggcive Pressure Loads

In the DFFR the peak loads are obtained from a statistically derivel correla-
tion bLased on earlier small scale and full scale X-quencher test data. The
correlation allows the loads to be calculated as mean values or with a confi-
dence level. The DFFR recommends a Y0-90 confidence level for the design value.
In Table 6-4 the predicted mean and 90-90 confidence level bubble pressures for
the co.responding test conditions are compared with observed peak pressures
‘row tle maltiple valve, leaking vaive, and low pressure .ests. NO measured
pressures exceed the predicted mean bubble pressures, and the 90-90 design
pressures generally exceed the measured pressures by a factor of 2 to 3. This
demonstrates that design loads calculated with the DFFR methodology are con-
servative for the design of Mark II plants.

6.8.2 Distance Attenuation of Peak Loads

Comparisons of predicted versus measured attenuation were performed using pre-
dicted bubble pressures in the attenuation prediction mode!. Table 6-4 pre=-
sents single and multiple valve model/data comparisons. The model was used to
predict pressures corresponding to actual Cacrsc pressure sensor locations.
Sensors P9, P13, Pl4, P15 and P17 were located on the suppression pool

wall. Senmsors P23, P35, P36, P27, P50 and P51 were located on the pool floor,
while Sensors Pib, P27 and P31 were located on the pedestal wall., Table 6=5
showvs th.t.in nearlv all cases the model also over-predicts boundary pressures
by a factor of 2 to 3. The results indicate a high degree of conservatism in
the DFFR methodology for predicting maximum pool boundary pressures.

6.8.3 Time History

When comparing the DFFR time history with the Caorso data, the time attenuation

and frequency content must be cansidered.
The DFFR specifies an idealized waveform which has a constant period where the

maximum amplitude occurs in the second cycle, the firs:t peak is 3/4 of the

maximum, and the duration of the positive part of the cycle is 40% of the period.
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The total duration is 0.75 second and the amplitude of the last cycle is
1/3 of the maximum. In general, the data showed faster time attenuation
than predicted by the idealized waveform.

Figures 6-8 through 6~14 show time histories for the MVA, LV and LP tests.
The well defined waveform observed in previous SVA and CVA tests becomes less
distinguishable in the MVA tests. The exception is Test 32, an eight-valve
test where greater distances between discharging lines causes less waveform
distortion. In the MVA tests the bubble pressure for SRV A is represented by
Sensor P19, SRV F is represented by Sensor P25, SRV U is represented by
Sensor P51, and SRV E is represented by Sensor PS50.

LP Test 36 (reactor pressure of 400 psig) is a sinzle valve actuation test
which exhibited waveform characteriscics most closely approximating those
specified in the DFFR. Conversely, Test 43 was a single leaking valve
actuation test, and resulted in waveforms characterized by higher frequency
oscillations (20 to 25 Hz) following the initial peak. Pressure frequencies

of che MVA tests tended to be lower (in the 4 to 5 Hz range).
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The following Tables are GENERAL ELECTRIC COMPANY PROPRIETARY
and have been removed fros this document in their entirety.

Ta'le 6-1 Summary of Principal Hydrodynamic Data

Table 6-2 Summary of SRVDL Reflcod Data

Table 6-3 PSD Comparison =~ Sensor P23

Table 6-4 DFFR (Revision 3)/Data Bubble Pressure
Comparisons

Table 6-5 Caorso Model/Datz Comparisons Model
Predictions Based on Predicted Bubble Pressure
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The following Figures are GENERAL ELECTRIC COMPANY PRCPRIETARY
and have been removed from this document in their entirety.
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SRVDL Pressure Time Fistcries, Sensor PT25,
Tests 2321, 36 and 34

SRVDL Pressure Time Histories, Sensor PT25,
Tests 4401 , 4402, 27 and 32

Quencher Pressure Time Histories, Sensor P35,
Tests 2321, 36 and 34

Quencher Pressure Time Histories, Sensor PS5,
Tests 4401, 4402, 27 and 32

Quencher Arm Pressure Tire Histories, Sensor P§,
Tests 2321, 36 and 34

Quencher Arm Pressure Time Histories, Sensor P6,
Tests 4401, 4402, 27 and 32

Peak SRVDL and Quencher Internal Pressure versus
Reactor Pressure

SRVDL Reflood Transient, Test 33
SRVDL Reflood Transient, Test 36
SRVDL Reflood Transient, Test 4401

Maximum Floor Pressure Time Histories, Sensor P19,
SVA Tests 2301, 36, 34, 4401 and 4402

Maximun. Floor Pressure Time Histories, Sensor P19,
and P25, Two-~Valve MVA Test 24

Maximum Floor Pressures and Phasing, Sensors P19,
P25 and P50, Three-Valve VA Test 26

Maximum Floor Pressures and Phasing, Sensors P19,
P25, P50 and P51, Four-Valve MVA Test 27

Maximum Floor Pressure Time History, Sensor P19,
Eight-Valve MVA Test 32

Floor Pressure SVA and MVA Comparison, Sensor P23,
Tests 2301, 24 and 27

Boundary Pressure SVA and MVA Comparison, Sensor
P18, Tests 2301, 24, 27 and 32
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The following Figures are GENERAL ELECTRIC COMPANY IROPRIETARY
and have been removed from this document in their entirety.

Figure 6-15 Poel Boundary Pressure versus Reactor Pressure
Figure 6~-16 PSDgr@est 2301 (SVA, CP, NWL). Sensor P23
Figure 6-16 PSD, Test 2301 (SVA, CP, NWL), Sensor P23
Figure 6-17 PSD, Test 2305 (CVA, HP, DWL), Sensor P23
Figure 6-18 PSD, Two-Valve Tes': 24 (MVA, CP, NWL), Sensor P23
Figure 6-19 PSD, Three-Valve Test 26 (MVA, CP, NWL), Sensor P23
Figure 6-20 PSD, Four-Valve Test 30 (MVA, CP, NWL), Semsor P23
Figure 6~-21 PSD, Eight-Valve Test 32 (MVA, CP, NWL), Sensor P23
Figure 6-22 PSD, Test 36 (LP, SVA, 400psig), Sensor P23
Figure 6-23 PSD, Test 43 (LV, SVA), Sensor P23
_ Figure 6-24 PSD, Four=<Valve Test 22A01 (SVA, CP, NWL), Sensor P51
Figure 6-25 PSD, Four-Valve Test 22A05 (CVA, HP, DWL), Sensor P51
Figure 6-26 AP Across a Submerged Structure (Column 7) SVA and
MVA Comparison, Sensors P40 and P42, Tests 2301,
26 and 32

Figure 6-27 Intermittent Condensation Oscillation at Low
Reactor Pressure (100 psig), Sensor P19, Test 34

Figure 6-28 Peak-~to-Peak Condensation Oscillation versus
Average Pool Temperature in the Quencher Area,
Test 40

Figure ©-29 Condensation Oscillation Frequencies versus
Pool Temperature in the Quencher Area, Test 40
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7. QUENCHER STRUCTURAL RESPONSE

7.1 INTRODUCTION

The SRV discharge piping is 10-inch, Schedule 40, in the drywell and 10-inch,
Schedule 80, in the wetwell. The material of the SRV piping is Al106, Gredz B,
carbon steel. The configuration of SRVDL A is shown in Figure 7-1.

Tue four quencher arms attached to the quencher hub are 1l2-inch, Schedule 80.
The macerial is A312 TP304, stainless steel. Each quencher arm has a total
length of 46.5 inches.

The quencher is supported from the diaphragm flocr by a rigid hanger in the
vertical direction. The hanger is located at 37.85 feet above the center of
the quencher arm on the SRV piping. The grencher support on the wetwell floor,
as shown in Figure 7-2, provides horizontal restraint as well as moment
restraint, but the quencher is free to move in the vertical direction.

The water clearing load associated with the SRV discharge acts downward on the
quencher and is taken by the rigid hanger through the quencher reducer and

the SRV pipe.

The horizontal loads associated with air clearing are taken by the quencher
support on the wetwell floor.

7.2 DATA REDUCTION AND EVALUATION METHODS

7.2.1 Separation of Dynamic Stresses and Thermal Stresses

The stresses discussed in this section were calculated directly from the
zeasured sirains. The strains on the SRV piping resulted from the superposition
cf dynamic bending strain, dynamic axial strain, thermal expansion bending
strain, pipe wall thermal gradient strain and pipe pressure strain. The

strains caused by the different loads have different characteristics, as
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illustrated in Figures 7-3 and 7-4. The differences in characteristics of
strains caused by the different types cf loading were used t- evaluate the
recorded strain time histories in the following manner.

Using SG33 and SG35 as examples, the following procedure was used to evaluate

any given stress time history for loading components due to pipe temperature
and dynamic loading effects.

SRV PIPE

SG33

A mean stress line was first drawn through the stress time history. A sample
line is shown on Figure 7-5 for $G33. This line represents the approximate
stress component due to pive temperature effects, SM33' Deviations of the
actual trace above and below the mean value line represent rhe stress compo=~
nent due to dymamic loading, SD33' Using a similar procedure, a dvnamic stress

component was obtained for SG2S.

8efore the mean stress line was drawn on Figure 7-5, the magnitude and shape

of the dynamic stresses were studied. In order tc obtain conservative measure-
ments, the mean stress line was drawn low when the maximum dynamic stress was
in a positive direction; and high when the maximum dynamic strzss was in a

negative direction.

For the purpose of separating the dynamic axial stresses from the dynamic
bending etresses, all the stress values at the same cross-section of the pipe
should be taken at the same instant. This is illustrated by line A-A in
Figure 7-5.
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Given these two stress ccaponents, the dynamic axial stress component, Saxial’

and the bending stress compcnents, SDB33 and SDB35’ in the plane of SG33 and
SG15 were calculated using the following equations:

S ... +§
. °p33 * Spss )

SIXill . IEEa (7 1)

Sp33 * Sp33 = Sextal

Sp3s * Spis ~ Saxial :

~Spe33

Temperature induced stresses are comprised of two components, expansion

stresses, SE‘ and thermal gradient stresses, S Given the values of the

DT’
temperature ianduced stresses, SM33 and SM35’ from the traces for SG33 and SG35,

the expansion and thermal gradient stress components were calculated:

bz = B
s, = NI (Tl
Syqz + S
g, o -3, W08 (3-3)

Because the expansion stresses and the thermal gradieat stresses were secon-
dary stresses and not of primary interest in the test, the values were tabu-
lated for only one test (see Table 7-1) to aid in understanding the piping
response due to blowdown.

Figures 7-6 through 7-25 are computer output plo:ts representative of the

type of data acquired during Tests 24, 26, 27, 31, 32, 33, 36, 4401 and 4402.
Utilization of the plots is described as follows:
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Indicates time the SRV opened (Test 24 only).

Indicates time following SRV actuation when the pressure wave
reached the water surface (Test 24 only).

Indicates peak pressure in the quencher hub (Test 24 only),

Strain gage on the SRVDL just above the quencher to indicate the
beginning of stresses in the wetwell piping (Test 24 only).

Indicates vertical accelieration on the quencher hub.

Indicates vertical acceleraticn on the diaphragm floor from which
the quenchers are supported. The timing of the signals from AlS5Z
and A6Z was used to decide the source of the indicated vibrations.
Whether the quencher caused the diaphragm floor to vibrate or the
diaphragm floor caused the quencher to vibrate, depended on which
one reached peak value first. The results showed that the guencher
caused the diaphragm flcor to vibrate, because the accelerometer

on the quencher reached i:s peak value first.

Shows stress io the SRVDL above the quencher.

Shows typical stresses on the top and bottom of the quencher arm.

Indicates displacements of the quencher hub.

SUP - Shows thrust loads on the quencher due to water clearing
and air clearing.

7.2.2 Comsideration of Pressure Effect in the Quencher Hub

Basically, the characteristics of the stresses measured on the quencher hub

are similar to the characteristics of stresses measured on the discharge line.

The difference being that the pressure strain i{s an important consideration in
the evaluation of data for the hub. This is shown in the following equationms.

T=4
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Sc be circumferential stress
Sl be longitudinal stress

The longitudinal stress can be evaluated as

B 24
5. * S, % Tt

PD
€, ¥ 35 (1 - 2u)
PD
10tE (7-4)
S2 . 2.5E:£
where
P = internal pressure
D = outside diameter of the hub
E = modulus of elasticity of the hub material
t = hub wall thickness
4 = Poisson ratio
The circumferential stress can be evaluated as
PD ¥
e EIE(I'T)‘
S = 1.177Ee (7=5}
e e

The hub stresses due to the high internal quencher pressure are associated

with the water clearing phenomenon.
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A conservative estimate of the maximum stress in the hub can be made from
the following equations

sc - 1.zz¢c for time > 0.0 sec (7=6)
S, = 2.5E¢, for time 0 < + < 0.3 sec (7=7)
Sl - 1.2&1 for time > 0.3 sec (7-8)

After the water clearing phencmenon (approximately 0.3 second after SRV
actuation), the quencher arm bending moment predominated the stresses in the
hub.

7.2.3 Separation of Dynamic Loads

7.2.3.1 General Description of Load

The SRV discharge transient results in various loads on the quencher and tiLe

submerged piping. These loads are identified as fcllows:

a, Transient wave load.

t. Internal pressure load.

¢, Water clearing thrust load.

d. Air clearing plus uneven air-water clearing load.
e, Steady state steam condensation load.

f. Adjacent valve actuation loads.

The transient wave load occurred before the water had cleared the quencher.
Because the quencher and submerged SRV piping stresses due to transient wave

loads were relatively unimportant, they were not tabulated.

-
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The internal pressure ivad caused small awounts of strain in the longitudinal
direction, as indicated in Paragraph 7.2.2. Thererore, the logitudinal

strain could sct be separated from the axial load.

The internal pressure £7fect on the circumferential strain of the quencher hud
could be separated from the local bending effect of the quenchsr arm, as out=-
lined in Paragraph 7.2.1. In each test Sensor P5 indicated the time

of peak pressure effect on the hub,

Consideration was given to the load imposed on both sides of the SRV pipe or
quencher arms that occurred as a result of the pressure transient caused by
air clearing plus uneven air-water clearing.

The load imposed on both sides of the quencher arms by the steady state steam
condensation was much smaller than water clearing and air clearing, therefore,
it was not tabulated,

There were no significant differences in measured stresses between the (SVA,
CP, NWL) and (MVA, CP, NWL) tests. This indicates that blowdowns of quenchers
adjacent to Quencher A resulted in negligible dynamic stresses on Quencher A.
7.2.3.2 Time Sequer:e of Dynamic Loads

The approximate time sequence of dynamic loads and blowdown events was as
follows; data was obtained from Test 24 (MVA, CP, NvlL) (see data plots on

Figures 7-6, 7-7, 7-8 and 7-17).

Approximate Time

(sec)

a. SRV opened 0.0
b. Internal pressure increase started 0.0
Peak pressure in guencher 0.27

e. Significant water clearing load started 0.24
d. Air clearing load started 0.3
e. Steady state steam condensation started 0.62

7=7
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7.2.4 Water Clearing Load Evaluation and Quencher Support Moments

Equation 7-1 in Paragraph 7,2.1 was used to evaluate the axial load trans-
ferred through the SRV pipe to the upper hanger.

Water clearing imparted an axial load to the SR'DL and also accelerated the
mass of the quencher hub and the quencher arms. The movement of the quencrer
hub pressurized the water under the quencher hub as measured by Sensors P48
and P49, These pressure values (see Table 7-4) were found to be small,
However, the effect of the pressure was included in the actual calculation

but not in Equation 7-9 to simplify the expression,

The water clearing thrust load can be expressed as the following equation

N (soi:—sb—”') T MArgy * melAyye *Aex * Alox * Ay (7-9)
in which
T = Total water clearing thrust load
Ap = Metal area of SRV pipe at SG33 and SG25
= 18.92 in.°

SD33’ SDJS definition, see Paragraph 7.2.1

M = Mass of quencher body + mass of the cone + mass of the nozzles

+ mass of steel attached to quencher bodvy = 3427 1b
A16y = Vertical accelerometer on quencher body

m = Mass of quencher arm + mass of water
= 488 1b
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¢ = Coefficient of equivalent mass for cantilever beanm
= 0,363

Al?x = Vertical accelerometer at the end of the quencher arm.

A . Al9x and A20x are on the other arms.

18x

.

The peak thrust load was assumed to occur approximately at the time when
the water was cleared from the quencher hub.

The total moments acting on the quencher suppert were evaluated in a similar

manner by summing all strain gage measurements and accelerometer measurements.

7.2.5 Test Cendition Categorization

The test data was separated into the following six test condition categories
for evaluation:

SVA, CP, NWL
CvA, DWL
MVA, CP, NWL
Lv

CVA, HP, EWL

Miscellaneous Cases

Two dynamic loading effects were evaluated for each strain gage as follows:

Water Clearing Loads (UQ)
Air Clearing Loads (AC)

7.3 QUENCHER ARM RESPONSE

7.3.1 Instrumentation and Test Data Sumrary

There are 32 uniaxial strain gages and 4 biaxial accelerometers on the quencher

arms. The arrangement of the semsors is shown in Figures 4-18 and 4-19,

7-9
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The even-numbered strain gages were connected in a bending bridge in ordesr to
exclude the thermal effects. However, test results indicated there were still

some differences of temperature between each side of the quencher arm.,

The dynamic bendiag stresses calculated from the bending bridze measurements
were only about 70 percent of the dynamic bending stress calculated from single
gages. This is discussed in Appendix B of the Phase I Test Report, In the
stress evaluations, the results from the single gages were used rather than the

bending bridge measurements,

The tests results are tabulated in Tables 7-2 through 7-5. The results of
SG19 located on the side of the quencher arm are not consistent with SG23
located 180° from SG19. Because the measurements from SG19 were determined to
be unreasonable they were not cabulated. The accelerations at the end of each
quencher arm are tabulated in Tables 7-16 and 7-17, Measurements from Al9
were about 3 to 5g, which were inconsistent with the ot..er arms and the
results from the Phase I tests., Therefore, the results of Al9 were rot

tabulated,

7.3.2 Results of Quencher Arm Response

Tables 7-6 through 7-9 are tabulations of the maximum, minimum, mean and standard
deviation values for all the sensor measurements. These values were divided into
six test condition categories: SVA, CP, NWL; CVA, HP, DWL; MVA, CP, NWL;

LV; CVA, HP, EWL and miscellaneous cases.

The maximum stress of 5000 psi measured at the top and the bottom of the quencher

arm was measured by SG21 during Test 2323,

The maximum stress of 2500 psi measured on either sid=: of the quencher arm

was measured during Tests 2313, 2322, 4401F and 4402F by several gages.

The stresses on either side of the quencher arms were caused by air clearing

plus uneven air-water clearing loads.

Test condition LV caused 40 percent higher stresses on the top and bottom of
quencher arms than the SVA, CP, NWL condition. In addition, the LV stresses

are comparable to the CVA, HP, DWL test results.
7=10
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The stresses measured on the ton and bettom of the quencher arms were 60 per-
cent higher than the stresses measured on the side of the quencher arms, The
magnitudes of the quencher arm responses were approximately proportional to the
initial reactor pressures, When reactor pressure was lower than 250 psig the

responses were negligible.

Since the maximum stresses in the quencher arms occurred within tre first
se i after SRV actuation, the extended discharge did not affect the stresses

in the quencher arms,

No significant increases in stresses were measured in MVA tests.

The linear therma. gradient stresses in the quencher arm are plotted in
Figure 7=26 for Test 45-2 starting from SRV actuation to about 1 minute after
SRV closure.

Data in the figure shows that the linear thermal gradient stresses in the

top and bottom of the quencher arms were much greater than the sides. The
reflood of cold water after SRV closure did not cause any significant linear
thermal gradient stresses for the test investigated.

7.4 SRV PIPE RESPONSE

7.4,1 Instrumentati-n and Test Data Sumary

Four uniaxial strain gages (S5G33, SG34, $5G35 and SG36) were installed on the
SRV pipe 1 foot above the reducer on the hub of the quencher. Seansor SG34
failed prior to start of testing., The dynamic stress data is tabulated in
Table 7-10.

7.4.2 Result of SRV Pipe Response

Table 7-11 contains the maximum, minimum, mean, and standard deviation for

each sensor categorized according to the test conditioms.

7-11



NEDO-24757

Table 7-1 contains detailed stress evaluation results from $G33, 5635 and
SG36 measurements for Test 39 in accordance with the equations outlined in
Paragraph 7.2.1.

The maximum dynamic vibratory stress of 6700 ps! was recorded during Test 45-2
(MVA, CP, NWL). The maximum total stress resulting from dynamic, weight and
sressure effects was 8752 psi, as shown in Table 7-1. This stress was measured
during the air clearing jurtion of the discharge transient. The stresses in
the SRV pipe were about proportional to the test pressures. Since the maximum
stresses in the SRV pipe occurred within the first second after SRV actuation
the duration of discharge did not affect the stresses in the SRV pipe. MNo
significant increases in stresses were measured in MVA tests as compared to

SVA, CVA, or LV tests. The LV pipe stresses are comparable to the CVA, BP,
DWL test results.

7.5 QUENCHER HUB RESPONSE

7.5.1 Instrumentation and Test Data Summary

Sensors SG37 and $G39 located on the quencher hub adjacent to the top and

bottom of the quencher arm nozzle measured the longitudinal stress of the

nozzle connection. Sensors SG38 and $G40 located on the quencher hub in the
lateral direction measured the ¢ircumferential stresses of the nozzle connection.
Thie total stresses which include pressure stresses and dynamic stress for all
the tests are listed in Table 7-12.

There were five acceleroraters and two LVDTs installed in the quencher hub to
measure accelerations and displacements of the quencher hub. These sensors
are AlSX, AlSY, Al52, Al6X, Al6Y, LVDT! and LVDT2. LVDT2 failed prior to
start of testing. The LVDT! results are tabulaced in Tables 7-16 and 7-17.
The respouse spectra plotted for AlSX, AlSY and AlS5Z from Test 45-1 are shown
in Figures 7-27, 7-28 and 7-29, respectively. The responses are very low for

frequencies below 10 Hz, and much higher for frequencies between 20 and 40 2.

Vertical displacement of the quencher hub caused by water clearing lcads was

much higher then air clearing. The average displacemenr for SVA, CP, NWL
tests was 0.25 in.
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7.5.2 Results of Quencher Hub Response

Table 7-13 contains the maximum, minimum, sean and standard deviation values

for each sensor measurement and test condition.

The maximum stress of about 4800 psi was weasured in the circumferential direction
of the hub during air clearing in Test 2323, The maximum stress of 3000 psi was
measured in the longitudinal direction of the hub during Tests 25, 41 and 4401.

The prassure peak which appeared in the quencher hub pressure time history did

Aot appe2ar in the stress measurement, i.2., a pressure peak of very short duration
does not have enough energy to stress the hub, The stresses in the quencher hub
w:re about proportional to the initial reactor pressures. Since the maximum
stresses in the quencher hub occurr:d with the first seconcd after SRV actuation,

the extended discharge test did not affect the hub stresses.

No significant increases in hub stresses were measured in MVA tests as compared
to SVA, CVA or LV tests. The LV hub stresses are comparable to the CVA, HP,
DWL tests results.

7.6 WATER CLEARING THRUST LOADS AND QUENCHER SUPPORT MOMENTS
7.6.1 Data Summarv

A sumnary of the WC loads, AC loads, and the total bending moments on the

quencher support, Mx, My and Hz are presented in Tables 7-14 and 7-15.

The acceleration measurements used in the evaluation are listed in Tables 7-16
and 7-17.

7.6.2 Results of Water Clearing Thrust Load and Quencher Support Moments

The maximum water clearing thrust load of 98 kips was measured during Test 4405,
(LV, CVA). The plots of the water clearing thrust for some selected tests are
shown in Figures 7-17 to 7-25. The maximum air clearing thrust load was 110 kips
measured during Test 45-2 (MVA, CP, NWL). The average water clearing thrust load
obtained from SVA, CP, NWL tests was 37 kips. Test conditions for LV tests
produced results which showed the load to be about twice the values of SVA,

CP, NWL.
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Yo significant increases in thrust loads and quencher support moments were
measured in MVA tests as compared to SVA, CP, NWL tests, The LV thrust loads

and quencher support moments are comparabie tc the CVA, HP, DWL test results.

7=-14
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8. CONTAINMENT DYNAMIC RESPONSES

8.1 INTRODUCTION

Accelerometers Al through Al4 were ins-alled for the purpose of measuring
containment dynamic responses. The responses measured during Phase I single
valve tests have been discussed in the Phase I Test Report. Further studies
on the scattering of data and the effect of subsequent actuations for Phase I
lata are included in this section. However, the majority of this section
concentrates on the interpretation and discussion of Phase II test data. The
specific topics discussed in this section are the repeatability of the tests,
the comparison of MVA and SVA tests, the effects of valve actuation time phas-
ing on MVA tests, and the effects of a leaking valve.

8.2 DATA REDUCTION AND EVALUATIONS METHODS

8.2.1 Time Histories and Response Spectra

The acceleration time histories were recorded at l-millisecond intervals.

Wild points were partially removed by discarding unreasonably high values. The
time histories were filtered through a 100 Hz low=-pass filter. The resulting
time histories were plotted and maximum values tabulated. Response spectra
were calculated for 1.4 seconds of the time histcry which included approxi-
mately the first 1.2 seconds of the SRV bubble oscillation. A critical damping

ratio of two percent was used in the response spectra calculations.

8.2.2 RPV Data

Accelerometer All located on the RPV at the top flange is physically composed

of 3 piezoelectric accelerometers with a sensitivity of 220 picoc~ulomb/g.

The high sensitivity enables the sensors to easily saturate and block the
passage »f data through the remote charge converter. ™hais problem was corrected
by installing a low-pass filter between the accelerometer and the remote charge
convertar during the break between Phase I and Phase II testing. A shortage

8-1



NEDO-24757

of 100 Hz low-pass filters permitted the installation of only one 100 Hz
filter on Accelerometer AllZ, while 1000 Hz low-pass filters were used on
AllX and AllY. Consequently, the saturation problem for AllZ was solved, but
AllX and AllY still showed partial saturation. Therefore, only AllZ data will
be used in this discussion,

The data were recorded on FM tapes, and then processed by an HP Fourier
Apalyzer 54518, The time histories were first processed through an anti-aliasing
filter and then digitized at S-millisecond intervals using 5.12 seconds of the

time history to generate response spectra.

8.3 SCATTERING OF DATA

Fifteen Phase I tests had similar test conditions, i.e., first actuation of
Valve A, CP, NWL, and reactor pressure varying from 924 to 937 psig, which
included Tests 1 through 4, 501, 601, 7 through 10, 1101, 1301, 1401, 21

and 2201. Accelerations measured during these tests showed significant scat-
tering due to environmental noise, uncontrolled sources of vibrations, and
other parameters. The means, standard deviatioms and coefficients of varia-
tion for the maximum accelerations of six accelerometers at various locations
are given in Table 8-l. The coefficient of variation defined as the ratio
between the standard deviation and the mean varies from 0.13 to 0.25. The
accelerations at the top of biological shield wall had the greatest scattering.
Histograms for some of these maximum accelerations are shown in Figures 8-1(a)

through (d), in terms of Z variable, defined as

where X, m and s are the individual maximum acceleration, the mean maximum
acceleration and the standard deviation, respectively. A large cell width of
one standard deviation was used in the plot because of the small sample size,
In Figure 8-1(e) these four histograms were lumped into a composite which
exhibits a reasonably normal distribution.
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8.4 REPEATABILITY OF TESTS

In view of the scattering of the data, the repeatability of the tests needs to
be investigated. ''Repeatability" is defined as the quality of being able
to produce similar results, in terms of response magnitudes and frequency

contents, if the test is repeated after some significant elapsed time.

Tests 1401 and 1402 from Phase I, and Tests 2311 and 2312 from Phase II

were selected for comparison. These tests represent typical first and second
actuations of Valve A and their repetitions in Phase I1. Figures 8-2 through
8-13 compare the response spectra from these tests. The responses agree
reasonably well in both frequencies and magnitudes. Therefore, it is concluded

that the repeatability of the tests is reasonably good.
6.5 COMPARISON OF FIRST AND SUBSEQUENT ACTUATIONS

Pressure oscillations in the pool from a first actuation with NWL started with
a high initial pressure peak, followed by some lower amplitude low frequency
oscillations. Those from a subsequent actuation with DWL had a relatively low
initial pressure peak and high subsequent low frequency oscillations. In order
to study the difference in structural responses caused by these two tvpes of
pressure oscillations, acceleration data from Tests 7 and 2202 were compared,
except for All. Acceleration data from Tests 22A01 and 22A02 were compared
for AllZ.

The comparisons of response spectra from the two tests shown ir Figures 8-14
through 8~19 indicate that the second actuation response spectra generally
appears to envalope the first actuation response spectra. Differences in the
shapes of the spectra indicate that different structural modes were excited by
the two types of actuations. Note that the peak poo! " r:s :~es measured for
Tests 7 and 2202 are 5 psi and 7.5 psi, respectively. 1f the response spectra
from ihe two tests are normalized to the same pressure amplitude, the first
actuation response spectra will exceed the second actuation response spectra
at some higher freguencies. Also note that respounses on the diaphragm floor
that were mainly caused by quencher vibrations did not show any significant
difference (see Figure 8-16).
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8.6 COMPARISON OF MULTIPLE VALVE A /D SINGLE VALVE TESTS

In order to study the wultiple valve effect on structural responses, accelera-
tions from Tests 7, 32 and 45-1 were selected for comparison, including one,
aight and four-valve actuations, respectively. Since Test 7 data was not
available for the RPV responses, Test 22A0l1 data was used. The maximum accel-
erations anc the ratios between multiple and single valve test accelerations
are shown in Tables 8-~2 and 8-3, Response spectra were also compared for the

dAifferences in frequency content.

8.6.1 RFPV Response

Data given in Table 3-2 (Accelerometer AllZ) shows the acceleration increased
when multiple valves were actuated. However, the greatest acceleration

occurred during Test 45-1 when four adjacent valves were actuated. The

increase in accelerations was substantially less than proportional tr the number
of valves actuated due primarily to differences in spatial distributions of the
pressure loads (see Table 8-3, Accelerometer AllZ). The comparison of response

spectra is shown in Figure 8-20.

8.6.2 Pedestal and Biological Shield Wall Response

The radial acceleration; measured at the top of the biological shield wall
were about 0.05g for bcth the four-valve Test 45-1 and the eight-valve Test 32
(see Table 8-~2, Accele"ometer AlY). The accelerations from both of thesa
tests wvere higher than those observed for Test 7 (see Table 8-~3, Accelerometer

A'Y), The comparison of response spectra is shown in Figure 8-21.

Radial and vertical accelerations at the top of the pedestal (accelerometers

A3Y and A4Z) are given in Table 8-2. Both the radial and vertical accelerations
for Tests 32 and &4%~1 were higher than those observed for Test 7 (see Table 8-3,
Accelerometers A3Y and A4Z, vespectively). Tne comparison of response spectra
at the top of the pedestal is shown in Figure 8-22.
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8.6.3 Containment and Basemat Respouse

The maximum radial accelerations on the containment were 0.069g and 0.088g,
for Tests 32 and 45-1, respectively (see Table 8-2, Accelerometer Al2Y). This
indicates that the containment responded more to the actuation of four
adjacent valves than to the eight uniformly distributed valves. The responses
for both tests were higher than thoie observed during Test 7 (see Table R-3,

Accelerometer Al2Y).

Maximuw vertical accelerations on the basemat are given in Tahle B-2 (see
Accelerometers Al and Al4). The accelerations for the MVA tests were
higher than those observed for Test 7 (see Table 8-3, Accelerometers Al? and
Al4),

By the comparison oi{ response spectra for the three tests at both the contain-
ment and the basemat (see Figures 8-23 and 8-24), apparently different struc-

tural modes were excited by the different tests.

8.6.4 Operating Floor Response

The eight-valve test (Test 32) produced the highest horizontal and vertical
accelerations on the operating flour (see Table 8-2, Accelerometers A5Y and
A5Z). The horizontal sccelerations had a greater increase when more valves
were actuated than the vertical accelerations did (see Table 8-3). The ver-
tical accelerations on the operating floor were lower than those on the base-
mat which indicates no overall building amplification during the eight-valve
test.

3.6.5 Diaphragm Floor Response

Because the quenchers are supported vertically by the diaphragm floor, high
vertical accelerations caused by quencher vibrations were observad on the
diaphragm floor (see Table 8-2, accelarometer A62). These accelerations did
not increase relative to the single vaive test responses for the four-valve
(Test 45-1) and the eight-valve (Test 32) tests (see Table 8-3). This indi-
cates that the vibrations are localized and non-additive when more valves open.

8-5
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Data in Table 8~3 also shows that radial accelerations on tne diaphragm floor
in both MVA tests increased over those of Test 7. Figure 8-25 shows that the

diaphragm floor responded in roughly the same predominant vibration mode.

£.7 TIME PHASING EFFECT FOR MULTIPLE VAL'\E TESTS

Tests 27 through 30 and 45-1 and 45-2 included actuation of the same four
valves (Valves A, E, F and U), with CP and NWL., The reactor pressure only
varied from 969 psig to 982 psig. The only key variable was the time lag
between actuations of valves, Figure 8«26 shows the maximum acceleration
measured in the tests as a function of the time lag between the actustions

of the first and the last valves. The accelerations appear to be affected

by the time phasing. However, if the ratios of standard deviation over mean
for those four-valve tests are compared with the coefficients of variation for

single valve tests (see Table 8~4), the time phasing effects are small.
8.8 EFFECT OF LEAKING VALVE

Pool pressure during the first actuation of a leaking valve tends to oscillate
at higher frequencies than those of non-leaking single valve first actuaticns.
Figures 8-27 through 8-32 show the comparison of response spectra from

Tests 4401 and 7 which were leaking and non-leaking valve tests, respectively.
Except for the diaphragm floor response, the leaking valve actuation generally
caused higher responses than the non-leaking single valve first actuations,
However, the responses observed on the diaphragm floor are about the same

(see Figure 8-17). It is further noted that the responses from the single
leaking valve test ‘Test 440l1) were in general bounded by those from the

four-valve or eight-valve tests (Tests 45-1 or 32, respectively).

8-6
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A.1l SUMMARY

A representative sample of the data obtained during Phase II of the Caorso
SRV Test Program was reviewed, The magnitude and response characteristics of
this data and the testing conditions were compared with equivalent Phase I
data and conditions to determine if sufficient differences existed between
the two phases of testing to warrant a separate Phase II accuracy evaluation.

The documentation of each sensor replaced or repaired after termination of
Phase 1 testing was reviewed to determine if each instrument could be identi-
fied by serial number.

The conclusions from this investigation are presented in Section A.2. A descrip=-

tion of the comparisons is presented in Section A.3.
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A.2 CONCLUSIONS

The 2nd-to-end instrumentation accuracies reported in Appendix B of the Phase I
Test Report are also valid for Phase II tests. Although some measurements
were of greater magnitude in Phase II than the corresponding measurements in

Phase I, the increase did not result in significant accuracy differences.
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A.3 DISCUSSION

The same phencmena were investigated during both phases of SRV Tests. The
primary difference between the two test series was that during Phase II more
than one SRV was actuated simultaneously. Thus, the conditions which the
gensors were subjected to and the frequency response characteristics of the
measured variables were essentially identical in Phase I and Phase II. The
magnitudes of some measurements, most notably building accelerations, showed

increnses in Phase II due to the simultaneous multiple SRV actuatioms.

The Phase II tests which differ significantly from those conducted during
Phase I are discussed in this report. These tests include the multiple
valve tests affecting the response of the accelerometers, and the leaking
valve tests affecting the strain gage data. All other tests and data similar

to Phase I will not be discussed in detail.

Appendix B of the Phase I Test Report established a basis for determining the
accuracy of any data obtained from the Data Acquisition System. As long as
the data obtained does not change significantly in magnitude, the accuracy
described in Appendix B will Epply.

Table A-1l shows various pressure, strain gage and accelerometer data for the
conditions existing during both Phase I and Phase II testing, The mean values
measured for each condition (SVA and CVA for Phase I, and SVA, CVA, MVA, LP
and LV for Phase II), and the maximum valvc measured during each phase are
shown for each sensor listed in the table. The values shown were obtained
from the Caorso Test Plan and the Phase I Test Report. This table ccmpares
the Phase I and Phase Il data and shows that instrumentation accuracy presented

in the Phase I Test Report is valid for both phases,
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A.3.1 ACCELEROMETERS

The Entran accelerometers, excluding those mounted on the guencher, showed the
largest magnitude changes between the Phase T and Phase II tests. However,

the maximum values are still in the ranges discussed in Appendix B of the

Phasc I Test Report, so the total instrument error previously calculated remains
valid. Example: Table A-l, the value obtained from Semsor A6Y doubles from
Phase 1 (0.04g) to Phase II (0.08g).

v

Possible error due to non-linearity = 0.01* x 0.08g 0.0008g

Possible error due tc transverse sensitivity = 0.03% x 0.08g = 0.0024g

Possible error adue to data acquisition system*x = (0,0160g
TOTAL ERROR = /JaZ+biec? = 0.0l6g

This error is identical to the error given for Phase I in the Phase I Test Repor:
appendix, and as a percentage of the measured value, the error is actually less
than that measured in Phase I (40 percent in Phase I versus 20 percent in

Phase 1I).

As a percentage of measured value, the error decreases as the measured value
increases until full scale is approached, because the error introduced by the
data acquisition system is much greater than that of the individual sensor, if
the magnitude of the parameter measured is somewhat below full scale. In the
axample, the largest single error in A6Y was 20.016g, which was calculated as a
fraccion of the sensor full scale. Therefore, this error did not increase

from Phase I to Phase II although the actual reading may have increased. This

is generally true for all sensors in the Caorso tests.

*Error contributions discussed in Appendix B to the Phase I Test Report.

**Error due to data recording system and signal conditioning equipment = (.15 per-
cent of full scale value.

A-5
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A.3.1.1 The Accuracy of the Endevco Model 2236 Accelerometer

Accelerometer All was not discussed in Appendix B to the Phase I Test Report
because this sensor we: inoperable during the entire first phase of testing.
On completion of Phase I testing, Accelerometer All was repaired but only the
Z axis remained operable throughout the remainder of the test program. The

accuracy of this accelerometer is discussed below.

With the exception of temperature sensitivity, the significant sources of

error for the Entran accelerometer are identical to those of the Endevco

accelerometers:
a. Error due to non-linearity = 1 percent of full scale value
b. Error due o :ransverse sensitivity = 3 percent of sensitive axis

e Error due to Data Acquisition System = (.16 percent ol full scale

value.

In addition to these errors, the Endevco accuracy was affected oy the high
temperature eanviromment. During the Caorso test program the temperature at

the reactor flange where Accelerometer All is mounted ranged from 409° to 500°F.
At these temperatures the Endevco unit can be in error by =18 percent of the
reading.

Also contributing to the total error of this Triaxial Endevco Accelerometer
are zero shifts in the Z axis. The uncertainty in identifying the shifted

zero poiat in this case is approximately =0.003g.

Table A-2 shows typical accuracy tabulations for Accelerometer All.

A~6
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A.3.1.2 Pressure Transducers

Data in Table A-1 shows that pressure measurements from Phase I and Phase II
are essentially the same. As in the case of accelerometers, the major con-
tributions to pressure sensor error are calculated as fractions of full
scale, Therefore, although some few pressure sensors (P51 for instance)
showea Phase II readings somewhat higher than their Phase I readings the

expected errors for both test series are the same.

Zero shifts were also evident on some suppression pool semsors - P22, P42,

P52, P9, and P57. These should be treated as recommended in the Phase I accuracy
evaluation, i.e., data valid to =1 psi. Readings from Pl and P2 still showed
discrepancies. A difference of 50 psi was seen in Test 24. Sensor ?T25

which measured the SRVDL pressure downstream of Pl and P2 sometimes showed

higher values than Pl and P2, although the downstream location suggests that PT25

should have shown lower values.

A.3.1.3 All Other Sensors

The data from strain gages, water level sensors, flow elements, pc:ition indica-
tors and temperature detectors were approximately the same in both phases.
Since tliere was no ch~nge in their environment, the accuracy stated in the

Phase I accuracy evaluation is valid for Phase II results.
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Table A-1 is GENERAL ELECTRIC COMPANY PROPRIETARY
and has been removed from this document.
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Table A-2
ENDEVCO ACCELEROMCTER ACCURACY

Component

Typical Reading ‘' 0.06
Nonlinearity =0.0006¢g
Transverse Sensitivity +0.0C18g
Temperature Sensitivity +0.0100g
Zero Shift +0.003g
Data Acquisition Syscenm +0.016g
TOTAL ERROR 0.019g

=V az+b2+c2 >
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Tables B~-1, B=2 and B=3 are GENERAL ELECTRIC COMPANY
PROPRIETARY and have been removed from this document.
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B.1 QUENCHER BOUNDARY PRESSURE OSCILLATION PHASING

B.1.1 INTRODUCTION

Because of the nonsvmmetrical orientation of the quencher arms and films from
small scale tests showing different size bubbles forming around the quencher,
the phasing of the boundary pressure loads around a single quencher during
water/air clearing was studied. Normal SVA and CVA responses were discussed

in che2 Phase I Final Test Report.
The following cases are considered in this appendix:
a. Test 36 (LP, SVA). Reactor pressure of 400 psig
b. Test 43 (LV, SVA)
(S Test 30 (MVA, CP, NWL). Four valves actuated within 92 milliseconds
d. Test 26 (MVA, CP, NWL). Three valves actuated within 10. milliseconds

These four cases cover the different oscjllating load cases seen during the
Phase II tests. Case a (Figures B-l and B-2) shows a characteristic pressure
oscillation throughout the transient, similar to normal reactor pressure SVA
tests. Case b (Figures B-3 and B-4) shows the erratic pressure oscillations for
a LV test. Cases ¢ and d (Figures B-3 through B-8) show the responses to MVA
tests characterized by high magnitude pressure peaks followed by somewhat

irregular pressure oscillations.
B.1.2 RESULTS

Figures B-9 and B-10 show the Power Spectral Density (PSD) for Sensor P19
during Test 36 and the phasing between P19 and P23, Figure B-10 shows *he
two pressures to be in phase at the dominant frequency. The lack of phase
correlation at higher frequencies is irrelevant since there is essentially

no pressure signal at these frequencies (see Figure B-9),
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Figures B-1l and B-12 present the PSD for Sensor P19 during Test 43 and the
phasing between P19 and P23. PSDs for these LV tests are unusual in that they
show the pressure energy to be distributed over a wide range of frequencies.
Even so, Figure B-12 shows the two pressure sensors to be essentially in

phase at the dominant frequencies.

Figures B-13 through B-16 present PSDs and the phasing for MVA Tests 26 and
30. In zeneral, the MVA pressures were in phase. This can be seen in
Figures 3-13 and B-14, the PSD for Semnsor Pl9 and the phasing between P19

and P50 for Test 30. Figure B-1l4 shows the two sensors to be in phase at

the dominant frequencies. The PSD for semsor P19 and the phasing between P19
and P51 are shown in Figures B-l15 and B-16 for Test 26. Examinatiecn of the
PSDs for these MVA tests shows two significant peaks, one in the prevailing
range of the bubble oscillation frequency between 5 and 10 Hz, and one of
somewhat lower frequency. The two pressure signals are shown as being in
phase at the lower dominant frequency, however, they are approximately

30 degrees out of phase at the higher frequency.
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Figures B-1 through B-16 are GENERAL ELECTRIC COMPANY
PROPRIETARY and have been removed from this document.
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MAXIMUM ACCELERATIONS

Table

Table

Table

Table

Tabla

Table

C-1

C-3

Cc-4

NEDO-24757

Cc-2

Test

Number

22A01
22A02
22A03
22A04
22405

2301

2302
2303
2304
2305
2311
2312
2313

2314
2315
s321

21

-

2324
2325

24
25

>
-

27
28
29
30

31
32
33
34
35
36
37

38
39

1
-

4l
42
43
4401
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Test
Number
Table C=7 4402
4403
4404
4405
45-1
45-2
501X
II. ACCELERATION RFSPONSE SPECTRA
Test
Number Figure
7 C=1 thru C=26
2202 C=27 thru C-52
32 C=53 thru C-78
4401 C-=79 thru C-104
45-1 C=105 thru C=130
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Tables C-1 through C-7 are GENERAL ELECTRIC COMPANY
PROPRIETARY and have been removed from this document.
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Figures C-l1 through C-130 are GENERAL ELECTRIC COMPANY
PROPRIETARY and have been removed from this document.
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This index cross references all sensors to the sections of the report where

discussions of the sensor or sensor data are included.

Sensor Report Section Presenting Results
Pl 4.2, 6.3, 7.2, App. A
P2 4.2, 6.3
P3 4,2, 6.3
P4 4.2, 6.3, 7.2, App. B
P5 3.3, 4.2, 6.3, 7.2, App. A, App. B
P6 4,2, 6.3, App. B
P7 4,2
P8 4,2
P9 4.2, 6.5, 6.7, 6.8, App. B
P10 4,2, 6.5, 6,7, App. B
P11 4,2, 6.5, 6,7, App. B
P12 4.2, 6.5, 6.7
P13 4,2, 6.5, 6.7, 6.8, App. B
Pl4 4.2, 6.5, 6.7, 6.8, App. B
P15 4.2, 6.5, 6.7, 6.8, App. B
Pl6 4.2, 6.5, 6.7
P17 4.2, 6.5, 6.7, 6.8, App. B
P18 4.2, 6.5, 6.7, App. B
P19 4.2, 6.5, 6.7, 6.8, App. A, App. B
P20 4.2, 6.5, 6,7
P21 bed; 8.5, 657
P22 4.2
P23 4,2, 6.5, 6.7, 6.8, App. A, App. B
P24 4.2, 6.6, App. B
P25 4,2, 6.5, 6.7, 6.8, App. B
P26 4.2, 6.5, 6.7, 6.8
P27 4.2, 6.5, 6.7, 6.8, App. B
P28 &yd, 6.5, 6.7

D=2



Sensor

P29
P30
231
P32
P34
P35
P36
P37
P38
P39
P40
P4l
P42
P43
P44
P45
P46
P47
P48
P4o
P50
P51
P52
P53
P54
P35
P56
P57
PEaS

T2
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Report Section Presenting Results

4.2,
4.2,
4.2,

&2,

-
o
-

o

. .
LS S

H & & & >
o

-
1]

f
L]
-

&

-

[
-

4.2,
4.2,
4.2

4.2,
4.2,
.2
4.2,
6.2,
3.3,
4,2

4.2

6.5,
6.5,
6.5,
6.5,
6.6,
6.6,
6.5,
6.5,
6.5,
6.5,
6.6,
6.6,
6.6,
6.6,

7.2
7.2
6.5,
6.5,

6.6,
6.3,
6.3

6.5,
6.5,
4.2,

6.7

6.7

6.7,
6.7,
App.
App.
6.7,
6.7,
6.7,
6.7,
ApP.
ApPP.
App.
App.

App.
App.

6.7,
6.7
6.3,

6.8, App. B

6.8, App. B
6.8, App. B
6.8, App. B

6.8, App. A, App. B
6.8, App. A, App. B

App. B

App. A, App. B
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T3
T4
TS
o7

Report Section Presenting Results
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4.2, 6.4

4.2
4,2
4.2
9.2
4.2
4,2
4.2
4.2
4.2
4.2
4.2
4,2
4.2
4,2
4.2
4.2
4.2
4.2
4.2
4.2
4.2
4.2,
4.2,
4.2,
4.2,
4.2,
4.2,
4.2,
4.2,
4.2,
6,2,

6.4
6.4
6.4
6.4

o
.
e

6.4
6.4
6.4
6.4
6.4

D=4



Sensor

L9
L10
L1l
L12
TL6
LVDT1
LVDT2
VBL

VAP
VEP

VIP
Al

-y

-

AL

Ab
A7
AB
A9
AlQ

AlS
Al6

AlS
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Report Section Presenting Results

4.2,
.2,
4.2,
4.2,
4.2

4.2,

4.2, 7.5

4.2

4.2

4.2

4.2

4.2

4.2

3.3,
4.2,
3.3,
3.3,
4.2,
4.2,
4.2,
4.2,
4.2,
4.2,
4.2,
4.2,
4.2,
&.2,
4.2,
4.2,
4.2,
4.2,

6.6
6.4
6.4
6.4

4.2,
8.1,
4.2,
4.2,
8.1,
7.2,
8.1,
8.1,
8.1,
8.1,
8.1,
8.1,
8.1,
8.1,
7.2,
7.3,
7.2,

7.2,

8.2,
ApPp.
8.1,
8.1,
8.5,
8.1,
ApP.
App.
App.
App.
8.3,
8.3,
8.5,
8.5,
7.5,
ApPP.
73,
7.3,

8.5, App. A,
A, App. C
8.5, App. &,
8.5, App. A,
App. A, Arp.
8.5, App. A,
A, App. C

A, App. C

A, App. C

A, App. C
8.5, App. C
App. A, App.
App. A, ApP.
App. A, AppP.
App. A

A.

App. A

App. A

D=5

App. C

App. C
App. C

App. C

-~

C
C
C




Sensor

Al9

A20

A2l

A22

A23

SG1
SG2/5G6
SG3
SG4/SG8
SGS

SG7

SG9
§G10/14
SG11
SG12/16
SG13
SG15
SG17
sG18/22
SG19
§G20/24
SG21
$G23
SG25
$G26/30
SG27
3G28/32
SG29
SG31
SG33
SGl4
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Report Section

Presenting Results

4.2, 7.2, 7.3,

4.2,
4.2

4.2

4,2

4,2,
3.3,
4.2,
3.3,
4.2,
4.2,
4.2,
4.2,
4.2,
4.2,
4.2,
4.2,
4.2,
4.2,
4.2,
4.2,
4.2,
4.2,
4.2,
4.2,
4.2,
4.2,
4.2,
4.2,
3,3,
&.2,

702.

7.2,
4.2,
7.3,
4.2,
7.3,
7.3,
7.3,
7.3,
7.3,
7.3,
7.3,
7.3,
7.3,
73

7.3

7.3

7.3,
7.3,
7.3,
743

7.3,
7.3

7.3,
T34
4.2,
7.4

7.3,

7.3,
7.3,
App.
7.3,
App.
AppP.
App.
App.
App.
Anp.,
App.
ApP.
App.

ADpP. A
App. A

ApPpP. A
App. A

> >
o
o
.
>p

> B > > P o> o> > B

App. A
App. A
App. A

App.

ADPP.
App.
Loy

I

.4, App. A
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SG35
SG36
SG37
SG38
SG39
§G40
3G41
SG42
SG43
5G4
SG45
SG46
SG47
SGLB
SG43
SG50
SG51/53
SG52/54
SG55
$G56
SG57
SG53
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Report Section

Presenting Results

3.3,
3.3,
4.2,
6.2,

e
o
-

o
.
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-

.
o
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-

o
-
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3.3,
4.2
4.2
3.2,
3.3,
4.2
4,2
4.2

4.2

4.2, 7.2,
4.2, 7.4,
7.5, App.
7.5, App.
7.5, App.
7.5, App.

6'2
4.2

7.4, App. A
App. A
A

A
A
A
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