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ASSTRACT

This report doc zents the results of the Mark I Ccntainment R ' ram
Task 5.5.2, Dounload Oscillation Evaluaticn. This pool suell :est

program mLud in the Vark I 1/4 Scale Test Facility (GSTF) both

identified the causes of dcunicad oscilla:icns previously observed
in subscalc pool suell tests and developed methods to preven: their
subsequen occurrence.

The test and evalua:icn vork established that dounload oscillations
in the QSTP have tuo pri~.ary causes, neither of which are prototypical

of full-scale condicions. These causes are:

1) Fluid / structure in:erac:icn caused by the flexible ye:
massive end vindows.

2) System flexibility introduced by the presence of air bubbles
on the submerged facility surfaces.

Dounload oscillations can be virtually eliminated in the QSTF by
laterally s:iffening the end windcus ar.d by removing the submerged

surface air bubbles.

Sir.ce scaling of all parameters e= cept pak dcunload has been ecn-
firmed, and since the peak dcunloads cere scalable for the full LP*
corditions where there vere essentially no i: unload osciliations, it
can be expected tha; elimination of daunload oscillaticns vill make
peak dcunicada for :he less than full L? corditions also scalable.

*LP refers to the dryvell-to-vetuell pressure differential used to
depress the water level inside che dcunccmers.
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1. SUMMARY

This report documents the test and evaluation work conducted under the Mark I

Contaf_mmnt Program Task 5.5.2 to evaluate the causes of download oscillation

seserved in previous 1/4 scale and 1/12 scale tests as reported in References 1

and 2. These download oscillations were of sufficient magnitude to prevent con-

firmation of the scaling laws for peak download at conditions other than full AP

as reported in Reference 1. The small oreillations that were present at ful:

AP did not prevent scaling confirmation of peak download at that condition.

The Download cillation Evaluation Program described herein and subscale tests

by EPRI (Reference 3) have shown that the download oscillations were primarily

attributable to test facility related phenomena which are not prototypical of

full-scale plant conditions. The oscillations were primarily due to the flex-

ibility of the test facility end windows and the presence of air bubbles on

submerged test facility surfaces. Download oscillations have been virtually

eliminated from the 1/4 scale data by stiffening the end windows and adding a
surfactant, which has been observed to remove air bubbles from the submerged

facility surfaces.

Comparable tests have not been performed at 1/12 scale with download osc111ations
removed for direct comparison with 1/4 scale data. However, the follo ,ing argu-

ments strongly suggest that failure to confirm the scaling law for Seak download

at less than fuli mP was caused only by the download oscillations:

The scaling laws for all of the other parameters including downloade

impulse (area under the download transient) were confirmed by the

Task 5.5.1 data, in spite of the download oscillations.

The scaling law for peak downforce at full i?, where the downforcee

oscillations were small, ,as confirmed by the Task 5.5.1 data.

1-1 / ]I
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Although the shell of the Mark I torus is more flexible than the test

facilities used in subscale testing, tests run in the QSTF over a range
of vertical natural frequencies frcm 20 Hz to 70 Hz have shown that changes
in the vertical motion of the boundary do not significantly alter the
acceleration corrected vertical force history.*

Elimination of the download oscillations from the subscale data, which are
to be used to predict full-scale Mark I containment pool swell loads, is

justified because the oscillations are sustained by phenomena which are
related to the test facilities and are not prototypical of the Mark I

Containment conditions as explained below.

e Window Stiffness

End windows do not exist in the Mark I containment and, conse-
quently, could not be a prototypical source of download oscilla-

tions. Stiffening the test tacility windows is, therefore,

fully justified to achieve proper simulation.

e Air Bubbles

The following justifications are given for the elimination of

.ir bubbles from the submerged test facility surfaces.

1. Vacuum Test Conditions

In the subscale test programs, water is introduced into the torus at

atmospheric pressure. The pressure in the torus is then. lowered to vacuum

conditions (3.68 psia for 1/4 scale) to provide for proper scaling. As

the vacuum is being drawn the dissolved gases reach super-saturated levels
and begin precipitating out. Some of these bubbles become trapped on sub-
merged test facility surtaces. The vacuum conditions which generate the
air bubbles are not prototypical of the Mark I containment which is at

atmospheric pressure.

-

* Integrated torus pressure data acceleration corrected for water inertia

to define the applied force on a non-accelerating boundary.

h9 'b
1-2
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2. Large Surface Area

The wetted surface to water volume ratio is about 12 times greater in the
QSTF than it is in a full-scale Mark I Containment due to the presence'of the
end windows in the test facility which are not a fear tre of Mark I. The wetted

surface is about three times greater in the test facility than the scaling
factor dictates, for the same reason. The end windows provide additional sub-

merged surface area for trapping air bubbles.

3. Time Factor

Subscale test runs are made shortly af ter the introduction of water into the

test facility. Under full-scale conditions the water would remain in the torus
for extended periods of time allowing time for the pool and the free space above
it to reach equilibrium.

Surfactant is added to the water in the QSTF to remove the air bubbles frcm
submerged facility surfaces. Although similar results can be achieved thr agh
deaeration of the water by repeated facility blowdown, the use of surfactant
was selected for the QSTF tests for operational simplicity, to achieve con-
trolled test ccnditions and because the reduction of surface tension at sub-
scale is more prototypical of full scale conditions.

Surf ace tension forces have not b- .. scaled. Since scaling studies showed

that surface tension forcer are small compared '.o inertial forces, they were

expected to have a negle.gible effect on the pool swell phenomena. The dis-

covery of the effect uf surfactant on subscale surface air bubbles does not

change this conclusion. However if surfact tension were scaled for a quarter

scale test, it would be proportional to the square of the scaling factor
(N1/16). Although coc=ercial surfactants can only reduce the surface tension
by factors of from 2 to 3, he surface tension reduction achieved by adding-

surfactant for the QSTF tests is in the right direction for proper scaling.

(C - ./ DJ1-3
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The presence of cylindrical window struts of fers the pot tatial for modifying
the pool hydrodynamics by adding drag. Since the obj ect: ve of the 5.5.2 work

was directed at download oscillations, and since there i.e little pool motion
at peak download, the ten strut configuration was selected to maximize window

stiffness. Even so, the struts are largely removed from the regions of highest

pool swell and constitute only a small fraction (less than 1%) of the pool
volume. Based on the window accelerations measured with eight struts below
the water, satisfactory window stiffness for future tests may be obtainable
with fewer struts which would further minimize any concerns over window strut
drag.

As a result of the test and evaluation work performed under Task 5.5.2, the

car;es of the download oscillations were found to be facility related. Their

removal provides conditions under which download scaling would be expected to
be confirmed. Download oscillations are essentially removed using he modifi-

cations described in this report. The QSTF load definition tests conducted
under Task 5.5.3 will utilize surfactant and window stiffening struts to
miniciae download oscillations .

1 / 9
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2. INTRODUCTION

The Mark I 1/4 Scale Test Facility (QSTF) was constructed and tests were con-

ducted under Long Term Program Task 5.5.1 to evaluate the validity of the pool
swell scaling relationships. Inese scaling relationships provide for small

scale experimental modeling of the pool swell phenomena. Using the validated

scaling relationships, full-scale loads for a postulated Loss of Coolant

Accident (LOCA) can be determined from small-scale test results. During the

Mark I Short Term Program, pool swell loads and load sensitivites were pre-
dicted on the basis of data from 1/12 scale 2D tests. During the Task 5.5.1

QSTF tests, a data base was established at 1/4 scale comparable to the

Phase IV A tests conducted at 1/12 scale under Task 5.8 (Reference 2). These

data were used to evaluate the validity of the scaling relationships.

Comparisons between 1/12 and 1/4 scale data were made for four test conditions-

two drywell pressurization rates with both zero and full initial Jrywell/
wetwell differential pressure (aP). These comparisons indicated that in

general the hydrodynamic characteristics and their variation with drywell
pressurization rate and initial aP scaled well between 1/12 and 1/4 scale.
However, the download transients at both 1/4 and 1/12 scale exhibited signifi-
cant oscillations at conditions less than full aP. For the 1/12 scale data
base selected, the magnitude of the oscillations were significantly larger than
the 1/4 scale oscillations. Consequently, the scaling relationships could not
be confirmed for peak download at conditions less than full SP.

The Download Oscillation Evaluation was initiated to understand the causes
of download oscillation and develop a basis for predicting full-scale down-
loads from subscale test data. The two test series conducted in Task 5.5.2
for download oscillation evaluation were:

Series 1 Facility Sensitivity

This test series was designed to evaluate the sensitivity of the facility
response to vertical and lateral stiffness changes, define facility
response modes and provide the capability for measurement of bubble
nressure.

2-1 4}
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Series 2* Facility Fluid / Structure Interaction

This test series was specifically directed at fluid / structure interaction

effects caused by end window flexibility, and the effects of excess dis-

solved air in the pool under vacuum test conditions.

*This test series was originally defined as Series r/3 in PAP, Rev. 2, 0/1/77

and is so designated in all test data.

2-2 Y bb
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3. BACKGROUND INFORMATION

3.1 TYPICAL DOWNLOAD OSCILLATIONS

Typical download oscillations which occurred during 1/4 and 1/12 scale pool
swell transients are shown in Figures 3-1 through 3-3. The maximum peak-to-

peak amplitude of the oscillations in the 1/4 scale tests was approximately
5600 lbf (25 kN) at about 157 milliseconds into the transient; the approxi-
= ate frequency of the oscillations was 50 Hz. At this time, the air bubble

has j ust cleared the downcomers. Thereafter, the oscillations continue in a

damping mode to the end of the transient. Since the maximum peak-to-peak

amplitude of the oscillations is of the same order of magnitude as the peak
download on the torus, their effect on the interpretation of the test results
is very significant.

Figure 3-3 shows that the 1/12 scale test data (when scaled to the 1/4 scale

test) correlates well with the 1/4 scale test results when the oscillations
are eliminated from the data by drawing a line through the midpoints of
the oscillations. To assure that the shape of the download trace without

oscillations is correctly represented in Figure 3-3 it was necessary to
identify the causes of the oscillations and to then find means of nreventing
their occurrence in the tests.

3.2 POTENTIAL OSCILLATION MECHANISMS

The following is a list of the potential causes of download oscillations
which were investigated in this program,

e Structural Stiffness of the Test Facility

Lateral Stiffness (Window / Frame Assemblies)
Vertical Stiffness

-1 'O['3-1 #
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e Acoustic Effects

e Vent Clearing Hydrodynamic Effects

e Air Bubbles

The above phenomena and their potential for the initiation or =aintenance
of download oscillations are described briefly below.

3.2.1 Structural Stiffness of the Test Facility

Previous subscale tests (Reference 2) showed that the magnitude and frequency
of download oscillations are sensitive to the test facility structural stiff-

In this investigation the vertical stiffness of the torus and its sup-ness.

port structure were considered as was the lateral (window / frame assembly)
stiffness.

The test f acility flexibility was expected to be a major contributory factor
to the download oscillations. As the pressure of the system rises, the fluid /

structure interface moves due to the flexibility of the test facility. The

structure in turn stores energy which can be later fed into the pool creating
a spring / mass oscillator.

3.2.2 Acoustic Effects

Acourtic effects were investigated to determine whether they were casually
linked to the download oscillations. Specifically, the presence of acoustic

waves in the vent system was investigated.

As the vents clear, the rapid expansion of the bubble could potentially
depressurize the downcomers sending a rarefaction wave upstream to the dry-
well. This wave, reflected back as a pressurization wave, could result in

oscillation of the download. The sonic velocity in air and the dimensions

of the test facility are ccnsistent with such a postulation.

3-5 #9, }[j
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3.2.3 Vent clearing Hvdrodynamic Effects (Bubble Pressure Oscillation)

The hydrodynamics associated with vent clearing were considered to be a
possible source of the download oscillations and were investigated. The

study was oriented towards providing an understanding of the vent clearing
mechanism to establish if pressure oscillations are an inherent part of this
mechanism. The rapid bubble expansion when the air starts entering the
quiescent torus pool, together with the restricting effect of the water still
remaining in the vent, causes the bubble pressure to drop rapidly. As the

events are cleared of water, the bubble pressure returns rapidly to near the
drywell pressure. This one to one and a half cycle bubble pressure oscilla-
tion, caused by the vent clearing process, could be responsible for the
initiation of the download oscillations if the test facility 1; sufficiently
flexible.

3.2.4 Air Bubblea

Air bubbles formed on submerged test facility surfaces and/or suspended in
the torus water were considered as a possible source of download oscillations.
Tuomerged air bubbles are a potential source of download oscillations because

the compressible air bubbles and the water mass form a spring / mass system which
can oscillate in responsa to the download force transient.

The source of air bubbles could be the air dissolved in the water entering
the torus and/or air bubbles trapped on the test facility surfaces as the
torus is bein; partially filled with water.

3.2.4.1 Dissolved Air

At the initial test static pressure of the system, 3.68 psia, the dissolved
o xy gen. content of normal tap water is at supersaturation levels. Air bubbles

tormed will rise to the surface, become entrr.pped on submerged tect facility
surfaces, and/or re=ain suspended in the warar.

6 st /)3-6 / '-
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1.2.4.2 Surface Air Bubbles

As wa*er is b2ing introduced into the torus it displaces the air which is
alreadt there. It is likely that as the water level in the torus rises a

cert .in portion of the air being displaced will become trapped on the sub-
merged test facility surfaces. As the torus is evacuated thcse trappeu
bubbles would expand.

I . ') ,
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4. PROGRAM DESCRIPTION

This section describes the Download Oscillation Evaluation Test Proc am
conducted under Task 5.5.2 and identifies the parameters which were evaluated.

4.1 DOWNLOAD OSCILLATION EVALUATION TEST PROGRAM DESCRIPTION

The Test Program consisted of two test series described as follows.

4.1.1 Series 1

A total of 26 test runs were made in January through April of 1977 in the

1/4 scale test facility under Task 5.5.2, Series 1: Facility Sensitivity Tests.

The Series 1 tests were conducted to determine the effects of vertical and lat-
eral test facility stiffness. In addition, instrumentation (pressure trans-

ducers) was added to the test facility in order to measure bubble pressures.
This was done to further the understanding of the hydrodynamics of pool swell.
In this series all tests, except Test 3, were at zero drywell/wetwell initial
AP using the large orifice.* Test 3 was run at full AP (12" of water). Table
4-1 presents the test matrix for the Task 5.5.2, Serias 1 test program.

4.1.2 Series 2

A total of 12 test runs were made in August and September of 1977, in the
1/4 Scale Test Facility under Task 5.5.2, Series 2: Facility Fluid / Structure

Interaction. The tests were run to examine the effects of fluid / structure
interaction, air bubbles either suspended in the pool or on submerged facility
surfaces, and water surface tension on the vent clearing mechanism. All tests

were at zero initial drywell/wetwell aP. Table 4-2 presents the test matrix

for the task 5.5.2, Series 2 test prograe.

*Large drywell flow orifice from Task 5.5.1 Scaling Law Tests (Reference 1).

C '! /$4-1 '
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Table 4-1

TEST CONDITIONS FOR TASK 5.5.2, SERIES 1
(Large Orifice all Cases)

Test
No. Valve AP Vertical Stiffness Window Stiffness Month Day Year

1 Double 0 Original Original 1 21 77
Disc

2 Double 0 Original Original 1 25 77
Disc

3 Double 12"* Original Original 1 26 77
Disc

4 Double 0 Original Original 2 4 77
Disc

5 Fast 0 Original Original 2 7 77
Butterfly

6 Fast 0 Spherical Load Cell Original 2 10 77
Butterfly Button Inserted

7 Fast 0 Spherical Load Cell Original 2 11 77
Butterfly 3utton Relapped

8 Fast 0 Button Relapped, Original 2 18 77
Butterfly Shim Stock Added

9 Fast 0 Dummy Load Cell Original 2 22 77
Butterfly

10 Fast 0 Torus Load Cell Original 2 23 77
Butterfly Reinstalled

(Same as Test 8)

11 Fast 0 Same as Test 8 Original 2 23 77
Butterfly

12 Fast 0 Same as Test 8 one Brace In- 2 25 77
serted Between
Front and Rear
Windows, 10"
Below Centerline

13 Fast 0 Same as Test 8 Same as Test 12 3 2 77
Butterfly

* Full aP for scaled 4 ft submergence

4-2 s
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Table 4-1 (Continued)

Test
No. Valve AP Vertical Stiffness __ indow Stiffness Month Day YearW

14 Fast 0 Variable Stiffness Same as Test 12 3 4 77
Butterfly Beam Added with

Rollers 75 3/4"
Apart

15 Fast 0 Same as Test 14 Same as Test 12 3 7 77
Butterfly

16 Fast 0 Same as Test 14 Original 3 16 77
Butterfly (Brace Removed)

17 Fas! O Same as Test 14 Original 3 15 77
Butterfly

18 Fast 0 Same as Test 14 Original 3 15 77
Butterfly

19 Fast (Window off, transient fL/D test) 3 21 77
Butterfly

20 Fast (Window off, transient fL/D test) 3 22 77
Butterfly

21 Fast 0 Same as Test 14 Original 3 31 77
Butterfly

22 Fast 0 Same as Test 14 Original 4 14 77
Butterfly

23 Fast 0 Same as Test 14 Original 4 14 77
Butterfly

24 Double O Same as Test 14 Ori ginal 4 7 77
Disc

25 Double O Same as Test 14 Original 4 8 77
Disc

26 Double O Same as Test 14 Original 4 8 77
Disc

/ /b'
,
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Table 4-2

TEST CONDITIONS FOR MARK 1,1/4 SCALE TESTS TASK 5.5.2, SERIES 2

Surfactant
Load Cell Window / Frame Pool Water Added to Photographic Test

Test No. Button Bracing Deaerated Pool Water Record Date

1 Iapped Spherical No Yes No Downcomer 8/20/77
Close-Up

2 Flat No Yes No 8/31/77
3 Flat No Yes No 9/2/77
4 Flat No Yes No 9/2/77'

n

5 Flat Yes (10 struts) No No (None) 9/8/77 55
36 Flat Yes (10 struts) No No Downcomer 9/9/773

L Close-Up }
7 Lapped Spherical Yes (10 struts) No No 9/9/77 d5

8 Flat Yes (10 struts) No Entire pool 9/13/77
9 Flat Yes (10 struts) No Entire pool 9/14/77

10 Flat Yes (10 struts) No Downcomer only 9/15/77
11 Flat Yes (10 struts) No Downcomer only y 9/16/77
12 Flat No No Entire pool Downcomer 9/20/77

Close-Up and
Overall
Facility

Ilotes: 1. Surfactant concentration used is 1 part to 200 parts water, except in Test 11 when
'

concentration increased to 1 part to 100 parts water.
'

2. LOCAM camera speed is 500 frames per second. A Bolex camera at 64 frames per second
was use2 for overall view of Test 12.

>~
% *
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4.2 PARAMETERS EVALUATED

The QSTF Tests evaluated the following parameters identified in Section 3.0
as potential causes of download oscillation.

e Structural Stiffness

e Acoustic Effects

Vent Clearing Hydrodynamic Effectse

e Air Bubbles

This section describes modifications to the test facility, test procedures
and instrumentation which were used to determine the effects of the above
parameters on the magnitude of the download oscillations. Descriptions of

the test facility and the test instrumentation are given in Appendices A
and B, respectively.

4.2.1 Structural Stiffness

4.2.1.1 Lateral Stiffness (Window / Frame Assemblies)

The QSTF has two large plexiglass windows which are built into .he ends of
the test facility as shown in Figure 4-1. The window / frame assemblies are

more flexible than the remainder of the structure. Tn determine if the
structural flexibility introduced by the windows contributed significantly
to the occurrence of download oscillations, it was necessary to greatly
stiffen the window assemblies. The test results using the stiffened window /

frame assemblies could then be compared with the results of prior tests to
determine if the magnitudes of the download oscillations were significantly
reduced.

'lternative means of stiffening the windows were considered including both
internal and external devices. Internal struts were selected because of their
ability to achieve a relatively high degree of stiffness with minimum facility
impact in terms of added weight and reduced visibility of the phenomena. When
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the facility is evacuated to the initial test pressure of 3.68 psia, the
struts become loaded and remain loaded until the internal prescure is raised
back to near atmospheric.

The strut design selected is shown in Figure 4-2. Detailed 3-D finite element

calculations were performed to determine the strut arrangement that would pro-
duce window frame natural frequencies f ar above the observed frequency (%50 Hz)

of the download oscillations. The first and second mode window / frame natural
frequencies for various numbers of lateral struts, derived from the analysis,
are given in Table 4-3. The ten strut arrangement shown graphically in
Figure 4-3 and in a photograph in Figure 4-4 was selected for the investiga-
tion. A finite element static stress analysis was performed and a vibration
test program was conducted in support of the analysis. Lateral stiffness was

examined in Task 5.5.2, Series 1, Tests 12 through 15 and Task 5.5.2,
Series 2, Tests 5 through 11 as described in Tables 4-1 and 4-2.

4.2.1.2 Vertical Stiffness

In the Task 5.5.2, Series 1 tests two modifications were made to the QSTF
which affected vertical structural stiffness. They were:

Change in the Load Cell Contact Button Designe

Addition of a Variable Stiffness Support Beame

Modification af Load Cell Contact Button Desien

Figure 4-5 shows the contact point between the torus load cell and the torus
structure as originally designed and as used throughout the Task 5.5.1 tests.
The support button had a flat, hardened bottom surface that mated with the
hemispherical top of the load cell. This was according to the load cell
manufacturer's specifications to avoid potential side loads being transmitted
to the load cell. Review of the design revealed that this created a potential
soft spot, i.e., the curved surface would elastically indent the flat surface.
A modified button was designed, fabricated and installed after Task 5.5.2,

4-7 *9 180
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Table 4-3

CALCULATED WINDOW FREQUENCIES FOR

VARIOU3 NUMBERS OF STRUTS

Number Frequencies
of Struts 1st Mode 2nd Mo_de

0 37 Hz 95 Hz

1 91 107

8 93 191

10 164 209

Series 1 Test 5. That button had a concave lower surface to fit the 8 inch
radius dome of the load cell. To avoid transmission of side loads, the
threaded shaft of the original button was omitted so that the button and the
bottom plate of the torus support structure could have relative lateral
movement.

Additional alterations were made during the Task 5.5.2, Series 1 and 2 test
programs as described in Tables 4-1 and 4-2.

Variable Stiffness Sucoort Beam

To provide test data at low torus vertical frequency, the solid steel block
that supports the torus load cell was removed and replaced with an I beam
approximately 10 feet long resting on two rollers. The wider the separation

of the two rollers, the lower the vertical natural frequency of the supported
torus. The rollers of this " variable stiffness beam" were set at a spacing of
75-3/4 inches to achieve a vertical first mode natural frequency of 20 Hz.

The variable atiffness support beam was used in Task 5.5.2, Series 1,
Tests 14 through 26 excepting Tests 19 and 20 as described in Table 4-1.
The variable stiffness beam was not used for the Task 5.5.2, Series 2 tests.

4-9 69 8g
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BOTTOM PLATE OF TORUS
SUPPORT STRUCTURE

L--~__j
i ,

C___. "iL_ __
-

y _ _ -1
y _._ -1
p _ -1
__ g
g.___ _a

B UTTO N

- TORUS
LOAD CELL

Figure 4-5. Torus Load Cell and Contact llutton

Instrumentation

Ihe following instrumentation was used specifically to measure the fluid /

structure effects as theS related to window / frame vibrations:

1. Pressures were measured at three locations (Instruments 9-11 in
Appendix li) in the pool adjacent to the lower portion of the

window.

2. Lateral accelerations of the window / frames were measured directly

adjacent to the locations identified in item 1 above (Instruments

15-17 in Appendix li) . The location of a fourth accelerometer used

for the same purpose varied from test run to test run.

''

(* (/
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4.2.2 Acoustic Effects

To determine the effects of vent acoustics on download oscillations it was

necessary to nonitor the pressure histories in the downcomer and vent.

Instrumentation

The instrumentation consisted of a pressure transducer inside the vent system

(shown in Figure 4-6) to measure any acoustical signals which might be gen-

erated during the transient. Additional pressure transducers described in

Section 4.2.3 were placed in the downconer. The locations of the remaining

instrumentation are identified in the test facility instrumeatation description

given in Appendix B.

The instrumentation described above was installed prior to the first run of

Task 5.5.2, Series 2 and was monitored throughout the test series on analog

tape.

4.2.3 Vent Clearing Hydrodynamic Ef fects (Bubble Pressure Oscillations)

The phenomenon of vent clearing is described in Appendix C. To determine if

vent clearing was the cause of the download oscillations it was necessary to

determine the downconer internal pressure history. If vent clearing was

indeed the cause of the download oscillations then oscillations in the down-

comer and vent pressure measurements could be expected.

Instrumentation

Three pressure transducers, shown in Figure 4-7, were placed in the downcomer

to measure the internal pressure history of the downconer, in addition to the

vent pressure transducer discussed in Section 4.2.2.

4.2.4 Air Bubbles

Regardless of the original source of air and whether the bubbles are suspended

in the water or cling to the submerged test facility surface, they can be a

4-13
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source of download oscillation because air is compressible and, therefore,

contributes flexibility to the spring / mass system consisting of the bubbles

and the test facility.

Two aspects of this phenomena were studied, dissolved air content and air

bubbles clinging to submerged facility surfaces.

4.2.4.1 Dissolved Air

To determine the effects of dissolved air content on the download oscillations

it was necessary to provide, in the test facility, a means of deaerating the

water as it was introduced into the torus. This was accomplished by installing

an air atomizing spray nozzle and sampling chamber as shown in Figure 4-8.
The torus was evacuated and water was introduced into the torus through tha

nozzle. The air was released from the water as it separated into a fine mist.

The air was continuously removed from the torus by the vacuum pump. After

filling under vacuum, samples of water were drawn from the torus and measured

for oxygen content. The effectiveness of the spray nozzle system in deaerating
the entering water is shown in Table 4-4 where the dissolved oxygen content
(normally about 7 ppm at ambient pressure) was actually reduced to below the
equilibrium level for the 3.68 psia (1/4 atmosphere) test pressure. Figure 4-9

presents two photographs of the facility window showing the effects of

deaeration. The numbered scalt is in inches. No surface bubbles are visible
with deaerated water. Task 5.5.2, Series 2 test runs 1 through 4 were conducted
with deaerated water.

Ins t rumen t a tion

The onl; instrument added was the water sampling chamber and its auxiliary
equipment.

4.2.4.2 Surface Air Bubbles

To determine the effects on download oscillation of the air bubbles formed on

the submerged test facility surfaces as water is being introduced irto the

i(i n. G '/'l4-16 ,fi
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Table 4-4
DEAERATED WATER OXYrEN CONTENT MEASURE}ENTS

TASK 5. ).2, SERIES 2

Dissolved Oxygen *
Test (ppm)

No. Pre-Test Post-Test

1 1.0 3.0

2 1.5 2.9

3 1.5 3.2

4 1.5 3.2

*Normally about 7 ppm at ambient pressure,

torus and/or from air released from the water, it was necessary to find a

means of removing these air bubbles from the test facility. This was accom-

plished by adding a surfactant (Kodak Photo Flow) to the water entering the

torus in the concentration of one part surfactant to 200 parts of water, as

recommended by the manufacturer. Addition of surfactant was observed to

remove visible air bubbles, from the submerged facility surfaces (see

Figure 4-9). The effectiveness of the surfactant in reducing the surface

tension of water is given in Table 4-5. Since the surfactant achieves a

minimum surf ace tension of about 32 dynes /cm at concentrations several times
weaker than the 200:1 concentration used, uniform surface tension throughout

the pool can be assumed. Surfactant was used in Task 5.5.2, Series 2,

Tests 8 through 12 as described in Table 4-6.

Instrumentation

No additional instrumentation was needed for this phase of the investigation.

( f] ' ?Q]4-18
L is



NEDO 21943

-
,

.
I

- - _ rng
m. _

" . , - '

O P?

N 2 y,

.y

4 C C
,

g 3 ',*$ 6

ag y ,- ,

% A
D y~

u | 5Ig.~ .

3 u ~,

% 34,-'. l. A
J C- <

7 . ,i L.

,' 3 . [kY - '
a

An ' hy[fQ, (V., ,
.

.$ ,
<M ; - x. 3f

% 4

g - m -. . ,

g.-,,v.-s... g.- t(gMo i
-

: 3,.
. p.

: j
-

_ , , .
c. . .

. : ;,

<
. . 7. :-

-
.Jn v.... s

-

I i[ *M

% C s
1 s'-

'^

,

d'
e

O

O u
w

e -

. , mag

s v
O

.C T^

. -, . , m
C u
- ~

,
) .

.
d% q

e. . .- . . .

'f W
- :,, ,,- e

r' #, -

: .,p w?
^,.,.;'',',, _, - cc_,,- ' ; ,.,,,

,- -; u
.'

,
- - * -- , ,

F, . - e ' .q',.'.,, ,.

4*se- ..- , ,
'

'.Q ^ $ s , ' , m m *"""-r

, ' , ' ' . f|
, 7-

,, .k;
.s._

'.
'

^ O,'' s,, . ,
,, , m .-

e
t e r

,e
*

. m ,

r V ' ' ~Sy #' *g ) w, Z *[. Af e
( -

$.' *p., m

S

y ee - . , -
e ,.

<,.
f % O'

,, ' gw,-
s.-;Ihf f4
cxe

e .- - |y @rg' '" .
s''( .

t '. -',' r.

,* -
-

e

i: ff-: ,s4-

. , ,

e r'c'- , ,

~ ', / .' , ' ? ' ', 3; p.~

~- -

,,

- m.M
- ,

, e, - ,- < :. f
A

'- - ; r -; %9_w,s . - 3
_

<

<4 sc c: . c . ,

4[ , o_ , ' , , '
.

C - # '1 33
< , ~; .w s, n

- I' C \ '' |

5
-

p|
' 3

c < -. < s- y > , ,|3
,

,
"

;
.) v3* '' c ' ,

,,,,,.3c e c -

, , .
>

,
^

* <r C f
,

# 3 2) 3c

'-( c' { Y , ,

'

- 'I *
c ,

g....- w , . -

-
4 . .

| 4 h,|
- g p. . y =_ - . -

_8Wfi m , p ;g e xp ;i. --

~

_. __ --__ _ _ _ ___ - w?m % . r-f. 1. ~ -. h

, j.

m' '' m'"4-19 -



NEDO-21943

Table 4-5

SURFACfANT CONCENTRATION VS. MEASURED SURFACE TENSION

Capillary Rise Surface Tension
Surfactant Concentration (inches) (dynes /cm)

100% Surfactant 0.35 30.8

1 part to 40 parts water 0.32 28.2

1 part to 80 parts water 0.37 32.6

1 part to 160 parts water 0.38 33.5

1 part to 320 parts water 0.35 30.8

1 part to 640 parts water 0.42 37.0

1 part to 1280 parts water 0.38 33.5

100% Pure Water 0.84 72

Note: Surfactant is Kodak Photo Flow 200.

Table 4-6

SURFACE TENSION FEASUREMENTS FOR TESTS WITH SURFACTANT
TASK 5.5.2, SERIES 2

Surface Tension
Test (dynes /cm)

No. Pre-Test Post-Test

8 30.6

9 30.6

10 68.5

11 70 35

12 34

Notes: 1. Same pool water used in Test 9 as in Test 8,

2. Samples for surface tension measurement taken from pool
(surfactant added only in downcomers for Tests 10 and 11)

3. Surface tension of pool water is nominally 72 dynes /cm
with no surfactant

i' C )/ 9hI[
/. L /
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5. TEST RESULTS

In this section test data, primarily from the two Task 5.5.2 Download Oscil-

lation Evaluation test series, are compared to determine the degree to which

each of the parameters considered contributes to the download oscillations.

All downloads presented in this section are d2 rived from spatially integrat-

ing the pressure distribution (/PdA) inside the torus with a correction added

for the inertial effects of the pool .s s .

5.1 STRUCTURAL STIFFNESS

5.1.1 Later t Stiffness (Window / Frame Assemblies)

Figure 5-1 compares the window / frame lateral accelerati,n between Task 5.5.2,

Series 2, Test 3 without struts and Test 5 with struts brac ing the window and

frame. Location of the struts and accelerometers are show- schematically in

the figure. As can be seen, the struts effectively remove the lateral vibra-

tions of the window / frame assemblies.

The efrect of window stiffness on net torus f orces is presented in Figure 3-2.

Task 5.5.2, Series 2 Test 5 with ten struts bracing the windows is compared

sith Test 8 with no struts and Test 12 with one strut the latter two from

Task 5.5.2, Serfes 1. In all of these three tests, the vertical natural f re-

quency was about 57 H: and fresh pool water was used, i.e., there were no

previous blowdowns. (Repeated blowdowns with the same water have been shown

to remove surface air bubbles and, therefore, reduce download oscillations.

See Section 5.4)

Peak Download

Stiffening the windows did not appear to have a major effect on the amplituda

of the first peak downicad as shown in Figure 5-2 and in Table 5-1.

693 294, ,
..



NED0-21943

|
. SYMMETRICALLY SPACED STRUTS

(ABOUT VERTICAL AXIS)
TOTAL: 10 STRUTS
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Figure 3-1. Effect of Windcw Stiffness on Torus Window /Fraue
Acceleration
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Table 5-1

EFFECT OF WINDOW / FRAME STIFFNESS ON PEAK DOWNLOAD

Window / Frame Peak

Stiffness Test Run Download N1bf

No Lateral Support Added Task 5.5.2

(Reference Case) Series 1, Test 8

One Lateral Strut Task 3.5.2

Added Series 1, Test 12

Ten Lateral Struts Added Task 5.5.2

Series 2, Test 5

Download Oscillations

Figure 5-3 illustrates a nethod for quantitatively comparing the severity
of download oscillations using the peak-to peak amplitudes and the time of
download peaks relative to the first peak. This method was used to compare

the oscillations of Figure 5-2, as presented in Table 5-2.

Stiffening the windows / frames greatly dampens the download oscillations as
shown in Table 5-2 an2 F'.gure 5-2. However, stiffening the windows only does

not completely eliminate : hem, implying that another mechanisa(s) is also
responsible for causing the download oscillations. Increasing the window /

f race stif fness beycnd a single strut does not appear to aff ect the amplitude
of the first oscillation but does screwhat dampen subsequent oscillations

without, however, altering their period.

5.1.2 Vertical stiffness

Torus natural vertical frequency was varied in Task 5.5.2, Series 1 testing to
evalute what effects such variations have on ceasured loads. Ihree frequencies

were obtained: 20, 51 and 57 Hz. See Section 4.2 1.2, for the codifications
made. The 51 H configuration existed throughout Icsk 5.5.1 and in the

Task 5.5.2 Series 2 Tests.

5-4
''9 29/



. . . . . . _

NEDo 21943

A

1.
-

W
O W %
D >
e -- a

-

^a < -
m J y

E d H
< t- r,

w V I.y
U 4 O~ , W

e" us - :s
a

wu L"l Cn
< ZA C
w o* -

4 CA
.m W

,,,. _ -

- = a-

1 a -

w' <C- W
m -- =

e

, = =
+

&W -
e--

-s
H w

L
'a
s.J

U
N
N
-

,

- i
d 6

.

-

s 7- 3
.

-

&

. ,. e
.~c.4

*M

A

l_

13HOJ

693 298s-s

- - _ _ _ . .



.

_ _ . . . . _
,

Table 5-2

EFFECTS OF WINDON/FRAllE STIFFNESS ON DOWNLOAD CSCILLATIONS
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Peas Download

Changing the test facility vertical stiffness nad little effect on the first

peak download achieved during the tr insicnt. See Figure 5-4.

Download Oscillations

The amplitude of the download oscillations are roughly the same over the
range of the tested natural vertical frequencies when the integrated pres-

sures are corrected for water inertia. However, the oscillations appear to be
sc=ewhat tore severe at 57 Hz, probably oue to the f act that the secc ' mod e
natural frequency of the windows (68 Hz) is being appecached.

5.2 ACOUSTIC EFFECTS

If acoustic pressure waves passing through the vent systen between the drywell
and the downcocer exit were responsible for the downforce oscillations, these
pressure oscillatiens would be picked up by all the vent header pressure
transducers. Although the lower pressure transducer on the downcener exhibits

an oscil?.; ion (see Section 5.3) as shown in Figure 5-5, the pressure trans-
ducer in the vent pipe shows no evidence of a similar pressure oscillation.
Therefore vent accus tics do r.ct appear to be a significant cause of pool swell
download oscillations.

5.3 VENT CLEA2ING HYDRODYNAMIC EFFECTS

The vent clearing hydrodynamics are complex and are described in detail in
Appendix C. In su=rary, air bypasses the water slug at the dcwncc=er walls as

the slug is accelerating dcwnward and a Taylor instability of the upper surf ace
of the resulting central water column appears to develop. The dynamics of these
phenomena as the bypass air and the unstable water column exit the downcener

result in the pressure histories f or the three dcwncerer pressure transducers
as shown in Figure 5-6. A si;nificant pressure transient occurs near the vent

exit. However, the figure shows that for all three elevations there are no

sustained downceser pressu e iscillations that tould be the scurce of sustained

torus download oscillations.
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Figure 5-7 cc pares downloads with and without surfactant added only in the
downcocer water slugs. The windows are stiffened in both cases. The figure
shows that the basic oscillatory nature of downloads is nct significantly
changed by such a change in downce=er water properties, further substantiat-
ing that the vent clearing hydrodynamic effects are not the source of
sustained download oscillations.

5.4 AIR BUBBLES

The effect of air bubbles on the submerged surfaces of the test facility was

investigated by removing the bubbles with three different techniques, as
discussed below.

5.4.1 Reoeat Elowdowns

It was observed that when the f acility is prepared for a test with fresh
,

water the windcws are blanketed with air bubbles. As a blewdown occurs these
air bubbles are swept off the submerged facility surfaces. The effect of this
renoval is shown in Figure 5-8 for a sequence of four identical tests, using

the same water repeatedly. The decreasing peak-to-peak force a:plitude
i= plies that dcwnload escillaticas are significantly decreased. The decreas-
ing time interval in time tc force peak shows increasing frequency, ind ica t-
ing an effective stiffening of the spring /= ass systen sustaining the
oscillation.

5.4.2 Surfactant

The effects of surfactant in the pcol water are shown in Figure 5-9. No

lateral struts were present. As can be seen, renoval of most of the air

bubbles free the subcerged test facility surfaces, caused by the surfactant,
significantly dampens the esci11ations.
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5.4.3 Deaeration

Figure 5-10 shows the effect of deaeration en download oscillations ccrpared
to repeated blowdcuns and to addition of surf actant. All three techniques of
surface bubble removal result in similar reducticas in download oscillatiens
Deaeration appears secewhat less effective than the other two but not sig-

nificantly different. This is also illustrated in Figure 5-11 where results

of the three =ethods of urface bubole cenoval are compared with results of

a fresh water test with surface air hubbles present.

5.4.4 Sumnary of Air Bubble Effects

The presence of air bubbles on the sub crged f acility surf aces was a signif-
icant cause of the download oscillations. Hewever, recoval of the air bubbles

alone is not sufficient to eliminate the download oscillations.

. .

5.5 CC".3TNED EFFECTS OF WINOCW STIFFENING AND AIR SUB3LES RE!OVED

In Figure 5-12 is a co:parison of the net torus force histories for the

follcwing conditions:

Surfactant Added
Figure No. Window Stiffeninc To ? col Water

5-12a no no

3-12b :es no

5-12c no yes

5-12d yes yes

5.5.1 Jindcw Stiffening Cnly

It can be seen by cc paring Figure 5-12) to the reference case in Figure 5-12a

(no windcw struts, f resh water) that window stiffening alone nearly danpened

cut all but the first ene and a half cscillations. The amplitudes cf these

esci11ations were screwhat reduced.

5-15 ,,
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5.5.2 Bubble Removal only

It can be seen frc= Figure 5-12c that adding surfactant to the pool (with no
window stiffening) significantly reduced the amplitude of the esci11ations
but did not eliminate then. The amplitude of the first oscillation was

reduced by =cre than was accc=plished by window stif f tning but the subsequent
oscillations did not damp out as quickly.

5.5.3 Combined Effect

f acility winic ws are stif fened and the air bubbles are removedIf t' test

from the submerged test facility surfaces, the download oscillatiens with the
exception of the first half oscillation < "e virtually eliminated as shewn in
Figure 5-12d. The a:plitude of the first half oscillation is reduced by

nearly 80"..

.

5.6 SU'2tARY OF FISULTS

The anplitude of the first peak download was probably amplified by up to 201
by the presence of dcwnload oscillations in the Quarter Scale Test Facility.
Ecth windcw flexibility and the presence of air bubbles on submerged test
f acility surf aces were the causes of the download oscillations. The f o rner
was the primary cause and the latter a significant centributing cause. The
event which initiated the oscillctions was the initial discharge of air into

the torus as the vents were cleared. If the test f acilicy windows are

stiffened and the air bubbles are removed frem the test f acility surf aces, t-

dcwnload oscillaticas 2re virtually eliminated.

5-10'5-20
- . .

4 -

J/.I )j[



NEDC-21943

6. CONCLUSIONS

The following conclusions about peak dcwnicads and download oscillatio'is are

drawn from the Task 5.5.2 Download Oscillation Evaluatien work.

Dcwnload oscillations in the QSTF affected the amplitude of thee

initial doanload peak by 10% to 20%

Download oscillations can be virtually eliminated bye

Increasing the lateral stiffness of the test facility ande

Removing the air bubbles from submerged tes: facilitye

surfaces.

e The downicad escillations were initiated by the discharge of higher
*

pressure air into the torus as the vents are cleared.

'iith dcwnicad oscillations removed, peak dcwnloads without LP woulde .

be expected to scale.

These conclusions arc discussed in more detail belcw.

6.1 PEAK 00'.iNLOAD

Elimination of the dcwnicad oscillations in the (ST reduced the peak down-

loads by approximately 20% (from 7,000 lbf* to 5,6C0 lbf**) frc= the values
obtained with f resh water and with either windcw struts or surf actant.

*Mean f PA + MA far Task 5.5.2, Series 1 tests 6 thrcu;h 11

**Mean f ?A + MA f or Task 3.5.2, Series tests 3 and 9

.-l
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6.2 DUWNLOAD OSCILLATIONS

The two parameters which were found to be the major causes of the download

oscillations were:

e Lateral Stif fness of the Test Facility

The Presence of Air Bubbles on the Submerged Test Facility Surf acese

None of the cther parameters considered contributed significantly to the
download oscillations.

6.2.1 Lateral Stiffness of the Test Facility

One cause of the downforce oscillations as the relative flexibility of the

end windcws/ frames which prcduced low natural frequency =cdes in the torus.
As the torus was loaded by the sudden discharge of air from the dovncocers,

the f undamental code of the uns tif f ened 41ndcws/f rames was excited and as a
consequence downicad oscillations occurred. The end windcws are a feature
of the test facility and are not a part of the Mark I containment.

To remove this cause of downforce escillaticas frc the test, it was neces-

sary to increase the lateral stiffness of the test facility. This was achieved

by the addition of lateral strutu to the test faci]ity as described in

Section 4.1.

6.2.2 Air Eubbles en Submerged Test Facility Surfaces

The other cajor cause of the downicad oscillations was the presence of air

bubbles on the submerged test facility surfaces. The air bubbles increase

the apparent flexibility of the test facility and consecuently their presence

supports download oscillaticas. The nu=ber of air bubbles present can be

greatly reduced by the addition of a surfactant to the water in the torus or

by agitating the water by ccaducting a number of blowdowns befcre_ a test run

is made.

5-2
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6.3 INITIAL PULSE

The Task 5.5.2 Download Oscillation Evaluation tests indicated that the dis-
charge of air into the torus at less than full LP provided a rapid loading

pulse to the spring / mass systen of torus structure, bubbles, and water mass
which then reverberated causing downforce oscillations. The tests have indi-

cated that the oscillations can be virtually elimin:ted (Figure 5-12d) by

stiffening the test facility. The discharge of air as the vents are cleared

instigate the dcunload oscillations but further introducticn of air into the

torus does not act to sustain the oscillatiot.s.

6.4 DCT; LOAD SCALING

Previous work (reference no. 1) showed that at full iP cenditions, there were

no significant dcwnicad oscillations and scaling was confirmed for both peak

download and dcwnload impulse as well as for other parameters investigated.

At cero 2? conditiens, scaling was ceafirmed fer all parameters (including

download impulse) except peak downicad. Devnload escillations were observed

in both 1/4 scale and 1/12 scale facilities at cero IP.

The present investigation has established that dcunic,d escillaticas are test

facility related and ncn-prototypical of full scale confitiens. Since dcwn-

lead impulse and the times of peak dcwnload and peak upicad have been shcwn
to scale, peck dcwnicads at cero LP with the escillations essentially rencved

wculd be expected to scale as was previcusly confirned for peak devnload at

full 2P.
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APPENDIX A. TEST FACILITY DESCRIPTION

TEST FACILITY DESCRIPTICS

This appendix describes the standard test f acility and f acility capability
requirements. A description of the =cdifications to facility hardware and
test conditions used to determine the effects of the various postulated causes

of dcwnforce oscillatiens is provided in Section 4

A.1 TEST FACILITY

A sketch of the 1/4 Scale Test Facility (OSTF) is shewn in Figure 4-1. The

1/4 scale configuration is gencrally based upon a typical Mark I E'.3 pressure
suppressica containment. However, the dimensions are scaled frc the earlier
GE 1/12 scale facility rather than any specific plant.

A narrow segment (about S*) of the torus, including ene pair of downcorers,
is codeled; the segment is apprcximated by parallel faces rather than a pie
shape. The test torus is 7.75 feet in internal diameter and 21.8 inches in
internal width.

Dr rwell pres trication is codeled by using a large ccepressed air tank which
ccc and into a simulated drywell volume (which is volumetrically,discharges o

but not gecretrically, acdeled) through a very fast-acting 7alve and a reter-
ing orifice. The drywell orifice upstream pressure is increased to 33 psia,
the air supply pressure, fren its initial pressure cf 3.66 p.aia in about

0.030 sec. The larpe air scurce results in a very small change in suppi;
pressure and temperatura during a siculated LCCA transient so that the itcca-
ing enthalpy ficw is nearly cor.s tant (decreases ky less than 7 percent in
0.75 sec). Transparent end and side ports allow sisual observation of the
phencrena frc two directions . :igh speed phet:araph is utilized to examine

.

fine details of the one-seccnd e. ant and to reasure surface velocities during

the pool swell. Transparent dcwnceners take the vent-clearin; phenenena
visible.

A-1 qu ,,-
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The drywell and wetvell are isolated structurally and connected only by a
flexible bellows. The vent header was designed to be structurally isolated

fmm the wetwell so that vent header impact can be separately measured with

a load cell.

A.2 TEST CONDITIONS AND TOLERANCES

The test conditions and tolerances used in the program were based upon the

scaling law require =ents for quarter scale pool swell siculation. A list of
the test conditions is provided in Table A-1.

Table A-1

TEST CCNDITIONS

Initial Test Cenditions Value and Tolerance

Reservoir Pressure 55 : 1 psia,

Reservoir Temperature 70 2 10* F
Drywell Pressure 3.7 : 0.1 psia

Wetwell Freespace Pressure 3.7 : 0.1 psia

Drywell/We well LP 12, 0 : 0.2 in H.,.0
Downconer Sub=ergence 12.0 1 0.1 in.

Water Terperature 70 : 10* F
Dissolied Oxygen Ccatent 1.5 : 0.5 pp *

Dryvell Orifice 2.663" Dia1.

*For deaeration tests Task 5.5.2, Series 3 (Tests 1 through ;)

A-2
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APPENDIX B. TEST INSTRDfESTATION DESCRIPTICN

B.1 TEST INSTRD!ENTATION

The facility was instru=ented with fourteen pressure transducers, six
acceleroacters, one thermoccuple and two load cells as shown in Figure B-1.
Transducer ranges, sa ple rates and low pass filter settings for each of the
instruments are given in Table 3-1. Seven channels were recorded on analog

tapes.

Functionally, the instru=entation falls into two categories. The first
category consists of standard reference instrumentation. The primary purpose
of this instrumentation group is to quantify the gross aspects of pool swell.
Included in this group are =easurements of the pressure upstrean of the dry-
well orifice, drywell pressure, differential pressure across the downccrer
orifice, air temperature upstrea of the downconer orifice, wetwell pressures
(freespace and three submerged location 180*, 210*, 240*) and the torus loads.

The second functional group of instrumentation consists of ceasurements

specifically designed to investigate fluid / structure interaction, cent
acoustics and vent clearing hydrodynanics. The objectives and types of
ceasurecents for this functional group at. discussed belo .

Fluid / Structure Interaction - Instrumentation related to fluid / structure
interaction was to provide a better understanding of the basic
phencrenen. The instrumentatier is specifically orien*ed towards fluid /
structure effects as they relate to wi-dow/ frame vibrations. Pressures
were measured at three locations in the pcol adjacent to the 1cwer

portion of the window / frame. Lateral accelerations of the external
surface of the windcw/ frame asse:bly were measured directly adjacent to

the three internal pool pressure measurements.
,

One other accelerc eter was used to measure lateral window /frase ac:el-
eraticas. The location of this acceleremeter was varied frc test to
sest. In addition to the above measurements, the tertical acceleraticn

of the wetwell was ceasured.

3-1
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Table B-1

TLST INSTRUMENTATION

Sample Filter

Ref. Instru- Transducer Rate Frequency Analog
No.* Measurement ment No. Ranze (Hz) (Hz) Record

1 Orifice Upstream PT-1022 0-50 p sia 500 300
Pressure I

i

2 Drywell Pressure FT-1014 ' 300
!

3 Upper Vent Pressure PT-1015 | 10K X

4 Torus Air Pressure FT-lC01 10';,
!

5 Dcwncocer Pressure PT-1002 2,000 10K X

6 Downce=cr Pressure PT-1003 500 10K X
,

i

7 Downcomer Pressure PT-1004 1CK X'

8 Torus Water Pressure FT-1006 ; 1CK X
:

9 Torus Water Pressure PT-1012 | 300

10 Torus Water Pressure PT-1005 10K X.

t

11 Torus Water Pressure PT-1009
|

10K

12 Torus Water Pressure FT-1010 ! 3C0

13 Torus Water Pressure FT-1011 9 g 10K X

14 Dcwncerer Dif f. Pres. DP-1020 0 to 10 psid 500 300

15 Windcw Lateral AT-3000 25g ! Unfiltered
Accel.

~

i

16 Window Lateral AT-3001 25g i

Accel. ,

i

17 Windcw Lateral AT-3002 :5g i

Accel. !
!

18 Windcw Lateral AT-3003 25g
Accel. 9

19 Tcrus Vertical AT-1017 5g 1,000

Accel.

20 Torus Load LC-1016 50,000 lbf 2,0C0 f

21 Vent Header Vert. AT-1013 :25g 2,0C0 1,000
Accel. .

22 Vent Header Vert. AT-1013 :25g 2,000 Unfiltered
Accel.

23 Vent Header Load LC-1021 10,000 lb
f

2,000 1,CCO

24 Ocwnco=er Air Temp. TI-1019 0 to 500*F 500 300

* Refer to Figure 3-1 for instru=en: ;ccations.
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Vent Acoustics; Ven ' Clearing - The objectives of thiJ instruCentation

were (1) to identif: if acoustic waves in the vent system can be causally
linked to the down] cad oscillations and (2) to further investigate vent

clearing phenot_na. To meet the above obj ectives, five pressure trans-

ducers were located in the vent system; four of these vent transducers
and three pool pressure transducers were recorded on analog tape. The

1ccations for three pressure transducers in the downcocer are shown in
Figure 4-7. An additional pressure transducer was located on the sup-
port inside the vent connecting the drywell and vent header, as shown in
Figure 4-6, with the diaphraga oriented parallel to the flow direction.

High-speed movies were taken of each test. Camera setup was such as to

provide a close-up view of the plestic downcomer instrumented for
internal pressure reasurements for the first 11 tests of Task 5.5.2,
Series 2. Black and white film was used for the close-up photographic

records because of its better resolution. A standard LOCAM was used at
500 frames /second operating speed and was positioned so that the above
field of view vas achieved with a 5C= objective lens. Task 5.5.2,

Series 1 tests and Test 12 of Task 5.5.2, Series 2 vere photographed using

color fils and a f ull f acility view.

3.2 DATA ACQUISITION AND FIDUCTICS

Test data are recorded utilizing a high-speed data acquisition systen

(20,000 values per secord recorde2) that converts the electrical signals to

engineering units and produces plots within ninutes of each test.

Seven char.nels were recorded on analog tapes. The data recorded on the Ei

tape recorder was played back through the standard Analog to Digital system
(used for all normal data recording) at a sampling rate cf LOCO samples /
second. The recorder used was a Honeywell 5600c, 14 channel E4 tape reccr3er.
The input and output sensitivites are 0-2 volts (peak-to-peak) with a f re-

quency response of 5 kilocycles per channel.
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APPE:QIX C. VENT CLEARING PHENCMENON

C.1 VENT CLEARING MECHANISM

The movie stills of vent clearing are shown in Figure C-1 and C-2 for
Task 5.5.2, Series 2, Test 3, in which the pool was deaerated. Selected
frames of the downce=er c1cse-ups depict various stages of vent clearing.

Three pressure transducers, which measure internal pressures in the dcwnceter,
can te oeen in these elescups. Each fra=e is identified by time from

reference time (T ).o

By 100 csec, the water level in the dcwncomer has dropped about 5 inches, and
a central water slug is beginning to f orm. Development of the central water

slug, which appears as a column, can be seen in the photographs. Sicel-
taneously, an annular air pocket forms between the downconer inside wall and
the central water slug. Formation of the central water slug is possibly due

to a higher pressure gradient along the walls and development of a Taylor
instability. Inspection of the =cvie originals clearly shows a vertex region
appearing at the end of the downce=ers. By 128 msec, the peripheral air in
the annular pccket has cleared the downcener bottc= and started to form a
toroidal air bubble in the pool near the dcwncc:er exit.

Figure C-3 presents the ti=c history plot of =casured dewncener pressures in
Task 5.5.2, Series 2, Test 3. The points identified as ti thrcugh 6 rel2te
to Figure C-4 and the following description of the vent clearing precess.
Similarly, the events which are identified by tire ti through t, in the acwn-

coccr close-ups of Figures C-1 and C-2 are identified in Figure C-4 The

/ent clearing techanism is illustrated in Figure C-4 At time "t;", as the

air clears the vent near the wall, a torcidal bubble is formed at the vent

exit. By this time, all of the three downcccer internal pressure readings
have just passed their peaks; for the icwer two downcc=er internal pressures,
their first peaks. Exposure of high pressure air free tl.e drywel. to the
lov pool pressure and the comentum of the water ejected f rc= the vent
causes this bucble to everexpand, as shewn at time "t;". This results in

C-1
(r? 9, is- i ,3a > ' g
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3

Figure C-1. Vent Clearing Thraugh Ocwnc:mer, Task 5.5.2, Series 2, Tes: 3

,

(' 1-

i

; ',4
a n o ,

s
w i



., - , n . , - , .

. - . - . - - - s- --

NEDO-21943

I

,

|
,

I

a

e

1

Figure C-2. Vent Clearing Through Devacc=er (Continued)
Task 5.5.2, Series 2, Tes : 3
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acceleration of the air flow with an accenpanying drop in pressure in the air
space between the downconer inside wall and the central water column. These
events can be identified in Figure C-1.

This causes the cup-shaped tcp of the central water column to impact on the
inside wall at time "t ". Appearance of a dark band in the movies of the dcwn-

3

comer close-up at 132 msec in Figure C-2 is the result of this inpact of the
top water layer or the downcocer wall. The impact occurs at a location

between the upper and ciddle pressure transducers. The pressure read by the
lower two pressure transducers then drops as the annular region is isolated
from the vent pressure above the water level. The toroidal bubble continues
to expand, primarily due to water inertia. As the occlusien and the central
water slug are pushed down, at time "t;", the middle downcccer internal
pressure shows a sharp spike at the second peak due to the top layer of water
i=pacting en the pressure transducer diaphrage (see also Figure C-3).

*

As the occlusion and central water slug are pushed further out of the vent
at t im e " t " , the middle pressure transducer is again exposed to the high

3

air pressure above the water level. The lower pressure transducer continues
to drop as the transducer is still isolated by the occlesica, and the bubble
centinues to expand. As the occlusica ecves over the lower pressure trans-
ducer at time "t6", a sharp spike is observed because of the top layer of
water i pacting on the pressure transducer (see also Figure C-3).

Finally, "true" vent c1 caring occurs as the central water slug breaks up and
the high pressure air breaks thrcugh into the toroidal bubble at time "t ".
This results in for atien of the characteristic oval air bubble around the
downce:er botten, as shown at time "t3" in Figure C-4

.
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SUMMARY

This report documents the results of the Mark I Con-
tainment Progran Task 5.5.2, Download Oscillation
Evaluation. This pcol swell test program conducted
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identified the causes of download oscillations pre-
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developed methods to prevent their subsequent
occurrence.
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