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DISCLAIMER OF RESPONSIBILITY

Neither the General Electric Company nor any of the contributors
to this document makes any warranty or representation (express
or implied) with respect to the accuracy, completeness, or
usefulness of the information contained in this document or that
the use of such information may not infringe privately owned
rights; nor do they assume any responsibility for liability or
damage of any kind which may result from the use of any of the
information contained in this document.
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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 fata
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 | 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 D 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

Oriving conditions for Browns Ferry Test 3 ire 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

Dewncomer 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 1. Refer to Appendix H for detailed
comparison of filtered and unfiitered 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 projecied 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-42]1 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
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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" H20
AP and with no deflector. A AP sensitivity test at 0" H20 AP was
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

DRYWELL ORIFICE UPSTREAM PRESSURE
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FIGURE A-388
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FIGURE A-390

DOWNCOMER ORIFICE UPSTREAM TEMPERATURE
Task 5.5.3-2 Browns Ferry Test 3
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FIGURE A-391

ENTHALPY FLOW INTO POOL
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DRYWELL ORIFICE UPSTREAM PRESSURE
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FIGURE A-393

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

DOWNCOMER ORIFICE UPSTREAM TEMPERATURE
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FIGURE A-396

ENTHALPY FLOW INTO POOL
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FIGURE A-397

DOWNCOMER (NTERNAL PRESSURE
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FISURE A-398

WETWELL PRESSURES
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FIGURE A-399

DOWNCOMER INTERNAL PRESSURE
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FIGURE A-400

WETWELL PRESSURES
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FIGURE A-407
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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-404

TORUS VERTICAL ACCELERATION

Task 5.5.3-2 Browns Ferry Test 3
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FIGURL A-405
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FIGURE A-406

TORUS VERTICAL ACCELERATION
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FIGURE A-408
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COMPARISON OF NET TORUS FORCE FROM PRESSURE INTEGRAL
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FIGURE A-409

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

NET TORUS FORCE FROM PRESSURE INTEGRAL, CORRECTED FOR WATER INERTIA
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FIGURE A-412
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FIGURE A-413
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FIGURE A-414

NET AVERAGE POOL PRESSURE, CORRECTED FOR WATER INERTIA
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FIGURE A-416
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VENT HEADER IMPACT PRESSURES

Task 5.5.3-2 Browns Ferry Test 3

30
Y Bzl
TIvE N M1 N :
5 160 170 3 4 "
TIME N MILLISECONDS
, G ’\;
, 349 23
A- 468 \ / Lf _—




ST

bbb

NEDO-219““

LT
H PHFTREERTT T BRI

£ 3159 Aa4d4 sumouag 2-£°G°¢ ysey

SIUNSSIYd LIVdAKI ¥3AV3IH INIA

Liv-Y 34N914

=

f,_,,_

—— e — -

3

g p——

-—
PN

YISd NI 3dNSS3¥d LIVdWI

———
A

s s o e

-

—p—
A

1349 260

A-469



IMPACT PRESSURE IN PSIA

FIGURE A-418
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FIGURE A-423
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FIGURE A-427
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FIGURE A-432
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FIGURE A-433
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FIGURE A-434
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FIGURE A-435
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FIGURE A-436
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FIGURE A-437

EFFECT OF DRYWELL/WETWELL 4P ON POOL PRESSURE
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TABLE A-19

*Vent clearing time (from T ) determined
from the movie films,

**Time difference fr.- T to time of

DATA FOR WETWELL VERTICAL LOADS

Tisk 5.5.3-2 Browns Ferry Tests

zero downforce,
*(1)Start-of-test reference time

Test No. 7.61" P (No Deflector) 504
Parameter () (2) (3) (4) Mean Dev.
Te ol (sec)
Vent Clearing Time* (sec)
Peak Downforce
Pressure [ntegral:
Force (1b)
Time (from To) (sec)
Corrected Pressure Integral:
Force (1b)
Time (from To) (sec)
Corrected Load Cell:
Force (1b)
Time (from To) (sec)
Downforce Valley
Pressure Integral:
Force (1b)
me (from To) (sec)
Corrected Pressure Integral:
Force {1b)
Time (from Yo) (sec)
Corrected Load Cell:
Force (1b)
Time (from T ) (sec)
2nd Peak “3~nférce
Pressure I[ntegral:
Force (1b)
Time (from T,) (sec)
Corrected Pressure Integral:
Force (1b)
Time (from TO) (sec)
Corrected Load Cell:
Force (1b)
Time (from To) {sec)
[at] Downforce Time**
Pressure [ntegral (sec)
Corrected Pressure (sec)
Integral
Corrected Load Cell  (sec)
Cownforce Impulse
Pressure Integral:
Impulse (1b-sec)
A-490

|

Q" &P l
(5)
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TABLE A-19 *Time at force is zero (from To)

DATA FOR WETWELL VERTICAL LOADS (continued)

Task 5.5.3-2 Browns Ferry Tests

7.61" aP (No Deflector) 0" aP [
Std.

I (2) (3) 0 Mean Dev. | (5,

Parameter

Peak Upforce
Pressure Integral:
Force (1b)
Time (from To) (sec)
Corrected Pressure Integral:
Force (1b)
Time (from To) (sec)
Corrected Load Cell:
Force (1)
Time (from To) (sec)
Upforce Valley

Pressure Integral:

Force (b’

Time (from To) (sec)
Corrected Pressure [ntegral:

Force (1b)

Time (from Yo) (sec)
Corrected Load Cell:

Force (1b)

Time (from YO) (sec)

2nd Peak Upforce

‘ Pressure Integral:
Force (1b)

Time (from TO) (sec)
| Corrected Pressure Integral:
Force (1b)
Time (from T33 (sec)
Corrected Load C211:
! Force {(1b)
! Time (from '0) (sec)
lero Force Time*
Pressure Integral (sec)
Corrected Pressure (sec)
i Integral

Corrected Load Cell (sec)

A-49]
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TABLZ A-20

CATA FOR VENT HEADER IMPACT LOAD

Task 5.5.3-2 Srowns Ferry Tests

T.St M: 7."- AP 0' AP ‘
. Std.
arametar (1) (2) {31) (4) Vean Cev. {(5)
iy .
| To (sec)
| Jent Yeacder [r2ace '
Pressure Intagral: i
Maximum Force (1)
Imoulse (15-sec) '
Duration® (sec) ‘
Load Cell Corrected: Tt :
Maximuym Force (1s)
| Impulse [ip-sac)
. Juration (sec)
I
| 200l Surface (fe/sec)
| /elocity
; '.,.- Fenm T \eow 'HC)

*3ased on impact pressure measurements
**At start of the first impact pressure recorded.

tStart of reference time.

T*represents peak of very noisy data (acceleration corr «cted)

would be lower

y mear value

1549
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A.10 Peach Bottom Tests

A.10.1 Typical Date

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" HZO AP and with a 6.5 inch
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 Condi ions

Driving conditions for Peach 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

P & %4

* Winged deflector is a pipe with structural angles. \ 149 284
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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

detaiied 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-46)1 with force replaced by average
pressure (force/torus projected area).

The vent header impact pressures for Pe: 3 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 displacerent
graph and pool surface velocity profiles for Test 5 are shown in
Figures A-483 and A-484, respectively.

4 1549 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 effect of drywell/wetwell AP on pool and
freesoace 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" HZO
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.

{
L

R
I
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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

DOWNCOMER ORIFICE DIFFERENTIAL PRESSURE

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

DOWNCOMER ORIFICE UPSTREAM TEMPERATURE
Task 5.5.3-2 Peach Bottom Test 3
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FIGURE A-44?2

ENTHALPY FLOW INTO POOL

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

DRYWELL ORIFICE UPSTREAM PRESSURE

Task 5.5.3-2 Peach Bottom Test 5
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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

DOWNCOMER ORIFICE UPSTREAM TEMPERATURE

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

ENTHALPY FLOW INTO POOL

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

DOWNCOMER 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

NET TORUS FORCE FROM PRESSURE INTEGRAL

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 FORC: FROM LOAD CELL CORRECTED FOR TORUS INERTIA
Task 5.5.3-2 Peach Bottom Test 3
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COMPARISON OF NET TORUS FORCE FROM PRESSURE INTEGRAL
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WITH NET TORUS FORCE FROM LOAD CELL CORRECTED FOR TORUS INERTIA
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FIGURE

NET TORUS FORCE FROM PRESSURF INTEGRAL, CORRECTED FOR WATER INERTIA

Task 5 3-2 Peach Bottom Test 3
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FIGURE A-461

NET TORUS FORCE FROM PRESSURE INTEGRAL, CORRECTED FOR WATER INERTIA

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

AVERAGE POOL 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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