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INTRODUCTION - APPENDICES

The large quantity of data and descriptive material produced by each
test series has necessitated the inclusion of a set of appendices with

this report. The main report highlights data from a typical plant's
tests and summarizes information of general interest. Eight Appendices

have been included to present data for the remaining plants, to discuss
in detail certain phenomena of particular interest, and to document
areas that have received additional investigative effort. The contents

of these appendices are summarized below.

Appendix A, which is a continuation of Section 3, presents the test Ata
for the other sixteen plant configurations tested. The data in Section 3
and Appendix A are not necessarily design basis data. The Task 5.5.3-2

Plant Unique Tests were performed at conditions being evaluated for
plant operation. Supplementary tests are being performed for several
Mark I Utilities to evaluate alternate conditions including variations
in water level, submergence, drywell/wetwell pressure differential and
vent header deflector design. After a review of these data, a set of

test conditions will be selected for each plant to serve as a design
basis for pool swell loads.

Appendix B defines the methodology used for vent header pressure inte-
gration. The values used for the six point fits to the impact pressure
transducer transients and the resulting pressure integrals are also
provided.

Appendix C presents plant unique data comparisons and the results of a
linear regression correlation of the plant unique test data.

Appendix 0 estimates the amount of pool mass that is suspended in flight
during the upload.
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Appendix E presents a series of still pool swell pictures for each plant
configuration.

Appendix F presents the results of a measurement uncertainty analysis.

Appendix G presents the specification for vent system resistance and the
methods used to meet the specification.

Appendix H presents the results of evaluations of torus window related
download oscillations in the plant unique data and a description of the
methods employed to remove these effects for several plants.

:-

1349 225
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APPENDIX A (con't)

The data for one typical test configuration was presented and
discussed in Section 3. The data for the other sixteen configurations
tested during the Task 5.5.3-2 Plant Unique Tests is presented and
discussed in this appendix in the same format as Section 3.

1349 226
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A. 9 Browns Ferry Tests

A.9.1 Typical Data

Time-history plots of the driving conditiors and pool response are
presented in this section for Browns Ferry Tests 3 and 5. Test 3
was a load definition test which was conducted at a partial drywell/
wetwell differential pressure of 7.61" AP and with no deflector.
Test 5 was conducted without an initial drywell/wetwell differential
pressure (0" AP) and with no deflector.

A.9.1.1 Driving Conditions

Driving conditions for Browns Ferry Test 3 are presented in
Figures A-387 through A-391. Similar plots for Browns Ferry Test 5
are shown in Figures A-392 through A-396. The thermocouple gave an

erroneous reading due to the condensate wetting the thermocouple.
The corrected vent air temperature is shown by dash line (Figures A-390
and A-395). Browns Ferry's driving conditions had the same charac-
teristics as the " typical" plant discussed in Section 3.0 of this
report.

A.9.1.2 Pool Response

Downcomer internal pressure and wetwell pressures for Browns Ferry
Tests 3 and 5 are presented in Figures A-397 through A-398 and
A-399 through A-400, respectively.

Figures A-401 and A-402 present net torus force based on the torus

pressure integral for Browns Ferry Tests 3 and 5, respectively.
Some downforce oscillations are present, but the upforce is relatively
smooth.

1349 227
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The net torus force which was determined by applying the inertial
correction from the torus accelerometer (Figures A-404 and A-408)
to the torus load cell (Figures A-403 and A-405) is compared with
the torus force obtained from the torus pressure integral in
Figures A-407 and A-408. Residual oscillations are present in the

corrected load cell. Figures A-409 and A-410 present the net torus
force based on the torus pressure integral corrected for inertia.
Smoothed downforce is also shown in these figures, using the filtering

technique described in Appendix I. Refer to Appendix H for detailed
comparison of filtered and unfiltered downforce transients.

The " average" pool pressures for Browns Ferry Tests 3 and 5 are
shown in Figures A-411 and A-413. Figures A-412 and A-414 are

the same as Figures A-409 and A-410 with force replaced by average
pressure (force / torus projected area).

The vent header impact pressures for Browns Ferry Test 3 are pre-
sented in Figures A-415 through A-417. Vent header pressures for
Browns Ferry Test 5 are presented in Figures A-418 through A-420.
These figures illustrate that the impact pressures on an unprotected
vend header are higher on the center row and decrease rapidly in
the lateral direction.

Figure A-421 presents a comparison of the vent header impact force
derived from the pressure integral with that derived from the

corrected load cell. Vent header vertical accelerations from
Tests 3 and 5 are shown in Figures A-422 and A-423, respectively.

A.9.2 Pool Dynamics

The pool contours at various times of pool swell are shown in
Figures A-424 through A-427 for Browns Ferry Tests 1, 2, 3, and 5.

A-437
b,49 228
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The pool surface displacement curves for Tests 1, 2, and 3 are
shown on Figure A-428. The pool surface velocities for Tests 1, 2,
and 3 are shown on Figure A-429. The pool surface displacement
graph and pool surface velocity profiles for Test 5 are shown in
Figures A-430 and A-431, respectively.

The pool surface displacements and velocity profile viewed from the
side window during Test 4 are shown in Figure A-432. The downcomer
water slug displacement, velocity, and acceleration versus time for
Tests 3 and 5 are presented in Figures A-433 and A-434.

A.9.3 Data Summaries

Table A-19 presents the Browns Ferry test data for wetwell vertical
forces.

Table A-20 presents the Browns Ferry test data for vent header
impact forces.

A.9.4 Discussion and Analysis

Figure A-435 presents the effect of drywell/wetwell AP on enthalpy
flow into the bubbles. Effect of drywell/wetwell AP on downcomer
internal pressure is shown in Figure A-436. Figure A-437 presents
the effect of drywell/wetwell AP on pool and freespace pressures.
The pool and freespace pressures show no oscillation during the
upforce period.

The Browns Ferry load definition tests were conducted at 7.61" H O
2

AP and with no deflector. A AP sensitivity test at 0" H O AP was
2

also conducted. Some downforce oscillations were evident. The

upforce was relatively smooth. The vent header impact force was
significantly higher than the plants using deflectors.

1349 229
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FIGURE A-387 1

DRYWELL ORIFICE UPSTREAM PRESSURE

Task 5.5.3-2 Browns Ferry Test 3
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FIGURE A-388

DRYWELL PRESSURE

Task 5.5.3-2 Browns Ferry Test 3
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FIGURE . A-389

DOWNCOMER ORIFICE DIFFERENTIAL PRESSURE

Task 5.5.3-2 Browns Ferry Test 3
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FIGURE A-390

DOWNCOMER ORIFICE UPSTREAM TEMPERATURE
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FIGURE A-391

ENTHALPY FLOW INTO POOL

Task 5.5.3-2 Browns Ferry Test 3
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FIGURE A-392

DRYWELL ORIFICE UPSTREAM PRESSURE

Task 5.5.3-2 Browns Ferry Test 5
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FIGURE A-393

DRYWELL PRESSURE

Task 5.5.3-2 Browns Ferry Test 5
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FIGURE A-394

00WNCOMER ORIFICE DIFFERENTIAL PRESSURE

Task 5.5.3-2 Browns Ferry Test 5
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FIGURE A-395

DOWNCOMER ORIFICE UPSTREAM TEMPERATURE

Task 5.5.3-2 Browns Ferry Test 5
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FIGURE A-396

ENTHALPY FLOW INTO P00L

Task 5.5.3-2 Browns Ferry Test 5

1000

800

8
R
B
e

5 600
5
d
it
d
I 400
5

200

0
0 100 200 300 400 500 600

TIME IN MILLISECONDS

1349 239

A-448



NEDO-21944

FIGURE A-397

00WNCOMER INTERNAL PRESSURE

Task 5.5.3-2 Browns Ferry Test 3
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FIGURE A-398

WETWELL PRESSURES

Task 5.5.3-2 Browns Ferry Test 3
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FIGURE A-399

00WNCOMER INTERNAL PRESSURE

Task 5.5.3-2 Browns Ferry Test 5
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FIGURE A-400

WETWELL PRESSURES

Task 5.5.3-2 Browns Ferry Test 5
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FIGURE A-40T

NET TORUS FORCE FROM PRESSURE INTEGRAL

Task 5.5.3-2 Browns Ferry Test 3
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FIGURE A-402

NET TORUS FORCE FROM PRESSURE INTEGRAL

Task 5.5.3-2 Browns Ferry Test 5
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FIGURE A-403

TORilS LOAD CELL

Task 5.5.3-2 Browns Ferry Test 3
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FIGURE A-404

TORUS VERTICAL ACCELERATION

Task 5.5.3-2 Browns Ferry Test 3
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FIGURE A-405

TORUS LOAD CELL

Task 5.5.3-2 Browns Ferry Test 5
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FIGURE A-406

TORUS VERTICAL ACCELERATION

Task 5.5.3-2 Browns Ferry Test 5
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COMPARIS0N OF NET TORUS FORCE FROM PRESSURE INTEGRAL
-

WITH NET TORUS FORCE FROM LOAD CELL CORRECTED FOR TORUS INERTIA
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COMPARISON OF NET TORUS FORCE FROM PRESSURE INTEGRAL

WITH NET TORUS FORCE FROM LOAD CELL CORRECTED FOR TORUS INERTIA)
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FIGURE A-409

NET TORUS FORCE FROM PRESSURE INTEGRAL, CORRECTED FOR WATER INERTIA
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FIGURE A-410

NET TORUS FORCE FROM PRESSURE IllTEGRAL, CORRECTED FOR WATER INERTIA
~
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FIGURE A-411

AVERAGE P00L PRESSURE, CORRECTED FOR WATER INERTIA
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FIGURE A-412 -

NET AVERAGE POOL PRESSURE, CORRECTED FOR WATER INERTIA
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FIGURE A-413

AVERAGE P00L PRESSURE, CORRECTED FOR WATER IffERTIA
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FIGURE A-414

NET AVERAGE P0OL PRESSURE, CORRECTED FOR WATER INERTIA

Task 5.5.3-2 Browns Ferry Test 5

3

!

2

G
a.

5
Y

1
8,v
U
n.

d
E
& 0

$
W
<

!~o
=

-1

-2

-3
0 100 200 300 400 500 600

tit'.E IN I4ILLISECONDS

A-466



FIGURE - A-415 .
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VENT HEA0ER IMPACT PRESSURES
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VENT HEADER IMPACT PRESSURES
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FIGURE A-419
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VDT HEA0ER IMPACT PRE 55'JRES
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FIGURE A-420

VENT HEADER I!! PACT PRESSURES

Task 5.5.3-2 Browns Ferry Test 5
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FIGURE A-421
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COMPARIS0fl 0F VENT HEADER IMPACT RESULTS

(corrected Load Cell and Pressure Integration)
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FIGURE A-422

VENT HEADER VERTICAL ACCELERATION

Task 5.5.3-2 Browns Ferry Test 3
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FIGURE A-423

VENT HEADER VERTICAL ACCELERATION

Task 5.5.3-2 Browns Ferry Test 5
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FIGURE A-426
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FIGURE A-427
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PCCL SUHisCE DISPLACEttcy

FIGURE A-428

BROWriS FERRY, TESTS 1, 2, 3
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PCOL SURFACE VELOCITY FP0"ILES

FIGURE A-424~ BROW!;S FERRY, TESTS 1, 2, 3
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POOL SL*RFACE VELOCIT( PROFILES

FIGURE A-431
BROWNS FERRY, TEST 5
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FIGURE A-432

,

SIDE tlIflDOW DISPLACEMENT AND VELOCITY PROFILES

BROWNS FERRY, TEST 4
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FIGURE A-433

awas una swG LTC2

BROWNS FERRY, TEST 3

u
.

3 to
i

w

E o

a
r a

$
:

a

0 .020 .040 .060 .080 .100

.;

: :3
1

a
=_
I :n

.

~
~

0 .02d .040 .060 .080 .100
._.

--

125-
,

100
=

i

a 750
;

2 !

2 500
--

=
# 250

0
0 .020 .040 .060 .080 .100

| Lie t ro:n 7,: *:.

^-d 85 1349 276



NEDO-21944

FIGURE.A-434
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FIGURE A-435
~

EFFECT OF DRYWELL/WETWELL aP Ott

EtiTHALPY FLOW INTO POOL
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FIGURE A-436

EFFECT OF DRYWELL/WETWELL aP ON

00WNCOMER INTERNAL PRESSURE

Browns Ferry Tests
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FIGURE A-437

EFFECT OF ORYWELL/NETWELL aP ON POOL PRESSURE

AT 180 DEGREE AND FREESPACE PRESSURE

Browns Ferry Tests
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* Vent clearing time (from T,) deteminedTABLE A-19 from the movie films.

** Time difference trc T, to time of
DATA FOR WETWELL VERTICAL LOADS #'' dO* # 'C'*

*(1) Start-of-test reference tine
Tesk 5.5.3-2 Browns Ferry Tests

Test No. 7.61" aP (No Deflector)
Std.Parameter (1) (2) (3) (4) Mean Dev. (5)

T (sec) I

vent Clearing lime * (sec)
Peak Downforce

Pressure Integral:
Force (lb)
Time (from T,) (sec)

Corrected Pressure Integral:
Force (lb)

{
Time (from T ) (sec)g

Corrected Load Cell:
Force (Ib)
Time (from T ) (sec)9

Downferce Valley

Pressure Integral:
Fo rce (lb)
Time (from T ) (sec)9

Corrected Pressure Integral:
Force (Ib)
Time (from T ) (sec)g

Corrected Load Cell:
Force (Ib)
Time (from T ) (sec)

2nd Peak hwnforce
Pressure Integral:

Force (1b)

Time (from T ) (sec)g

Corrected Pressure Integral:
Force (lb)
Time (from T ) (sec)

Corrected Load Cell:
Force (Ib)
Time (from T ) (sec)g

[at] Downforce Time **
Fressure Integral (sec)
Cor-ected Pressure (sec)

Integral

Corrected Load Cell (sec)
Ocwnforce Impulse

Pressure Integral:
Impulse (1b-sec)

i

A-490
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TABLE A-19 * Time at force is zero (from T,)

DATA FOR WETWELL VERTICAL LOADS (continued)

Task 5.5.3-2 Browns Ferry Tests

fTest No. 7.61" ap (No Deflector) 0" aP
Std.

Parameter (1) (2) (3) (4) tiean Dev. (5)

Peak Upforce

Pressure Integral:
Force (lb)
Time (from T ) (sec)

Corrected Pressure Integral:
Fo rce (Ib)
Time (from T ) (sec)g

Corrected Load Cell:
Force (Ib)
Time (from T,) (sec)

Upforce Valley

Pressure Integral:
Force (Ib: ,

Time (from T,) (sec)
Corrected Pressure Integral:

,

force (Ib)
Time (from T,) (sec)

Corrected Load Cell:
Force (Ib)
Time (from T ) (sec)9

2nd Peak Upforce

Pressure Integral:
Force (lb)
Time (from T,) (sec)

Corrected Pressure Integral:
Force (lb)
Time (from T ) (sec) >

9
Corrected Load Cell:

Force (1b) |

Time (from T,) (sec) !

Zero Force Time *
iPressure Integral (sec)

Corrected Pressure (sec)
Integral

Corrected Load Cell (sec)

1349 282
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TABLE A-20

"ATA FOR VENT HEaCER !"P *CT LOACS

Task 5.5.3-2 Browns Ferry Tests

Test No.
7.61" AP 0" aP

Std.Daramtse (1) (2) (3) (4) Mean Cev. (5)

Tt (sec)o

' lea t <e n de r Itcact

Pressure Integral:
Maximum Force (lb)
Irpulse (1b-sec)
Du ra tien * (sec)

f

Lead Cell Corrected:it |
i

axia2m Force (It)w

Imoulse (Ib-sec)
Du ra ti on (sec)

2001 Surface (f t/sec)
Velocity

Ti e ( from T )" (sec)3

| l. , ,
_

sased on ircact pressure measurements
**At start of t,9e first impact pressure recorded.

tStart of reference time.
ttrepresents peak of very noisy data (acceleration cor <cted); mean value

would be lower

1349 283
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A.10 Peach Bottom Tests

A.10.1 Typical Data

Time-history plots of the driving conditions and pool response are
presented in this section for Peach Bottom Tests 3 and 5. Test 3

was a load definition test, which was conducted at a partial drywell/
wetwell differential pressure of 7.61" H O AP and with a 6.5 inch

2

winged deflector (26 inch full-scale)* Test 5 was conducted

without an initial drywell/wetwell differential pressure (0" AP)
and with the same 6.5 inch winged deflector.

A.10.1.1 Driving Conditions

Driving conditions for P(ach Bottom Test 3 are presented in
Figures A-438 through A-442. Similar plots for Test 5 are shown in
Figures A-443 through A-447. The thermocouple gave an erroneous

reading due to the condensate wetting the thermocopule. The cor-

rected vent air temperature is shown by dash line (Figure A-441).
Peach Bottom driving conditions had the same characteristics as the
" typical" plant discussed in Section 3.0 of this report.

A.10.1.2 Pool Response

Downcomer internal pressure and wetwell pressures for Peach Bottom
Tests 3 and 5 are presented in Figures A-448 through A-449 and A-450

through A-451, respectively. Figures A-452 and A-453 present net
torus force based on the torus pressure integral for Peach Bottom
Tests 3 and 5, respectively. Some downforce oscillations are
present in Test 3. Upforce oscillation is evident in both Tests 3
and 5. Net torus force that is determined from the load cell
(Figures A-454 and A-456) by applying inertial correction with the
torus accelerometer (Figures A-455 and 457) is shown in Figures A-458
and A-459 and compared to net torus force determined from the

'sa. s .-

}}k9 cbk* Winged deflector is a pipe with structural angles.

A-493
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.

pressure integral. Figures A-460 and A-461 present the net torus
force based on the torus pressure integral, corrected for inertia.
Smoothed downforce is also shown in the figures, using the filtering
technique described in Appendix I. Refer to Appendix H for
detailed comparison of filtered and unfiltered downforce transients.

The " average" pool pressures for Peach Bottom Tests 3 and 5 are
shown in Figures A-462 and A-464. Figures A-463 and A-465 are the

same as Figures A-460 and A-461 with force replaced by average
pressure (force / torus projected area).

The vent header impact pressures for Petch Bottom Test 3 are
presented in Figures A-466 through A-469. Vent header pressures
for Test 5 are presented in Figures A-470 through A-473. These

figures indicate that the winged deflector was very effective in
mitigating the vent header impact.

Figure A-474 presents a comparison of the vent header impact force
derived from the pressure integral with that derived from the
corrected load cell. Vent header vertical acceleration measurements
from Tests 3 and 5 are shown in Figures A-475 and A-476, respectively.

A.10.2 Pool Dynamics

The pool contours at various times of pool swell are shown in
Figures A-477 through A-480 for Peach Bottom Tests 1, 2, 3, and 5.
Pool surface displacement curves for Tests 1, 2, and 3 are shown in
Figure A-481. The pool surface velocity profiles for Tests 1, 2,
and 3 are shown in Figure A-482. The pool surface displacenent
graph and pool surface velocity profiles for Test 5 are shown in
Figures A-483 and A-484, respectively.

A-494 1349 285
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The pool surface displacement and velocity profile viewed from the
side window during Test 4 are shown in Figure A-485. The downcomer

water slug displacement, velocity, and acceleration versus time for
Tests 3 and 5 are shown in Figures A-486 and A-487, respectively.

A.10.3 Data Summaries

Table A-21 presents the Peach Bottom test data for wetwell vertical
forces.

Table A-22 presents the Peach Bottom test data for vent header
impact forces.

A.10.4 Discussion and Analysis

Figure A-488 presents the effect of drywell/wetwell AP on the
enthalpy flow into the bubbles. The effect of drywell/wetwell AP
on downcomer internal pressure is shown in Figure A-489. Fig-

ure A-490 presents the ef fect of drywell/wetwell AP on pool and
freespace pressures. The data for Peach Bottom parallels that for
the " typical" plant in Section 3.0.

The Peach Bottom load definition tests were conducted at 7.61" H O2
AP with a 6.5 inch winged deflector installed below the vent header.
A AP sensitivity test at 0" AP was also conducted. Some downforce

oscillations were present in Test 3. Upforce oscillation was
evident in both Tests 3 and 5. The deflector (26 inch full-scale)
effectively mitigated vent header impact.

134? 286
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FIGURE A-438

DRYWELL ORIFICE UPSTREAM PRESSURE

Task 5.5.3-2 Peach Bottom Test 3
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FIGURE A-439

DRYWELL PRESSURE

Task 5.5.3-2 Peach Bottom Test 3
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FIGURE A-440

00WNCOMER ORIFICE DIFFERENTIAL PRESSURE

Task 5.5.3-2 Peach Bottom Test 3
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FIGURE A-441

00WNCOMER ORIFICE UPSTREAM TEMPERATURE

Task 5.5.3-2 Peach Bottom Test 3
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FIGURE A-442

ENTHALPY FLOW IrlTO POOL

Task 5.5.3-2 Peach Bottom Test 3
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FIGURE A-443
2

DRYWELL ORIFICE UPSTREAM PRESSURE

Task 5.5.3-2 Peach Bottom Test 5
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FIGURE A-444

DRYWELL PRESSURE

Task 5.5.3-2 Peach Bottom Test 5
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.

FIGURE A-445

DOWNCOMER ORIFICE DIFFERENTIAL PRESSURE

Task 5.5.3-2 Peach Bottom Test 5
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FIGURE A-446

00WNCOMER ORIFICE UPSTREAM TEMPERATURE

Task 5.5.3-2 Peach Bottom Test 5
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FIGURE A-447

ENTHALPY FLOW INTO P00L

Task 5.5.3-2 Peach Bottom Test 5
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FIGURE A-448

D0WNCOMER INTERNAL PRESSURE

Task 5.5.3-2 Peach Bottom Test 3
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FIGURE A-449

WETWELL PRESSURES

Task 5.5.3-2 Peach Bottom Test 3
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FIGURE A-450

DOWNCOMER INTERNAL PRESSURE

Task 5.5.3-2 Peach Bottom Test 5
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FIGURE A-451

WETWELL PRESSURES

Task 5.5.3-2 Peach Bottom Test 5
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FIGURE A-452

flET TORUS FORCE FROM PRESSURE IriTEGRAL

Task 5.5.3-2 Peach Bottom Test 3
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FIGURE A-453

NET TORUS FORCE FROM PRESSURE INTEGRAL

Task 5.5.3-2 Peach Bottom Test 5
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FIGURE A-454

TORUS LOAD CELL

Task 5.5.3-2 Peach Bottom Test 3
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FIGURE A-455

TORUS VERTICAL ACCELERATION

Task 5.5.2-2 Peach Bottom Test 3
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FIGURE A-456

TORUS LOAD CELL

Task 5.5.3-2 Peach Bottom Test 5
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FIGURE A-457

TORUS VERTICAL ACCELERATION

Task 5.5.3-2 Peach Bottom Test 5
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FIGURE A-458 NEDO-21944

COMPARISON OF NET TORUS FORCE FROM PRESSURE INTEGRAL

WITH NET TORUS FORCE FROM LOAD CELL CORRECTED FOR TORUS INERTIA
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FIGURE A-459 NED0-21944

COMPARIS0N OF NET TORUS FORCE FROM PRESSURE INTEGRAL

WITH NET TORUS FORCE FROM LOAD CELL CORRECTED FOR TORUS INERTIA
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FIGURE A-460
'

f4ET TORUS FORCE FROM PRESSURE IflTEGRAL, CORRECTED FOR WATER INERTIA,

Task 5. 5.3-2 Peach bottom Test 3
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FIGURE A-461

flET TORUS FORCE FROM PRESSURE IflTEGRAL, CORRECTED FOR WATER IfiERTIA

Task 5.5.3-2 Peach Bottom Test 5
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FIGURE ' A-462

AVERAGE P0OL PRESSURE, CORRECTED FOR WATER INERTIA

Task 5.5.3-2 Peach Bottom Test 3
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FIGURE A-463

NET AVERAGE POOL PRESSURE, CORRECTED FOR WATER INERTIA

Task 5.5.3-2 Peach Bottom Test 3
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FIGURE A-464

AVERAGE POOL PRESSURE, CORRECTED FOR WATER INERTIA

Task 5.5.3-2 Peach Bottom Test 5
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FIGURE A-465

NET AVERAGE POOL PRESSURE, CORRECTED FOR WATER INERTIA

Task 5.5.3-2 Peach Bottom Test 5
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FIGURE A-472

VENT HEADER IMPACT PRESSURES

Task 5.5.3-2 Peach Bottom Test 5
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FIGURE A-474 NEDO-21944

COMPARISON OF VENT HEADER If1 PACT RESULTS

(Corrected Load Cell and Pressure Integration)
Task 5.5.3 Peach Bottom Tests 3, 5
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VENT HEADER VERTICAL ACCELERATION

Task 5.5.3-2 Peach Bottom Test 3
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FIGURE A-476 '

VEtiT HEADER VERTICAL ACCELERATI0tl

Ta.sk 5.5.3-2 Peach Bottom Test 5
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FIGURE A-477

TIME HISTORY OF

POOL DISPLACEMENT

PEACH BOTT0ft, TEST 1
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FIGURE A-478
.
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POOL DISPLACEMENT

PEACH BOTT0ft, TEST 2
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FIGURE A-479

TIME HISTORY OF

P0OL DISPLACEMENT

PEACH BOTTOM, TEST 3
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FIGURE A-480 '

TitiE HISTORY OF !

POOL DISPLACEMENT '

:
I

PEACH BOTTOM, TEST 5 |
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POOL SURFACE DISPLACEMENT

FIGURE A-481
PEACH BOTTOM, TESTS 1, 2, 3
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POOL SURFACE VELOCITY PF.0 FILES

I A-482 PEACH BOTTOM, TESTS 1, 2, 3
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POOL SURFACE DISPLACEMENT

FIGURE A-483
.

PEACH BOTTOM, TEST 5
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P0OL SURFACE VELOCITY PROFILES

FIGURE A-484 PEACH BOTTOM, TEST 5
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FIGURE A-485

SIDE WINDOW DISPLACEME!iT Afl0 VELOCITY PROFILES

PEACH BOTTOM, TEST 4
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FIGURE A-486
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FIGURE A-487

DMDB MTER SWG UECTIW
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PEACH BOTTOM, TEST 5
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FIGURE A-488

EFFECT OF DRYWELL/WETWELL cP ON

ENTHALPY FLOW INTO POOL

Peach Bottom Tests
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FIGURE A-489

EFFECT OF DRYWELL/WETWELL AP ON

DOWilC0 tie ~. If1TERNAL PRESSURE

Peach Bottom Tests
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FIGURE A-490

EFFECT OF DRYWELL/WETWELL AP ON POOL PRESSURE

AT 180 DEGREE AND FREESPACE PRESSURE

Peach Bottom Tests
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TABLE A-21 * Time at force is zero (from T,)

DATA FOR 1.ETWELL VERTICAL LOADS (continued)

Task 5.5.3-2 Peach Bottom Tests

Test No. 7.61" eP, 6.5" Winged Deflector (26" Full Scale) 0" aP
Std.

Parameter (1) (2) (3) (4) tiean Dev. (5)
n

Peak Upforce

Pressure ;ntegral:
Force (lb)
Time (from T ) (sec)

Corrected Pressure Integral:

Force (lb)
Time (from T,) (sec)

Corrected Load Cell:
Force (lb)
Time (from T,) (sec)

Upforce Valley

Pressure Integral:
Force (lb)
Time (from T ) (sec)g

Corrected Pressure Integral:

Force (lb)
Time (from T,) (sec)

Coerected Load Cell:
Force (lb)
Time (from T,) (sec)

2nd Peak Upforce

Pressure Integral:
Force (lb)
Time (from T,) (sec)

Corrected Pressure Integral:

Force (lb)
Time (from T,) (sec)

Corrected Load Cell:
Force (lb)
Time (from T,) (sec)

Zero Force Time *

Pressure Integral (sec)
Corrected Pressure (sec)
Integral

Corrected Load Cell (sec)
-

I
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TABLE A-21 * Vent clearing time (from T*) determined
from the movie films.

** Time difference from T to time ofo
DATA FOR WETWELL VERTICAL LOADS

#'" d " "
.g )3t rt-of-test' reference tisme

Task 5.5.3-2 Peach Bottom Tests
t

Test No. 7.61" aP, 6.5" Winged Deflector (26" Full Scale) 0" aP
5Parameter (1) (2) (3) (4) tiean Dev. (5)

. .

T, (sec)

Vent Clearing Time * (sec)
Peak Downforce

Pressure Integral:
Force (lb)
Time (from T,) (sec)

Corrected Pressure Integral:
Force (lb)
Time (from T,) (sec)

Corrected Load Cell:
Force (Ib)
Time (from T ) (sec)

Downforce Valley

Pressure Integral:
Force (lb)
Time (from T ) (sec)

Corrected Pressure Integral:
Force (lb)
Time (from T ) (sec)

' Corrected Load Cell:
Force (lb)
Tine (' rom T ) (sec)9

2nd Peak Downforce

Pressure Integral:
Force w (lb)
Time (from i ) (sec)n

Corrected Pressure Integral:
Force (lb)
Time (. rom T ) (sec)9

Corrected Load Cell:
Force (Ib)
Time (from T,) (sec)

[/ t] Downforce Tim **
Pressure Integral (sec)
Corrected Pressure (sec)
Integral

Corrected Load Cell (sec)
gwnforceImculse
Pressure Integral:

Impulse (ib-sec)
_ _ _ _ .
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T/SLE A-22

CATA FOR VENT HEACER IMPACT LOADS

Task 5.5.3-2 Peach Bottom Tests

Test No. 7.61" LP. 4.50* Deflector 0* AP

Std.

Parame ter (1) (2) (3) (4) Mean Dev. (5)

T,' (sec)

Veat Header Imca:t
Pressure Integral:

Maximum Force (Ib)
!@ ulse (Ib-sec)
Du ration * (sec)

Load Cell Correcteddt
Maximum Force (lb)
Impulse (lb-sec)
Durati on (sec)

Pool Surface tft/sec)
Veloci ty

Tine (from T )" (sec)g

_ _ _ _ _

*2ased on impact pressure reasurements
"At start of the first inact pressure recorded.

ttnepresents peak of very noisy data (acceleration corrected); mean value
would be lower

.

1349 342
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A.ll Millstone Tests

A.11.1 Typical Data

Time-history plots of the driving conditions and pool response are
p' resented in this section for Millstone Tests 3 and 5. Tests 3 was
a load definition test which was conducted at drywell/wetwell
differential pressure of 8.73" H 0. Test 5 was a AP sensitivity2
test which was conducted without an initial drywell/wetwell differ-
ential pressure (0" H 0 AP). The Millstone tests were conducted2

with a pipe vent header deflector having side angle extensions
(winged deflector).

A.ll.l.1 Driving Conditions

Driving conditions for Millstone Test 3 are presented in Figures A-491
through A-495. Similar plots for Millstone Test 5 are shown in
Figures A-496 through A-500. Millstone driving conditions had the
same characteristics as the " typical" plant discussed in Section 3.0
of this report.

A.11.1.2 Pool Response

Downcomer internal pressure and wetwell pressures for Millstone
Tests 3 and 5 are presented in Figures A-501 through A-502 and A-503
through A-504, respectively. For the load definition tests, net
torus force from spatial integration of the measured wetwell pressure
(Figure A-505) indicates some downforce oscillations which dampen
out rapidly after the peak downforce. For the zero AP test, the
torus pressure integral shows a pronounced downforce oscillation
which is thought to be caused by bubble pressure variations during
vent clearing (Figure A-506). Net torus force is also determined
from the torus load cell (Figures A-507 and A-509) by applying
inertial correction with the torus accelerometer (Figures A-508
and A-510) and subtracting the initial weight of the torus.
Figures A-511 and A-512 show reasonably good agreement between the

}3kh bkA-552 Y
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net torus force based on the torus pressure integral and the cor-
rected load cell during Millstone Tests 3 and 5. Figures A-513

and A-514 present the net torus force based on the torus pressure
integral, corrected for inertia.

The " average" pool pressures for Millstone Tests 3 and 5 are shown

in Figures A-515 and A-517. Figures A-516 aid /-518 are the same

as Figures A-513 and A-514 with force replaced by average pressure
(force / torus projected area).

The vent header impact pressures for Millstone Test 3 are presented
in Figures A-519 through A-523. Vent header impact pressures for

Millstone Test 5 are presented in Figures A-524 through A-528.
These figures indicate that the deflector was effective in reducing
vent header impact pressures. A comparison of the vent header
force from the corrected load cell with the pressure integral
(Figure A-529) shows reasonably good agreement. Vent header vertical
acceleration measurements from Tests 3 and 5 are shown in Figures

A-530 and A-531, respectively.

A.ll.2 Pool Dynamics

The pool contours at various times of pool swell are shown in
Figures A-532 through A-535 for Millstone Tests 1, 2, 3, and 5.
Tests 1, 2, and 3 were performed at a drywell/wetwell differential
pressure of 8.73" H 0, while Test 5 was performed at 0" AP.

2

Pool surface displacement curves for Tests 1, 2, and 3 are shown in
Figure A-536. The pool velocity profiles are shown in Figure A-537.
The pool surface displacement graph and pool surface velocity
profiles for Test 5 are shown in Figures A-538 and A-539, respectively.
The Test 4 pool surface displacement graph and velocity profile (as
viewed from the side window) is shown in Figure A-540.

1349 344-
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The downcomer water slug displacement, velocity, and acceleration
plots for Tests 3 and 5 are presented in Figures A-541 and A-542,
respectively.

A.ll.3 Data Summaries

Table A-23 presents the Millstone test data for wetwell vertical
forces.

Table A-24 presents the Millstone test data for vent header impact
forces.

A.11.4 Discussion and Analysis

Figure A-543 presents the effect of drywell/wetwell AP on enthalpy
flow into the bubbles. Effect of drywell/wetwell AP op downcomer
internal pressure is shown in Figure A-544. Figure A-545 presents
the effect of drywell/wetwell AP on pool and freespace pressures.
This data for Millstone parallels that for the " typical" plant in
Section 3.0.

The Millstone load definition tests were conducted at 8.73" H O AP
2

and with a winged pipe deflector installed below the vent header.
A AP sensitivity test at 0" AP was also conducted. Both the downforce
and upforce showed some oscillations. The winged pipe deflector
(19.5" full scale) effectively reduced vent header impact force.

A-554
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FIGURE A-491~

DRYWELL ORIFICE UPSTREAM PRESSURE

Task 5.5.3 Millstone Test 3
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FIGURE A-492

DRYWELL PRESSURE

Task 5.5.3 Millstone Test 3
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FIGURE A-443

DOWflCOMER ORIFICE DIFFEREtiTIAL PRESSURE

Task 5.5.3 Millstone Test 3
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FIGURE A-494

DOWtlCOMER ORIFICE UPSTREAM TEMPERATURE

Task 5.5.3 Millstone Test 3
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FIGURE A-495

ENTHALPY FLOW INTO POOL

Task 5.5.3 fiillstone Test 3
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FIGURE A-496

DRYWELL ORIFICE UPSTREA?4 PRESSURE

Task 5.5.3 tiillstone Test 5

120 - - - - - . . . . , , .

'

100 -

-

80 -
1

5
E 60-
5

!w
e t

'a ,

40

,

20,

0d ._ . . . . . . . . . . , , , , , ,

0 100 200 300 400 500 600

TIliE IN MILLISECONDS

}3h 3A-560



NEDO-21944

FIGURE A-497

DRYWELL PRESSURE

Tr x 5.5.3 Millstone Test 5
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FIGURE A-498

DOWNCOMER ORIFICE DIFFERENTIAL PRESSUP5

lask 5.5.3 Millstone Test 5
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FIGURE A-499

00WNCOMER ORIFICE UPSTREAM TEMPERATURE

Task 5.5.3 Millstone Test 5
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FIGURE A-500

ENTHALPY FLOW INTO P0OL

Task 5.5.3 Millstone Test 5
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FIGURE A-501

DOWNCOMER INTERNAL PRESSURE

Task 5.5.3 Millstone Test 3
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FIGURE A-502

WETWELL PRESSURES

Task 5.5.3 Millstone Test 3
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FIGURE A-503

00WNCOMER INTERNAL PRESSURE

Task 5.5.3 Millstone Test 5

20 -

!

16 - -

!

$ 12 - I

c.

=

w
a
m
y 8 -

"
..

4 -

0
. . . .

0 100 200 300 400 500 600

TIME IN MILLISECONDS

^-567
1349 358



NEDO-21944

FIGURE A-504

WElWELL PRESSURES

Task 5.5.3 Mill' tone Test 5
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- FIGURE A-505

NET TORUS FORCE FROM PRESSURE INTEGRAL

Task 5.5.3 Millstone Test 3
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FIGURE A-506

NET TORUS FORCE FR0f1 PRESSURE INTEGRAL

Task 5.5.3 Millstone Test 5
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FIGURE A-507

TORUS LOAD CELL

Task 5.5.3 Millstone Test 3
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FIGURE A-508

TORUS VERTICAL ACCELERATION

Task 5.5.3 Millstone Test 3
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FIGURE A-509

TORUS LOAD CELL ,

Task 5.5.3 Millstone Test 5
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FIGURE A-510

TORUS VERTICAL ACCELERATI0rl,

Task 5.5.3 Millstone Test 5
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FIGURE A-511

COMPARISON OF NET TORUS FORCE FROM PRESSURE INTEGRAL

WITH NET TORUS FORCE FROM LOAD CELL CORRECTED FOR TORUS INERTIA

Task 5.5.3 Millstone Test 3
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FIGURE A-512

COMPARISON OF NET TORUS FORCE FROM PRESSURE INTEGRAL

WITH NET TORUS FORCE FROM LOAD CELL CORRECTED FOR TORUS INERTIA

Task 5.5.3 Millstone Test 5
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FIGURE A-513

NET TORUS FORCE FROM PRESSURE INTEGRAL, CORRECTED FOR WATER INERTI A
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FIGURE A-514

NET TORUS FORCE FROM PRESSURE INTEGRAL, CORRECTED FOR WATER INERTIA

Task 5.5.3 Millstone Test 5
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FIGURE A-515

AVERAGE P00L PRESSURE, CORRECTED FOR WATER INERTIA

Task 5.5.3 Millstone Test 3
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FIGURE A-516

f1ET AVERAGE POOL PRESSURE, CORRECTED FOR WATER It4ERTIA

Task 5.5.3 Millstone Test 3
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FIGURE A-517

AVERAGE P0OL PRESSURE, CORRECTED FOR WATER INERTIA

Task 5.5.3 Millstone Test 5
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FIGURE A-518

NET AVERAGE POOL PRESSURE, CORRECTED FOR WATER INERTI A

Task 5.5.3 Millstone Test 5
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. _ _ FIGURE A-520

VENT llEADER IMPACT PRESSURES

Task 5.5.3 Millstone Test 3
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VErlT HEADER DiPACT PRESSURES

Task 5.5.3 fli!1 stone Test 3
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FIGURE A-522

VEllT HEADER It! PACT PRESSURES

Task 5.5.3 Millstone Test 3
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FIGURE A-524

VEllT HEADER IfiPACT PRESSURES

Task 5.5.3 Millstone Test 5
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VENT HEADER IMPACT PRESS'JRES

Task 5.5.3 Millstone Test 5
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FIGURE A-526

VENT HEADER IMPACT PRESSURES

Task 5.5.3 Millstone Test 5
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FIGURE A-527

VEtlT HEADER IMPACT PRESSURES

Task 5.5.3 Millstone Test 5
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FIGURE A-528

VErlT HEADER IliPACT PRESSURES

Task 5.5.3 Millstone Test 5
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FIGURE A-529

C0!1 PARIS 0N OF VENT HEADER If! PACT RESULTS

(Corrected Load Cell and Pressure Integtation )
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FIGURE A-530

VEtiT HEADER VERTICAL ACCELERATION

Task 5.5.3 Millstone Test 3
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FIGURE A-531

VENT HEADER VERTICAL ACCELERATION

Task 5.5.3 Millstone Test 5
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FIGURE A-532
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FIGURE A-533
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FIGURE A-534 '
i

_ TIME HISTORY OF

POOL DISPLACEMENT

Millstone Test 3

50

U*

fi

5

' 25

7,
$
a

5
a

$ 20
0

2
73

5 8
.T 15 8e o

8
5 .

d -

8 s
10 g

a z
% st
.S E
t
g

.

u

o
C 5 10 15 20 25 30

Horizontal Distance from f ool Centerline - inches

A-598 1350 028



POOL SUP, RACE L'ISPLACEiEllT

Millstone Tests 1, 2, 3
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FIGURE A-535
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FIGURE A-537

POOL SURFACE '.'ELOCITY PROTILES
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FIGURE A-539

POOL sui' FACE VE! 0 CITY P?OFILE5

Millstone Test 5
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FIGURE A'-540

SIDE WINDOW DISPLACEPINT AND VELOCITY PROFILES
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FIGURE . A-541

D06COER WATrR SWG UECTION

MILLSTONE, TEST 3
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FIGURE A-542

DN WATEA sWG EJECTION

MILLSTONE, TEST 5
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FIGURE A-543
.
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FIGURE A-544
,

EFFECT OF DRYWELL/WETWELL AP ON
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FIGURE A-545

EFFECT OF DRYWELL/WETWELL AP ON POOL PRESSURE

AT 180 DEGREE AND FREESPACE PRESSURE
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TABLE A-23

DATA FOR WET'4 ELL VERTICAL LCA05

Task 5.5.3 Millstone Tests
09Test No. 3. 7 :P, 4.20" Ceflector 5td,

Parameter (1) (2) (3) (4) Mean Dev. (5)

y, t (sec)

Vent Clearing Time * (sec)
Peak Downforce

Pressure Integral:
Force (1b)

Time (from T,) (sec)
Corrected Pressure Integral:

Force (lb)
Time (from T,) (sec)

Corrected Load Cell:
Force (1b)

Time (from T ) (sec)
Cownforce vallev

Pressure Integral:
Force (lb)
Time (from T ) (sec)

Corrected Pressure Integral:
Force (lb)
Time (from T,) (sec)

Corrected Lead Cell:
Force (Ib)
Time (from T,) (sec)

2nd Peak Downforce

Pressure Integral:
Force (lb)
Time (from T ) (sec)9

Corrected Pressure Integral:
Force (1b)

Time (frem T ) (sec)
Corrected Load Cell:

Force (1b)

Time (from T ) (sec)
[atl Ocwnforce Time"

Pressure Integral (sec)
Corrected Pressure (sec)
Integral

Corrected L;4d Call (sec)
Oownforce Imoulse

Pressure Integral:
Imoulse (lb-sec)

= = Vent clearing time (fm I,) deter-ined
from the movie films

" = Time differ *nce fecm 7, to time of zero Ocwnforce
- = Start of test reference tire

1350 040A-609
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7ABLE A-23

CATA FOR ' WET'WEtt vrRT'r:L '.CACs f ecntinuedl

Task 5.5.3 Millstone Tests

Test No. 8.73" AP, 4.20" Ceflector 0* a?
Paran r . ' (1) (2) (3) (4) Mean (5)

_

Dagk Uoforce
-. .-

Pressure Integral:
Force (lb)
Time (from T ) (sec)

Corrected Pressure Integral:
Force (lb)
Time (from T ) (;ec)q

Corrected Load Cell:
Force (lb)
Time (from T ) (sec)

Uoforce Valley

Pressure Integral:
Force (lb)

i

Time (from T ) (sec)g
Corrected Pressure Integral:

Force (lb)
Time (frem T,) (sec)

Corrected Load Cell:
Force (Ib)
Time (from T,) (sec)

2nd Paak Coforce

Pressure Integral:
Force (lb)
Time (fr:m T,) (sec)

Corrected Pressure Integral:
Force (lb)
Time (from T,) (sec)

Corrected Load Cell:
Force (lb)
Time (from T,) (sec)

Zero Force Time *"
Pressure Integral (sec)
Corrected Pressure (sec)
Integral

Corrected Lcad Cell (sec)
I

_.

'"= Time at force is zero (from t )

A-610 1350 041
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T*5LE A-24

DATA FOR VENT WEA0E0 I * 4CT (0105

Task 5.5.3-2. M 11s tone

Test No. 8.77 LP, 4.20" Cefiector 0" aP

Std.
Parameter (1) (2) (3) (4) man Cev. (5)

In' (sec)

vent '-e sce :-ca ct
Fressure Irte;ral. .

arimum Force (1b)w
*

Irculse (lb-sec)
Duration * (sec)

Load Cell Corrected:it
Maximum Force (Ib)
Imoulse (1b-sec)

Ou ra ti on (sec)

Pool Surface (f t/sec)
Veloci ty

Ti-e (' rom T,)" (sec) ,

*sased on 1.::a:t or ssun measure ents
" At start of tne first imoset pressure recorded.

' Start of test reference tire
ttrepresents peak of very noisy data (acceleration corrected); mean value -

would be lower

1350 042
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A.12 Oyster Creek Tests

A.12.1 Typical Data

Time-history plots of the driving conditions and pool response are
presented in this section for Oyster Creek, Tests 2 and 5. Test 2
was a load definition test which was conducted at a partial drywell/
wetwell differential pressure of 7.15" AP and with a 5.17 inch pipe
deflector (20 inch full scale). Test 5 was conducted without an
initial drywell/wetwell differential pressnre (0" AP) and with the
same 5.17 inch pipe deflector.

A.12.1.1 Driving Conditions

Driving conditions for Oyster Creek, Test 7 are presented in
Figures A-546 through A-550. Similar plots for Oyster Creek Test 5
are shown in Figures A-obl through A-555. Oyster Creek's driving
conditions had the same characteristics as the " typical" plant
discussed in Section 3.0 of this report.

A.12.1.2 Pool Response

Downcomer internal pressure and wetwell pressures for Oyster Creek
Tests 2 and 5 are presented in Figures A-556 through A-557 and A-553
through A-559, respectively. These pressure plots have the same
characteristics as the " typical" plant in Section 3.0.

Figures A-560 and A-561 present net torus force based on the torus

pressure integral for 0)cter Creek Tests 2 and 5, respectively.
Some downforce oscillations are present, but they dampen out rapidly
after the first oscillation. Dt. ring the Oystcr Creek tests, one of
the two freespace pressure transducers was splashed with water.

When the outputs of both the freespace transducers are used with
the pool transducer outputs to obtain net torus force, an erroneous

_
\b
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force peak is produced at the time splashing occurs. When only

that transducer which was not splashed is used to obtain net torus
force, a much smoother and more accurate force-time history is
obtained (Figures A-560 and A-561).

The net torus force which was determined by applying the inertial
correction from the torus accelerometer (Figures A-563 and A-565)
to the torus load cell (Figures A-562 and A-564) is compared with
the torus force cbtained from the torus pressure integral in Fig-

ures A-566 and A-567. Residual oscillations are present in the

corrected load cell. Figures A-568 and A-5f9 present the not torus
force based on the torus pressure integral corrected for inertia.

The " average" pool pressures for Oysteer Creek Tests 2 and 5 are

shown in Figures A-570 and A-572. Figures A-571 and A-573 ere

the same as Figures A-568 and A-569 with force t : jlaced by average

pressure (force / torus projected area).

The vent header impact pressures for Oyster Creek, Test 2 are

presented in rigures A-574 through A-578. Vent header pressures

for Oyster Creek Test 5 are presented in f igures A-579 through A-583.
These figures indicate that the detlector was etfective in reducing
the peak local vent header impact pressure.

Figure A-584 presents a comparison of the vent header imp &ct force
derived from the pressure integral with that derived from the

corrected load t'il. Vent header vertical accelerations for Tests 2
and 5 are shown in Figures A-585 and A-586, respectively.

A.12.2 Pool Dynamics

The pool contours at various times of pool swell are shown in
figures A-587 through A-590 for Oyster Creek, Tests 1, 2, 3, arl 5.

1350 044
A-613
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The pool surface displacement curves for Tests 1, 2, and 3 are
shown on Figare A-591. The pool surface velocities for Tests 1, 2,
and 3 are shown on Figure A-592. The pool surface displacement
graph and pool surface velocity profiles for Test 5 are shown in
Figures A-593 and A-594, respectively.

The pool surface displataments and velocity profile viewed from the
side window during Test 4 are shown in Figure A-595. The downcomer
water slug displacement, velocity, and acceleration versus time for
Tests 3 and 5 are presented in Figures A-596 and A-597.

A.12.3 Data Summaries

Table A-25 presents the Oyster Creek test data for wetwell vertical
forces.

Tabla A-26 presents the Oyster Creek test data for vent header
impact forces.

A.12.4 Discussion and Analysis

Figure A-598 presents the effect of drywell/wetwell AP on enthalpy
. low into the bubbles. Effect of drywell/wetwell AP on downcomer
;nternal pressure is shown in Figure A-599. Figure A-600 presents
the effect of drywell/wetwell AP on pool and freespace pressures.
The data for Oyster Creek parallels that for the " typical" plant in
Section 3.0.

The Oyster Creek load definition tests were conducted at 7.15" H 0
2

oP and with a pipe deflector installed below the vent header. A AP
sensitivity test at 0" H O AP was also conducted. Some downforce2
oscilations were evident. The upforce was relatively smooth. The

pipe deflector (20" full-scale) effectively reduced vent header
impact force.

1350 045
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FIGURE A-546

DRYWELL ORIFICE UPSTREAf1 PRESSURE
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FIGURE A-547

DRYWELL PRESSURE

Task 5.5.3 Oyster Creek Test 2
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FIGURE A-548

00WNCOMER ORIFICE DIFFERENTIAL PRESSURE

Task 5.5.3 Oyster Creek Test 2
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FIGURE A-549

DOUf4 COMER ORIFICE UPSTREAM TEMPERATURE
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FIGURE A-550

ENTHALPY FLOW INTO P0OL

Task 5.5.3 Oyster Creek Test 2
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FIGURE A-551

DRYWELL ORIFICE UPSTREAM PRESSURE

Task 5.5.3 Oyster Creek Test 5
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FIGURE A-552

DRYWELL PRESSURE

Task 5.5.3 Oyster Creek Test 5
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FIGURE A-553

DOWilCOMER ORIFICE DIFFEREtiTIAL PRESSURE

Task 5.5.3 Oyster Creek Test 5
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FIGURE A-554

00WNCOMER ORIFICE UPSTREAM TEMPERATURE

Task 5.5.3 Oyster Creek Test 5
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FIGURE A-555

ErlTHALPY FLOW IrlTO POOL

Task 5.5.3 Oyster Creek Test 5
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FIGURE A-556

DOWriCOMER INTERtlAL PRESSURE

Task 5.5.3 Oyster Creek Test 2
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FIGURE A-557

WETWELL PRESSURES

Task 5.5.3 Oyster Creek Test 2
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FIGURE A-558

DOWNCOMER INTERNAL PRESSURE

Task 5.5.3 Oyster Creek Test 5
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FIGURE.A-559

WETWELL PRESSURES

Task 5.5.3 Oyster Creek Test 5
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FIGURE A-560

NET TORUS FORCE FRoti PRESSURE INTEGRAL

Task 5.5.3 Oyster Creek Test 2
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FIGURE A-561

NET TORUS FORCE FROM PRESSURE INTEGRAL

Task 5.5.3 Oyster Creek Test 5
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FIGURE A-562

TORUS LOAD CELL

Task 5.5.3 Oyster Creek Test 2
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FIGURE A-563

TORUS VERTICAL ACCELERATION

Task 5.5.3 Oyster Creek Test 2
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FIGURE A-564

TORUS LOAD CELL

Task 5.5.3 Oyster Creek Test 5
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FIGURE A-565

TORUS VERTICAL ACCELERATION

Task 5.5.3 Oyster Creek Test 5
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FIGURE 'A-566 NEDO-21944

COMPARIS0fl 0F flET TORUS FORCE FROM PRESSURE IflTEGRAL

WITH flET TORUS FORCE FROM LOAD CELL CORRECTED FOR TORUS IflERTIA

Task 5.5.3 Oyster Creek Test 2
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FIGURE A-567 NED0-21944

COMPARISON OF NET TORUS FORCE FROM PRESSURE INTEGRAL

WITH NET TORUS FORCE FROM LOAD CELL CORRECTED FOR TORUS INERTIA

Task 5.5.3 Oyster Creek Test 5
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FIGURE A-568

NET TORUS FORCE FROM PRES $URE INTEGRAL, CORRECTED FOR WATER INERTIA

Task 5.5.3 Oyster Creek Test 2

6000 -

4000

2000

%
-' O

5

3

L

-2000

m -4000

-6000

-8000

0 100 200 300 400 500 600

TIME IN MILLISECONDS 1350 068

A-63/
-

. . - -



NEDO-21944

FIGURE A-569

f1ET TORUS FORCE FROM PRESSURE INTEGRAL, CORRECTED FOR WATER Ifi. TIA
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FIGURE A-570

AVERAGE P0OL PRESSURE, CORRECTED FOR WATER INERTIA

'

Task 5.5.3 Oyster Creek Test 2

10 .

,

8

$
2
E 6

U
5
10

2
S 42

'

8
s
u
<

2

.

0
, , , ,, ,,,.

0 100 200 300 400 500 600

TIME IN MILLISECONDS

1350 070
A-639

_ _ _ _ _ _

,



NEDO-21944

FIGURE A-571

NET AVERAGE P0OL PRESSURE, CORRECTED FOR WATER INERTIA

Task 5.5.3- Oyster Creek Test 2
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FIGURE A-572

AVERAGE POOL PRESSURE * CORRECTED FOR WATER INERTIA

Task 5.5.3 Oyster Creek Test 5
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FIGURE A-573

NET AVERAGE POOL PRESSURE * CORRECTED FOR WATER INERTIA

Task 5.5.3 Oyster Creek Test 5
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VEllT llEADER If1 PACT PRESSURES

Task 5.5.3 Oyster Creek Test 2
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FIGURE A-575

VENT llEADER IMPACT PRESSURES

Task 5.5.3 Oyster Creek Test 2
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VENT HEADER Il4 PACT PRESSURES

Task 5.5.3 Oyster Creek Test 2
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FIGURE A-577

vet 1T llEADER IflPACT PRESSURES

Task 5.5.3 Oyster Creek Test 2
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FIGURE A-579

VENT llEADER IMPACT PRESSURES

Task 5.5.3 Oyster Creek Test 5
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VENI HLADER IMPACT PRESSURES

Task 5.5.3 Oyster Creek Test 5 .
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FIGURE A-581

VENT llEADER IMPACT PRESSURES

Task 5.5.3 Oyster Creek Test 5
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VENT HEADER If1 PACT PRESSURES I

Task 5.5.3 Oyster Creek Test 5
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FIGURE A-503

VENT llEADER If4 PACT PRESSURES

Task 5.5.3 Oyster Creek Test 5
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FIGURE A-584
NEDO-21944

COMPARIS0N OF VENT HEADER Il1 PACT RESULTS

(Corrected Load Cell and Pressure Integration)
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FIGURE A-585

VENT HEADER VERTICAL ACCELERATION

Task 5.5.3 Oyster Creek Test 2
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FIGURE A-586

VENT HEADER VERTICAL ACCELERATION

Task 5.5.3 Oyster Creek Test 5
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FIGURE A-587
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FIGURE . A-588
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P0OL DISPLACEMENT

OYSTER CREEK, TEST 2
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FIGURE A-589
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POOL DISPLACEMENT

OYSTER CREEK, TEST 3
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FIGURE A-590

TIME HISTORY OF

P0OL DISPLACEMENT

OYSTER CREEK, TEST 5
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FIGURE A-591

POOL SURFACE DI5 PLT.CE;ry!

Oyster Creek Tests 1, 2, 3
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POOL SURFAC; VELOCITY PROFILES

Oyster Creek Tests 1,2,3
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FIGURE A-593

POOL SURFACE DISPLACE;"E::T
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a Oyster Creek Test 5
cn
N

25

m

.8 20
U
C
-

Eii

8 Y
a e
5, 15 2
u e-

'o
e
%
c
'E, 10
't
O

& .
O

2
-a 56 U

g tri
= o

o
e

0 U

0 100 2'O 300 400
_ . . - . . , ,



. - - _ _ _
__

NEDO-21944

C
't

O
o

O
m

O
w

D
; ~-
-

w
; -:

e,
,,-.

L L. ""

o m
rz
A 4J 3

m3, g --:,_
o r r . _ .

,'.
~

- a
o u .

C W j

-j ' l -*
:- o ::-,

m s s
s u o;

o e-e < <> au. v,
CZ h C
a o o
M a

o_;
. _ .o - .

O C
A cr.

'

m

t aJ
o
=
<

o r
- m

a

a

- 1350 094

a

m a in c m o
N N ~ "

A-663 33s/1.3 - A113013A

. _ . . _ . . .

--



NEDO-21944

FIGURE A-595

SIDE WINDOW DISPLACEMENT AND VELOCITY PROFILES

Oyster Test 4
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FIGURE '-596

toumER WATER SWG UECTIN

OYSTER CREEK, TEST 2
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FIGURE A-597

DGA'COER MrER SIDG FJECTION

OYSTER CREEK, TEST 5
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FIGURE A-598

EFFECT OF DRYWELL/WETWELL AP ON

FNTHALPY FLOW INTO P0OL
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FIGURE A-599

EFFECT OF DRYWELL/WETWELL AP ON

DOWNCOMER INTERNAL PRESSURE
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FIGURE A-600

1
EFFECT OF DRYWELL/WETilELL AP 0:4 POOL PRESSURE

AT 180 DEGREE AtID FREESPACt. PRESSURE
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TABLE A-25

OATA FOR WE"4 ELL VERTICAL ?;AOS

Task 5.5.3 Oyster Creek Tests
Test No. 7.15" AP , 5.17" Ce'1ector 0" ;P

Std.Paramater (1) (2) (3) (4) Mean Cev. (5)

T, t (sec)

Vent Clearing Time * (sec)
Peak Ocunt y
Pressure Integral:

Force (lb)
Time (from T,J (sec) |

Corrected Pressure Integral:
Force (lb) g

Time (from T,) (sac)
Carrected Load Cell:

Force (lb) |
Time (from T ) (sec) iq

Downforce Valley

Pressure Integral:
Force (lb) ;

6

Time (from T ) (sec)g i

Corrected Pressure Integral: !

e

Force (lb) I
*

Time (from T,) (sec)
Corrected Load Cell:

Force (lb)
Time (from T,) (sec)

2nd Peak Downforce

Pressure Integral:
Force (Ib)
Time (from T,) (sec)

Corrected Pressure Integril:
Force (lb)
Time (from T,) (sec)

Corrected Load Cell:
Force (lb)
Time (from T,) (sec)

[at! Cownforce Tim **
Pressure Integral (sec)
Corrected Pressure (sec)

Integral

Corrected Load Call (sec)
Cownforce Imoulse

Pressure Integral: f
I.moulse (lb-sec){

l

__

* * Vent clearing time (from T ) detemined
from t5e myie films - = dtart at test reference time

" = Time difference fr:m T, to time of :ero dcwnforce

1350 101-
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TABLE A-25

CATA FOR '.ETWELL 'IERTICAL LOADS Icontinued)

Task 5.5.3 Oyster Creek Tests

Test No. 7.15* p OSP
Std.

Parameter (1) (2) (3) (4) tiean Dev. (5)

Peak Upforce

Pressure Integral:
Force (Ib)
Time (from 7 ) (sec)

Corrected Pressure Integrsl:
Force (lb)
Time (f rom T ) (sec)

Corrected Load Cell:
Force (lb)
Time (from T ) (sec)

Upforce Valley ,

Pressure Integral:
Force (lb)
Time (from T,) (sec)

Corrected ?ressure Integral:
Force (lb)
Time (from T,) (sec)

Corrected Load Cell:
Fo rce (lb)
Time (from T,) (sec)

2nd Peak Uoforce

Pressure Integral:
Force (lb)
Time (from T,) (sec)

Corrected Pressure Integral:
Force (lb)
Time (from T,) (sec)

Corrected Load Cel'-
Force (lb)
Time (from T,) (sec)

Zero Force Time *"
Pressure Integral (sec)
Corrected Pressure (sec)
Integral.

Corrected Lead Cell (sec)

"* =T'me st force is :ero (from T )

1350 102
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TABLE A-25

DATA FOR VENT HE ACER IMPACT LCICS

Task 5.5.3 Oyster Creet Tests

Test No. 7,j$. AP, 5.17" Deflector 0" AP

Std.
Pa rarne ter (1) (2) (3) (4) Mean Cev. (5)

7? (sec)3

' lent We Mee t-eact

Pressure Intege:1:
Maximun Force (1b)

Im ulse (Ib-sec)
Dura tion * (sec)

,

!

Lead Cell Corrected: it
waximum Force (lb)
Irculse (Ib-sec)
Curati on (sec)

Pool Surface (ft/sec).
'teloci ty

Time (fren T )" (sec)
3

_ ___ _

*9ased on itcact pressure "wasure-ents

"At start of the first imoatt oressure recorded

tStart of test reference time
ttRepresents peak of very noisy data (acceleration corrected); mean value

would be lower

1350 103'
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A.13 Hatch 1 Tests

A.13.1 Typical Data

Time-history plots of the driving conditions and pool response are
presented in this section for Hatch 1 Tests 3 and 5. Test 3 was a

load definition test conducted with an initial drywell/wetwell
differential pressure of 11.46" H O and with a 7.17 inch winged

2

pipe deflector (26" full-scale)* Test 5 was conducted with 0" H O2
AP and with the same 7.17 inch winged deflector.

A.13.1.1 Oriving Conditions

Driving conditions for Hatch 1 Test 3 are presented in Figures A-601
through A-605. Similar plots for Test 5 are shown in Figures A-606

through A-610. Hatch 1 driving conditions had the same character-
istics as the " typical" plant discussed in Section 3.0 of this
report.

A.13.1.2 Pool Response

Downcomer internal pressure and wetwell pressures for Hatch 1
Tests 3 and 5 are presented in Figures A-611 through A-612 and A-613

through A-614, respectively. Net torus force from the pressure

integral (Figures A-615 and A-616) shows relatively smooth upforce

but some minor downforce oscillation. Net torus force that is
determined from the torus load cell (Figures A-617 and A-619) by

applying inertial correction with the torus accelerometer (Fig-
ures A-618 and A-620) is shown in Figures A-621 and A-622 and

compared to net torus force determined from the pressure integral.
Figures A-623 and A-624 present the net torus force based on the
torus pressure integral, corrected for inertia.

* Winged deflector is a pipe with structural angles

1350 104
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The " average" pool pressures for Hatch i Tests 2 and 5 are shown in
Figures A-625 and A-627. Figures A-626 and A-628 are the same as

Figures A-623 and A-624 with force replaced by average pressure
(force / torus projected area).

The vent header impact pressures for Hatch 1 Test 3 are presented
in Figures A-629 through A-633. Vent header pressures for Test 5
are presented in Figures A-634 through A-638. These figures indicate
that the deflector was effective in reducing vent header impact
pressures. The vent header impact forces from the pressure integral
and the corrected load cell agree reasonably well (Figure A-639).
Vent header vertical acceleration measurements from Tests 3 and 5
are shown in Figures A-640 and A-641, respectively.

A.13.2 Pool Dynamics

The pool contours at various times of pool swell are shcwn in
Figures A-642 through A-645 for Hatch 1 Tests 1, 2, 3, and 5.

Pool surface displacement curves, are shown in Figures A-646 and A-648.
The pool surface velocity profiles are shown in Figures A-647
and A-649.

The pool surface displacement and velocity profile viewed from the
side window during Test 4 are shown in Figure A-650. The downcomer
water slug displacement, velocity, and acceleration versus time for
Tests 3 and 5 are presented in Figures A-651 and A-652.

A.13.3 Data Summaries

Table A-27 presents the Hatch 1 test data for wetwell vertical
forces.

Table A-28 presents the Hatch 1 test data for vent header impact
'

forces.

A-674 1350 105
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FIGURE A-558 ,

D0WNCOMER INTERNAL PRESSURE

Task 5.5.3 Oyster Creek Test 5
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FIGURE A-559

WETWELL PRESSURES

Task 5.5.3 Oyster Creek Test 5
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A.13.4 Discussion and Analysis

Figure A-653 presents the effect of drywell/wetwell AP on enthalpy
flow into the bubbles. Effect of AP on downcomer internal pressure

is shown in Figure A-654. Figure A-655 presents the effect of AP,

on pool and freespace pressures. This data for Hatch 1 parallels

that for the " typical" plant in Section 3.0. The Hatch 1 load
definition tests were conducted at 11.46" H O AP and with a winged

2

pipe deflector installed below the vent header. A AP sensitivity

test at 0" AP was also conducted. Both the downforce and upforce

were relatively smooth. The pipe deflector (26" full-scale) effec-
tively reduced vent header impact force.

-

-_

--

'
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FIGURE A-601

DRYWELL ORIFICE UPSTREAM PRESSURE

Task 5.5.3 Hatch 1 Test 3
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FIGURE A-602

DRYWELL PRESSURE

Task 5.5.3 Hatch 1 Test 3
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FIGURE A-603

D0WNCOMER ORIFICE DIFFERENTIAL PRESSURE

Task 5.5.3 Hatch 1 Test 3
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FIGURE A-604

DOWilCOMER ORIFICE UPSTREAM TEMPERATURE

Task 5.5.3 Hatch a Test 3
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FIGURE A-605

ENTHALPY FLOW INTO POOL

Task 5.5.3 Hatch 1 Test 3
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FIGURE A-606

DRYWELL ORIFICE UPSTREAM PRESSURE

Task 5.5.3 Hatch 1 Test 5

120 -

,

100 - .

I

80 - 3

|

$
E
= 60-

U
a .

!O '

E
40- .

,

20 -

0-
0 100 200 300 400 500 600

TI!1E IN MILLISECONDS

1350 114A-081



NEDO-21944

FIGURE A-607

DRYWELL PRESSURE

Task 5.5.3 liatch 1 Test 5
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FIGURE A-608

DOWNCOMER ORIFICE DIFFERENTIAL PRESSURE

Task 5.5.3 Hatch 1 Test 5
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FIGURE A-609

DOWNC0!!ER ORIFICE UPSTREAM TEMPERATURE

Task 5.5.3 Hatch 1 Test 5
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FIGURE A-610

ENTHALPY FLOW INTO POOL

Task 5.5.3 Hatch 1 Test 5
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FIGURE A-611

D0WNCOMER INTERNAL PRESSURE

Task 5.5.3 Hatch 1 Test 3
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FIGURE A-612
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WETWELL PRESSURES

Task 5.5.3 Hatch 1 Test 3
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FIGURE A-613

DOWNCOMER INTERNAL PRESSURE

Task 5.5.3 Hatch 1 Test 5
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FIGURE A-614
NEDO-21944

WETWELL PRESSURES

Task 5.5.3 Hatch 1 Test 5
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FIGURE A-615

NET TORUS FORCE FROM PRESSURE INTEGRAL

Task 5.5.3 Hatch 1 Test 3

6000

4000

\

i

!
2000 1

!s,
_

II 0

10 .

E

i

-2000

.

-4000

-6000

-8000

0 100 200 300 400 500 600

TIME IN MILLISECONDS
.

1350 I'nA-690 - J



__

..

NEDC-21944

FIGURE A-616

. NET . TORUS FORCE FROM PRESSURE INTEGRAL

Task 5.5.3 Hatch 1 Test 5
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FIGURE A-617

TORUS LOAD CELL

Task 5.5.3 Hatch 1 Test 3
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FIGURE A-618

TORUS VERTICAL ACCELERATION

Task 5.5.3 Hatch 1 Test 3
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FIGURE A-619

TORUS LOAD CELL

Task 5.5.3 Hatch 1 Test 5
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FIGURE A-620

TORUS VERTICAL ACCELERATION

Task 5.5.3 Hatch 1 Test 5
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FIGURE A-621

COMPARIS0N OF NET TYRUS FORCE FROM PRESSURE INTEGRAL
'

WITH NET TORUS FORCE FROM LOAD CELL CORRECTED FOR TORUS INERTIA
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FIGURE A-622
COMPARISON OF NET TORUS FORCE FROM PRESSURE INTEGRAL

NEDO-219144
WITH NET TORUS FORCE FROM LOAD CELL CORRECTED FOR TORUS INERTIA
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FIGURE A-623

NET TORUS FORCE FROM PRESSURE INTEGRAL, CORRECTED FOR WATER INERTIA
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FIGURE' A-624

NET TORUS FORCE FROM PRESSURE INTEGRAL, CORRECTED FOR WATER INERTIA

Task 5.5.3 Hatch 1 Test 5
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FIGURE A-625
.

AVERAGE POOL PRESSURE, CORRECTED FOR WATER INERTI A
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FIGURE A-626

NET AVERAGE P00L PRESSUP2, CORRECTED FOR WATER INERTIA

Task 5.5.3 Hatch 1 Test 3
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FIGURE A-627

AVERAGE POOL PRESSURE, CORRECTED FOR WATER INERTIA

Task 5.5.3 Hatch 1 Test 5
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FIGURE A-628

NET AVERAGE P0OL PRESSURE, CORRECTED FOR WATER INERTIA
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VEffT HEADER IMPACT PRESSURES

Task 5.5.3 !!atch 1 Test 3
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FIGURE A-631

VEtiT HEADER IMPACT PRESSURES

Task 5.5.3 Hatch 1 Test 3
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VEffT llEADER IMPACT PRESSURES

Task 5.5.3 Hatch 1 Test 3
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FIGURE A-633

VENT HEADER IMPACT PRESSURES

Task 5.5.3 Hatch 1 Test 3
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VENT llEADER I!! PACT PRESSURES

Task 5.5.3 Hatch 1 Test 5

10-

_

. . '3 0 ' ' ' ' ' ' W ' ' ' ' ' ' ' M 0' ' ' ' ' ' ' ' '2'e ' ' ' ' ' ' ' '2 'M ' ' ' ' ' ' ' W ' ' ' ' ' ' h 0'
-- jg..... 2

< Z
tT3m

m .

ip
. z 3
a - 10 o

#e u,
#&

D
M
M
LAJ
N
CL

D ,,,,,,,, ,,,,,,,,,, ,,,,,,, ,,,

g g......... 4....... g ......,
-

* * -.. .-

A

10cia
tn <

Q

.-
,

N

N |Oi.iiiii a
iiii,,iiiii.,Ed,,,,i,,E'/0 280 2W , ,,,,ri,,rr,,,,,,,,7iiiiiiiiiiiiiiiiiii,i, iii i

250 2220 230 240
TIME IN MILLISECONDS ,



FIGURE A-635

VENT liEADER IMPACT PRESSURES

Task 5.5.3 ilatch 1 Test 5
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VEtiT HEADER IMPACT PRESSURES-

Task 5.5.3 Hatch 1 Test 5
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FIGURE A-637

VENT llEADER IMPACT PRESSURES

Task 5.5.3 ilatch 1 Test 5
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FIGURE A-639

C0ftPARIS0tl 0F VEf4T HEADER If1 PACT RESULTS

(Corrected Load Cell and Pressure Inte9 ration)
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FIGURE A-640

VENT HEADER VERTICAL ACCELERATION

Task 5.5.3- Hatch 1 Test 3
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FIGURE A-641

VENT HEADER VERTICAL ACCELERATION

Task 5.5.3 Hatch 1 Test 5
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FIGURE A-642
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Hatch 1 Test 1, 2, 3

25 _

m
* 20
u
C
e- z

tus' 8
2 e s

U N~ ~
eNt al-a aa

vs

-
O
cs
O.

r3
C
'E, 10
.-

5

s
O
A
to

"
a

5 w.c

.T LD
E a

-

tn
*

0

O 100 2 "' 300 403
TI;:E - :illiseconds



FIGUP: A-647

i'00L SURFAC! VfLOCITY PROFILES

Hatch 1 Tests 1, 2, 3
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FIGURE A-649

TOOL SURFAC VELOCITY PROFIi.ES

Hatch 1 Test 5
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FIGURE A-650
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SIDE WINDOW DISPLACEMENT AND VELOCITY PROFILES
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FIGURE A-651
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DohNCGIER WATER SUJG EJECTION

HATCH 1, TEST 3
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mema WATER SWG UECTICN
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FIGURE A-653

EFFECT OF DRYWELL/ WET |lELL AP ON

EflTHALPY FLOW INTO POOL
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FIGURE A-654

EFFECT OF DRYWELL/WETWELL AP ON

DOWNCOMER INTERNAL PRESSURE
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FIGURE A-655

EFFECT OF DRYWELL/WETWELL AP Oft POOL PRESSURE

AT 180 DEGREE AND FREESPACE PRESSURE
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TABLE A-27

NEDO-2191414
DATA FOR WET 4 ELL VERTICAL LOACS

Task 5.5.3 Hatch 1 Tests

Test No. 11.46"t.P , 4.97" Ceflector Std. 0"iP
Parameter (1) (2) (3) (4) f*ean Cev. (5)

.

T, * (sec)

(sec)Vent Clearing Time a

Peak CCwnforce

Pressure Integral:
Force (lb) '

Time (from T,) (sec)
Corrected Pressure Integral: i

Force (lb)*

Time (from T,) (sec)
'Corrected Load Cell:

Force (1b)

Time (from T,) (sec) ;

Downforce Vallev ,

Pressure Integral:
Force (lb)
Time (from T,) (sec)

Corrected Pressure Integral:
Force (lb)
Time (from T,) (sec)

Corrected Load Cell:
rorce (lb)
Time (from T ) (sec)

2nd Peak Downforce

Pressure Integral:
Force (1b)

| Time (from T ) (sec)q
I Corrected Pressure Integral:

Force (lb)
Time ( f rom 7 ) (sec)

Corrected Lead Cell:
Force (lb)
Time (from T,) (sec);

, [st) Downforce TN"

Pressure Integral (sec)

Corrected Pressure (sec)
Integral

Corrected Lead Cell (sec)
Ocwnforce Imoulse

Pressure Integral:
Imoulse (lb-sec)

leat c! earing ti:ve (frcm T ) determned* * Load : ell f ailed Haten i. Test 4 * =

'r0m One movie film 3
** * Time di f ference 'com 7 to t1:re of zero sownforce

Start of test referenc8 timet=

1350 164
-

A-731

... .. _



TABLE A-27

NEDo-2191614

CATA FCA WET'WELL 'JERTICAL LCADS Icontinued)

Task 5.5.3 Hatch 1 Tests

Test No. 11.16* aP , 4.9 7" Deflector 0" 1P
Std.Parameter (1) (2) (3) (4) tiean Cev. (5)

Peak floforce
Pressure Integral:

Force (lb)
Time (from 7 ) (sec)

Corrected Pressure Integral:
Force (lb)
Time (from T,) (sec)

Corrected Load Ceil:
Force (1b)

Time (from T,) (sec)
tjoforce vallev

Pressure Integrsl:
Force (Ib)
Time (from T ) (sec)

Corrected Pressure Integral:
Force (lb)
Time (from T ) (sec)

Corrected Load Cell:
Force (Ib)
Time (frcm 7,) (sec)

2nd Peak Ucforce

Pressure Integril:
Force (lb)
Time (from T ) (sec)

Corrected Pressure Iritegral:
Force (Ib)
Time (froni T,3) (sec)

Corrected Load Cell:
Force (Ib)
Tire (from T,) (sec)

Zero Force Time ***

Pressure Integral (sec)
Corrected Pressure (sec)
Integral

Corrected Lead Cell (sec)

"* = Tf re at 'Orte is zero (f em T )g

1350 165
A-732
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TABLE A-23

C;.f a na VE'iT E1CER Ivp1C* LO ACS

Task 5.5.3 Hatcn 1 Tests

Test No.
11.46" aP 4.37'' Ceflector 0* AP

Std.
m rsreter (1) (2) (3) (4) N an Cev. (5)a % _

T, * (sec) l
1

:ent aeseee r cee:
Pressure |ntegral: .

Maxtre Force (1b)
Iroulse (Ib-sec)
Curs tion * (sec)

Load Call Corrected:tt
waxtmum Force (15)

Itoulse Ob-sec) |

Cu rs ti on siec)

Pool Surface (ft/sec) ,

Yeloci ty '

Tre ( f rom T,)" (sec)

*3ased on ir Sc* 2re55ure M55'wrefnents
"At start of the first iircact Dressure recorded

t5 tart of tast reference tire
ttRepresents peak of very noisy data (acceleration corrected); mean value

would be lower.
.

e

., a

A-733
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A.14 Vermont Yankee Tests

A.14.1 Typical Data

Time-history plots of the driving conditions and pool response are
presented in this section for Vermont Yankee Tests 3 and 5. Test 3
a s a load definition test, which was conducted at a partial drywell/
wetwell differential pressure of 13.2" H O AP and with a 7.21 inch

2
winged pipe deflector (25.75 inches full-scale)*. Test 5 was
conducted without an initial drywell/wetwell differential pressure
(0" AP) and with the same 7.21 inch winged pipe deflector.

A.14.1.1 Oriving Conditions

Driving conditions for Vermont Yankee Test 3 are presented in
Figures A-656 through A-660. Similar plots for Test 5 are shown in
Figures A-661 through A-665. Vermont Yankee driving conditions had
the same characteristics as the " typical" plant discussed in Sec-
tion 3.0 of this report.

A.14.1.2 Pool Response

Downcomer internal pressure and wetwell pressures for Vermont

Yankee, Tests 3 and 5 are presented in Figures A-666 through A-667
and A-668 thro'qh A-669, respectively. Net torus force from the
pressure integral (Figures A-670 and A-671) shows relatively smooth
upforce. Some downforce oscillatons are present in Test 3, but
they dampen out rapidly before peak downforce. Test 5 experienced
the one-cycle downforce oscillation which is attributable to vent

clearing. (Refer to Section 4.4.2 of this report for a detailed
discussion of this phenomenon.) Net torus force that is determined
from the load cell (Figures A-672 and A-674) by applying inertial
correction with the torus accelerometer (Figures A-673 and A-675) is
shown in Figures A-676 and A-677 and compared to net torus force

* Winged pipe deflector is a pipe with structural angles.

1350 167
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determined from the pressure integral. Figures A-678 and A-679

present the net torus force based on the torus pressure integral,
corrected for inertia.

The " average" pool pressures for Vermont Yankee Tests 3 and 5 are

shown in Figures A-680 and A-682. Figures A-681 and A-683 are

the same as Figures A-678 and A-679 with force replaced by average
pressure (force / torus projected area).

The vent header impact pressures for Vermont Yankee Test 3 are

presented in Figures A-684 through A-688. Vent header pressures

for Test 5 are presented in Figures A-689 through A-693. These

figures indicate that the deflector was very effective in miti-
gating the vent header impact. The vent header impact forces from

the pressure integral and the corrected load cell are both small
and agree reasonably well (Figure A-694). Vent header vertical
acceleration measurements from Tests 3 and 5 are shown in Fig-

ures A-695 and A-696, respectively.

A.14.2 Pool Dynamics

The pool contours at various times of pool swell are shown in
Figures A-697 through A-700 for Vermont Yankee, Tests 1, 2, 3,

and 5. Pool surface displacement curves are shown in Figures A-701

and A-703. The pool surface velocity profiles are shown in Fig-
ures A-702 and A-704.

The pool surface displacement and velocity profile viewed from the
side window during Test 4 are shown in Figure A-705. The downcomer

water slug displacement, velocity, and acceleration versus tir..e for
Tests 3 and 5 are shown in Figures A-706 and A-707, respectively.

' HJ 168

A-735
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A.14.3 Data Summaries

Table A-29 presents the Vermont Yankee test data for wetwell vertical
forces.

Table A-30 presents the Vermont Yankee test data for vent header
impact forces.

A.14.4 Discussion and Analysis

Figure A-708 presents the effect of drywell/wetwell AP on the
enthalpy flow into the bubbles. The effect of drywell/wetwell AP
on downcomer internal pressure is shown in Figure A-709. Fig-
ure A-710 presents the ef fect of drywell/wetwell AP on pool and
freespace pressures. This data for Vermont Yankee parallels that
for the " typical" plant in Section 3.0.

The Vermont Yankee load definition tests were conducted at 13.2"
H O AP with a 7.21 inch winged pipe deflector installed below the

2
vent header. A AP sensitivity test at 0" AP was also conducted.
Both the downforce and upforce were relatively smooth. The deflector
(25.75" full scale) effectively reduced vent header impact force.

1350 169
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FIGURE A-656

DRYWELL ORIFICE UPSTREAM PRESSURE
'
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FIGURE A-657

DRYWELL PRESSURE
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FIGURE A-658

DOWNCOMER ORIFICE DIFFERENTIAL PRESSURE
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FIGURE A-659

D0WNCOMER ORIFICE UPSTREAM TENPERATURE

Task S.5.3 Vennont Yankee Test 3
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FIGURE A-660

ENTHALPY FLOW IrlT0 P0OL

Task 5.5.3 Vermont Yankee Test 3
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FIGURE A-661

DRYWELL ORIFICE UPSTREAM PRESSURE

Task 5.5.3 Vermont Yankee Test 5
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FIGURE A-662

DRYWELL PRESSURE

Task 5.5.3 Vermont Yankee Test 5
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FIGURE A-663

DOWNCOMER ORIFICE DIFFERENTIAL PRESSURE

Task 5.5.3 Vermont /ankee Test 5
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FIGURE A-664

00WNCOMER ORIFICE UPSTREAM TEMPERATURE

Task 5.5.3 Vermont Yankee Test 5
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FIGURE A-665

EllTHALPY FLOW It1TO POOL

Task 5.5.3 Vermont Yankee Test 5
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FIGURE A-666

DOWf1 COMER IllTERNAL PRESSURE

Task 5.5.3 Vermont Yankee Test 3
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FIGURE A-667
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WETWELL PRESSURES

Task 5.5.3 Vermont Yankee Test 3
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FIGURE A-668

DOWNC0fiER INTERtlAL PRESSURE

Task 5.5.3 Vemont Yankee Test 5
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FIGURE A-669
NEDO-21944

WETWELL PRESSURES

Task 5.5.3 Vermont Yankee Test 5
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FIGURE A-670

NET TORUS FORCE FROM PRESSURE INTEGRAL

Task 5.5.3 Vermont Yankee Test 3
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FIGURE A-671
NEDO-21944

NET TORUS FORCE FROM PRESSURE INTEGRAL

Task 5.5.3 Vermont Yankee Test 5
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FIGURE A-672

TORUS LOAD CELL

Task 5.5.3 Vermont Yankee Test 3
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FIGURE A-673

TORUS VERTICAL ACCELERATION

Tusk 5.5.3 Vermont Yankee Test 3
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FIGURE A-674
'

TORUS LOAD CELL

Task 5.5.3 Vermont Yankee Test 5
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FIGURE A-675

TORUS VERTICAL ACCELEPATION

Task 5.5.3 Vermont Yankee Test 5
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FIGURE A-676
NED0-21944

^

COMPARIS0N OF NET TORUS FORCE FROM PRESSURE If1TEGRAL

WITH NET TORUS FORCE FROM LOAD CELL CORRECTED FOR TORUS INERTI A
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FIGURE A-677 COMPARISON OF NET TORUS FORCE FROM PRESSURE INTEGRAL
NEDO-21944

WITH NET TORUS FORCE FROM LOAD CELL CORRECTED FOR TORUS INERTIA

Task 5.5.3 Vennont Yankee Test 5
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FIGURE A-678

NET TORUS FORCE FROM PRESSURE INTEGRAL, CORRECTED FOR WATER INERTIA

Task 5.5.3 Vermont Yankee Test 3
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FIGURE A-679
NEDO-21944

NET TORUS FORCE FROM PRESSURE INTEGRAL, CORRECTED FOR WATER INERTIA
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FIGURE A-680

AVERAGE POOL PRESSURE, CORRECTED FOR WATER INERTIA

Task 5.5.3 Vermont Yankee Test 3
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FIGURE A-681

NET AVERAGE P0OL PRESSURE, CORRECTED FOR WATER INERTIA

Task 5.5.3 Vermont Yankee Test 3
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FIGURE A-682

AVERAGE POOL PRESSURE, CORRECTED FOR WATER INERTIA

Task 5.5.3 Vermont Yankee Test 5
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FIGURE A-t83
NETAVERAGEP0OLPRESSUfE,CORECTEDFORWATERINERTIA '
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FIGURE A-685

VENT HEADER IMPACT PRESSURES

Task 5.5.3 Vermont Yankee Test 3
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FIGURE A-687

VENT HEADER IMPACT PRESSURES

Task 5.5.3 V:" ment Yankee Test 3
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FIGURE A-688

VENT HEADER IMPACT PRESSURES

Task 5.5.3 Vermont Yankee Test 3
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FIGURE A-689 VEf;T HEADER It1 PACT PRESSURES

Task 5.5.3 Vermont Yankee Test 5
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FIGURE A-690
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FIGURE A-691 VErlT liEADER If1 PACT PRESSURES

Task 5.5.3 Vermont Yankee Test 5
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Task 5.5.3 Vermont Yankee Test 5
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FIGURE A-693

VENT HEADER If4 PACT PRESSURES

Task 5.5.3 Vennont Yankee Test 5
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A-694g[IGl:WE
COMPARIS0fl 0F VErlT HEADER If1 PACT RESULTS

(Corrected Load Cell and Pressure Integration)
Task 5.5.3 Vermont Yankee Tests 3,5
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FIGURE A-695

VENT HEADER VERTICAL ACCELERATI0tl

Task 5.5.3 Vermont Yankee Test 3
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vet 4T HEADER VERTICAL ACCELERATION

Task 5.5.3 Vermont Yaiikee Test 5
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FIGURE A-697
NEDO-21944
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FIGURE A-698

NEDC-21944
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FIGURE A-699
NEDO-21944
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FIGUREA.JgG 21944
TIME HISTORY OF

P0OL DISPLACEMENT

VERMONT YANKEE, TEST 5
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FIGURE A-701
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P0OL SURFACE DISPLACEP.ENT
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FIGURE A-705

S_IDE WINDOW nNpt arrMFflT AND VELOCITY PROFILES
_
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FIGURE A-706
NEDO-219'44

toxca wnta swc usencs

VERMONT YANKEE, TEST 3
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FIGURE A-707
NEDO-21944

tomnen wAlu swG EJECTIO].

VERfi0f4T YAtlKEE, TEST 5
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FIGURE A-708

EFFECT OF DRYWELL/WETWELL AP ON

EtiTHALPY FLOW INTO POOL

Vermont Yankee Tests
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FIGURE A-709

EFFECT OF DRYWELL/tlETWELL AP ON

0011NCOMER INTERNAL PRESSURE

Vermont Yankee Tests
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FIGURE A-710

EFFECT OF DRYWELL/WETWELL t,P Otl P00L PRESSURE

AT 180 DEGREE AtlD FREESPACE PRESSURE
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TABLE A-29
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CATA FOR WETJELL VERTICAL LCACs

Task 5.5.3 Vermont Yankee Tests
Test No. 13,2=1P , 4.48" Deflector 0"aPstd.Parameter (1) (2) (3) (4) .Mean Dev. (5)

T, t (sec)

Vent Clearing Time" (sec)
Deak Downforce

Pressure Integral:
Force (lb)
Time (from T,) (sec)

Corrected Pressure Integral:
Force (lb) |
Time (from T ) (sec)

'

g

Corrected Load Cell:
Force (lb)
Time (from T ) (sec)

Ocwnforce Vallev
Pressure Integral:

Force (lb)
Time (from T ) (sec)

Corrected Pressure Integral:
Fo rce (lb)
Time (from T ) (sec)

Corrected Load Cell:
Force (lb)
Time (from 7 ) (sec)

2nd Peak Downforce

Pressure Integral:
Fo rce (Ib)
Time (from T,) (sec)

Corrected Pressure Integral:
Force (1b)

Time ( f rom T ) (5'C)
o

Corrected Load Cell:
Force (Ib)
Time (from T ) (sec)g

[at] Downforce Time **
Pressure Integral (sec)
Corrected P-essure (sec)

Integral
i

Corrected Load Cell (sec)
Ccwntorce imeulse ,

Pressure In?egral: '

Imeulse (lb-sec),

* i Vent clearing tin e (from T.3) tetermined
fecm the mvie ff Bs

** * Time diffe"e"Ce from I to tire of Zero downferCe)
* * Start Of test reference tire
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TABLE A-29
NEDO-21944

CATA FOR kETWELL VERT! CAL LCA05 fc:ntinued)

Task 5.5.3 Vermont Yankee Tests

Test No. 13.2" aP, 4.48" Ceflect::r 0" aP

3rameter (1) (2) (3) (4) tiean Cev. (5)
_ _ _

esk Uoforce
ressure Integral:
Force (lb)
Time (from T ) (sec)

arrected Pressure Integral:
Force (Ib)
Time (from T,) (sec)

arrected Load Cell:
Force (Ib)
Time (from T ) (sec)

3 force Vallev
' essure Integral:
. Force (lb)

Time (from T,) (sec)
arrected Pressure Integral:
Force (Ib)
Time (from T ) (sec)g

arrected Load Cell:
Force (lb)
Time (from T,) (sec)

id Peak Uoforce

ressure Integral:
Force (Ib)
Time (from T ) (sec)

arrected Pressure Integral:
Force (lb)
Time (from T,) (sec)

rrected Load Cell:i

Force (Ib)

Time (from T ,) (sec)

-ro Terce Time *"
Pressure Integral (sec)
Corrected Pressure (sec)
Integral

Cor*ected Load Cell (sec)
__. _

"- = Time at f:rce is zero (frcm T 's7

1350 226
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TABLE A-30

CATA FOR VENT WEACER !" PACT LOACS

Task 5.5.2 Vemont Yankee Tests

* * * " ~
13.2* A . 4.48" OeflectorP

0* AP
Std.Pa rare ter (1) (2) (3) (4) .*e an tev. (5)

I+ (sec)n

Vent we Me e !tos::
Pressure *ntegral:

Maximum Force (Ib)
Impulse (ib-sec)
Du ra tion * (sec)

Load Cell Correctad: it
utximum Force (15)
fr ulse (1b-sec)
Du rati on (sec)

Pool Surface (ft/sec)
Veloci ty

?f te ( recm T,)" (sec)

* Based on impact pressure measurerents
"At start of the first imaet pressure recorted

? Start of test reference tire

ttrepresents peak of very noisy data (acceleration corrected); mean value
would be lower

.

1350 227

A-794



NEDO-21944

A.15 Fitzpatrick Tests

A.15.1 Typical Data

Time-history plots of the driving conditons and pool response are
presented in this section for Fitzpatrick Tests 3 and 5. Test 3

was a load definition test which was conducted at a partial drywell/
wetwell differential pressure of 12.35" H O AP and with a 7.88 inch2
pipe deflector. Test 5 was conducted without an initial drywell/
wetwell differential pressure (0" AP) and with the same 7.88 inch
pipe deflector.

A.15.1.1 Driving Conditions

Driving conditions for Fitzpatrick Test 3 are presented in Fig-
ures A-711 through A-715. Similar plots for Test 5 are shown in
Figures A-716 through A-720. Fitzpatrick driving conditions had
the same characteristics as the " typical" plant discussed in Sec-
tion 3.0 of this report.

A.15.1.2 Pool Response

Downcomer internal pressure and wetwell pressures for Fitzpatrick,
Tests 3 and 5 are presented in Figures A-721 through A-722 and A-723

through A-724, respectively. Net torus force from the pressure

integral (Figures A-725 and A-726) shows some oscillation in down-
force 'uut practically no oscillation in upforce. Net torus force
that is determined from the torus load cell (Figures A-727 and A-729)
by applying inertial correction with the torus accelerometer (Fig-
ures A-728 and A-730) is shown in Figures A-731 and A-732 and

compared to net torus force determined from the pressure integral.
Figures A-733 and A-734 present the net torus force based on the
torus pressure integral, corrected for inertia.

'350 228

A-795



_ --.,_. - -

NEDO-21944

The " average" pool pressures for Fitzpatrick Tests 3 and 5 are
shown in Figures A-735 and A-737. Figures A-736 and A-738 are

the same as Figures A-733 and A-734 with force replaced by average
pressure (force / torus projected area).

The vent header impact pressures for Fitzpatrick Test 3 are presented
in Figures A-739 through A-743. Vent header pressures for Test 5
are presented in Figures A-744 through A-748. These figures indicate
that the deflector was effective in reducing the vent header impact.
The vent header impact forces from the pressure integral and the
corrected load cell ag,ae reasonably well (Figure A-749).

Vent header vertical acceleration measurements from Tests 3 and 5
are shown in Figures A-750 and A-751, respectively.

A.15.2 Pool Dynamics

The pool contours at various times of pool swell are shown in
Figures A-752 through A-755 for Fitzpatrick Tests 1, 2, 3, and 5.
Pool surface displacement curves are shown in Figures A-756 and A-758.
The pool surface velocity profiles are shown in Figures A-757
and A-759.

The pool surface displacement and velocity profile veiwed from the
side window during Test 4 are shown in Figure A-760. The downcomer
water slug displacement, velocity, and acceleration versus time for
Test 3 are presented in Figure A-761. Similar plots are shown in
Figure A-762 for Test 5.

A.15.3 Data Summaries

Table A-31 presents the Fitzpatrick test data for wetwell vertical
forces.

}]] ygA-796
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Table A-32 presents the Fitzpatrick test data for vent header
impact forces.

A.15.4 Discussion and Analysis

Figure A-763 presents the effect of drywell/wetwell AP on the
enthalpy flow into the bubbles. Effect of drywell/wetwell AP on
downcomer internal pressures is shown in Figure A-764. Figure A-765

presents the effect of drywell/wetwell AP on pool and freespace
pressures. This data for Fitzpatrick parallels that for the " typical"
plant in Section 3.0.

The Fitzpatrick load definition tests were conducted at 12.35" H O2
AP with a 7.88 inch pipe deflector installed below the vent header.
A AP sensitivity test at 0" AP was also conducted. The upforce was

relatively smooth; the downforce had minor oscillations. The

deflector (20" full-scale) effectively reduced vent header impact
force.

A-797 3 -. ,
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FIGURE A-711

DRYWELL ORIFICE UPSTREAM PRESSURE

Task 5.5.3 Fitzpatrick Test 3.
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FIGURE A-712

DRYWELL PRESSURE

Task 5.5.3 Fitzpatrick Test 3
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FIGURE A-713

00WNCOMER ORIFICE DIFFERENTIAL PRESSURE

Task 5.5.3 Fitzpatrick Test 3
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FIGURE A-714

DOWNCOMER ORIFICE UPSTREAti TEMPERATURE

Task 5.5.3 Fitzpatrick Test 3
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FIGURE A-715

ENTHALPY FLOW INTO P00L

Task 5.5.3 Fitzpatrick Test 3
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FIGURE A-716

DRYWELL ORIFICE UPSTREAM PRESSURE

Task 5.5.3 Fitzpatrick Test 5
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FIGURE A-717

DRYWELL PRESSURE

Task 5.5.3 Fitzpatrick Test 5
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FIGURE A-718

DOWNCOMER ORIFICE DIFFERENTIAL PRESSURE

Task 5.5.3 Fitzpatrick Test 5
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FIGURE A-719

DOWNCOMER ORIFICE UPSTREAM TEMPERATURE

Task 5.5.3 Fitzpatrick Test 5
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FIGURE A-720

ENTHALPY FLOW IrlTO POOL

Task 5.5.3 Fitzpatrick Test 5
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FIGURE A-721

DOWf1 COMER INTERNAL PRESSURE

Task 5.5.3 Fitzpatrick Test 3
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FIGURE A-722
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WETWELL PRESSURES

Task 5.5.3 Fitzpatrick Test 3
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FIGURE A-723

00WNCOMER INTERilAL PRESSURE

Task 5.5.3 Fitzpatrick Test 5
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FIGURE A-724
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WETWELL PRc33URES

Task 5.5.3 Fitzpatrick Test 5
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FIGURE.A-725

NET TORUS FORCE FR0t1 PRESSURE INTEGRAL

Task 5.5.3 Fitzpatrick Test 3
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FIGURE A-726

NET TORUS FORCE FROM PRESSURE INTEGRAL

Task 5.5.3 Fitzpatrick Test 5
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FIGURE A-727

TORUS LOAD CELL -

Task 5.5.3 Fitzpatrick Test 3
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FIGURE A-728

TORUS VERTICAL ACCELERATION

Task 5.5.3 Fitzpatrick Test 3
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FIGURE A-729

TORUS LOAD CELL

Task 5.5.3 Fitzpatrick Test 5
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FIGURE A-730

TORUS VERTICAL ACCELERATION

Task 5.5.3 Fitzpatrick Test 5
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FIGURE A-731
NEDO-21944

COMPARIS0tl 0F f4ET TORUS FORCE FROM PRESSURE IflTEGRAL

WITH NET TORUS FORCE FROM LOAD CELL CORRECTED FOR TORUS INERTIA
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FIGURE A-732
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COMPARISON OF flET TORUS FORCE FROM PRESSURE INTEGRAL

WITH f1ET TORUS FORCE FROM LOAD CELL CORRECTED FOR TORUS INERTIA
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FIGURE A-713

t1ET TORUS FORCE FROM PRESSURE ItiTEGRAL, CORRECTED FOR WAIFR IffERTIA

Task 5.5.3 Fitzpatrick Test 3

6000 -

4000 -

2000 .

t 0 .

E
El
E
'

-7000 .

-4000

-6000

-8000

0 100 200 300 400 500 60

TIME If1 MILLI 5Ei.;NDS

1350 253
/-820



. __

FIGURE A-734
NED0-21944

NET TORUS FORCE FROM PRESSURE, INTEGRAL CORRECTED FOR WATER INERTIA
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FIGURE A-735

AVERAGE P0OL PRESSURE, CORRECTED FOR WATER INERTIA

Task 5.5.3 Fitzpatrick Test 3
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FIGURE A-736

NET AVERAGE POOL PRESSURE, CORRECTED FOR WATER INERTIA

Task 5.5.3 Fitzpatrick Test 3
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FIGURE A-737

AVERAGE P00L PRESSURE, CORRECTED FOR WATER INERTIA

Task 5.5.3 Fitzpatrick Test 5
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FIGURE A-738

NET AVERAGE POOL PRESSURE, CORRECTED FOR WATER INERTIA

Task 5.5.3 Fitzpatrick Test 5
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FIGURE A-739

VENT llEADER IMPACT PRESSURES

Task 5.5.3 Fitzpatrick Test 3
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VENT HEADER IMPACT PRESSURES

Task 5.5.3 Fitzpatrick Test 3
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FIGURE ?. -741.

VEitT liEADER If* PACT PRESSURES
'

Task 5.5.3 Fitzpat.-ick Test 3
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FIGURE A-743

VENT llEADER IMPACT PRESSURES
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FIGURE A-745

VENT HEADER IMPACT PRESSURES

Task 5.5.3 Fitzpatrick Test 5
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VENT HEADER IMPACT PRESSURES

Task 5.5.3 Fitzpatrick Test 5
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FIGURE A-747

VENT HEADER IMPACT PRESSURES

Task 5.5.3 Fitzpatrick Test 5
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FIGURE A-749 C0t1 PARIS 0N OF VENT HEADER If1 PACT RESULTS

(Corrected Load Cell and Pressure Integration)
Task 5.5.3 Fitzpatrick Tests 3,5

600

400

5 200

5
y 0 *

8
u.

-200

-400
150 170 190 210 230

T!f1E IN f1ILLISECOND5

.

400

200

S
E O
w
w

-200

-400
230 250 270 290 310 330

TIf1E IN !!ILLISECONDS

,

1350 269

A-836

- _ _ _ .



.. .

VENT HEADER VERTICAL ACCELERATION

Task 5.5.3 Fitzpatrick Test 3
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FIGURE A-751

VENT HEADER VERTICAL ACCELEPATION

Task 5.5.3 Fitzpatrick Test 5
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FIGURE A-752
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FIGURE A-753
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FIGURE A-754
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FIGURE A-755
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FIGURE A-760
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SIDE WIfiDOW DISPLACEfENT AND VELOCITY PROFILES

FITZPATRICK, TEST 4
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FIGURE A-762

Imcon WATER SWG ERCHQ4
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FIGURE A-763

EFFECT OF DRYWELL/WETWELL AP ON

ENTHALPY FLOW INTO POOL

Fitzpatrick Tests
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FIGURE A-764

EFFECT OF DRYWELL/WETWELL AP ON

DOWNCOMER INTERNAL PRESSURE
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FIGURE A-765

EFFECT OF DRYWELL/WETWELL AP ON P00L PRESSURE

AT 180 DEGREE AND FREESPACE PRESSURE
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TABLE A-31
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CATA FOR WFT4 ELL YERTICAL LOACS

Task 5.5.3 Fitzpatrick Tests

Test No. 12.35" t.P 7.88* Miector 0* t.P
3

Paran ter (1) (2) (3) (4) Mean Dev. (5)

T, + (sec)

Vent Clearing Tfme* (sec)
Peak Cownforce

Pressure Integral:
Force (lb;

Time (from 7 ) (sec)9
Corrected Pressure Integral:

Force (Ib)
Time (from T,) (sec)

Corrected Lead Cell:
Force (Ib)
Time (from T ) (sec)

Downforce Vallev

Pressure Integral:
Force (Ib)
Time (from T,) (sec)

Corrected Pressure Integral:
Force (Ib)
Time (from T ) (sec)g

Corrected Load Cell:
Force (Ib)
Time (from T ) (sec)3

2nd Peak Ocwnforce

Pressure Integral:
Force (lb)
Time (from T ) (sec)q

Corrected Pressure Integral:
Force (Ib)
Time (from T ) (sec)

3

Corrected Load Cell:
Force (Ib)
Time (from T,) (sec)

[itl Cownforce tin **
Pressure Integral (sec)

Careected Pressure (sec)
Inteqrsl

Corrected Load Cell (sec)
Downrarce imculse

I
Pressure Integral:

Impulse (lb-sec) -

!

* = Vent clearing ame (feat T ) Jetermined
f rem t.9e "o vi e #i lms

Start of test eefererce t*me*a

1350 286
A-853



TABLE A-31
NED0-21944

CATA FCR '.ET'. ELL VERTICAL LCACS (contiroed)

Task 5.5.3 Fitznatrick Tests

Test No. 12.35 ' :P, 7.sa'' Deflector 3" cP

Parameter (1) (2) (3) (4) ..ean Cev. (5)
"

.

Pe a it 'Jo f o rc e

Pressure Integral:
Force (lb)
Time (from T ) (sec)

Corrected Pressure Integral:
Force (lb)
Time (from T ) (sec)

Corrected Load Cell:
Force (lb)
Time (from T ) (sec)

Uoforce Valley

Pressure Integral:
Forca (Ib)
Time (from T ) (sec)

Corrected Pressure Integral:
Fo rce (lb)
ilme (from T ) (sec)-3

Correctea Load Cell:
Fc rce (lb)
Tima (fran T,) (sec)

2nd Paan uoforce

Pressure Integral:
Fo rce (lo)
Ti e (frcm ? ) (sec)

Cor ected Pressure Integrsl:
Force (Ib)

' Time (from T } (sec)
I Cor rected Load Cell:

F]rce (10) ,

Time (f rom T ) (sec)3

Zero Force Time *** ;

Pressure Integral (sec)
Corrected Pressure (sec)
* tegraln

Corrected Load Cell (sec)
|

-
Time 3: force i s :ere ' f-w T,)

1350 2873_,,,
.
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TABLE A-32

OATA FOR VENT HEAOER IMPACT LOA 05

Task 5.5.3 Fitzpatrick Tests

** * 12.36* AP, 7.88" Deflector 0* aP
Std.

P arame ter (1) (2) (3) (4) Nan De v . (5)

T,t (see)

Vent Needer imeact
[

Pressere In egral: I

Maximum Force (lb)
Impulse (lb-sec)
Du ra tion * (sec)

Load Cell Corrected:tt
uaximum Force (lb)
Iroulse (lb-sec)
Ou rati on (sec)

Pool Surface (f t/sec)
Veloci ty

Time (fr r ? )** (sec)

*9ased on impact pressure measurements
** At start of tne first impact crassare recorded.

tStart of test reference time
+tRepresents peak of very noisy data (acceleration corrected); mean value

would be lower

1350 288
A-855

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



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

NEDO-21944

A.16 Hope Creek Tests
s

A.16.1 Typical Data

Time-history plots of the driving conditions and pool response are
presented in this section for Hope Creek Tests 3 and 5. Test 3 was
a load definition test, which was conducted at zero drywell/wetwell
differential pressure (0" AP) and with no deflector. Test 5 was
conducted with an initial drywell/wetwell differential pressure of
7.0" H O AP and with no deflector.2

A.16.1.1 Driving Conditions

Driving conditions for Hope Creek Test 3 are presented in Fig-
u.es A-766 through A-770. Similar plots for Test 5 are shown in
Figures A-771 through A-775. Comparison of the driving conditions
indicates that enthalpy flow into the pool starts at an earlier
time and peaks out at a slightly lower value in Test 5 with 7.0" AP
(Figures A-770 versus A-775).

A.16.1.2 Pool Response

Downcomer internal pressure and wetwell pressures for Hope Creek

Test 3 are presented in Figures A-776 and A-777, respectively. The

same pressures for Test 5 are shown in Figures A-778 and A-779.

Net torus force from the pressure integral (Figures A-780 and A-781)
shows only minor oscillations in downforce and upforce. Net torus
force that is determined from the torus load cell (Figures A-782
and A-784) by applying inertial correction with the torus acceler-
ometer (Figures A-783 and A-785) is shown in Figures A-786 and A-787

and compared with net torus force determined from the pressure
integral. Figures A-788 and A-789 present the net torus force
based on the torus pressure integral, corrected for inertia.

1350 289A-856
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The " average" pool pressures for Hope Creek Tests 3 and 5 are shown
in Figures A-790 and A-792. Figures A-791 and A-793 are the same

as Figures A-788 and A-789 with force replaced by average pressure
(force / torus projected area).

The vent header impact pressures for Hope Creek Test 3 are presented
in Figures A-794 through A-797. Vent header impact pressures for

Test 5 are presented in Figures A-798 through A-801.

The vent header impact forces from the pressure integral and the
~

corrected load cell agree reasonably well (Figure A-802). Vent
header vertical acceleration measurements from Tests 3 and 5 are
shown in Figures A-803 and A-804, respectively.

A.16.2 Pool Dynamics

The pool contours at various times of pool swell are shown in
Figures A-805 through A-808 for Hope Creek Tests 1, 2, 3, and 5.

Pool surface displacement curves are shown in (Figures A-809

and A-811). The pool surface velocity profiles are shown in Fig-
ures A-810 and A-812.

The pool surface displacement versus time and velocity profile
viewed from the side window during Test 4 are shown in Figure A-813.
The downcomer watei slug displacement, velocity, and acceleration
versus time for Tests 3 and 5 are shown in Figures A-814 and A-815,
respectively.

A.16.3 Data Summaries

Table A-33 presents the Hope Creek test data for wetwell vertical
forces.

1350 290
A-857

. _ . . .
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Table A-34 presents the Hope Creek test data for vent header impact
forces.

A.16.4 Discussion and Analysis

Figure A-816 presents the effect of drywell/wetwell AP on the
enthalpy flow into the bubbles. The effect of drywell/wetwell AP
on downcomer internal pressure is shown in Figure A-817. Fig-
ure A-818 presents the effect of drywell/wetwell AP on pool and
freespace pressures. The Hope Creek Test 3 data parallels that for
Test 8 data of the " typical" plant in Section 3.0. The Hope Creek
Test 5 data parallels the " typical" Test 2 Jata.

The Hope Creek load definition tests were conducted at 0" H O AP
2with no deflector. A AP sensitivity test at 7" H O AP was also

2
conducted. Upforce and downforce only showed minor oscillations.
The vent header impact force was significantly higher than for
plants using deflectors.

1350 291A-858
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FIGURE A-766

'

DRYWELL ORIFICE UPSTREAM PRESSURE

Task 5.5.3 Hope Creek Test 3
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FIGURE A-767

DRYWELL PRESSURE

Task 5.5.3 Hope Creek Test 3
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FIGURE A-768

DOWNCOMER ORIFICE DIFFERENTIAL PRESSURE

Task 5.5.3 Hope Creek Test 3
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FIGURE A-769

00WNCOMER ORIFICE UPSTREAM TEMPERATURE

Task 5.5.3 Hope Creek Test 3
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FIGURE A-770

ENTHALPY FLO11 INTO P00L

Task 5.5.3 Hope Creek Test 3
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FIGURE A-771

DRYWELL ORIFICE UPSTREAM PRESSURE

Task 5.5.3 Hope Creek Test 5
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FIGURE A-772

DRYWELL PRESSURE

Task 5.5.3 Hope Creek Test 5
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FIGURE A-773

DOWf4 COMER ORIFICE DIFFEREflTIAL PRESSURE

Task 5.5.3 Hope Creek Test 5
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FIGURE A-774

00WNCOMER ORIFICE UPSTREAM TEMPERATURE

Task 5.5.3 Hope Creek Test 5
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FIGURE A-775

ENTHALPY FLO11 INTO POOL

Task 5.5.3 Hope Creek Test 5
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FIGURE A-776

DOWNCOMER INTERNAL PRESSURE

Task 5.5.3 Hope Creek Test 3
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FIGURE A-777
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WETWELL PRESSURES

Task 5.5.3 Hope Creek Test 3
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FIGURE A-778

DOWNCOMER INTERNAL PRESSURE

Task 5.5.3 * Hope Creek Test 5
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FIGURE A-779

WETWELL PRESSURES

Task 5.5.3 Hope Creek Test 5
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FIGURE A-780

f4ET TORUS FORCE FROM PRESSURE INTEGRAL

Task 5.5.3 Hope Creek Test 3
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FIGURE A-781

NET TORUS FORCE FROM PRESSURE INTEGRAL

Task 5.5.3 Hope Creek Test 5
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FIGURE A-782

TORUS LOAD CELL

Task 5.5.3 Hope Creek Test 3
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FIGURE A-783

TORUS VERTICAL ACCELERATION

Task 5.5.3 Hope Creek Test 3

2-

~.

:
1- ,

.

a

l'! ,

h 0-
-q .

f5
d
M i
<

-1- ,

_2

0 100 200 300 400 500 600 !

TIME IN MILLISECONDS

L t

s

,

1350 309A-876

-



.._ _ _

NEDO-21944

FIGURE A-784

TORUS LOAD CELL

Task 5.5.3 Hope Creek Test 5
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FIGURE A-785

TORUS VERTICAL ACCELEPATION

Task 5.5.3 Hope Creek Test 5
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FIGURE A-796 NEDO-21944

COMPARISON OF NET TORUS FORCE FROM PRESSURE INTEGRAL

WITH NET TORUS FORCE FROM LOAD CELL CORRECTED FOR TORUS INERTIA

Task 5.5.3 Hope Creek Test 3
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FIGURE A,787 NEDO-21944

COMPARIS0N OF NET TORUS FORCE FROM PRESSURE INTEGRAL

WITH NET TORUS FORCE FROM LOAD CELL CORRECTED FOR TORUS INERTIA

Task 5.5.3 Hope Creek Test 5
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FIGURE A-788

NET TORUS FORCE FROM PRESSURE INTEGRAL, CORRECTED FOR WATER IrlERTIA

Task 5.5.3 Hope Creek Test 3
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FIGURE A-789

{
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NET TORUS FORCE FROM PRESSURE INTEGRAL, CORRECTED FOR WATER INERTIA

Task 5.5.3 Hope Creek Test 5
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FIGURE A-790

AVERAGE P0OL PRESSURE, CORRECTED FOR WATER INERTIA

Task 5.5.3 Hope Creek Test 3
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FIGURE A-791

NET AVERAGE P0OL PRESSURE, CORRECTED FOR WATER INERTIA

Task 5.5.3 Hope Creek Test 3
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FIGURE A-792

AVERAGE POOL PRESSURE, CORRECTED FOR WATER INERTIA

Task 5.5.3 Hope Creek Test 5
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FIGURE A-793

NET AVERAGE POOL PRESSURE, CORRECTED FOR WATER INERTIA

Tast 5.5.3 Hope Creek Tes t 5
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VENT HEA0ER IMPACT PRESSURES

Task 5.5.3 He;e Creek Test 3

FIGURE A-794
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FIGURE A-795 VENT HEADER IMPACT PRESSURES
-

Task 5.5.3 Hope Creek Test 3
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FIGURE A-796

10-

0. ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,r
,, , ,,,, ,

240 250 260 270 280 290 300 310

? zco
CO - mgto q

TCi %"
e

zl0- $~

u
Pn

0
cc
Q_

t; 0 -
f 240 250 260 270 280 290 300 310
z
-

-

u
u, 10
ca

L~
N
N

0- , ,,,,,,, ,,,,, ,..,,,,,,,,.. ,,,

240 250 260 270 280 290 300 310
TIME IN f11LLISECONDS

_ . .



..-_ _ _
. _ _

FIGURE A-797

VEllT HEADER Il1 PACT PRESSURES

Task 5.5.3 Hope Creek Test 3
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VENT HEA0ER IW ACT P9ESSURES

Task 5.5.3 Hope Creen Test 5
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FIGURE A-798
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FIGURE A-799

VENT HEADER li1 PACT PRESSURES

Task 5.5.3 Hope Creek Test 5
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- FIGURE A-801

VENT HEADER IMPACT PRESSURES
.

Task 5.5.3 Hope Creek Test 5,
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FIGURE A-802

COMPARIS0tl 0F VEtiT HEADER ll1 PACT RESULTS

(Corrected Load Cell and Pressure Integration)
Task 5.5.3 Hope Creek Tests 3,5
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FIGURE A-805 NEDO-21944
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FIGURE A-806 4
NEDO-21944

TIME HISTORY OF

P_00L DISPLACEMI.di

.
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FIGURE A-807
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FIGURE A-803
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HOPE CREEK, TESTS 1, 2, 3
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FIGURE 'A-813 SIDE llINDOW DISPLACEMENT AND VELOCITY PROFILES

HOPE CREEK, TEST 4
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FIGURE A-814
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HOPE CREEK, TEST 3
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FIGURE A-815

DChNCOG WATER SWG EJECTION

HOPE CREEK, TEST 5
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FIGURE A-816
.

EFFECT OF DRYWELL/WETWELL aP DN

EflTHALPY FLOW INTO POOL

Hope Creek Tests
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FIGURE A-817

EFFECT OF DRYWELL/WETWELL AP ON |

DOWNCOMER INTERNAL PRESSURE

Hope Creek Tests
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FIGURE /4-818

EFFECT OF DRYWELL/WETWELL AP ON POOL PRESSURE

AT 180 DEGREE AtlD FREESPACE PRESSURE
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TABLE A-33

DATA FOR '4ET' DELL VERT! CAL LOADS

Task 5.5.3 Hope Creek Tests

Test No. 0* P, yo geflec;er 7,g. p
Parameter (1) (2) (3) (4) ''e an e v ,' ($)

. '
T,

'

(sec)

Vent Clearing Time * (sec)
Peak Downforce

Dressure Integral:
Force (Ib)
Time (from 7 ) (sec)

Corrected Pressure Integral:
Force (1b)
Time (from T ) (sec)

Corrected Lead Cell:
Force (lb)
Time (from T ) (sec)

Downforce 'talley

Pressure Integral:
Force (lb)
Time ( f rom 7 ) (see)

Corrected Pressure Integral:
Force (lb)
Time (from T ) (sec)

Corrected Load Cell:
Force (lb)
Time (from T ) (sec)

2nd Peak Ocwnforce

Pressure Integral:
Force (lb)
Time (from 7 ) (sec)

Corrected Pressure Integral:
Fo rc e (1b)
Time ( f rom 7 ) (see)

Corrected Lead cell: |
Force (1b)
Time (frem T ) (sec)

[at] 5nforce Time n

Pressure Integesi (sec)
Corrected Pressure (sec)
Integral

Corrected L ad Call (sec)
Oownterce incutse
Pressure Integrsl: |

|moulse (lb-sec) ; |
d

* = lent clearing time (frem T ) determined
3from the revie eil s

+ = Start af test reference tire " * IiTe dif #eNnce f m I, to time of ero
downf:rce '

1350 345
A-912
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TABLE A-33

OATA FCR 'aET'a' ELL VE ATICAL '. CADS f continued)

Task 5.5.3 Hope Creek Tests

Iest No. Qa ap, No Deflector 7, 7 19

Parameter (1) (2) (3) (4) Nean Dev. (5)

Peak Ueforce *

Pressure Integral:
Force (Ib) |

|
Time (from T ) (sec)

o
Correcte<3 Pressure Integral:

Force (lb)
Time (from T ) (sec)

Corrected Load Cell:
Force (lb)
Time (from T ) (sec)

Uoforce Vallev
Pressure Integral:

Fo rce (1b)

Time (from T,) (sec)
Corrected ?ressure *ntegral:

Force (Ib)
Time (from 7,) (sec)

Corrected Lead Cell:
Force (ib)
Ti*e (from T,) (sec)

2nd ?au U: force
Pressure Integral:

Force (Ib)
Tfte (from 7 ) (sec)

Corrected Pressure Integral:
_ Force (lb)

Ti e (' rom ig) (sec)
C0rrected Load Cell:

Fo rc e (Ib)
Time (from 7 ) (sec)

Zero Force Ti+e*"

Pressure Int,e,grsl (sec)
Corrected Pressure (sec)
Integral

i

Cor-ectea Load Cell (sec) {
!

"* = Time at f:rce i s :em ( from 7,)

y

1 0 346A-913
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TABLE A-34

OATA FOR VENT HEACER IMPAc* LOA 05

Task 5.5.3 Hope Cres Tests

" -

o" AP. No Deflector 7 3p

Parame ter (1) (2) (3) ( 4~) Mean e v .' (5)

T,t (sec) ,

|

Vent wender ineact
Pressure Integral:

Maximum Force (lb)
Inculse (Ib-sec)
Du ra ti on * (sec)

.

Load Cell Corrected:ii
Maximum Force (lb)
Impulse (1b-sec)
Curation (sec)

Pool Surface (ft/sec)
Veloci ty

Ti e ( f ecm T )** (sec)g

*3ased on ircact pressure neasurements
"At start o/ the first impact pressure recordert

.

+5 tart of test reference tire
ttRepresents peak of very noisy data (acceleration corrected); mean value

would be lower

3;--

\JJl 'A O
J "

A-914
.

-..


