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JNTRODUCTION - APPENDICES
J

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

I report. The main report highlights data from a typical plant's tests and
summarizes information of generai interest. Ten appendices have been
included to present data for the remaining plants, to discuss in detail

t certain phenomena of particular interest, and to document areas that have
received additional investigative effort. The contents of these appen-

1

dices are summarized below. ,

Appendix A (a continuation of Section 3) presents the test data for the; '

other six plant configurations not discussed in the main report. 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 in this report were

performed to evaluate alternate conditions (including variations in water
level, submergence, drywell/wetwell pressure differential and vent header

j deflector design) for seven Mark I utilities. 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,
i

!

Appendix B defines the method used for vent header pressure integration.
The values used for the six-point fits to the impact pressure transducer

transients and the resulting pressure integrals are also provided.,

I
' Appendix C presents plant unique data comparisons and the results of a

linear regression correlation of the test data from the Plant Unique Tests,
Supplemental Plant Unique Tests, and Generic Sensitivity Tests.

Appendix D presents the results of a measurement uncertainty analysis.

Appendix E presents a series of pool swell pictures for each plant
configuration.

;

i
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Appendix F presents smoothed window-related download oscillations.

Appendix G preser.ts the specificacion for vent system resistance and the
method used to meet the specification.

Appendix H describes the method used to calculate the internal drag
forces in the vent system.

Appendix I presents measured deflector forces and an analysis of dye
injection tests to investigate the fluid velocity and acceleration
history at the deflector.

<

|

|
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APPENDIX A

TEST RESULTS
:

The data for one typical test configuration was presented and discussed
in Section 3. The data for the other six configurations tested during
the Task 5.5.4 Supplemental Plan * Unique Tests are presented and discussed
in this appendix in the same format as Section 3.

A.1 Duane Arnold Tests

A.1.1 Typical Data

Time-history plots of the driving conditions and pool response are
presented i. this section for Duane Arnold Test 7. Test 7 was conducted-

with a zero initial drywell/wetwell differential pressure (0" H O o'l, a
2

downcomer submergence of 12.08 inches, and a 9.06-inch. width wedge

deflector (30 inches full scale).
!

A.l.l.1 Drivinq Conditions

Driving conditions for Duane Arnold Test 7 are presented in Figures A-1
,

through A-5. Driving conditions for the Duane Arnold tests had the same
characteristics as the " typical" plant discussed in Section 3.0 of this
report.

A.l.1.2 Pool Response

Downcomer internal pressure and wetwell pressures for Duane Arnold

Test 7 are presented in Figures A-6 and A-7, respectively. Net torus
force from the pressure integral (Figure A-8) shows some oscillations in
downforce as well as in upforce. Net torus force that is determined
from the torus load cell (Figure A-9) by applying inertial correction
with the torus accelerometer (Figure A-10) is shown in Figure A-11 and
compared with net torus force determined from the pressure integral.
Figure A-12 presents the net torus force based on the torus pressure
integral, corrected for water inertia.

A-1



|

NEDO-24615

The " average" pool pressure for Duane Arnold Test 7 is shown in Fig-
ure A-13. Figure A-14 is similar to Figure A-12, with force replaced by
average pressure (force / torus projected area).

The vent header impact prt ssures for Duane Arnold Test 7 are presented
in Figures A-15 and A-16. These figures indicate that the deflector
eliminated any measurable load on the vent header.

A.l.2 Pool Dynamics

The pool contours at various times during pool swell are shown in Fig-
ures A-17 through A-19 for Duane Arnold Tests 6, 7, and 8. Pool surface

,

displacement curves for Tests 6 through 9 (combined data) are shown in
Figure A-20. The pool surface velocity profiles for Tests 6 through 9
(combined data) are shown in Figure A-21.

The pool surface displacement and velocity profile viewed from the side
window during Test 9 are shown in Figure A-22. The downcomer water slug

displacement, velocity, and acceleration versus time for Test 8 are
presented in Figure A-23.

,

.

A.1.3 Data Summaries

A.l.3.1 Wetwell Vertical Forces
Table A-1 presents the Duane Arnold test data for wetw' ell vertical |

forces. Graphical comparison of the data is shown in Figures A-24
through A-26. All parameters in the figures are sensitive to AP, and
trends in the data are comparable to those for the " typical plant" in |
Section 3.0. |

A.1.3.2 Vent Header Impact Forces

Table A-2 presents the Duane Arnold test data for vent header impact
forces. These tests were conducted with a wedge deflector installed

|

A-2
|
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below the vent header. The 9.06 inch deflector (30 inches full scale)
was effective in mitigating the vent header impact. Tests 6 and 7 were
conducted with the deflector supported from the torus by cables (deflector
load transmitted to the torus), while Tests 8 and 9 were conducted with~

the deflector welded directly onto the vent header (deflector load
transmitted to the vent header). These two different attachment methods
made it possible to measure the force on the deflector. Results of the
deflector load analysis are given in Appendix I.

A.l.4 Discussion and Analysis

The Ouane Arnold plant unique tests (Task 5.5.3-2) and supplement:1
tests (Task 5.5.4) were conducted with drywell/wetwell differential
pressures of 0" and 9.19" H 0. The torus vertical forces (downforce and2
upforce) were sensitive to drywell/wetwell AP and decreased with increase
in AP. The wedge deflector (30-inch width full scale) effectively
mitigated the vent header impact. A comparison of torus load cell and
pressure integral data shows that these redundant measurements are in
good agreement. The vent header impact force was negligibly small. The

photographic results in Appendix E show that there was no direct impact
of water on the bottom of the vent header.

During the Duane Arnold tests, a torus downforce spike with subsequent,

oscillations and a torus pressure spike with oscillations appeared at
approximately 600 milliseconds after test initiation. Section C.5
presents an analysis of that phenomenon. It was concluded that the
torus downforce at 600 milliseconds is real and the localized impulsive
loading should be considered in load evaluation.

A-3
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FIGURE A-1
.

DRYWELL ORIFICE UPSTREAM PPESSURE

TASK 5.5.11 DUANE ARNOLD Tesi 7

|
l

|
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|

|

|

|
!

* General Electric Company proprietary information has been deleted,
A-4
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FIGURE A-2

l*
DRYWELL PRESSURE

IASK 5.5.4 DUANE ARNOLD TEST 7

,
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* General Electric Company proprietary information has been deleted
.
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FIGURE A-3 *

DOWNCOMER ORIFICE DIFFERENTIAL PRESSURE

TASK 5.5.14 DuANE ARNOLD IEST 7
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FIGURE A-4
.

DOWNCOMER ORIFICE UPSTREAM TEMPERATURE

TASK 5.5,4 DUANE ARNOLD TEST 7

|

1

*Ceneral Electric Cornpany proprietary information has been deleted.
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FIGURE A-5

ENTHALPY FLOW INTO POOL |

|
|

i
Task 5.5.4 Duane Arnold Test 7
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* General Electric Company proprietary information has been deleted.
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FIGURE A-6 '*

DOWNCOMER INTERNAL PRESSURE

Tasx 5.5.4 DUANE ARNOL.D IEST 7

l
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|
* General Electric Company proprietary information has been deleted. |

A-9

-.



,

NEDO-24615

FIGURE A-7

WETWELL PRESSURES

TASK 5.5.4 DUANE ARNOLD IEST 7 *
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FIGURE A-8

NET TORUS FORCE FROM PRESSURE INTEGRAL
'*

TASK 5.5.4 DUANE ARNOLD TEST 7

.
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*Cencral Electric Company proprietary information has been deleted.
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FIGURE A-9
'*

TORUS LOAD CELL

TASK 5,5,4 DUANE ARNO W IEST 7

.
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* General Electric Company proprietary infornation has been deleted.
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FIGUREA-10
*

TORUS VERTICAL ACCELERATION

TASK 5,5,4 DUANE ARNOLD TEST 7
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* General Electric Company proprietary information has been deleted.
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FIGURE A-11

!

COMPARIS0N OF NET TORUS FORCE FROM PRESSURE INTEGRAL *

W!TH NET TORUS FORCE FROM LOAD CELL CORRECTED FOR TORUS INERTIA

TASK 5,5,4 DUANE AF,NOLD IEST 7 -
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FIGURE A-12

*
flET TORUS FORCE FROM PRESSURE INTEGRAL, CORRECTED FOR WATER IflERTIA

TASK 5.5 I4 DUANE ARNOLD TEST 7

i

QGeneral Electric Company
proprietary information has-

been deleted. A-15
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FIGURE A-13 '*

AVERAGE POOL PRESSURE, CORRECTED FOR WATER INERTIA

TASK 5.5.14 DUANE ARNOLD IEST 7
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*Ceneral Electric Company proprietary infornation has been deleted.
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FIGURE A-14
i
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,

NET AVERAGE POOL PRESSURE, CORRECTED FOR WATER INERTIA'

| TASK 5.5.4 DUANE ARNOLD TEST 7
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FIGIE A-15

VENT IfEADER lifACT PESSUES

TAsx 5.5.4 DUME 4RNOLD IEST 7
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FIGURE A-17

iTIME HISTORY OF
*

.

P00L DISPLACEMENT

DUANE ARNOLD, TEST 6
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FIGURE A-18

TIME HISTORY OF *

POOL DISPLACEMENT

DUANE ARNOLD, TEST 7
s
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OGeneral Electric Company proprietary information has been deleted.'
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FIG'JRE A-19

A TIME HISTORY OF
*

P0OL DISPLACEMENT

DUANE ARNOLD, TEST 8
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POOL 3UHi<'ACB DISI'IeACEMEtiT

DtJANE arf;0LD, TESTS 6, 7, 8, 9

(Combined Data) *
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POOL SURFACE VELOCITY PROFIL8S

DUANE AR:0LD, TESTS 6, 7, 8, 9
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FIGURE A-22

POOL B0UNDARY DISPLACEMEli! AND VELOCITY PROFILES ALONG SIDE 'lINDOW

DUANE ARNOLD, TEST 9
'*
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FIGURE A-23

IxmDS WAM SWG EJECTIm

DUAtlE arf!0LD, TEST 3 ,
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FIGURE A-24

SENSITIVITY OF DOWNFORCE AND UPFORCE TO DRYWELL/WETWELL AP

TASKS 5.5.3-2 4 5.5.4 DUANE ARNOLD TESTS

*

I

|

f

CGeneral Electric Corapany proprietary information has been deleted.
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FIGURE A-25

SENSITIVITY OF TORUS DOWNFORCE IMPULSE TO ORYWELL/WETWELL AP

TASKS 5.5.3-2 & 5.5.4 DUANE ARNOLD TESTS

*

* General Electric Cortpany proprietary information has been deleted.
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FIGURE A-26

SENSITIVITY OF TIMES TO PEAK DOWNFORCE AND UPFORCE

TO DRYWELL/WETWELL AP |

TAS KS 5. 5. 3-2 & 5. 5. 4 DUANE ARNOLD TESTS *
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* General Electric Company proprietary information has been deleted.
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TABLE ~A-1

DATA FOR WETWELL VERTICAL LOADS

Task 5.5.4 Duane Arnold Tests
,

.

,

CGeneral Electric Company proprietary information has been deleted.
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TABLE A-1

,

1
1

DATA FOR WETWELL YERTICAL LOADS (continued)

Task 5.5.4 Duane Arnold Tests
*
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;

,

TABLE A-2
*

t

DATA FOR VENT HEADER IMPACT LOADS

Task 5.5.4 Duane Arnold Tests
0
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A.2 Pilgrim Tests,

A.2.1 Typical Data

Time-history plots of the driving conditions and pool response are
,

; presented in this section for Pilgrim Tests 7 and 11. Test 7 was con -
ducted with a drywell/wetwell differential pressure of 8.52" H O AP and

2
with a 6.727-inch winged deflector (25.61 inches full scale).* Test 11

~

was conducted with a zero initial drywell/wetwell differential pressure
'

(0" H O AP) and with the same 6.727-inch winged deflector. All Pilgrim
2

tests were performed with an initial downcomer submergence of 10.25 inches.,

A.2.1.1 Driving Conditions
'

Driving conditions for Pilgrim Tests 7 and 11 are presented in Fig-
ures A-27 through A-31. Driving conditions for the Pilgrim tests had
the same characteristics as the " typical" plant discussed in Section 3.0

,

[ of this report.

/ 2.1.2 Pool Response

Downcomer internal pressure and wetwell pressures for Pilgrim Tests 7
and 11 are presented in Figures A-32 and A-33, respectively. These

pressure plots have the same characteristics as the " typical" plant in
Section 3.0. At 0" H O AP, however, the characteristic one-cycle oscil-

2
lation of the downcomer internal pressure is negligibly small (Test 11).

Figure A-34 presents net torus force based on the torus pressure integral
for Pilgrim Tests 7 and 11. The net torus force exhibits no significant
oscillations in downforce and upforce.

! The net torus force which was determined by applying the inertial cor-
rection from the torus accelerometer (Figure A-36) to the torus load
cell (Figure A-35) is compared with the net torus force obtained from
the torus pressure integral in Figure A-37. Residual oscillations are

#

* A " winged" deflector is a standard pipe with struc tural angles welded
to the sides.

,

4

4

! 'A-33
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<

present in the corrected load cell for the 0"H O AP run (Test 11).
2

Figure A-38 presents the net-torus force based on the torus pressure-
integral corrected for inertia.

.The " average" pool pressures for Pilgrim Tests 7 and 11 are shown in
{ Figure A-39._ Figure A-40 is similar to Figure A-38, with force replaced

by average pressure (force / torus projected area).

The vent header impact pressures for Pilgrim Tests 7 and 11 are presented
in Figures A-41 through A-44. These figures indicate that the deflector
was effective in aitigating vent header impact.

l

Figure A-45 presents a comparison of the vent header impact force derived

j from pressure integral with that derived from the corrected load cell.

A.2.2 Pool Dynamics

The pool contours at various times during pool swell are shown in4

Figures A-46 through A-51 for Pilgrim Tests 6, 7, 8, 10, 11, and 12.

Pool surface displacement curves for Tests 6 through 9 (combined data)

: are shown in Figure A-52. The pool surface velocities for Tests 6
through 9 (combined data) are shown in Figure A-53. The pool surface

! displacement curves and pool surface velocity profiles.for Tests 10
through 13 (combined data) are shown in Figures A-54 and A-55, respec-
tively.

The pool surface displacement and velocity profile viewed from the side
'

window during Tests 9 and 13 are shown in Figures A-56 and A-57, respec-
tively. The downcomer water slug displacement, velocity, and acceleration
versus time for-Tests 8 and 12 are presented in Figures A-58 and A-59.
Pilgrim pool dynamics are similar to those of the " typical" plant dis-
cussed in Section 3.0.

i

!

!

A-34
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A.2.3 Data Summaries

| A.2.3.1 Wetwell Vertical Forces

| Tables A-3 and A-5 present the Pilgrim test data for wetwell vertical
j forces. Graphical comparison of the data is shown in Figures A-60

through A-62. All parameters in the figures are sensitive to the initial
downcomer submergence and AP; trends in the data are comparable to

those fo* the " typical plant" in Section 3.0.

i

A.2.3.2 Vent Header Impact Forces

Tables A-4 and A-6 present the Pilgrim test data for vent header impact ,

forces. These tests were conducted with a winged deflector installed
below the vent header. The 6.727-inch deflector (25.61 inches full
scale) was effective in mitigating the vent header impact. Two of the

four tests at the same test condition were conducted with the deflector
supported from the torus by cables (deflector load transmitted to the
torus), while the other two tests were conducted with the deflector

bolted onto the vent header (deflector load transmitted to the vent
header). These two different attachment methods made it possible to
measure the force on the deflector. Results of the deflector load
analysis are reported in Appendix 1.

.

A.2.4 Discussion and Analysis

The Pilgrim plant unique tests (Task 5.5.3-2) and supplemental tests
(Task 5.5.4) were conducted with drywell/wetwell differential presssures ;

of 0", 8.52", and 10.9" H O and with initial downcomer submergences of |
2

10.25 and 15.13 inches. The torus vertical forces (downforce and upforce)
were sensitive to both drywell/wetwell AP and downconter submergenca.

The torus vertical forces decreased'with increase in AP or decrease in
downcomer submergence or both. AP was more effective in reducing the
torus vertical forces than the downcomer submergence over the -anges of
AP and downcomer submergence varied during tta test series.

A-35
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:

The winged deflector (25.61-inches full scale) effectively mitigated
' ~ vent' header impact. The four tests which were run at a same test

condition show excellent reproducibility and consistency. A comparison>

of load cell data and pressure integral data for torus shows that these4

; redundant measurements are in good agreement. The peak vent header

impact force from corrected load' cell also agrees reasonably well with
the peak force from pressure integral.

,

"

.

$

I

i

.

I

.

.
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FIGUPE A-27

DRYWELL ORIFICE UPSTPEAM PRESSUE
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TASK 5.5.4 PILGRIM IESTS
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IEST 7 IEST 11
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FIGUE A-28

DRYWELL PPISSUE

TASK 5.5.11 Pitcars TESTS

TEST 7 IEST 11
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FIGURE A-29 *

DOWNC0!fR ORIFICE ?!FFEREtlTIAL PRESSURE
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TASK 5.5.4 PILDIM IESTS
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TEST 7 IEST 11
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FIGUE A-30
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DOWNC0fER ORIFIE UPSTEAM TEff'ERATURE
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.IEST 7 TEST 11
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FIGUPE A-31

EilTilAL Y FLO!! INTO POOL

TASK 5.5.4 Pitcain TESTS

IEST 7 TEST ll
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FIGURE A-32

DOM 1C0KR INTERNAL PRESSURE

TASK 5.5.11 PILGRIM IcatS

TEST 7 If ~ 11
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FIGURE A-35
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FIGURE A-45
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FIGURE A-56
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FIGURE A-60
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FIGURE A-62
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?ABLE A-3

DATA FOR WETWElt. VERTICAL LOAD 5
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TABLE A-4

DATA FOR VENT HEADER IMPACT LOADS

Task 5.5.4 Pilgrim Tests
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TABLE A-5
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TABLE A-6
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A.3 Oyster C.+ek Tests

A.3.1 Typical Data-

Time-history plots of the driving conditions and pool response are
presented in this section for Oyster Creek Tests 6, 10, 11, and 15.

,

Test 6 was conducted with a drywell/wetwell differential pressure of
7.15" H O AP, an initial downcomer submergence of 12.59 inches, and a2

7.75 inch "T" deflector (00 inches full scale).* Test 10 was conducted
with a zero initial drywell/wetwell differential pressure (0" H O AP), a

2
submergence of 12.59 inches, and the same 7.75 inch "T" deflector.
Test 11 was conducted with a drywell/wetwell differential pressure of
7.00" H 0; Test 15 was conducted with a zero drywell/wetwell differential2
pressure. Both Tests 11 and 15 were performed with an initial submer-
gence of 9.30 inches and the 7.75 inch "T" deflector.

'

A.3.1.1 Driving Conditions

Driving conditions for Oyster Creek Tests 6,10,11, and 15 are presented,

in Figures A-63 through A-72. Driving conditions for the Oyster Creek
,

tests had the same characteristics as,the'" typical" plant discussed i.n
Section 3.0 of this report.

A.3.1.2 Pool Response

Downcomer internal pressure and wetwell pressures for Oyster Creek
Tests 6, 10, 11, and 15 are presented in Figures A-73 and A-76. These

pressure plots have the same characteristics as the " typical" plant in
Section 3.0.

Figures A-77 and A-78 present net torus force based on the torus pressure
integral for Oyster Creek Tests 6,10,11, and 15. Some downforce

oscillations are present, but they dampen out rapidly after the first
oscillation.

*A "T" deflector is a pipe with a structural "T" welded on each side.
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The net torus force which was determined by applying the inertial cor-
rection from the torus accelerometer (Figures A-81 and A-82) to the
torus load cell (Figures A-79 and A-80) is compared with the torus force
obtained from the torus integral in Figures A-83 and A-84. Residual

oscillations are present in the corrected load cell. Figures A-85

and A-86 present the net torus force based on the torus pressure integral
corrected for water inertia. Window related download oscillations were noted
in Test 11. Filtering (see Appendix F) significantly smoothed these
oscillations.

The " average" pool pressures fcr Oyster Creek Tests 6,10,11, and 15
are shown in Figures A-87 and A-88. Figures A-89 and 90 are similar to
Figures A-85 and A-86, with force replaced by average pressure (force /
torus projected area).

The vent header impact pressures for Oyster Creek Tests 6,10,11,
and 15 are presented in Figures A-91 through A-97. These figures indicate
that'the "T" deflector was effective in reducing the peak local vent
header impact pressure.

Figures A-98 and A-99 present a comparison of the vent header impact
force derived from the pressure integ.ral with that derived from the
corrected load cell.

'
.

A.3.2 Pool Dynamics
|

The pool contours at various times during pool swell are shown in |

Figures A-100 through A-106 for Oyster Creek Tests 6, 7, 8, 10, 11,
13, and .15.*

The pool surface displacement curves for Oyster Creek Tests 6, 7,~ 8,
and 9 (combined data) are shown in Figure A-107. The pool surface
velocities for Tests 6, 7, 8, and 9 (combined data) are shawn in

.

Figure A-108. The pool surf..ce displacement graph and ' pool surface

j *The high-speed camera was not operable during Test 12.
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,

velocity profiles.for Test 10 are shown in Figures A-109 and A-110,
respectively. The pool surface displacement curves for Tests 11, 13,
and 14 (combined data) are shown in Figure A-111. The pool surface
velocities for Tests 11, 13, and 14 (combined data) are shown in

~

Figure A-112. The pool surface displacement graph and pool surface i

velocity profiles for Test 15 are shown in Figures A-ll3 and A-ll4,
respectively.

.

The pool surface displacements and velocity profile viewed from the side
window during Tests 9 and 14 are shown in Figures A-115 and A-116,
respectively. The downcomer water slug displacement, velocity, and
acceleration versus time for Tests 8,10,13, and 15 are presented in
Figures A-117 through A-120.

A.3.3 Data Summaries

A.3.3.1 Wetwell Vertical Forces

Tables A-7 and A-8 present the Oyster Creek test data for wetwell vertical
forces. Graphical comparisons of the data is shown in Figures A-121
through A-123. All parameters in the~ figures are sensitive to the
initial downtomer submergence and AP (with the exception of time to the
peak downfdtce, which shows little'or no sensitivity to downcomer
submergence). Trends in the data are comparable to those for the " typical
plant" in Section 3.0.

A.3.3.2 Vent Header Impact Forces

Tables A-9 and A-10 present the Oyster Creek test data for vent header
impact forces. These tests were conducted with a "T" deflector installed
below the vent _ header. The 7.15-inch deflector (30 inches full scale)
was effective in mitigating the vent header impact. Two of the four
tests at the same test condition were conducted with the deflector
supported from the torus by cables (deflector load transmitted to the,

.

C

A-81'
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torus), while the other two tests were conducted with the deflector
bolted onto the vent header (deflector load transmitted to the vent

'

header). These two different attachment methods made it possible to
measure the force on the deflector. Results of the deflector load
analysis are reported in Appendix I.

'

A.3.4 Discussion and Analysis

The Oyster Creek plant unique tests (Task 5.5.3-2) and supplemental
tests (Task 5.5.4) were conducted with drywell/wetwell differential
pressures of 0" and 7.15" H O and with initial downcomer submergences

2
of 9.30 and 12.59 inches. The torus vertical forces (downforce and
upforce) were sensitive to both drywell/wetwell AP and downcomer sub-
mergence. The torus vertical forces decreased with increase in AP or
decrease in downcomer submergence or both. AP was more effective in
reducing the torus vertical forces than the downcomer' submergence over
the ranges of AP and downcomer submergence varied during the test series. L

*

The "T" deflector (30 inches full scale) effectively mitigated vent
header impact. The four tests which were run at a same test condition
show excellent reproducibility and consistency. A comparison of torus
load cell and pressure integral data 'shows that these redunuant measure-
ments are in good agreement. The measured peak vent header impact

forces were small and the peak force from pressure integral was somewhat
lower than the peak force from corrected load cell.

|

|
|

A-82

!

_- - .i



___-____ _

FIGURE A-63

URYWELL ORIFICE UPSTPEM PPf3SUR.E

TASK 5.5.ti OYSTER CREEK TESTS

*.

TEST 6 IEST lI}

.

5
8
,L

? G
B

*deneral Electric Company proprietary infornation has been deleted.

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



FIGURE A-64
TRYWrLL OPIFKE tiPSTREV1 PFSS' IRE

TAsx 5.5.'i OYSTER {c.EEK ICSTS
*

TEST }} IEST 15

M
E

P A

I $
w

* General Electric Company proprietary information has been deleted.

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



_
._. .____.

FIGURE A-65
.

DRYWELL PPESSl]PE

TASK 5.5.4 OYSTER CREEK TESTS
*

TEST 6 IEST 19

5
8

E? "
$

*Ceneral Electric Company proprietary information has been deleted.

___ _ ______ -______-_-__ - -- _ - . - - - - - _ _ - -



- _ _ - . . _ _ _ ._

,

FIGURE A-66

nqv' ELL orrsgipt

*
TASK 5.5,f4 OYSTER f9EEK IESTS

TEST 31 IEST 35

Y
~m

m 61

8
L
&
G

,

* General Electric Company proprietary information has been deleted.

!
I

1
__



o E8i

9
1

i

S
E
I

E
R
U
S
S
E S
P T
P S

E
L I
A
I K
T E

7 N E
6 E R

P C- EA F R
F E

E I T
R D S
U Y
G E O

CI i
IF f.F

5I

R
O 5
R K
E S
M A
O T
C
I

W
O
D

6

T
S
E
T

>
j '



FIGtlRE A-68

00'l'lC0"ER ORIFirE OlFFERENTI AL PPESSilP,E

A

Tasx 5.5.It OYSTER CPEEK IESTS

TrsT 11 Test 15

5
8

P .t,

8 -

w

* General Electric Company proprietary information has been deleted.



. _ _ _ _ _ - _ .
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FIGURE A-71
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FIGURE A-91

VENT HEADER If?ACT PRESSUPES

,

TASK 5.5.r1 OYSTER CREEK IESTS

!

|

IEST 6 TEST 10

) General Electric Company proprietary

information has been deleted. A-lli



. _ _ _ _ _ _ .

NEDO-24615 o

FIGURE A-92
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FIGURE A-94
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FIGURE A-95
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FIGURE A-96
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FIGURE A-98

COMPARISON OF VCiT HEADER IMPACT RESULTS
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FIGURE A-99
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Figura A-100
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Figure A-101
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Figure A-102
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Figure A-103
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Figure A-104
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Figura A-105
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Figure A-108

POOL SURPACE VELOCITY PROFILES

Oyster Creek 6, 7, 8, 9 .*

(Combined Data)
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Figure A 110
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Figure A-114
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FIGURE A-115

OYSTER CREEK TEST 9
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Figure A-lli

Oyster Creek Test 14
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Figure A-117
Oyster Creek, Test 8
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Figure A-ll:1
Oyster Creek, Test 10
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Figure A-119

Oyster Creek, Test 13
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Figure A 120

Oyster Creek, Test 15
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FIGURE A-121

SEllSITIVITY OF PEAK DOWNFORCE AND UPFORCE TO DRYWELL/t ETWELL t.P

Tasks 5.5.3-2 ana 5.5.4 .0yster Creek Tests
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FIGURE A-122

SEflSITIVITY OF TORUS DOWilFORCE If1 PULSE TO DRYWELL/WETWELL AP

Tasks 5.5.3-2 and 5.5.4 Oyster Creek Tests
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FIGURE A-123
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TABLE A-7

OATA FOR tlETWELL VERTICAL. LOADS (Continued)
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TABLE A 8

OATA FOR WETWELL VERTICAL LOADS (Continued)

Task 5.5.4 Oyster Creek Tests

*

I

|
i

I
l
|

J

,

0 General Electric Company proprietary information has been deleted.
A-147 |



NEDD-24615

*

TABLE A-9

DATA FOR VENT HE ADER IMPACT LOADS

Task 5.5.4 Oyster Creek Tests
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TABLE A-10

DATA FOR VENT HEADER IMPACT LOADS
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A.4 Nine Mile Point Tests

A.4.1 Typical Data

Time-history plots of the driving conditions and pool response are
presented in this section for Nine Mile Point Tests 6, 10A, 12, and 15.
Test 6 was conducted at a drywell/wetwell differential pressure of
7.94" H O AP and a downcomer submergence of 14.64 inches. Test 10 was

2
conducted with a zero drywell/wetwell differential pressure and a sub-
mergence of 14.64 inches. Test 12 was conducted at a drywell/wetwell
differential pressure of 7.94" H O AP and a submergence of 11.19 inches.

2
Test 15 was conducted with a zero initial drywell/wetwell differential
pressure (0" H O AP) and a submergence of 11.19 inches. All tests were

2
conducted with a 7.35 inch winged deflector (25.61 inches full scale).*

A.4.1.1 Driving Conditions

Driving conditions for Nine Mile Point Tests 6, 10A, 12, and 15 are
presented in Figures A-124 through A-133. Driving conditions for the

Nine Mile Point tests had the same characteristics as the "typ'ical"
plant discussed in Section 3.0.

A.4.1.2 Pool Response

Downcomer internal pressure and wetwell pressures for Nine Mile Point
Tests 6, 10A, 12, and 15 are presented in Figures A-134 through A-137.
These pressure plots have the same characteristics as the " typical"

'

plant in Section 3.0.

Figures A-138 and A-139 present net torus force based on the torus
pressure integral for Nine Mile Point Tests 6, 10A, 12, and 15. The

non-zero AP runs (Tests 6 and 12) show relatively smooth net tores
force, but the zero AP runs (Test 10A and 15) have a one-cycle oscil-
lation in downforce.

*A " winged" deflector is a standard pipe with structural angles welded
te the sides.

t
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The net torus force which was determined by applying the inertial cor-
rection from the torus accelerometer (Figures A-142 and A-143) to the.
torus load cell (Figures A-140 and A-141) is compared with the net torus
force obtained from the torus pressure integral-in Figures A-144 and 145.

-Figures A-145 and A-147 present the net torus force based on the pressure
integral corrected for water inertia.

1 -

The " average" pool' pressures for Nine Mile Point Tests 6,10A, ~12,
and 15 are shown in Figures A-148 and A-149. Figures A-150 and A-151

| are similar to Figures A-145 and A-146, with force replaced by average
I pressure (force / torus projected area).

The vent header impact pressures for Nine Mile Point Tests 6,10A,12,

| and 15 are presented in Figures'A-152 through A-158. These figures
indicate that the deflector was effective in mitigating vent header

! impact.

,

Figures A-159 and A-160 prasent a comparison of the vent header impact
force ' derived from pressure integral with that derived from the corrected
load cell.

A.4.2 Pool Dynamics

The pool contours at various times during pool swell are shown in
i Figures A-161 through A-170 for Nine Mile Point Tests 6, 7, 8, 10A, 11,

12, 13, 15, 16, and 17.,

:

i

[ Pool surface displacement curves for Tests 6 through 9 (combined data)
are shown in Figure A-171. _ The pool surface velocities for Tests 6
through 9 (combined data) are shown in Figure A-172. The pool surface
displacement curves and pool surface velocity profiles for Test 10A are
shown in Figures A-173 and A-174, respectively. Pool surface displacement
curves for Tests 11 through 14 (combined data) are shown in Figure A-175.

!

A-151
|
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The pool _ surface velocities for Tests ll.through 14 (combined date) are
shown in Figure A-176. The pool surface displacement curves and pool

-surface velocity profiles for Tests 15 through 18 (combined data) are
shown_in Figures A-177 anu A-178, respectively.

The pool surface displacement and velocity profile viewed from the side
window during Tests 9, 14, and. 18 are shown in Figures A-179 through A-181.
The downcomer water slug displacement, velocity, and acceleration versus |

1

time for Tests 8,10A,13, and 17 are presented in Figures A-182 |
i

through A-185. |

*

A.4.3 Data Summaries

A.4.3.1 Wetwell Vertical Forces <

The Nine Mile Point test data for wetwell vertical forces are presented
in Tables A-ll through A-13. Graphical comparison of the data is shown
in Figures A-186 through A-188. All parameters in the figures are
sensitive to the initial downcomer submergence and AP; trends in the
data are comparhble to those for the " typical plant" in Section 3.0.-

A.4.3.2 Vent Header Impact Forces

The Nine Mile Point test data for vent header. impact forces are presented
'in Tables A-14 through A-16. These tests were conducted with a winged

deflector installed below the vent header. The 7.35-inch deflector
(25.61 inches full scale) was effective in mitigating the vent header
impact. Two of the four tests at the same test condition were conducted
with the deflector supported from the torus by cables (deflector load
transmitted to the torus), while the other two tests were conducted with

the deflector bolted onto the vent header (deflector load transmitted to
| the vent header). These two different attachment methods made it possible '

| to measure the' force on'the deflector. Results of the deflector load
'

- analysis are reported in Appendix I.

!

A-152
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A.4.4 Discussion and Analysis

The Nine Mile Point plant unique tests (Task 5.5.3-2) and supplemental
tests (Task 5.5.4) were conducted with drywell/wetwell differential
pressures of 0" and 7.94" H O and with initial downcomer submergences of

2
11.9 and 14.64 inches. The torus vertical forces (downforce ano upforce)

were sensitive to both drywell/wetwell AP and downcomer submergence.

The torus vertical forces decreased with increase in AP or decrease in
downcomer submergence or both. The winged deflector (25.61 inches full
scale) effectively mitigated vent header impact. The four tests which
were run at a same test condition generally show excellent reproduci-
bility and consistency. A comparison of load cell data and pressure
integral data for torus shows that these redundant measurements are in
good agreement. The peak vent header impact force from corrected load

Icell also agrees reasonably well with the peak force from pressure
integral.

| \

;
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FIGURE A-124
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FIGURE A-126
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FIGURE A-127
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FIGURE A-128

DOWNCCMER ORIFICE DIFFERENTIAL PRESSURE
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FIGURE A-131
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FIGURE A-133
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FIGURE A-152
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FIGURE A-153
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FIGURE A-156
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FIGURE A-157
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FIGURE A-158
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FIGURE A-159
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FIGURE A-160
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Figure A-161
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Figure A-162

TIME HISTORY OF

P00L DISPI3rEMENT

NINE MILE POINT TEST 7

11

I

r.

,

|
t

|

| '

,

i

|
|

OGeneral Electric Company proprietary infornation has been deteted.
A-192

. .

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



. .

NEDD-24615

Figure A-163
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Figure A-164
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Figure A-165
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Figure A-166
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Figure A-167
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Figuro A-168
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Figure A-169
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Figure A-170
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Figure A-174

POOL SURPACE VELOCITY PROFILES
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Figure A-176
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Figure A-179
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Figura A-180
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Figure A-181

NINE MILE POINT, TEST 18
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Figure A-182

NINE MILE POINT, TEST 8
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Figure A-183
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Figure A-184
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Figure A-185 -
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FIGURE A-186

SENSITIVITY OF PEAK DOWNFORCE AtlD UPFORCE TO DRYWELL/WETWELL AP

Tasks 5.5.3-2 and 5.5.4 Nina Mile Point Tests
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FfGURE A-187
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Tasks 5.5.3-2 and 5.5.4 Nine Mile Point Tests
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FIGURE A-188

SENSITIVITY OF TIMES TO PEAK DOWflFORCE AND UPFORCE
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Tasks 5.5.3-2 and 5.5.4 fline Mile Point Tests
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Table A-11
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TABLE A-11

DATA FOR WETWELL VERTICAL LOADS (continued)

Task 5.5.4 Nine Mile Point Tests
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TABLE A-12

DATA FOR WETWELL VERTICAL LCADS (continued)
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TABLE A-13

DATA FOR WEMll VERTICAL LOADS (continued)

Task 5.5.4 Nine Mlle Point Tests
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A.5 Millstone Tests

A.5.1 Typical Data

Time-history plots of the driving conditions and pool response are

j ' presented in this section for Millstone Tests 8 and 10. Test 8 was
conducted with a drywell/wetwell differential pressure of 7.27" H O AP

2
and a 6.73-inch winged deflector (25.6 inches full reale).* Test 10 was
conducted with a zero initial drywell/wetwell differential pressure
(0" H O AP) and the same 6.73-inch winged deflector. Both tests were2
performed witt#a downcomer submergence of 10.50 inches.

A.5.1.1 Drivina conditions

Driving conditions for Millstone Tests 8 and 10 are presented in
,

Figures A-189 through A-193. Driving conditions for the Millstone tests
had the same characte.*istics as the " typical" plant discussed in
Section 3.0 of this report.

A.5.1.2 Pool Response

Downcomer internal pressure and wetwell pressures for Millstone Tests 8

and 10 are presented in Figures A-194 and A-195, respectively. These
pressure plots have the same characteristics as the " typical" plant in
Section 3.0.

Figure A-196 presents net torus force based on the torus pressure integral
for Millstone Tests 8 and 10. The downforce in Test 8 indicates some
oscillations which dampen out rapidly after the peak downforce. For the
zero AP test (Test 10), the torus pressure integral shows a pronounced
downforce oscillation which is thought to be caused by bubble pressure
variations during vent clearing.

.

The net torus force which was determined by applying the inertial cor-
rection from the torus accelerometer (Figure A-198) to the torus load

*A " winged" deflector is a standard pipe with structural angles welded to
the sides.
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F

cell (Figure A-197) is compared with the net torus force obtained from torus
pressure integral in Figure A-199. Figure' A-200 presents the net torus force
based on.the torus pressure integral corrected for water inertia. Filtering
to remove window related oscillations (see Appendix F) significantly smoothed
the download for Test 8 but had little effect on the download for Test 10.

The " average" pool pressures for Millstone Tests 8 and 10 are shown in Fig- ;

ure A-201. Figure A-202 is similar to Figure A-200, with force replaced by {
l i

I average pressure (force / torus projected area).
>

! The vent header impact pressures for Millstone Tests 8 and 10 are presented
in Figures A-203 through A-206. These figures indicate that the deflector
was effective in mitigating vent header impact. Vent header fnrces for the

i integration of impact pressures are presented in Appendix B.

A.S.2 Pool Dynamics

The pool contours at various times during pool swell are shown in
,

i Figures A-207 through A-210 for Hillstone Testr 6, 7, 8, and 10.
i i

I

; Pool surface displacement curves for Tests 6 through 9 (combined data) .i

are shown 19 Figuro A-211. -The pool surface velocities for Tests 6
'

through 9 (sombined data) are shown in Figure A-212. The pool surface;

displacemer,t curves and pool surface velocity profiles for Test 10 are

,

shown in Figures A-213 and A-214, respectively.
,

|
The pool surface displacement and velocity profile viewed from the side

,

' window during Test 9 are shown-in Figure A-215. The downcomer water

{ slug displacement, velocity, and acceleration versus time for Tests 8 ;

and 10 are presented in Figures A-216 and A-217, respectively.
.

i A.S.3 Data Summaries

,

; A.S.3.1 Wetwell Vertical Forces

i Table A-17 presents the Millstone test data for wetwell vertical forces.
| ' Graphical comparison of the data is shown in Figures A-218 through A-220.
.

d
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All parameters in these figures are sensitive to drywell/wetwell AP;
trends in the data are comparable to those for the " typical" plant in
Section 3.0.

A.5.3.2 Vent Header Impact Forces

Table A-18 presents the Millstone test data for vent header impact
forces. These tests were conducted with a winged deflector installed
below the vent header. The 6.73-inch deflector (25.6 inches full scale)
was effective in mitigating the vent header impact. Two of the four
tests at the same test condition were conducted with the deflector
supported from the torus by cables (deflector load transmitted to the

,

torus), while the other two tests were conducted with the deflector

bolted onto the vent header (deflector load transmitted to the vent
header). These two different attachment methods made it possible to i-

measure force on the deflector. Results of the deflector load analysis
are reported in Appendix 1.

t

A.S.4 Discussion and Analysis

The Millstone piant unique tests (Task 5.6.3-2) and supplenantal tests
(Tasks 5.5.4) were conducted with drywell/wetwell differential pressures
of 0", 7.27", and 8.73" H 0 and with an initial downcomer submergence of2
10.50 inches. The torus vertical forces (downforce and upforce) were
sensitive to drywell/wetwell AP and decreased with increase in AP. The

winged deflector (25.3 inches full scale) effectively mitigated vent |
header impact. The feur tests which were run at the same test condition
show reasonably good reproducibility and consistency. A comparison of :

torus load cell and pressure integral data shows that these redundant
measurements are in good agreement.

:

i
''
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FIGURE A-210
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FIGURE A-216
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FIGURE A-218
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FIGURE A-219
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TABLE A-17
DATA FOR WETWELL VERTICAL LOADS (continued)
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TABLE A-18
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A.6 Cooper Station Tests

A.6.1 Typical Data

Time-history plots of the driving conditions and pool response are
presented in this section for Cooper Station Tests 7 and 11. Test 7 was

conducted with a drywell/wetwell differential pressura of 7.46" H 0 AP )p

and a 6.82-inch winged deflector (25.3 inches full scale).* Test 11 was
conducted with a zero initial drywell/wetwell differential pressure
(0" H O AP) and with the same 6.82-inch winged deflector. Both tests

2
were performed with a downcomer submergence of 10.78 inches.

.

A.6.1.1 Driving Conditions

Driving conditions for Cooper Station Tests 7 and 11 are presented in
Figures A-221 through A-225. Driving conditions for the Cooper Station
tests had.the same characteristics as the " typical" plant discussed in
Section 3.0 of this report.

2

A.6.1.2 Pool Response
,

'

Downcomer internal pressure and wel.well pressures are presented in
Figures A-226 and A-227, respectively. These plots have the same char-
acteristics as the " typical" plant in Section 3 0.'

Figure A-228 presents net torus force based on the torus pressure integral
for Cooper Station Tests 7 and 11. Some downforce oscillations are
present, but they dampen out rapidly. There are no upforce oscillations.

The net torus force which was determined by applying the inertial cor-
rection from.the torus accelerometer (Figure A-230) to the torus load
cell (Figure A-229) is compared with the net torus force obtained from
the torus pressure integral in Figure A-231. Figure A-232 presents the

,

net torus force based on the torus pressure integral corrected for water
inertia. Filtering to remove window celated oscillations (see Appendix F) l

significantly smoothed the download for Test 7.
|

|
*A " winged" deflector is a standard pipe with structural angles welded
to the sides.

!
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The " average". pool pressures for Cooper Station Tests 7 and 11 are shown
in Figure A-233. Figure A-234 is similar to Figure A-232, with force

|
replaced by average pressure (force / torus projected area).

The vent header impact pressures for Cooper Station Tests 7 and 11 are
presented in Figures A-235 through A-237. These figures indicate that

I

|
the deflector was effective in mitigating vent header impact. Vent
header forces from the integration of impact pressures are presented

| ' n Appendix B.i

A.6.2 Pool Dynamics

The pool contours at various times of pool swell are shown in Figures A-238

; - through A-243 for Cooper Statio,n Tests 6, 7, 8, 10, 11, and 12.

Pool surface displacement curves for Tests 6 through 9 (combined data)
are shown in Figure A-244. The pool surface velocities for Tests 6
througn 9 (combined data) are shown in-Figure A-2.45 The pool surface
displacement curves and pool surface velocity profiles for Tests 10
through 13 (combined data) are shown in Figures A-246 and A-247, respec-
tively.

*

.

The pool surface displacement and velocity profile viewed'from the side
window during Tests 9 and 13 are shown in Figures A-248 and A-249,
respectively. The downcomer water slug displacement, velocity, and
acceleration versus time for Tests 8 and 12 are presented in Figures A-250-

and A-251.

A.6.3 Data Summaries

A.6.3.1 Wetwell Vertical Forces -

Tables A-19 and A-20 present the Cooper Station test data for wetwell
vertical forces. Graphical comparison of the data is shown in Figures A-252
through A-254. All parameters (with the exception of time to peak
downforce) in the figures are sensitive to the initial downcomer submer-

i A-267
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gence and AP; trends in the data are comparable to those for the " typical"
plant in Section 3.0.

A.6.3.2 Vent Header Impact Forces

Tables A-21 and A-22 present the Cooper Station test data for vent
header inpact forces. These tests were conducted with a winged deflector
installed below the vent header. The 6.82-inch deflector (25.J inches
full scale) was effective in mitigating the vent header impact. Two of
the four tests at the same test condition were conducted with the deflector
supported from the torus by cables (deflector load transmitted to the j

torus), while the other two tes-ts were conducted with the deflector i

bolted onto the vent header (deflector load transmitted to the vent
header). These two different attachment methods made it possible to
measure the force on the deflector. Results of the deflector load
analysis are reported in Appendix 1.

,

A.6.4 Discussion and Analysis

The Cooper Station plant unique tests (Task 5.5.3-2) and supplemental
tests (Task 5.5.4) were conducted at dryw' ell /wetwell differential
pressures of 0" and 7.46" H O and with initial downcomer submergences of

2
10.78 and 14.15 inches. The torus vertical forces (downforce and upforce)
were sensitive to both drywell/wetwell 6P and downcomer submergence.

The torus vertical forces decreased with increase in AP or decrease in
downcomer submergence or both. The winged deflector (25.3 inches full
scale) effectively mitigated vent header im;iact. The four tests which
were run at a same test condition show reasonably good reproducibility
end consistency. A comparison of load cell data and pressure integral
data for torus shows that these redundant measurements are in good
agreement.

L
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FIGURE A-223
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FIGURE A-227
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FIGURE A-235
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FIGURE A-236
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FIGURE A-241
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FIGURE A-248
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FIGURE A-250
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FIGURE A-251
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FIGURE A-252

SENSITIVITY OF PEAK D0WNF0PCE AND UPFORCE TO DRYWELL/WETWELL AP

Task 5.5.3-2 & 5.5.4 Cooper Station Tests
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FIGURE A-253

SENSITIVITY OF TORUS DOWNFORCE IMPULSE TO DRYWELL/WETWELL AP

Task 5.5.3-2 & 5.5.4 Cooper Station Tests
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TABLE A-19
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APPENDIX B

VENT HEADER PRESSURE INTEGRATION

B.1 Impact Symmetry

! The vent header impact force was determined from an area integration of
1

| local pressures measured by pressure transducers on the bottom of the
vent header. During the Generic Sensitivity Tests (conducted during
February and March 1978), several different vent header transducer

patterns were utilized in order,to investigata the symmetry of vent,

header impact pressures. The test results indicated that pool water
'

impacted the vent header symmetrically (Reference 1). Because of this
vent header symmetry, pressure transducers were placed in only one '

quadrant for the remaining tests.
|

'

B.2 Typical Data

Time-history plots of the vent header impact pressures for Monticello
Tests 18 and 22"are presented in Section S.I. Similarly, typical time-
history plots of the vent header impa'ct pressures for Duane Arnold,
Pilgrim, Oyster Creek, Nine Mile Point, Millstone, and Cooper Station
tests are presented in Appendix A.

,

B.3 Pressure Integral Calculation

The vent header impact force was obtained from two different sources
during this test series: a load cell with acceleration and thrust
corrections * and an area integration of pressures measured by transducers
on the bottom of the vent header. This section describes the procedure
and results of the pressure integration method.

*See Appendix.H.
i
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B.3.1 Test Hardware Descriptior.

The vent headers used for plant unique testing were specially
constructed to closely match irdividual utility design input. Each

vent header had provision made for approximately 18 pressure trans-
ducer locations on a bottom quadrant. The layout of a typical
transducer pattern is shown.in Figure B-1. Not all locations were
used in a single test, due t'o transducer and recording channel
limitations. The basic pressure map was created in one quadrant
from 12 or 13 measurements extending out to 60 from bottom dead

center. (For some tests the" thirteenth transducer was placed on

ont downcomer bend.)

The test matrix included 56 tests. Thirteen transducers (Tl ,

through T13) were used in all runs. The measurement locations were
varied slightly for each of the plants tested (based on the deflector
geometry) to obtain a good impact pressure distribution pattern.

Two types of pressure transducers were used, Kulite Model CQ-140-100A
and Bell & Howell Model 4-312-000), both 0-100 psia. Mounting

configurations for each are shown in Figure B-2.

B.3.2 Data Reduction

Twelve or thirteen pressure locations are insufficient to produce a
smooth area integral in time. Therefore, an interpolation scheme
was used to create pressure histories at intermediate locations.
Figure B-3 and Table B-1 illustrate the nodal scheme used. Measure-
ments are made at numbered stations and interpolated histories ~are
created for areas A'through MM. The impact load at a given time is
formed by summing the product of the pressure for that time at a
given node (either a measured or interpolated function) and its
corresponding area. The area used is the projection of the nodal
area on the horizontal plane in order to calculate the vertical

B-2
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force component. A more detailed description of the interpolation

f technique can be found in Reference B-1.
;

i

i Each measured pressure history is approximated by 5 line segments

| defined by 6 points. An example of this approximation is shown in
Figure B-4. The 6 defining points for each measurement are the i

I input data for the integration computer program. A complete tabu-
lation of the 6 point input data from this program is included, i

;

3

! B.3.3 Results and Discussion

: Table B-2 presents typical, input data and Table B-3 lists the
6 point approximations used for the integration program for all

| runs. Figures B-5 through B-56 show the pressure integral results
. ;

| for the Supplemental Plant Unique Tests-(time shown is the test run
.

time and not corrected for T,). Duane Arnold results are not
presented because the vent header impact loads were negligibly

j small.

.

i B.4 Comparison ~of Pressure Integral and-Load Cell

The vent header impact force was obtained from two sov:ces during this
test series: a load cell and an area integration of pressure measured

) by transducers on the vent header. The time-history plots of vent
I

header force determined from the inertia- and thrust-corrected vent
header load cell and the pressure integration are compared in Section 3.1.2
for typical Monticello test runs and in Appendix A for other plants. In-i

general, these figures indicate reasonably good agreement between the

| two methods at peak vent header impact force.

,
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B-1, W. Kennedy et al, " Rigid and Flexible Vent Header Testing in the
Quarter-Scale Test Facility Mark I Containment Program, Task 5.3.3."
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Acurex Corporation, NEDE-24520-P, Class III, March 1978.
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FIGURE B. 2

VENT HEADER TRANSC'JCER MOUNT DETAILS
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FIGURE B -4

.

1 TYPICAL SIX POINT APPR0XIMATION

; TO VENT HEADER IMPACT PRESSURE TRACE
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Note: Point 1 is at the earliest time of impact on any

pressure transducer. All vent imoact pressures -
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are adjusted to the torus freespace pressure at

that time.
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FIGURE B -5
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FIGURE B-7
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FIGURE B-8
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FIGURE B-10
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FIGURE B-11
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FIGURE B-12
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FIGURE B-13
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FIGURE B-14
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FIGURE B-15
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FIGURE B-16
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FIGURE B-17
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FIGURE B-18
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FIGURE B-19
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FIGURE 8-55
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FIGURE B-56
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TABLE B-1

TYPICAL NODAL LAYOUT DATA

DISTANCE'
ANGULAR FROM ( AREA AREA

NAME POSITION [in] [in 32

PT3001 0.0 00 1.20
PT3002 0.0 2.125 2.40
PT3003 0.0 4.25 2.80
PT3004 0.0 6.50 3.20
PT3005 0.0 9.0 2.4
PT3006 15.0 0.0 2.2e
PT3007 15.0 2.125 4.80
PT3008 15.0 4.25 5.60
PT3009 15.0 6.50 6.40
PT3010 15.0 9.0 4.80
PT3011 30.0 4.25 6.16
PT3n13 30.0 9.0 5.28
A 0.0 0.55 2.00
8, 0.0 1.05 2.00

+ C 0.00 1.55 2.00 '

O 0.0 2.65 2.00
E ,00 3.15 2.00

*

F 0.00 3.65 2.00
G 0.00 4.85 2.00
H 0.00 5.35 2.00
I 0.00 5.85 2.00
J 0.00 7.20 2.40
K 0.00 7.90 2.40
L 0.00 8.40 2.40
N 0.00 9.60 2.40
N 0.00 10.20 2.400 15.0 0.55 3.84
P 15.0 1.05 4.20'
Q 15.0 1.55 4.68
H 15.0 2.65 4.00
S- 15.0 3.15 4.00
T 15.0 3.65 4.00
0 15.0 4.95 4.00
V 15.0 5.35 4.00
W 15.0 5.85 4.00
X 15.0 7.20 4.80
Y 15.0 7.80 4.80
2 15.0 8.40 4.80* AA 15.0 9.60 4.80
BB 15 0 10.20 4.80
CC 30.00 2.65 5.44
00 30.00 3.15 4.40 ~ '

.

EE 30.00 3.65 4.40 - n [IFF 30.00 4.85 4.40
GG 30.00 5.35 4.40
HH 30.00 5.85 4.40
PT3n12 30.0 6.50 v.04
II 30.00 7.20 5.28
JJ 30.00 7.80 5.2e
KM 30,00 8.40 5.2e
LL 30.00 9.60 5.2e
NN 30.00 10.2 5.28
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TABLE B-2

TYPICAL VEf1T HEADER IflPUT DATA

Note: This table is for
illustrative purposes
only - All Vent Header
Digi tal~lii' ta is in-
cluded in microfiche
form as Table B-3
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TABLE B-2

(Continued)
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TABLE B-3

VENT HEADER INPUT DATA

This table will be provided on microfilm. '

All the microfilm pages are proprietary.

i
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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. Ten 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 appen-
dices are summarized below.

Appendix A (a continuation of Section 3) presents the test data for the
other six plane configurations not discussed in the main report. 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 in this report were
performed to evaluate alternate conditions (including variations in water
level, submergence, drywell/wetwell pressure differential and vent header
deflector design) for seven Mark I utilities. 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 method used for vent header pressure integration.
The values used for the six-ooint 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 test data from the Plant Unique Tests,
Supplemental Plant Unique Tests, and Generic Sensitivity Tests.

Appendix 0 presents the results- of a measurement uncertainty analysis.

Appendix E presents a series of pool swell pictures for each plant
1configuration.

e

!

c-ii
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!

Appendix F presents smoothed window-related download oscillations.

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

i

Appendix H describes the method used to calculate the internal drag
forces in the vent system.

Appendix I presents measured deflector forces and an analysis of dye,

i

injection tests to investigate the fluid velocity and acceleration
history at the deflector.

7

4

1

e

;

4
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APPENDIX C
,

PLANT UNIQUE DATA COMPARISONS
i

C.1 Comparison of Equivalent Quarter-Scale Loads

' Direct comparison of plant unique test results requires adjustment of
the test data to account for the different scale factors and projected

,

areas. Table C-1 describes the basic scaling equations used to compare
the results of different plant unique tests. These formulas are based

on Dr. F. J. Moody's scaling laws described in Section 2.1 and Reference 2. '

The Scale Factor (SF) referenced is the ratio of the plant full-scale
torus diameter to the actual diameter of the test facility torus. The

' (.250/SF) multiplier is used to ratio every value back to a nominal
quarter scale. Using the scaling equations snown in Table C-1, quarter-
- scale values of average pressure loads and pressure impulses have been
calculated for the Mark I plants tested. These values, which are based
on QSTF scaled mean data, do not represent a load definition. They do,

however, allow a quantitative comparison of test results to be made for
the plants tested.

Previously-run QSTF test data from Tasks 5.5.1 and 5.5.3-1 (References 3,

and 1) are given in Table C-2 for comparison with the plant unique test
data. Task 5.5.4 (this report) test data (normalized to quarter scale)
are given in Tables C-3a through C-3e. In these tables, the test conditions

and deflector pipe sizes are given in full scale / values.

C.l.1 - Comparison of Torus Forces

As discussed in Section C.3, increasing drywell/wetwell differential
pressure significantly mitigates torus forces. For the non-zero AP
tests, all of the plants except Pilgrim were run at 2.31 ft H O (1.0 psi)2

AP, full scale. The Pilgrim ncn-zero AP tests were run at 3.46 ft. H O2
(1.5 psi) AP full scale. For these non-zero AP tests, the torus forcesi

(peak average downforce pressure) varied between 1.33 and 1.96 psi.i

Variation of the torus forces was primarily caused by submergence varying

between 3.00 and 4.25 ft. (full scale). Although both non-zero and zero

|

|

!

C-1

|
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i

.aP forces are presented in Tables C-3a through C-3e, the most direct plant
'

comparisons are at the zero AP condition. At zero AP the equivalent
quarter-scale torus forces showed considerable variation. The Duane
Arnold tests exhibited a downforce pressure of 1.42 psi, the lowest
pressure among the plants tested. Tl.e Duane Arnold test conditions had

! relatively shallow submergence, low drywell pressurization rate, and the
largest pool area to vent area ratio of any of the plants. Those plants

,

tested with deep submergence (0yster Creek and Nine Mile Point) or high
drywell pressurization rate (Monticello) had higher torus downforces
(2.78 to 3.16 psi). .

Both Oyster Creek and Nine Mile Point were tested at two different
submergences. The effect of submergence on torus downfirce is clearly
shcwn in Tables C-3c and C-3d,

C.1.2 Comparison of Vent Header Forces

With the use of large vent. header deflectors, the vent header loads are
reduced to a very low level relative to unprotected values. The residual

i vent header load variations due to other test parameters (e.g., AP, submer-
gence, etc.) are then relatively insignificant. All the deflector geome-
tries tested in this series were large enough to substantially reduce the

,

i vent header load values (listed in Tables 3a through 3e) compared to values

observed without deflectors (see Section C.2).

,

)

i

!
l

; * Full scale deflector width
i

|
'

|

4
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!C.2 Effects of Vent Header Deflectors

Non-dimensionalized vent header impact parameters were developed to

evaluate the effectiveness of deflectors on vent header impact mitigation.

Non-dimensionalizedvaluesforpeaklocalpressure(P(0 CAL),ventimpact
force (F*)andhydrodynamicmass(Mg)aredevelopedinTablesC-4a-andC-4b.
P[0 CAL is the ratio of the peak local impact pressure to the dynamic
pressure at the estimated header impact velocity. The non-dimensional

force (F*) is the peak force divided by the bulk pool dynamic pressure
times the vent header projected area and is analogous to a drag coefficient.

Thenon-dimensionalhydrodynamicmass(My)istheratiooftheapparent
hydrodynamic mass (Mg = Impulse / Bulk Velocity) and the deeply submerged
hydrodynamic mass based on the cylindrical volume of the header. Values

around 0.2 are typical of thick slug cylinder impact. Task 5.5.4 non-
dimensional data are summarized in Tables C-4a and C-4b. The non-dimen-
sional impact parameters are plotted against the ratio of deflector
width / vent header diameter in Figures C-1 through C-3. Some scatter in
the data would be expected since these first-order correlations neglect
the effects of deflector geometry, deflector height above the pool, and
submergence.

As discusse.d in the previous paragraph and shown in Figure C-1, even
relatively small deflectors are very effective mitigators of peak local
impact pressure. ValuesofP(OCAL on the order of 1.0 indicate primarily
drag load. Non-zero differential pressure mitigates impact pressure for
unprotected headers by reducing the slug th.ickness at impact. Deflectors
break up the slug and seem to wash out the mitigating effects of AP on
vent header impact. Non-dimensio,alized values for vent impact force
(Figure C-2) and impulse (Figure C-3) show that, alth'ough these parameters
are harder to mitigate than local peak pressure, they can be essentially
eliminated with a large enough deflector. The non-dimensional correlations
indicate that deflectors roughly half the width of the header reduce
vent impact loads to negligible values. All three correlations show
that the mitigating effects of AP for unprotected hear .rs tend to disappear
for large deflectors.

|

l

1

C-3 |
|
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i

The following observations were made on the effects of vent header:

;_
deflectors:

'a) In general, pipe deflectors (especially those with structural
.; angles or "Ts") whose width is half the width of the vent header
i . effectively mitigate the vent header impact.

i

1

b) Smaller pipes significantly reduce peak local pressures, but are
y not as effective at reducing peak force or impact impulse. ]

|

{ c) Plain pipes located too close to the water (before the pool swell
1

can approach terminal velocity) are less effective in mitigating
vent header impact than pipes located at least one foot (full

i

i scale) above the initial water surface.
|

d) Adding structural angles or "Ts" to a plain pipe seems to provide
greater mitigation of header impact than would be expected for a
plain pipe of the same total width as the "T" deflector.

e)' Adding structural angles or "Ts" to a plain pipe seems to remove
the pe'nalty of locating the deflector too close to the water. The

deflector acts more as a flow diverter and is less sensitive to the
i impact velocity,
i I

f) The wedge deflector for the Duane Arnold single downcomer config-
uration effectively mitigates vent header impact,

g) High-speed movies show that vent header deflectors divert water
flow past the vent hes d-* and promote higher local penetration of4

the freespace.
.

'

I
C-4
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l'
i C.3 Effects of Drywell/Wetwell Differential Pressurization (AP)
!
1 The effects of. AP on measured torus forces for Tasks 5.5.3-2 and 5.5.4

have been examined by plotting the ratio of the force at non-zero AP to

i the force with zero AP on the Y-axis against the ratio of AP/ submergence

f (normalized measure of AP) on the X-axis. Implicit in these correlations

j are data points at (0, 1.0). Both the peak downforce ratio (Figure C-4)
and downforce impulse ratio (Figure C-5) seem to have a well-defined i

j linear relationship, with the exception of the Monticello, Peach Bottom,
and Millstone data. Because the water level in the Monticello, Peach

. Bottom, and Millstone zero AP tests was above the downcomer bends, the,

stream line length is shorter on the outside of the downcomers and the
downcomers clear first on that side. This phenomenon (staged clearing)

resulted in a reduction of downforce for the zero AP tests.,

|

The peak upforce ratio (Figure C-6) follows but lies below the general
'

trend developed earlier from GE 1/12-scale tests * at 4 ft. submergence,
with the exception of the Browns Ferry test data. Some of the type II
(30" bend) downcomer plants exhibited upforce oscillation, especially
at zero AP conditions. The fact that less upforce oscillation was
observed at 'non-zero AP conditions may account for the increased effect
of AP on maximum upforce observed during those tests.

.
,

'

Although the downforce and impulse ratios for the Browns Ferry runs
(Figures C-4 and C-5) fit the data trends, the upforce ratio stayed
above the trend (Figure C-6). It should be.noted that Browns Ferry has
45" downcomers with the bend well above the waterline. As the pool
rises past the bend the flow is observed to separate, leaving a column
of air from the bend into the torus air space. During the Generic

,

Sensitivity Tests with the standard 45 downcomers, the olot of peak
upforce versus drywell pressurization rate (p) indicated that as pres-

.

surization rate increases, the peak upforce reaches a maximum and then

declines (Reference 1). This maximum may occur because driving the pool

[ harder.(higher p) causes the bubble to reach the air column above the

! *" Mark I Containme!,t Evaluation Short Term Program - Final Report,
Addendum 2," NEDC 20989-P, Class III, June 1976, Company Proprietary.

:. c-5
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downcomer bend earlier during the upforce transient, thus causing early
breakthrough. Although the impulse increases as the pressurization rate
is increased, the upforce flattens out and does not oscillate. Early

bubble breakthrough in the Browns Ferry tests with the 45 downcomers
may have reduced the AP sensitivity of peak upforce.

| The vent header impact pressure ratios are presented in Figure C-7. The

failure of the peak pressure ratio to show a correlation with AP indicates
that deflector size controls the vent impact characteristics. Monticello

data appear to confirm this conclusion.

C.4 -Statistical Study of Quarter Scale Data

Linear regression correlations of the data from plant unique testing
successfully explain rr.ost of the observed variations in Task 5.5.4 data.

i
' .These results indicate a high degree of consistency of the plant unique

pool swell data over the wide range of flark I conditions tested.

C.4.1 Introduction

The purpose of this statistical study is to analyze the relationships
between twelve important pool swell variables and a set of vent header,-
torus, and pool parameters. A previous study using the 5.5.3-2 tests'as
the data base (Reference 2) produced equations which have proved useful in

predicting pool swell variables for the Task 5.5.4 Supplemental Plant
Unique Tests documented ir. this report, as well ds for the Ta k 5.3.3-1
Generic Sensitivity Tests (Reference 1). The accuracy of the previous
study was good, but several improvements are made in this study. First,

the data base is expanded from 96 to 173 tests by the inclusion of
sixteen typical 5.5.3-1 Generic Sensitivity Tests (1-8, 29-36), the five
5.5.3-2 Duane Arnold tests which were purposely excluded from the data
base of the previous study, and the fifty-six Task 5.5.4 tests. Since

the Duane Arnold tests were not well explained by the equations from the
previous study, a variable was included which successfully incorporates
the Duane-Arnold tests into the analysis. Since torus uploads were not

'C-6

I
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as well explained as other torus variables in the previous study, the |
effect of distance from the deflector bottom to the water surface upon
uploads was examined and found to be helpful in explaining variations in
upload data. One of the purposes of this study was to improve the
explan-tion of vent headcr variables. With the expanded range of the
data and the very small header forces, however, both the non-linearity
of load sensitivity and the larger scatter in the data prevented further
improvement in the accuracy of vent header load correlations.

The simplicity and flexibility of the predictive equations are improved
in this study by allowing 30 second order variables into the set of
explaining variables. With fir'st order variables the effects of varying
the important parameters can be more conveniently studied. The signifi-

cance of, and percentage of variation explained by, the regression
equations are maintained at levels comparable to those.of the previous
study even though the cata base is broadened, the ranges of the variables
increased, and the choice ?f explaining variables limited to first order
variables. Even though one to three extra variables are included per
equation in this study, the maintenance of high levels of significance
(measured by the F statistic, which drops sharply as insignificant
variables are added) and explanatory power (measured by R2) indicate a

consistent data base and a better set of models for the torJs variables.

The consistency of the large and varied data base with these simple
linear models shows the regularity of the variations observed in the
torus variables. The vent header variables are significantly less
consistent with the linear models than the torus variables, because of
the larger relative data scatter in the vent header data and because of
apparent non-linearities in the load response to changes in deflector
parameters.

Before discussing the new data base and regression equations, the pre-
~

dictions produced by the previous study (based on 5.5.3-2 tests) will be

|
,

C-7
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compared to the actual quantities of the pool swell variables observed
for the tests which we wish to add to the data base (i.e., the 5.5.3-1

and 5.5.4 tests). The estimates for-these added tests (based on the

|_ previous regression equations), the corresponding observed values, and

; 'the deviations of the estimate from the observed in units of standa.-d ,

|! deviation are presented in Tables C-5 through C-11. Approximately ninety
percent of all estimates are expected to fall within + two standard

_

deviations of the observed, provided that the quantities being estimated
4 come from the same distribution as the data base which underlies the

estimating equation and the estimating equation is properly specified.
If the Duane Arnold tests are neglected, 88.5 percent of the torus

;
; estimates are within two standard deviations of the observed. Almost !

none of the estimates for the Duane Arnold torus variables are within

i two standard deviations, the estimate tending to be much higher than the |
observed. Thus, although the Supplemental Plant Unique Test data seem,

| to belong with previous Plant Unique Test data base, the equations seem
to be insufficient to account for the Duane Arnold tests. If the Duane
Arnold tests are neglected, 30 percent of the vent header estimates are
outside of two standard deviations from the observed. This would be an
abnermally high rate of deviance if the parameters of new tests were
wittin the range of the old, but the tests which produced parameters
outside the two standard deviation band were run with a larger deflector
farther above the water surface than most tests in the 5.5.3-2 data,

base. There seems to be significant non-linear aspects in the response j

Iof vent header variables at the extremes of deflector height and deflector
to vent header width ratio.

Estimates for peak downforce impulse and time to peak torus downforce
were not generated for the Generic Sensitivity Tests because volume
between orifices is an argument in the estimating equations for those

j- two torus variables and the Generic Sensitivity Tests were run with only
one orifice.

.

C-8
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Estimates for the vent header forces could not be made for the Generic
Sensitivity Tests because many of the arguments in the estimating equation
are undefined, since the Generic Sensitivity Tests were run with a bare
header.

C.4.2 Multiple Regression--Some Definitions

Multiple regression produces the linear combination of independent
variables, i.e., test parameters such as pressurization rate, fL/D,
etc., which best estimates a given dependent variable, such as peak
torus downforce.

The linear model is as follows:

Yj=a+bXjjj+bX2 2j + ... + b Xn nj + 'j

where Y) is the value of the dependent variable for test j. The Y is
3

considered dependent in the sense that its magnitude is influenced byi

'

the values of the independent variables, Xjj, (the value of plant para-
meter i for test j) in a linear fashion, which is described by the
constant terms a , b ..., b . The e are error terms composed ofj j n j

measurement errors and the influence of variables which are excluded.
t -

If assumptions can be made about the distribution of the error terms,
then estimates made with the regression can be acconipanied by confidence
intervals (which estimate the probability that the observed will be

; within a given interval).

The total sum of squared differences between the mean of the dependent;

variable, , and its observed values, Y , can be partitioned into the
4

sum of squares which is predicted by the regression equation (SS)), and
the sum of squared error terms (SS )

2

:

;

'

C-9
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I (Y - i)2 = y (y{ , 9)2 7 (y .y{)2
'

g j
| 1 i i

SST0TAL * bbi * 332
|

t
<

L whereY{=a+b)X)g+...+bn ni $ - Y{ = e .and Y g

2The ratio of SS /SS is called R and increases from zero toward onej T0T
as the equation accounts for more of the observed variation in the

|
dependent variable.

The ratio of SS to the number of independent squares in SS2 (the degrees; 2
I of freedom of SS ) is the 3riance of the estimate (the square of the

2

standard error of the estimate (SEE) = variance of residuals).

Since the load definition tests are groups of tests run under identical
conditions, information can be gained by further partitioning SS2

(y _ 9 ,)2 ,33-Y{j)2,SS2= (Y j j 0$3

where Y$3,andY{3 are the observed and estimated Ys for the jth test in
load definition tests group i, and g. is the mean of oLerved Y in
group i. The ratio:

!

I I (Y - Y .)2
--

43 g3 g
= r%

I I (Y . - i)2gJij
!

is a measure of a proportion of the total variation which is completely ,

i

random, i.e., the proportion which comes from differences in pool swell ;

parameters from identical tests. The r% rises as Y gets smaller in
relation to its measurement error.

l

|

|
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If two sums of squares come from the identical distributions, then the
ratio of the ratio of one sum of squares to its degrees of freedom to
the other sum of squares to its degrees of freedom is distributed F. An

F test of the following form can be used to test if SS) is significantly '

| greater than SS which is the same as testing if the regression equation
2

which produced SS and SS is significant:j 2

SS '1/k
SS #"_;',j = F

2

where k = the number of variables in the equation, and n = the number of

( tests examined.
|
|

An F test of the following form can be used to test if an individual
; variable is significant:

1

SS
9fj

SS #"~ k-1 = F
2 .

!

where SS is the difference between SS) before variable i is introducedg

into the regression and SS after i is introduced. The F-statistics arej
' calculated, compared to an F distribution and the probability that the

two sums of squares come from identical distributions is known.*

C.4.3 Test Matrix

The data base is composed of 173 tests in 48 different configurations (all
101 tests from Task 5.5.3-2 Plant Unique Tests, all 56 from Task 5.5.4 Sup-
plemental Plant Unique Tests and -16 tests selected from the 36 Task 5.5.3-1

,

,

4

,

*For further reading, see Mood, Graybill, Boes., Introduction to The
_ Theory of Statistics. McGraw Hill, 1974, Chapter X.

|

!
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Generic Sensitivity Tests)**. Twelve plant parameters and twelve pool
swell variables are included in the analysis.

C.4.3.1 Plant Parameters -- Definition, [ Ranges] adjusted to 1/4 scale,
and (Abbreviation)

1. Total fL/D is a measure of system flow resistance; its calculation
is described in Appendix G. Range [11.0, 20.3], (fL/0).

2. Pressurization rate, dP/dt, measured in psi /second is the linear
rate of drywell pressurization measured with capped downcomers
(constant valume charging) during calibration tests run for each
drywell/ orifice configurat' ion [23.3, 41.4], (PDOT).

3. Submergence, measured in inches, is the distance from the downcomer

exit to the water surface. [9.0,14.4],(SUB).

4. The pressure difference between the drywell and wetwell is measured
in inches of water and is equal to the displacement of the water
inside the.downcomer. [0.0,13.0],(AP).

_

5. The width of the torus test segment (representing an average cell)
is measured in inches. [15.9, 27.0], (CW).

6. The distance from the vent header to the water surface is measured
in inches. [6.5,12.2],(VH-W).

7. The distance from the deflector bottom to the water surface is
measured in inches. [0, 5.8], (DF-W). |

|
|

!

**The 16 tests selected (4 each at 4 conditions) were 1) at the reference
condition of 3' 4" submergence with maximum AP, 2) with vent orifices, j

3) with partial AP and 4) with deeper submergence (4' 4"). The 20 tests j

which were not included were at vent system fL/D or had dyrwell p !
values well outside the range evaluated for plant unique testing. I

!
|

|
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|

| 8. The ratio of the width-of the deflector to the width of the vent
! header is dimensionless. [0,0.706],(DF/VH).

9. A dummy variable is included to account for differences in vent
header loads due to differences between an angle deflector and a'

pipe deflector of equal width. [0 or 1], (TYPE).'

10. The vent header diameter is measured in inches. [10.6,15.0],
,

I (VHD).
!

11. Vent System Capacitance for this correlation is defined as the area
above the-test characteristic line(s) on a vent system volume

.

| versus normalized static pressure plot. This quantity provides a
linearized measure of the ability of the vent system to transiently>

store and discharge air into the suppression pool. [38,231],(CAP).
,

12. The ratio of cell width to the number of downcomers is measured in
inches /downcomer. [7.95, 19.50], (CW/DC).

!

C.4.3.2 Pool Swell Parameters

i,

'
l. Peak torus downforce and peak torus down pressure. The first is

the peak downforce value of the torus pressure integral, corrected

| for water inertia, and the second value is the first divided by '

torus area.'

3

'

2. Peak torus unforce and peak torus up pressure. The first is the

; -peak upforce value of the torus pressure integral, uncorrected for
; water inertia, and the second is the first divided by torus area.
I

f

L
~

s.
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3. Peak torus downforce impulse and peak torus downpressure impulse.
'

The first is the integral of the torus pressure integral, uncorrected
for water inertia, from To, the start of pressurization of the I

drywell, to the time that the torus pressure integral reaches zero
again, and the second is the first divided by torus area. j

4. Peak vent header force and peak vent header average pressure. The

first is tha maximum value of the vent header force from the integral

of vent header pressure transducers, and the second is the first
divided by vent header area.

5. Peak vent header force imp'ulse and peak vent header pressure impulse.

The first is the integral of the vent header force from the first
vent header impact until peak impulse. The second is the first
divided by the vent header area.

6. Time to peak torus downforce is the difference between the time at

which peak torus downforce occurred and To.

'

7. Time to peak torus upforce is the difference between the time at

which peak torus upforce occurred and To.

All variables were scaled from the actual scale factor at which the tests
were conducted to 1/4-scale. This scaling was performed according to
laws developed by Dr. Moody of G.E. (discussed in Section 2.1 of Refer-
ence 2) in order to provide a common basis f'or comparison.

Regressions on the twelve pool swell variables were performed using the
1

computer program, Statistical Package for the Social Sciences (SPSS). |
|The twelve plant parameters listed above were found to be significant in j

the determination of one or more of the twelve pool swell parameters. |

Other plant parameters were tested and discarded because of lack of
significance or because the sign of the coefficient of the variable was I

not explainable or consistent.

| |

!

i
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High degrees of correlation between explaining variables cause the
variability of the coefficients of the highly correlated pair to rise
and will increase the variability of the estimates produced by the
equation. The correlation matrix of all variables entered in any equation
is reproduced in Table.C-12 and contains no number greater than 0.814.
The data base can be considered sufficiently diverse to permit the
effects of all of the explaining variables chosen here to be statisti-
cally separated from each other.

The regression equations produced by analysis of this data base can'

produce accurate estimates for plant configurations within and possibly
slightly beyond the ranges of the plant parameters of the data base.
Assuming that the relationships. described in the next section are linear
over the ranges tested was a useful simplification. Deviations from
linear behavior might be expected beyond the ranges tested.

C.4.4 Regression Results

The regression equations presented in this chapter were chosen by admitting
any variable of the set of plant parameters listed in Section C.4.3 if
the variable could be considered significant with 90% confidence. This
approach was taken in favor of maximizing the significance or F-statistic
of the entire equation to quantify the effect of as many of the important
plant parameters as possible. In general, variables were not included
in the list in Section C.4.3 if their effect tended to change as the
data base changed or tended to change from equation to equation. Some

'

variables were eliminated due to low levels of significance. For that
reason the distance from the downcomer exit to torus bottom was eliminated,
despite having a consistent and explainable sign.

The emphasis is shifted in this study from best explanation with fewest
variables, to the development of a complete and consistent picture of
the effects of a set of plant parameters on the pool swell variables.

1

!
,

.

1
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l

|
The 90% confidence intervals (CI) are based on the assumption that the

|
errors of the estimates are normally distributed. A chi-squared test of

this assumption was made, and each residual distribution was found to be
within a normal range (i.e., in no case could the null hypothesis that j
the residuals were normally distributed be rejected with even 75% con-
fidence).

.

The coefficient of variability (CV), the ratio of the standard error of
the estimate (SEE) to the maan of the dependent variable, is a more
comparable measure of the variability of the estimates and is reported

2along with R , r%, F, and SEE, all of which have been defined in
Section C.4.2.

The overall Fs reported indicate that each equation is significant with
99% confidence.

The order of the variables, from left to right corresponds to their
relative significance to the equation presented.

'

.

The following equations summarize the results of this study:

1. Peak Torus Downforce from pressure integral corrected for water
inertia (DN).

ON = -3067.2 - 233.5 (AP) + 326.6 (SUB) + 166.3 (CW)

-130.0 (CW/DC) + 61.0 (PDOT) + 1.1 (CAP)
i

a) R2 = 0.92308

b) SEE = 346.0

1) 90% CI = 569.2 !

2) CV = 10.0%

c) Overall F6,166 = 332.0
d) r% = 1.2% !

|

|
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.

2. Peak Torus Downpressure from pressure integral corrected for water

inertia (PDN). j

PDN = 0.0988 - 0.1303 (AP) + 0.1892 (SUB) + 0.0421 (PDOT)
,

-0.0653 (CW/DC) - 0.0088 (CW)
,

a) R2 = 0.91920

b) SEE = 0.19500

1) 90% CI = 0.3209

2) CV = 10.3%

c) Overall F5,167.= 380.0
d) r% not calculated

.3. Peak Torus Impulse from uncorrected pressure integral (IM).

IM = -197.8 - 12.9 (AP) + 29.5 (SUB) + 6.6 (CW)
-7.7_(CW/DC) + 3.8 (PD0T),

1

a) R2 = 0.95847

b) SEE = 15.1

1) 90% CI = 24.8

2) CV = 6.4%

c) Overall F5,167 = 770.9
d) r% = 0.9%

4. Peak Torus Pressure Impulse from uncorrected pressure integral
(PIM).

PIM = 0.0654 - 0.0070 (AP) + 0.0164 (SUB) - 0.0053 (CW/DC)
+ 0.0019 (P00T) - 0.0026 (fL/D) - 0.0019 (CW),

~ 2 = ~0.96187
'

a) R
.

i

.C-17,
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b) SEE = 0.00862

1) 90% CI = 0.0142

2) CV 6.6%

c) Overall F6,166 = 697.8
d) r% not calculated (

i
!

5. Time to Peak Torus Downforce (B1).

81 = 92.2 - 5.3 (AP) + 6.4 (SUB) - 1.2 (PDOT) + 1.3 (CW/DC)
-0.7 (fL/0)

a) R2 = 0.84972
*

b) SEE = 10.2

1) 90% CI = 16.8

2) CV = 9.7%

'c) Overall F5,167 = 188.9
d) r% = 2.8%

6. Peak Torus.Upforce, from pressure integral uncorrected for water

inertia (UP).

UP = -3982.5 - 98.9 (AP) + 264.7 (SUB) + 71.3 (CW) + 37.4 (P00T)
+ 10.3 (CAP) - 32.3 (DF-W) - 32.4 (CW/DC) - 14.0 (fL/D)

a) R2 = 0.87335

b) SEE = 218.0

1) 90% CI = 358.5

2) CV = 10.8%
'

c) Overall F7,121 = 119.2
d) r% = 1.0%

1

7. Peak Torus Uppressure, from pressure integral uncorrected for
|water inertia (PUP).
|
|

|

.
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! -PUP = -0.5933 - 0.0567 (AP) + 0.1521 (SUB) + 0.0192 (PDOT)
. + 0.0367 (CW/DC) - 0.0336 (fL/D) + 0.0043 (CAP) - 0.0189 (DF-W)

|;

a) R2 = 0.90157-!

b) SEE = 0.11082

1) 90% CI = 0.1823

2) CV = 9.6%

c) Overall F7,121 = 158.3
d) r% not calcula.ted

8. Time to Peak Torus Upforce (83).
,

B3 = 154.0 - 9.1 (AP) + 16.6 (SUB) - 1.8 (PDOT) - 0.1 (CAP)
+ 0.4 (CW/DC)

'a) R2 = 0.94676

b) SEE = 10.1

1) 90% CI = 16.6

2) CV = 4.3%
,

c) Overall FS,167 = 593.9,

d) r% = 0.4%

9. Peak Vent Header Force, from pressure integral (VP).

.

VP = 760,8 - 75.7 (DF/VH) - 110.1 (TYPE) - 4.2 (AP) - 10.4 (DF-W;

a) R2 = 0.71637

b) SEE = 92.7

1) 90% CI'= 152.5

2) CV = 54.4%
,

c) Overall F4 97 = 61.2
d) r% = 5.4%

-
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'10. Peak Vent-Header Average Pressure, from pressure integral (PVP)..

PVP = 10.0840 - 4.9179 (DF/VH) - 0.4079 (VHD) - 0.1192 (CW/DC) ,

-0.3803 (TYPE) - 0.0450 (DF.-W) - 0.0090 (AP) |
'

|

-a) R2 = 0.76174

b) SEE = 0.33065

1) 90% CI = 0.5439

2) CV = 52.3%
|c) Overall F6,95 = 50.6

: d) r% not calculated
.

11. Peak Vent Header Impulse, from load cell (VM).
|

|
.

VM = 20.7 - 5.5 (TYPE) - 17.0 (DF/VH) - 0.2 (AP)'- 0.3 (DF-W)
-0.3 (CW/DC)

a) R2 = 0.69885

.
b) SEE = 2.67894

1) 90% CI = 4.408

2) CV = 49.1%

c) Overall FS,96 = 44.6
d) r% = 5.5%

12. Peak Vent Header Pressure Impulse, from load cell (PVM).

PVM = 0.0882 - 0.0230 (TYPE) - 0.0021 (CW/DC) - 0.0007 (AP)

-0.0014 (VH-W) - 0.0323 (DF/VH)

i' a) R2 = 0.70228

b) SEE = 0.01017

1) 90% CI = 0.0167;

2) CV = 50.3%
;

i 1

!
!
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c) Overall F5,96 = 45.3
-

d) r% not calculated
,

The regression equations can be summarized by examining the effects of
the plant parameters on the pool swell as a whole.

The most important determinant of all torus phenomena is AP. As AP is
increased, peak torus downforce and downpressure, peak force impulse and

,

pressure impulse, peak upforce and uppressure are all mitigated by the
tendency of increased AP to cause vent clearing to occur sooner and at a
lower drywell pressure, thus decreasing the driving force of the bubble.
In addition, increased AP, tends to speed up the occurrence of peak
downforce and upforce for the same reason. The coefficients of AP are
negative in the predictive equations for all eight torus pool swell
variables.

4

The second most important determininant of all torus phenomena is sub-
mergence (SUB). As submergence is increased and everything else is. held
constant, time to vent clearing is increased which causes the driving
pressure at vent clearing to be higher. .Thus peak torus downforce and

,

pressure, peak torus impulse and pressure impulse, time to peak torus
downforce, peak torus upforce and uppressure, and time to peak torus
upforce are all increased by increases in SUB.

As the rate of pressurization of the drywell (PDOT) is increased and
everything else is held constant, vent clearing time is speeded up and
the driving force of the bubble at vent clearing time is increased.
Thus all torus forces and pressures are increased and the times of peak
torus downforce and upforce are reduced.

.

Increases in cell width have a positive effect on peak torus forces and
peak toru force impulse, because as the area over which the torus |

>

pressures are integrated goes up, the total goes up even though the size
- of the incremental addition decreases as the distance from the downcomers

C-21
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increases. Similarly, increases in cell width have a negative effect on
peak torus pressures and peak torus pressure impulse, since the incremental
addition to torus force per unit area tends to decrease as the distance
from the downcomers increases.

The ratio of cell width to number of downcomers was included in the set
of explaining vartbles to help account for the differences between the
one-downcomer per-cell Duane Arnold tests and the remaining tests which
are strictly two-downs:omer. Imagine that the two downcomer configuration,
is actually one cell of a normal Duane Arnold torus which has been
modified by doubling the number of downcomers. Increasing the number of
downcomers per cell will increase the rate at which the vent system can
transmit 'c3 into the cell and so increase torus loads.

Vent Capacitance (CAP) is a measure of the ability of.the vent system to
transiently store and discharge air into the LOCA bubble. As the CAP
increases, everything else being equal, the rate at which mass is trans-
mitted to the torus following vent clearing increases, increasing torus
loads and decreasing times to peak loads. CAP and all subsequent variables
discussed in this section, unlike the previously discussed variables,
were not found to be significant in all eight torus equations. CAP

appears only in the equations for peak torus downforce, peak torus
pressure impulse, peak torus upforce and uppressure and time to peak
torus uppressure.

As the total vent system resistance is increased, the ability of the
vent system to transmit mass is decreased, so an increase in fL/D would
have an opposite effect from an increase in CAP. Total vent system
resistance apgeart, in the equations for peak torus pressure impulse,
time to peak torus downforce, and peak torus upforce and uppressure.

,

i

i

As the deflector is moved farther from the water surface (within the
range examined in this study), peak torus upforce and uppressure is

|
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reduced, possibly because the deflector is more effective in promoting
breakthrough of the bubble. (DF-W) appears in the equations for peak

I torus =upforce and uppressure.

The variables which were found to be significant determinants of vent |
'

header forcm are the distance from the deflector bottom to water surface4

(DF-W), the Jistance from the vent header bottom to water surface (VH-W),
the ratio of deflector width to vent header diameter (DF/VH), vent
header diameter (VHD), the type of deflector used (TYPE), AP and the,

ratio of cell width to the number of downcomers. Increases in all of.

these variables tended to decrease vent header loads. For the range of1

values evaluated, increases in the deflector to water distance (DF-W)
,

increase the pool velocity and decrease the slug thickness at deflector
impact. Both these effects tend to enhance the effectiveness of the
deflectcr. Increases in the vent header to water distance (VH-W) reduce-

i the slug thickness at impact and extend the impact time into the upload
transient. This delay allows the pool to decelerate some before impact.,

-A larger deflector in front of a given vent header will deflect more of
the flow. Hence an increase in deflector width / header diameter (DF/HD)
decreases vent header forces. Increases in vent header diameter (VHD)

; will tend to decrease the header pressure impulse and average pressure.
This effect occurs because, for Mark I vent header impact, the si r
(hence the deeply submerged hydrodynamic mass) of the vent header is

significant with respect to the slug thickness at impact. The results
of the present study agree with the results of the previous one in
implying that an angle or "T" deflector is more effective in deflecting
water flow and decreasing vent header forces than a pipe deflector of
the same width. Increases in AP and cell width / number of downcomers
(CW/DC) tend to decrease vent header forces because t' hey reduce pool

! momentum at the time of vent header impact.

C.4.5 Conclusions
' The objectives of this study were: 1) to make the regression eopatiens

more useful and flexible by eliminating all but one of the second degree

,
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variables'(CW/DC) and by including more plant parameters-in the set of
explaining variables; 2) to show that the 5.5.3-1 and 5.5.4 tests beleng

,

to a common distribution with the 5.5.3-2 tests; 3) to improve the

explanation of upload; 4) to correlate the'Duane Arnold tests with the
rest of the data base; and 5) to better explain vent header forces. To

,

evaluate progress in each of these areas,.the regression equations
developed in this study-were compared to the equations from the previous
study. The regressions of.the previous study used a combination of
largely second degree variables (i.e., products and quotients of the'

plant. parameters) and a few simple plant parameters as explanatory
1 variables, and used fewer of these first and second degree variables in

!each equation, and so are not strictly comparable with the-equations
I prestnted here. The R and F of the torus and vent header equations-2

j from the previous study are presented with these statistics from the
present study, in Tables C-13 and C-14. Alternative formulations of the,

data' base and set of explaining variables are included for the discussion
of the Guane Arnold tests. Also included is the range of the number of;

different plant parameters included in the regression equations for each
i

alternative approach. .

' Two of the most important criteria on which to judge regression equations '

are the proport on of observed variation in the dependent variable for
2which the equation accounts (R ), and the overall significance of the3

'

equation (F). R' increases monotonically as explaining variables are
added to a regressior.. The overall F~ statistic measures the degree of

;

confidence with which it car, be said that the vector of correlation '

coefficients produced by the egression is different from a vector of
; zeroes. The F-statistic for the equation will increase with the addition

f of a new variable only if the new variable increases R enough to overcome2

| the built in bias of the F' statistic against new variables.

1

1

1

l

l

|
'
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Recall that the F-test for the equation as a whole is:

SS: EXP/kF= , and R2 = SSEXP'* bSERR-33
ERR /n-k-1

where SS is the sum of squared deviations (from the mean of the
EXP

is the-dependent variable), which is explained by the. regression; SSERR
complement to SS in the total sum of squared deviations from the

EXP
mean, (or the sum'of squared deviations of the observed from the estimate);
n is the number of teri.3 and k is the number of variables in the regres-

sion equation.

So for the F-statistic to increase with the addition of a new variable,

the ratio of (SS /bb after the new variable is added) to MS
EXP ERR EXP

SS before the new variable is added) must be greater than,
ERR

i

k+1 n-k-1
k * n- k-2-

Thus, even though the addition of less significant variables will increase
2
R slightly, the F-statistic will finally decrease as less significant

explaining. variables are added to the regression.

The present regression equations for the torus variables have, in general,
2 2levels of R and F which are comparable to R and F values for the

previous equation set. In the present study, the size of the data base

was substantially increased, the ranges of the variables in the data
base increased, and the Duane Arnold tests included. Although one to

! three additional variables were included in equations in the new study,
F-values were only slightly lowered. The goal of expanding the set of
explaining variables was achieved without substantially reducing the
significance levels'of the equations, implying that the new variables |
were only marginally less significant than the old ones. It also appears

;

e
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'
.

'

that the new tests have been successfu!1y integrated into the-data base,
' 2since there were no sharp drops in R or F.
!
a

.
, .

In the case of upforce and uppressure,-R' lerels rose and F levels were

} only slightly lower; in the case of torus force'and pressure impulses, -

2both R and F levels rose despite the addition of two to three variables
2to all four equations. These gains in R can be attributed not simply

,

I to the addithn of variables, but must be partially attributed to bc qr
2modeling. IT the gains in R were due only to the addition of less

significant variables, the F-values would drop sharply. Thus the added

variables are about as significant as the original ones.
i

2
'

In the case of uploads, part of the gtins in R can be attributed to the
addition of deflector data to the est of explaining variables.

In order to demonstrate the relationship of the Duane Arnold tests to

| the rest of the data base, and to show the importance of the ratio of
1

; cell width to number of downcomers to the set of explaining variables,
l R and F values for two alternative approaches are included. Alterna-2

' tives'A and B are regression' sets with the same set of explaining variables

j- and data base as the regressions presented in Secton C.4.4, except in
alternative B the explaining variable set lacks (CW/DC), and in alter-

! native A, the data set lacks the Duane Arnold tests. Overall, R and2

F levels tend to drop sharply when the Duane Arnold tests are incorporated
into the data base correlated against a set of explaining variables

2without (CW/DC). When (CW/DC) is introduced, R and F values return to
their former levels. So (CW/DC) is of significant value in correlating

.

f the Duane Arnold tests with the rest of the data base ;

5 I
,

j The vent header regression results for this study are compared to tha
2

j results-in the previous study in Table C-14. The F and R values a :
|

: substantially worse in the present study. This corresponds to the high
i

f number of outliers in the set of estimates produced by the old equations |

t
i

,

"

l
.
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;
~

for the new data. .The outliers were produced by using the previous
; equations to estimate the vent header loads for new plant configurations

1

with larger deflectors higher above the water surface than were present I

j in the previous data base (the Task S.5.3 tests). This implies that the
effects of either deflector size or height of deflector above the water,

i surface or both are significantly non-linear and, as the ranges of these
variables are increased, the inaccuracies associated with a linea'

' approximation become more apparent.

Also, the ratio of measurement error to signal size is increased for the
vent header variables, especially for large deflectors which substantially
reduce the vent header forces. 'An indirect measure of this effect is

e

provided by the r% statistic presented in Section C.4.4. The r% is that
fraction of total observed variation which, because it comes from tests

: un under idertical conditions, cannot be explained by.any model, given
) our set of extlaining 'riables.

The five times higher level of r% for peak vent header loads is due to
higher levels of measurement uncertainty. Higher levels of measurement

'

; oncertainty and non-linear aspects associated with some vent header
2

variables combine to make the R and F values lower for the vent header.
f

variables than for the torus variables,
i

2The torus equations with their high R and F values and low standard
errors are useful for fairly accurate predictions of the effect of
changes in a set of plant parameters on the set of variables they describe.

2More importantly, the high R and F-values affirm the high degree of
internal consistency and even linearity of the data.i

;
4

.

1
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C.5 Plant Utiique Effects i

f C.5.1 Duane Arnold Delayed Download Oscillations

: C.5.1.1 Introduction
!

.A torus downforce spike with subsequent oscillations appeared during
j Duane Arnold Plant-Unique Test 5 (Task 5.5.3-2) at approximately

600 milliseconds after test initiation. Since this spike occurred well
i after the time of peak upload and roughly coincided with the time of air

supply valve closure, the spike was attributed to noise from the elec-+

1

j trical signal which initiated valve closure. .During the Supplemental
2

j Plant Unique Tests, four additional Duane Arnold tests (Tests 6 - 9)
,

were conducted under the same conditions as the earlier Test 5. When

the downforce spike reappeared and was insensitive to changes in the,
i

timing of the valve closure signal, additional investigations were
; conducted. The results of that study _ are presented in this section.
4

,!

i C.5.1.2 Discussion

Figures C-8 and C-9 show the delayed toru's downforce spike and oscil-
'

lations which appeared in the Test 5 corrected pressure integral and
corrected torus load cell, respectively. -This oscillatory force at 600
milliseconds after test initiation is typical of Tests 5 through 9.

I
;

The configuration of torus pressure transducers for Test 5 is shown in
Figure C-10. This arrangement of transducers was also utilized for

i Tests 6 through 9, except that PT-1007 (195 ) was deleted. Figure C-11

presents the torus pressure transducer outputs for Test 5. This trans-
i ducer output is typical of Tests 5 through 9. The spread of pressures

j at the beginning of each test was caused by the differences in water
head above each transducer. Between 300 and 600 milliseconds after

]
| initiation of each test, all torus pressure transducers had approximately
'

\4 the same output. This indicates that the dynamic effects of the expanding j
1

] bubble compensated for the differences in hydrostatic head and probably j

l
!

:

|

:
4
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indicates that portions of the torus bot' ,m were uncovered. Immediately

after 600 milliseconds the transducer outputs began to diverge. This

change indicates that the water was flowing back to the torus floor.

!

During each test, transducer PT-1006 recorded a pressure surge at ap-'

proximately 600 milliseconds, followed by approximately 50 millisecondst

of oscillation at a frequency of about 160 tiz. Outputs from trans-
ducers PT-1008, -1007, and -1002 were significantly less oscillatory
than PT-1006 (see Figure C-12). Figure C-13 shows a detailed diagram of

i the placement of transducers PT-1006, -1008, -1007, and -1002. Since

PT-1006 sensed a higher pressure than the other transducers, the center
of impact was evidently localiz'ed at the bottom-dead-center of the
torus.

.

A sequence of sketches made from the Test 5 movie is presented in Fig-
ures'C-14 and C-15. The interfaces which were' visible through the front
window are shown with solid lines. Extrapolated interfaces which were,

not visible are indicated with dashed lines. The extrapolated portions of<

the diagrams were developed from visible interfaces and bubble shapes
,

observed in Tests 1-4, where more of the' bubble was visible. The torus
pressure spike appears to have occurred at the time that the lower
portion of the bubble began to-collapse (t = .600 sec). -Collision of
two downcard-moving waves.of water from the torus sides would have

,

produced the local pressure pulse that was recorded by the lower torus
pressure transducers.

|

Figure C-16 shows that the uncorrected load cell only registered a
downforce of approximately 500 pounds, which excited the 50 Hz. natural
frequency of the torus. This indicates that the force was applied over

.

l a time that was short compared to the torus period of approximately
20 milliseconds. The relative positions of the torus accelerometer and
PT-1006 are shown in Figure C-18. The location of the accelerometer
would allew it to see any torus vibrations localized around PT-1006.

,

I

i

C-29
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.The irregular oscillatory output (approximc.taly 200 Hz for the first two.

cycles and about 160 Hz thereafter) of the torus accelerometer indicates
tha' ie force was applied over a time that was'slightly longer than the
first pulse (i.e., 6-8 milliseconds). Since the pressure transducer and

'

accelerometer achieved an approximate 160 Hz sinusoidal motion (180* out

of. phase) after ab'out.10 milliseconds, the oscillations from that time
on can be assumed to be due to localized structural ringout (refer to

,

Figure C-21).

Since the accelerometer is used.to correct the torus load cell output

for combined torus.and water inertia, its use during periods of localized
,

vibration would result in calculation of erroneous force oscillations.
The large downforce spike and 160-170 Hz oscillations seen in the inertia--
corrected load' cell plot (Figure C-9) were, therefore, erroneously
introduced by an inertia correction which used the local vibrations

:
; sensed by the torus accelerometer.

1 Since the pressure spike was' localized around PT-1006, integration of
this local high pressure over the entire 15 segment of torus bottom
would result in calculation of erroneously high force oscillations in;
the torus pressure integral. This effect would then be compounded by

using the osci_lltting torus accelerometer output to correct the pressure
; integral for water inertia. The large downforce spike and 160-170 Hz
' oscillations seen in the inertia-corrected pressure integral plot

(Figure C-8) were erroneously introduced by integrating the PT-1006i

j' output over too large ar area and u3ing the local vibrations sensed with
the torus acceleromet2r to perform the inertia correction of the torus

i pressure integral.
;

i
There is some evidence that repeated tests can reduce the magnitude of
the delayed downforce spike and oscillations, possibly by removal of
. dissolved. air. Figure C-19 presents the plots of PT-1006 output forj

Tests 8 and'9, which were run 2 hours apart. The pressure trace from.
;

!

2

C-30
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:

Test.9 showed smaller pressure oscillations and more rapid damping tnan.
.

that from Test 8.

.

C.5.1.3 Determination of' Applied Force (Quarter Scale) '

| Since impulse imparted to the torus should equal impulse imparted to the
load cell, impulse should'also equal the integral of the load cell plot
over the time interval that the' initial torus kinetic energy is being

-absorbed by the load cell, 596 to 601.5 milliseconds. Integration of
,

this portion of the load cell plot (Figure C-21) yields an impulse of
1.70 lb-sec.

If the force-time plot is assumed to be triangular and have 'a 7 millisecond
duration, the peak force can be approximated by

4

F=f=0 ) = 485.7 lb
:

|
The responses of pressure transducers PT-1002, -1007, and -1008

j (Figure C-12) indicates that the force was attenuated to zero within a
distance of 6 inches from PT-1006. The assumption of a conical pressure-
distribution with a 6 inch radius yields a peak load pressure of

p = (486 lb)(3) = 12.9 psi
nR

This calculated pressure agrees reasonably well with the 11 psi rise
recorded by PT-1006.

C.5.1.4 Conclusions-

!
I 1. The observed torus downforce at 600 milliseconds is' a real phenomenon

and~ the localized impulsive loading should be considered in the load
i evaluations. However, the measured oscillations are primarily the

structural response' of the QSTF to the nearly impulsive loading. i

i

4

i

i

,

C-31
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2. This phenomenon seems to be caused in Duane Arnold by the single
downcomer and zero AP which allow the bubble to penetrate essentially

to the bottom of the torus. As this bubble collapses, waves rolling
down the sides of the torus appear to meet in the center causing the
observed local loading phenomenon.

3. Values of 1.7 lbf-sec, 7 milliseconds and 490 lbf seem to be reasonable
subscale estimates for the impulse, duration and peak force for this
phenomenon.

4. The QSTF instrumentation provides valid force measurements throughout
the main downforce, upforce and breakthrough phases of the transient.
The loading phenomenon at 600 ms causes oscillations in the output of
the torus accelerometer and several pressure transducers which pro-
duce subsequent erroneous oscillations in the torus force measurements.

|

l

5. Measurements of the torus forces after the impulsive loading can be
obtained by combining a measurement of the loading such as given in

'

3 above with a mean curve drawn through the oscillations in the torus
force measurements.

C.5.2 Oyster Creek Torus Force Plots

Because the torus accelerometer failed during Oyster Creek Tests 7 and 15,
the Q- and P-plots (inertia-corrected torus load cell and inertia-
corrected torus pressure integral, respectively) were not corrected with
the appropriate acceleration terms. Since Test 6 was conducted under the j

same conditions as Test 7, the accelerometer output for Test 6 was used
to obtain the " correct" Test 7 torus force plots. Similarly, the 2A

shakedown test data was used to obtain " correct" Test 15 torus force
plots.

I

C-32
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'The Test 6 torus accelerometer plot is shown in Figure C-22. Also shown

are the plots of the acceleration multiplied by water mass and the
acceleration multiplied by the combined water and torus mass. The !

acceleration times water mass values were subtracted from the torus
pressure integra' values to produce the inertia-corrected plot shown in
Figure C-23. The acceleration times water plus torus mass values were
subtracted from the thrust-corrected load cell values to produce the
corrected plot shown in Figure C-24.

The Test 2A (shakedown) torus accelerometer plot is shown in Figure C-25,
along with the plots of the watte and water-plus-torus multiples. The

inertia-corrected torus force plot obtained from the pressure integral
is shown on Figure C-26. The inertia-corrected torus force plot obtained
from the load cell is shown on Figure C-27.

The similarity between these manually-corrected torus force plots and
routine inertia-corrected torus force plots for the remaining Oyster
Creek tests substantiates the assumption that acceleration data are
reproducible for tests with identical hydrodynamic and facility design
parameters.

C-33
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FIGURE C-1
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FIGURE C-2
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FIGURE C-3 -
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FIGURE C-4

PEAK D0WNFORCE

Task 5.5.3-2 and 5.5.4 Tests
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Note: (1) Brunswick only tested at zero AP.

(2) Solid symbol is used for mean of 4 tests with standard deviation.
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FIGURE C-5
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FIGURE C-6
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FIGURE C-7 |
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I FIGURE C-8
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FIGURE C-9

T0005 FORCE FROM LCAD CELL2
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DUANE ARNOLD TEST 5
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FIGURE C-10
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FIGURE C-12

EXPANDED OUTPUT 5 FR0ft TORUS PRESSURE TRANSDUCERS

DUANE ARNOLD TEST 5
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FIGURE C-14

SEQUEllCE OF EVEliTS - TEST 5
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FIGURE C-15

SEQUEtiCE OF EVErlTS - TEST S, C0tlT.

DUATJE ARil0LD

.

*

$
8
:

5o

b $

* General Electric Company proprietary information has been deleted.

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



__ _ __ . - __ __

-

FIGURE C-16
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FIGURE C-17

OSCILLATING TORUS ACCELER0 METER ,

Duane Arnold - Test 5 ;
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FIGURE C-18
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FIGURE C-20
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FIGURE C-21
EXPANDED LOAD CELL PLOT, UtiCORRECTED

Duane Arnold Test 5
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*

i Task 5.5.4 Oyster Creek Test 7 (Modified)
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*Ceneral Electric Company proprietary information has been deleted.
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FIGURE C-24

flET TORUS FORCE FROM LnAD CELL CORRECTED FOR IflERTIA *

Task 5.5.4 Oyster Creek Test 7 (Modified)
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* General Electric Company proprietary informatiun has been deleted.
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FIGURE C-25
*

ACCELERATION FLOTS
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* General Electric Company proprietary information has been deleted.
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FIGURE C-26
*

fiET TORUS FORCE FR0ti LOAD CELL CORRECTED FOR INERTIA

-Task 5.5.4 Oyster Creek Test 15 (ftodified)
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CCeneral Electric Company proprietary information has been deleted
.
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FIGURE C-27

NET TORUS F RCE FROM PRESSURE INTEGRAL CORRECTED FOR POOL INERTIA
*

Task 5.5.4 Oyster Creek Test 15 (Modified)
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*Cenerat Electric Company proprietary information has been deleted.
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TABLE C-1

EQUATIONS FOR CONVERTING MEASURED VALUES TO EQUIVALENT 1/4-SCALE VALUES

(1) Peak Average Downforce Pressure = Mean Peak Downforce/ Area ( ) X 0.2500/SF(9)
T

(2) Average Downforce Impulse per Unit Area (psi-sec) = Mean Downforce Impulse /

Area X(0.2500/SF)7/2T

(3) Peak Average Upforce Pressure = Mean Peak Upforce/ Area X 0.2500/SF
T

(4) Vent Impact Velocity = Mean Vent Impact Velocity X 0.2500/SF

l (5) Average Vent Impact Impulse per Unit Area (psi-sec) = Mean Vent Impact
Impulse */ Area X (0.2500/SF)7/2

H

.| (6) Peak Average Vent Impact Pressure = Mean Peak Vent Impact Force **/ Area
H

X 0.2500/SF

(7) Peak Local Impact Pressure Rise = Peak Local Impact Pressure Rise X 0.2500/SF

(8) Area = QSTF Torus Projected Area = 93" X Torus Width
T

(9) SF = Scale Factor = 93"/ Plant Torus Minor Diameter, in

(10) Areag = QSTF Header Projected Area = Head OD X Length4

*from load cell
cofrom pressure integral

1

i

C- 6 ',
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TABLE C-2

SOME BENCHMARK VALUES FOR

QUARTER-SCALE COMPARIS0N OF PLANT UNIQUE TEST DATA

Reference QSTF TASK 5.5.1 TASK 5.5.3-1
Plant Large Medium Reference

Test Conditions (Full Scale) STP Orifice Ori fice Condition

Submergence, ft. 4 4 4 3'4"

AP, ft. 0 0 4 3'4"

Drywell P, psi /sec 56 69.2 47.0 56

Deflector None None None None

_ Test Data

*
.

2(8) Torus Area, in 2027 2027 2027 )

(9) Scale Factor 0.2500 0.2500 0.2500

(10) Header Area, in 318 318 31 8 |
2

*Ceneral Electric Company proprietary information has been deleted.

|
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.

TABLE C-3 a

QUARTEh-SCALE COMPARISON OF PLANT UNIQUE TEST DATA

Task 5.5.4 Tests

Monticello Duane Arnold

Test Conditions (Full Scale) Tests 17 - 20 Tests 21 - 24 Tests 6 - 9

Submergence, f t. 3.58 3.0 3.33
AP, ft. 0 0 0

Drywell P. psi /sec 72.5 72.5 46.1

Deflector 14" Pipe with "T" Wedge Deflector
Sections 29" Wide 30" Wide

*

' (8) Torus Area, in 2027 2194a

(9) Scale Factor 0.2801 0.3019
(i?) ' Header Area, in2 343 297(253)*
(11) oool Area / Vent Area 29.8 55.5

* General Electric Company proprietary information has been deleted.
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TABLE C-3b

QUARTER-SCALE COMPARISON OF PLANT UNIQUE TEST DATA

Task 5.5.4 Tests

Pilgrim

Test Conditions (Full Scale) Test 6 - 9 Tests 10 - 13

Submergence, ft. 4.0 4.0
AP, ft. 3.46 0

,

Drywell P, psi /sec 67.4 67.4
De flector 16" Pipe with Angles

25.61" wide

+

(8) Torus Area, in 1983
2

(9) Scale Factor 0.2627
(10) Header Area, in 310z

(11) Pool Area / Vent Area 31.8

OCeneral Electric Company proprietary information has been deleted.
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TABLE C- 3c

QUARTER-SCALE COMPARIS0N OF PLANT UNIQUE TEST DATA
,

Task 5.5.4 Tests
1

Oyster Creek

Test Conditions (Full Scale) Tests 6 - 9 Test 10 Tests 11 - 14 Test 15

Submergence, f t. 4.06 4.06 3.00 3.00

$Po ft 2.31 0 2.31 0
,

Orywell P, psi /sec 54.5 54.5 54.5 54.5

Deflector ------16" Pipe with "T" Sections 30" Wide--------;

+

.

.

a

(8) Torus Area, in 1533z

(9) Scale Factor 0.2583
(10) Header Area, in 2262

(11) Pool Area / Vent Area 27.2
,

cGeneral Electric Company priprietary information has been deleted.
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TABLE C 3d

QUARTER-SCALE COMPARIS0N OF PLANT UNIQUE TEST DATA

Task 5.5.4 Tests
Nine Mile Point

Test Conditions (Full Scale) Tests 6 - 9 Test 10 Tests 11 - 14 Tests 15 - 18

Submergence, f t 4.25 4.25 3.25 3.25

AP, ft 2.31 0 2.31 0
,

Drywell P psi /sec 54.0 54.0 54.0 54.0

Deflector -------16" Pi pe wi th An gl es 25. 61 " Wi de---------------

*

j

2(8) Torus Area, in 2086

(9) Scale Factor 0.2870
z(10) Header Area, in 358

(11) Pool Area / Vent Area 26.7

1

l

|

OGeneral Electric Company proprietary information has been deleted.
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TABLE C-3e

QUARTER-SCALE COMPARISON OF PLANT UNIQUE TEST DATA

Task 5.5.4 Tests

Cooper StationMillstone
Test Conditions (Fuli Scale) Tests 6 - 9 Test 10 Tes ts 6 - 9 Tests 10 - 13

Submergence, ft 3.33 3.33 3.33 3.33

AP, ft 2.31 0 2.31 0
,

Drywell P, psi /sec 66.9 66.9 74.0 74.0

Deflector 16" Pipe with Angles 16" Pipe with Angles
25.6" Wide 25.3" Wide

*

z(8) Torus Area, in 1983 2436

(9) Scale Factor 0.2627 0.2696

(10) Header Area, in 310 3472

(11) Pool Area / Vent Area 32.1 4C.1

!

OCeneral Electric Company proprietary information has been deleted.
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TABLE CAa

N04-DIMEN510NALI2E0 VENT HEADER 19ACT DATA

i

j. Task 5.5.4 Tests

.

Plant peonticello Duane Arnold Ptigria Oyster Creek

Deflector 8.15" Wide "T* 9.06' Wide Wedge 6.73* Wide Winged 7.75* Wide "T"

Deflector (29* Deflector (30" Deflector (25.61" Deflector (30"
Full Scale) Full Scale) FullScale) Full Scale)

Needer Diameter (ft) 1.34 1.07 1.26 1.20

Header Length (f t) 1.77 1.92 1.68 1.31 ,

Sahmergence(in) 12.03 10.08 12.08 10.25 12.59 9.30 }

Tests Tests Tests Tests Tests Tests Test Tests Test
17-20 21-24 6-9 6-9 10-1" 6-9 10 11-14 15 |,

i *

j

i

i

#* LOCAL (dtnensionless unit) _1.2 1.1 0.0 3.5 3.3 2.9 2.3 0.7 0.0i

F'(dimensionlessunit) 0.07 0.06 0.0 0.24 0.31 0.21 0.23 0.05 0.0

g(dimenstonlessunit) 0.08 0.06 0.0 0.03 0.06 0.09 0.13 0.05 0.0

.

- P* LOCAL * (Mastmum Local Ippact Pressurs a 29, x 144)/( (Impact Velocityl' x Water Density)

F* * (Mastmum Vent Header Force a 29 )/(Projected Area x [ Impact Veloc'.,,' a W er Density)4
.

y * (Impact Force Impulse x g )/([e a Diameter /4] x Length * * Md 4'. ' ty x Water Density)s
g

* General Electric Cc:apany proprietary information has bacn deleted.
,
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|

|
R

TABLE . C- 4bi -
<

!

NON-DIPESIONALIZE0 YENT HEADER 19ACT DATA .

Task 5.5.4 Tests
!

s

i
i~ Plant Nine Mlle Pofnt Mt11 stone Cocoer Station

'

Deflector. 7.35* Wide Winged Deflector 5.73* Wide Winged 6.82* Wide Winged
1 (25.6*FullScale) Deflector (25.6* Osfiector (25.3"

Full Scale) Full Scale)
a

1

Header Diameter (ft) 1.39- 1.26 1.14

Header Length (ft.) 1.79 1.71 2.12

Sutmergence (in) 14.64 11.19 10.50 10.78
:
a

i Tests Test Tests Tests Tests Test- Tests Tests

6-9 10 11-14 15-18 6-9 10 6-9 10-13
1

! *

I

f

l

)

!

<

j
i .

I

J

P*LOCA.: Almenstonless unit4.3 4.1 3.8 4.3 3.4 5.4 1.1 1.0,

F*(dimensicnlessunit) 0.33 0.29 0.41 0.43 0.31- 0.32 0.12 0.07

g(dtnensionless unit) 0.14 ttt 0.13 0.15 0.03 ttt --- ---

i

) Pg = (Maximum Local Igacs Pressure x 29,x144)/([Imact Velocity]8s Water Density)

F* = (Mastmum Vent Header Force x 2g )/(Projected Area x [!mpact Yelocity]8x Water t,ensity)g

y = (!apact Force Irpulse a g )/( [w a Otameter /4] x Length x Impact Velocity a Water Density)8
g

tttNot applicable because impulse from corrected load cell includes deflector load.

---Impulse from corrected load cell is not available.
,

!
!

* General Electric Company proprietary information has been deleted. '
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TABLE C-5

COMPARISON OF TASK 5.5.4 TEST DATA WITH

ESTIMATES FROM TASK 5.5.3-2 REGRESSION ANALYSIS
(Actual - Predicted)

Peak Downforce Variation in
Actual Predicted Standard Deviations **

Monticello 17 - 20 4573 lb * 5037 lb * -1.5*
f f

21 - 24 4323 4768 -1.5

Duane Arnold 6-9 1950 4134 -7.0***

Pilgrim 6-9 2438 2295 0.5

10 - 13 4724 4739 -0.1

Oyster Creek 6-9 2808 2780 0.1

10 4534 4373 0.5

11 1486 1698 -0.7

12 - 14 1487 1716 -0.6
15 3227 3921 -2.2

Nine Mile Point 6-9 2752 3231 -1.5
10 4399 4781 -1.2
11 - 14 2196 2176 0.0

,

15 - 18 3723 4215 -1.6

Millstone 6-9 2393 2845 -1.5
10 3904 4876 -0.4

Cooper Station 6-9 2559 3336 -2.5 |

10 - 13 4948 5376 -1.3

* Values given are averages for tests at the same conditions
**90% of the variations are expected to lie within approximately two standard

deviations of the mean if the " Actual" comes from the distribution which under-
lies the " Predicted''.

***As discussed in the text, the correlations were developed for dual downcomer tests.
They do not therefore, provide particularly good predictions for the Duane Arnold
single downcomer geometry.
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TABLE C-6

COMPARIS0N OF TASK 5.5.4 TEST DATA WITH

ESTIMATES FROM TASK 5.5.3-2 REGRESSION ANALYSIS

- Peak (Jpforce (Actual - Predicted)

Variation in
Actual Predicted Standard Deviations **

| Monticello 17 - 20 2441 lb * 2400 lb * 0. 2*f f21 - 24 1832 1996 -0.7

Duane Arnold 6-9 883 1939 -4.l***
|

Pilgrim 6-9 1275 1206 0.3
i

10 - 13 2246 2137 0.5

Oyster Creek 6-9 1617 1822 -0.8
10 2008 2429 -1.6
11 913 815 0.4
12 - 14 849 820 0.1
15 1196 1658 -1.8

Nine Mile Point 6-9 2086 2090 -0.1
10 2592 2679 -0.3
11 - 14 1332 1140 0.8
15 - 18 1852 1915 -0.3

Millstone 6-9 1954 1453 1.9
10 2790 2225 2.2

Cooper Station 6-9 1578 1693 -0.5
10 - 13 2402 2473 -0.2

Generic 1-8 1042 995 0.2
Sensi tivi ty 29 - 32 1540 1471 0.3

33 - 36 961 1743 -3.0

cValues given are averages for tests at the same conditians
0c90% of the variations are expected to lie within aoproximately two standard

deviations of the mean if the " Actual" comes from the distribution which under-
lies the " Predicted".

oo*As discussed in the text, the correlations were developed for dual downcomer
itests. They do not, therefore, provide particularly good predictions for the

Duane Arnold single downcomer geometry.

1
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TABLE C-7

COMPARISON OF TASK 5.5.4 TEST DATA WITH

ESTIMATES FROM TASK 5.5.3-2 REGRESSION ANALYSIS

(Actual - Predicted)
Downforce Impulse

Variation in
Actual Predicted standard Deviations **

Monticello 17 - 20 314 lb * 291 lb * 1.5*
I f21 - 24 266 252 1.0

Duane Arnold 6-9 143 202 -3.8***

Pilgrim 6-9 160 138 1.4
10 - 13 268 270 -0.2

Oyster Creek 6-9 21 7 236 -1.2
10 285 323 -2.5
11 116 126 -0.6
12 - 14 129 127 0.2
15 209 247 -2.5

Nine Mile Point 6-9 229 245 -1.0
10 305 329 -1.6
11 - 14 162 144 1.2
15 - 18 239 256 -1.1

Millstone 6-9 191 187 0.3
10 272 299 -1.7

Cooner Station 6-9 201 191 0.7
10 - 13 295 302 -0.5

i

| * Values given are averages for tests at the same conditions
**90% of the variations are expected to lie within approximately two standard'

; deviations of the mean if the " Actual" comes from the distribution which under-
lies the "Preiicted".

***As discussed in the text, the correlations were de/ eloped for dual downcomer tests.
They do not, therefore, provide particularly good predictions for the Duane Arncld
single downcomer geometry.
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TABLE C-8

COMPARISON OF TASK 5.5.4 TEST DATA WITH

ESTIMATES FROM TASK 5.5.3-2 REGRESSION ANALYSIS

(Actual - Predicted)
Time to Peak Downforce

Variation in
Actual Predicted Standard Deviations **

Monticello 17 - 20 1 lb * 130 lb * -0.5*f f'

21 - 24 110 129 -2.0

L sne Arnold 6-9 141 137 0.4***

Pil rim 6-9 92 74 1.99
10 - 13 121 124 -0.3

Oyster Creek 6-9 94 100 -0.6
10 147 136 1.1
11 65 81 -1.7
12 - 14 64 81 -1.8
15 126 129 -0.3

Nine Mile Point 6-9 99 114 -1.6|

'

10 149 148 0.1
11 - 14 102 97 0.5
15 - 18 131 142 -1.2

i Mills tone 6-9 66 89 -2.5
10 118 131 -1.4

Cooper Station 6-9 67 82 -1.6
10 - 13 118 124 -0.6

<

OValues given are averages for tests at the same conditions.
0090% of the variations are expected to lie within approximately two standard

deviations of the mean if the " Actual" comes from the distribution which under-
lies the " Predicted".

ocoAs discussed in the text, the correlations were developed for dual downcomer tests.
They do not therefore, provide particularly good predictions for the Duane Arnold
single downcomer geometry.

C-73
,

!



. -

NEDo-24615

TABLE C-9

COMPARIS0N OF TASK 5.5.4 TEST DAT,. 'TH

ESTIMATES FROM TASK 5.5.3-2 REGRESSi..: ANALYSIS

(Actual - Predicted)
Peak Downfor e

Variation in
Actual Predicted Standard Deviations **

Monticello 17 - 20 264 lb * 263 lb * 0.3
f f21 - 24 239 233 0.8

Duane Arnold 6-9 287 269 2.5***

Pilgrim 6-9 184 186 -0.4
10 - 13 265 254 1.4

Oyster Creek 6-9 248 242 0.9
10 304 300 0.5
11 192 190 0.3
12 - 14 192 190 0.2
15 256 247 1.2

Nine Mile Point 6 - 9 259 254 0.7
10 306 311 -0.7
11 - 14 213 203 1.3
15 - 18 271 260 1.4

Millstone 6-9 197 197 0.1
10 258 253 0.7

Cooper Station 6-9 182 193 -1.4
10 - 13 245 249 -0.5

Generic 1-8 159 181 -3.0
Sensi tivity 29 - 32 209 212 -0.4

33 - 36 171 205 -4.2

* Values given are averages for tests at the same conditions
o*90% of the variations are expected to lie within approximately two standard

deviations of the mean if the " Actual" comes from the distribution which under-
lies the " Predicted".

co*As discussed in the text, the correlations were developed for dual downcomer tests.
They do not, therefore, provide particularly good predictions for the Duane Arnold
single downcomer geometry.
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-TABLE C-10

COMPARISON OF TASK 5.5.4 TEST DATA WITH

ESTIMATES FROM TASK 5.5.3-2 REGRESSION ANALYSIS

(Actual - Predicted)
Peak Vent Header Force

Variation in
Actual Predicted Standard Deviations **

!' Monticello 17 - 18 64 lb * -17 lb * 1.l*
I f'

21 - 22 71 -199 3.5

Ouane Arnold 6-7 0 -570 7. 3 ***

Pilgrim 6-7 130 -347 6.2
f 10 - 11 157 -347 6.5

| Oyster Creek 6-7 71 41.5 0.4
| 10 95 41.5 0.7

11 18 41.5 -0.3
12 14 41.5 -0.4
15 0 41.5 -0.5

Nine Mile Point 6-7 88 129.1 -0.54

10 99 129.1 -0.4
11 - 12 119 129.1 -0.2
15 - 16 139 129.1 0.2

Millstone 6-7 94 178 -1.1'

Cooper Station 6-7 84 32 0.7
10 - 11 16 32 -0.2

CValues given are averages for tests at the same conditions
0090% of the variations are expected to lie within approximately two standard

deviations of the mean if the " Actual" comes from the distribution which under-
i lies the " Predicted".

*coAs discussed in the text, the correlations were developed for dual downcomer tests.
They do not, therefore, provide particularly good predictions for the Duane Arnolo
single downcomer geometry.
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TABLE C-ll

COMPARISON OF TASK 5.5.4 TEST DATA WITH

ESTIMATES FROM TASK 5.5.3-2 REGRESSION ANALYSIS

(Actual - Predicted)

Peak Vent Header Impulse
Variation in

Actual Predicted Standard Deviations **

Monticello 17 - 18 1.9 lb * 5.2 lb * -1.41b
f f f21 - 22 2.3 5.2 -1.3

Duane Arnold 6-7 0 -7.6 3.3***

Pilgrim -6-7 2.6 4.2 -0.7
10 - 11 2.3 4.4 -0.9

Oyster Creek 6-7 3.5 -1.2 2.0
10 5.8 -1.2 3.0
11 1.3 -1.6 1.2
12 2.9 -0.9 1.6
15 4.5 -1.4 2.5

Nine Mile Point 6-7 6.4 1.0 2.3
10 13.5 1.3 5.2
11 - 12 6.4 0.6 2.1
15 - 16 7.2 0.8 2.7

Mills tone 6-7 1.6 5.3 -1.6

Cooper Station 6 - 7 0.0 5.4 -2.3
10 - 11 0.0 6.0 -2.5

* Values given are averages for tests at the same conditions,
o*90% of the variations are expected to lie within approximately two standard

deviations of the mean if the " Actual" comes from the distribution which under-
lies the " Predicted".

ocoAs discussed in the text, the correlations were developed for dual downcomer tests.
They do not, therefore, provide particularly good predictions for the Duane
Arnold single downcomer geometry.

;
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TABLE C-12

CORRELATION MATRIX FOR ALL VARIABLES IN REGRESSIONS ,

1

5
8

? Aw $N
0;

OGeneral Electric Company proprietary information has been deleted.
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TABLE C-13

COMF ARIS010F RESULTS OF NEN REGRESSIONS

TO PREVIOUS STUDY FOR TORUS VARIABLES ,

Ei
; 8

4
s
0;

E
M

* General Electric Company proprietary information has been deleted.

____ _ _ s- _ - - _ _ _ - - - - _ _



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

NEDO-24615
;

|

'

*

TABLE C-14

COMPARISON OF RESULTS OF NEW REGRESSIONS

TO PREVIOUS STUDY FOR VENT HEADER VARIABLES

|

t
!

i

t

* General Electric Company propria.Lary information has been deleted.
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L APPENDIX D

MEASUREMENT UNCERTAINTY ANALYSIS

L
i

|

An uncertainty analysis was perforned to ensure that the error bands

associated with calculated test results fell within acceptable' limits.
, ,

Many of the important test values (such as enthalpy flow) were calculated
from several measured test parameters. 'While each of the individual
parameters has its own error band, the combination.of several different
parameters has an entirely different error band. In addition, the

errors associated with a single sensor may not reflect the total error
band of the data from the system using that sensor.

:

To arrive at the compound error bands, each sensor system was analyzed,

as a number of different sources of error. For example, a pressure
~

transducer would be assumed to have a specified error inherent in its1

'

construction, an analog to digital conversion error, a signal conditioning
error and a frequency response error. The total uncertainty-for this
single sensor was assumed to be the square root of the sum of the squares
of errors contributed by each component part.

.

To combine the errors of several different sensors in order to achieve a
calculated total value, it was assumed that each of the independent
errors was normally distributed over its range and the calculated value
was a linear function of its independent variables,

i.

Table 0-1 lists the major variables of interest, their nominal values,
; range of values during the Supplemental Plant Unique Tests, and uncertainty i

intervals based on a 95% confidence level.

4

1

1

1

D-1

i
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TABLE D-1
i

SUMMARY 0F UNCERTAINTY' ANALYSIS,

| TASK 5.5.4 SUPPLEMENTAL PLANT UNIQUE TESTS

[ % Uncertainty
Variable Nominal Range of lof Nominal- Value

,

: Value -Variable -(95% Confidence
. Level)

'

Measured Values:

Drywell Orifice Upstream 60 45+75 0.12
Pressure, psia-

Wetwell Pressure, psia 7.5 4. 2+16. 0 0.4

Drywell Pressure, psia 7.5 3. 7+16. 0 0.4

Torus Load Cell, Ibf 17,000 13,000+ 0.15
Maximum Downforce 19,000

,

Maximum Upforce 8,000 9,000+ 0.31
6,000

. Vent Header Load Cell, lbf 300 0+400 3.3
,

; Downcomer Orifice AP, psid 3.5 2.5+5.0 1.4

Torus Accelerometer, g 0.15 -0.3++0.3 6.7-,

:

Downcoraer Air Temperature - 115 100+135 1.4
i 0F
4

4 Vent He' der Impact- 10 . 0+15 5.0 i

Pressure, psia

Vent Header Accelerometer, g 0.8 -1.0++1.0 12.5

Initial Submergence, Inches . 12.0 9.3 +14.6 0.6
' Drywell/Wetwell aP, in. of 8.5 0+8.5 0.8

water

Vent Resistance Calibration:j
r

| Total fL/D 16.0 13.25+18.0 6.0

4

i

A

L

4

: D-2
,

t.

. . . - . ~ . . :,. . __.- . -.
., , , . , _ _ , , ,|
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TABLE D-1 (continued)

SUfHARY OF UNCERTAINTY ANALYSIS

TASK 5.5.4 SUPPLEMENTAL PLANT UNIQUE TESTS
% Uncertainty

Variable Nominal Range of of Nominal Value
Value Variable (95% Confidence

Level)-

Calculated Values:

Critical Nozzle Flow 7.7 6.9+ 10. 6 1.8
Rate,lbm/sec

Enthalpy Flow into Pool, 450 30 > 700 4.8 '

Btu /sec (based on downcomer
orifice differee.tial pressure
and upstream tet.;oerature)

patial Integral of Torus
Pressures (force), Ibf

Maximum Downforce 4,700 2,100+ 1.6
6,400

Maximum Upforce 2,700 950 1.7+

3,900

Inertia Corrected Torus
Load Cell, lbf

Maximum Downforce 5,000 2,100+ zl . 9

7,500

Maximum Upforce 2,800 1,10b !2.3
4,000

Impulse of Torus Spatial 330 140+ 500 2.0
Pressure Integral, lbf-sec

Spatial Ir.tegral of Vent 150 0+240 10.4
Header Impact Pressures
(force), lbf

Inertia Corrected Vent Header 260 0+350 14.1
Load Cell, Ibf

Impulse of Vent Header - Load 2.5 0+11.6 14.1
Cell Corrected, lbf-sec

D-3/D-4
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APPENDIX E

PHOTOGRAPHIC RESULTS

Figures E-1 through E-7 present the sequence of major events, which
occurred during a typical load definition test from each plant tested
during the' Supplemental Plant Unique Tests. The photographs are from
the high speed movies ta';n during the tests.

|

|

|

!

!

!

2

i

;

!
,

,

t

|

|

| E-1 |
| |
! ;
*

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



-.

;'' Mca~gW&S
u -Y(y@(c, .~i'

,

D' ego " -
E

-

-

L E E y m~ -rF 40w &-(

m,
-

)

, i

.

.
- . ,

. L

s .% ' a1*1m,.* Q.

7 T k'
. _

+

- .

. p

7 - d.f ' n" ''
n -.

3 '>

'

k1p,4 - .
;

-
.

' ~ .f ^ . "

9 f. |s :' t-
, -

,4 ; ; - y>J.~ ,' T
C

.

% . }\ Aeph' ,, P .A( ' M^
I

-

m.

.- .R 1 :

.p
t

~ E .

'g~y
D 0If A
E -

,
H ; =T

' i ; N
E O
V T

,

O

p*
i

C Id-
T

.
I

' ,k, '
,

ytt - R

. wy.
1'

3 O
F

w s
's--

mQ
.

D
En

., T
7 ,.

m a: ~ E
R

;s g
1 -

s, s .,( f, yf
M

: ,4
- # R

'n .g?
O.

- i*- ,' , C
..

.A ,. jR3;
' ],

N

. E.'. Uh

4,
.

m S
. ;-

_ E4 y3 f - y -

e .. .t

, r, [ |

f

-
u [gi:

.
I

u J L i T.

x E
C- ;

R.' O

'..h' '

'

, , .g [ . P >.

F
-

. [ U
-

.r+ [ <

K wf
; A_

E
P

1 - .
o

,, q| ! !

!
|

.

.

g kx , a

a A. ,

r

w .

t

. +

i%n iw 3

& ::,.
. =-; .

-

s
3iq

,4
4 . w

4?
M

.

.

.

. ;

,
1 ,

a

s,:,}
-sx ,

.

. .
n't p .g .

k
,

.

e>

- ' 3y
s E ,

C
-

j /- se
q
4 R ..

f| ,v O
; F .

y '.

N
W~

O .

]:
D

K
A

* E
P

m4

.

' [
.



- , M
- .:

- ?@@c;E Q=cMcg-|:ec,. &
h .ig y5co. amg m

&4o mkn ,y3 d e-, s

"
-

-

tg

9 W
.

,

g, g' .

'
. e

. .-
. .

.

', sge'- s
^

s :n ''

m-
- , ie.. ' fy?

, .i

.

.* .

' . u~--

| .

.

p- . " 5,
.i !' . G"

, 0
,

.

.

-

- | , e

)?b
, '

s - > . s

~ -
9

j , '

,. :g br
,

A"g
c

; 5

j , ' u
,

-
-

. c. .
,

, ,b
e

:
. .

c .
. i .+ .

ct'g
. ,

.

an .,
-

. .

m

MO g
.

s ,.,s
.

%g ,
-m, ..

- g[
.

~

T
. m,_

<

.. j.

-.

,.

, .

.,'r .
ft g' 0

_
s, .

.

T

, qmr< m .

R'
O;

F:j . h- :

g$
' D.;;. ~.

,; T - . .

E
,f- C . + Im,.

. ,. .

TaA y- . V.
,, E

CP "

fy M ,

R

J I . R
- - g '"Z

K y R _

'

; O
, C;

:
:.

O N,4 <
?';y; T U

d,. . 33 C

g; . E SL-

F g '

; E
ME I,

. D .

T

.N G
-

i t

-.
} ?! s

, ,*
,

'

.
1,..

., M
- _

i ,.

,

-

~
a -

-
y

n
.w .' ?. - w

n, ' .

,; . 4, ;
.

/g .
g '

. [-

.y ,
.Y* ,_

. a4gg ,
. .^ ;t

s
, w

.

" -
. * . y -

s _E

i
k1 y \s

,

p _(wi,_ C
,

: R ~

E

4'..
~ J O

. F , Ci

'.
-

g , R. . -, - N OW e, ! .

F
.

. .x- g

. c O _

h.
,6s Pn. D Uy,- . ;

.
K

~
. K

- n1 A
-

. ,

_ E ,
. e A-

E
' - P . P.f si .< .

_
.

_
_

.
ma

.

.

arkn2 - {zLtE15g ' . :- 7 ;; :,- t- b |-f'hL , f- [ .

-

._- rI



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

|

|

I
L

t

H o>l t(* 4-y * g-- *- -

& ,)t , 3 4~;
.g^ ;>'&s,gq " ' & ;; g ~Q

- ,
,

''a :-; - >
. v

. &:
Y .~ , b

hjj., , s jj I. ;, $najf f gytv ;n .: c ;~
..

+- /D
n. .g. at,

s

GE-$S 1 ,

.v
.

u3
, e. .. .. , i.

f

?g
^s.m .

*' I
'

g .. 4- Q'
.. . A 9 -,

,
-

M ,% ,: .-
3

- 1 . . . - m .

f f.i<

'

y , r._ . $
\'W ,

w, sy ,, ,

yt
,

.. -

! p =a. .,-

[i~~ : . ; uq .?*

,4h ' 4;;p::g ;> . .

i
o n -
"O| *- c"; PEAK DOWNFORCE DEFLECTOR IMPACT 2' c,

,
m o

e a
. # m m
! m i
.

a w i
1

, r
.~'

.
, * ~ gr.

. ;e.p ,I :*- ., .

i ,

.

4 ..

, . .. , ; ;-. ., . a w .- +
.

, , ,
i % 4 ,. - 3 1 -y .

s- -

|

f . . . k.D, i:. 4
y y

$ ib [.
g' g,A '4 % "

'' 5,

#x-im 'y3 vgigj.g: ,:g ~ m* - : -
. . , .

b< % , , u%e - .,
%, u. .,. M..g

.e:. :~..
. ; a 3:s . . . , - Q 7 [

'
..

, .. QJ. h- -- { >' '
.,

'L.b 3 (is;

p ''
(p ../f ,

.w ~' -

4(
*

ry., y[ .,y4:p
. , ,

,t 'i
#.4 )Jg

.'g1L. T , n 3 i:

:- y b< y,!
.t y ey . ; ,

; : - o, . . .

i. 'll s ' s, c' ?,
,

. || ~. 5 ~ # ~? . ' FI ai+R . ( -

,
'

u. e, , . 7 . M.. s -

e"n

-

.
|r ., >a ' ;. . ,,1 .% - ' ,2

,

4 ,

.

< A, , w.g- |

,
,

C; ;|L. ;i. N"?f i
.~3

' .J:

. w. \; ., , e
-

:
-.

,;
.I
.

! 7 4 . ,
.

J
. I

'

i e6 <*4nc
,

.b 0 :- .6
= . .

t,; - 'G.
,

- -1. c l a~ .

.

PEAK UPFORCEi

TIMES UNCORRECTED FOR T , T =. O m.
0 O

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



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

i <

s

4 3 s 3 s '@
.s \' 2-J f

~

.J Y ; ( }-'

. .~=%
'

:
! . s >

. . . , . . , .

?y &'

i- "' s

. .

,
.,

.
,

f ' t,,. W w +ry
.A *

. ,a (, -}----
- )T,1 ?

. iT.it | ;T Ji
'

e ?-- 3 . ^r .- ; - , "g~7 : . . , , ,
r

',
'

r, b
- . .

- s.,.

"

-
- [ha d)i '

, ,
.

>} p g f',
*

. ~., , [, y' -~ - #
.;

. %pam ;; - - - - , g. . p
lu -n ,

, , , ,,

z. . . ~-v ,,

w
-4
m

PEAK DOWNFORCE VENT HEADER IMPACT 2"
m e

M N C

E A2
x

F,..
*

-...t,,. . .
,

_
4

, . . .

,

:*
%r :} ~ r? .,? j }

''
-

,y ;;a;e. :y .e- .
. . n.... . -

, . _ . s
y* ' .. , . . , :,! .. O f f'. - 'LM * m -

. .; . ac

-

gN.c ~ 'L aM
'

,- % ..& t , f.
g, ,

1, y;g 2 *,

.'1 1
~'Qg ,a- 2 hf.,

ke 3;
*n vf $

.

J,,r#. 8f4 gy 9- E3

,
'

-
;r,it > 7,I!

' '
t' .

,
- .n -,

' a: f[ - Q" , , .
'

- .* *

. , , , .,

PEAK UPFORCE

TIMES UNCORRECTED FOR T , T = sec.
0 O

.



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

i'

!

C@
D

6 i L; . y. y!
- ; ,, 5

g' - s !,ng;;g
=

.

s..r- s s s 3. , q
,

_ 1,

. .

. O'. .$ 1'

S?;[| ~

f0) s'*; :} Qo]
. g, ye * *

V
.

, s ~

%,- -
.

$ ''mq ,

mv,
V. y,

'

.

,.
-

,

))~ ~ V
' ','

Mt'

.- .g
P4*'

17
,

: 1
-

1

, --

,.
_

- e>. . . -
_

24* .

.fF - ,
7 e

.' ( a ' 1 mf r ~ . . ,.,yn . , .

- g <w, . .L f. 2
-
r- n
*

; PEAK DOWNFORCE DEFLECTOR IMPACT VENT HEADER IMPACT 2
t C t

1

; m. o ,
* O

! @
-ai m..

| _ _ _ . y
m .

m
i

! m ;
' a

;

: .
-

: < N
| h. 9: . rA

[.f.[f 4

,

L ' '

s i * ,1 s .- s'

.

@$ft",. , .:1.?
~'

% t;
A ,o .

. ; .~ a% ,

d. ,

, , ,
''

!. |
i .

, ;*

,-*. a .,_n

! i h [ .~ . _
r

|
, ,

_,

Mj
fi g't, ' 1 y, ~A - t; ; e

j
._s s -

s
,I,~

1 ; i
.

, w
' A j~

-

mj , r ...e;
'

f . -.
, e,

.

w,. &...* v4*'
I 4%

'' :qe ;;,t '
,

^ w
|

*

j
' # 4 . . 4 -

3.

1

PEAK UPFORCE I
i

TIMES UNCORRECTED FOR T , TO ' .112 sec.0
_ _ _ . _ _ _ _ _ _ ._ _ _ ~ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _, _ _ . _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ .



_ . . . . . . . . . . . . . _ _

.

rg
- =k,' >=

. e-
- -;- r+ g . .g g.g;

J- A ['!| J ski 22 :2
~' -

;
3 W4_,

g;*1,.y . +
<

-

:
{.

- 1 /
_~

m. .,;.c;n (zy.. -,

, ,
.- .-, ...

M1,

c= a, m -y.. " -
.

M'

tt i k ^ ,el t m,
.t, '

e

m,

- .. q u e c2:a
,,

.

.

iI b E '3'
-"1 p t-

,

a ~ + j w gy 9+3 . m
.

, , ~ , .,
-

# . p
.

A, ., , f - -

r-
m n
H -4..

PEAK DOWNFORCE VENT HEADER IMPACT ee,

5 fbm6

i
~ m m

m i
m cn
H:

u -4[ m,,.

t it .,

1
. s ,s .,

1 -
. . .. , . . ,y . >...

, ,

s -. .p
.x r . ..s g :=; m;us- . v"' o ,t g , ;,?

y ' g55; '

: -

.?
s,4 g. ). r~ ,

y
_. - ,

-
. . .

,

-

,e , .. 6.
'

I . qt ) I , , " ' ' * -
. ,

*
- , i t, ii ! a - ; z{ ;t. ,.

. Ml1 8f! ! T '-6. ".. g . , ,0| [ m'

> '

4, &. t -

;
-

.;

c 4: .,g p < 8r, ..3 .- 3 . .. ,

. ~a
.

~
.

- n

d + .

.

. , . j, e -
%. , .. . . .e ". v .Y7,;c ,

'

* .

. 9.
j- . i

- .,s c, .s 7+.n, . j ,,a
~

ee-

,

.g . ..

;q.-
o.. ,p

- PEAK UPFORCE

i TIMES UNCORRECTED FOR T , TO = .100 m .0



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

l

1

c-

o
5' d *). a) w :. w-

I &*
c

,,

bJ @--
...

.: Q '[ W 5@9 y2 t=:m
Rf i |4 @@

"
'

,

,P , := a,
'

, ,

,,5..
-

gg; + s 4, 4 ,,
<~

s
. ..

. cra
ED-. .

-, m .

" e,
.

S y
.1'

' '

g, , r.- p o..

*
i c

m
x

; PEAK DOWilFORCE DEFLECTOR If1 PACT VEf4T HEADER IMPACT y,,
4 -4 eM > C,& H.,_ e4

o '= m
La

*

4 --4
'

s m
m
--(

l
* N

i . .A ,e 4
*

t>= e,
_

,

..- ; 4 r,
.

Ot t -, .., ';
.

. , .s - 'A ='
i '

i . , ' * - 3,. g.-

; j : .. Y N:^ ' )-
'

:&'
'

- ~.
,

I 3%{ .- d . . . g '.; * :{ . .-,'
- ' ,p 'Egi/t. . ,% <

. i 14
'-

3f! x; s

; hb) {. , ' , %'.E ,

4_s f. 3 g
' '

a '*'
.,, Ae _; . ..s ,,

S S b
as.

* H
v,.. ..

b.-1 J -''
j. 9 . ., 3 .

c^ c~m . . > .
.

1
'

e .

PEAK UPFORCE
'

TIMES Uf1 CORRECTED FOR T , T .216 sec.=
0 O

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



. - . - . - .- --

NEDO-24615

APPENDIX F

SMOOTHING WINDOW-Rt.M CD

D0WNLOAD OSCILLATIONS-IN TORUS LOAD DATA

Three plants in the Task 5.5.4 series of testing (Millstone, Oyster
-Creek, and Caoper Station) exhibited window-related torus download

oscillations of sufficient may11tude to warrant filtering (as discussed
in Appendix H of Reference 2) to remove these non prototypical effects.
The. technique.used for digitally filtering the. acceleration-corrected
torus pressure' integral data to eliminate oscillations was discussed in
detail in the referenced report and is summarized below:

l

| (1) Perform a Power Spectral Density (PSD) analysis of the window
accelerometer and corrected pressure integral data for each test.

(2) . Compare the window accelerometer and corrected pressure integral
PSDs to determine natural window frequency. Select an appropriate
notch filter.

1 (3) Filter the corrected pressure integral data over the frequency band
determined in (2).

,
J

Figures F-1 through F-3 present sample PSD plots of window acceleration
i
"

and corrected torus pressure integral for each plant. Also shown are
the notch filter frequency range selected from each plant's data.
Figures F-4 through F-8 present filtered pressure integral (corrected)1

plots for Millstone tests, Figures F-9 through F-18 present filtered
'

pressure integral (corrected) plots for Oyster Creek tests, and Figures F-19
1 through F-26 present filtered pressure integral (corrected) plots for
o Cooper Station tests. The filtered and unfiltered curves were compared '

in Appendix A. In general, the filtering succeeded in removing window-
related sinusoidal oscillatons without disturbing the basic character of
the force plot. Filtering did not remove the download oscillations4

'

thought to be caused by vent clearing phenomena.

:

F-1
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FIGURE F-1

Millstone - Test 7
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f!GURE F-2
Oyster Creet . Tc;t 94
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FIGURE F-3

Cooper Station - Test 7
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4

!
FIGURE F-4

MILLSTONE TORUS LOADS (TEST 68)

Filtered 87.5 - 117.5 Hz
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* General Electric Company proprietary information has been deleted.
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*

FIGURE F-5

MILLSTONE TORUS LOADS (TEST 7A)

Filtered 87.5 - 117.5 Hz
|
|
|
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* General Electric Company proprietary information has been deleted.
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FIGURE F-6
*

MILLSTONE TORUS LOADS (TEST 8)

Filtered 87.5 - 117.5 Hz
t

1

.

* General Electric Company proprietary information has been deleted.
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FIGURE F-7

MILLSTONE TORUS LOADS (TEST 9A)

Filtered 87.5 - 117.5 Hz

|
|

l

,

*Cencral Electric Company proprietary information has been deleted.
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FIGURE F-8 ;

! MILLSTONE TORUS LOADS (TEST 10) i
*

i
'

Filtered 37.5 - 117~.5 Hz
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FIGURE F-9

OYSTER CREEK TORUS LOADS (TEST 6)

Filtered 105 - 125 Hz

.

|

* General Electric Company proprietary information has been deleted.
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FIGURE F-10

OYSTERCREEXTORUSLOADS(TEST 7)
i

Filtered 105 - 125 Hz
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i
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* General Electric Company proprietary information has been deleted
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FIGURE F-11

OYSTER CREEK TORUS LOADS (TEST 8A)

Filtered 105 - 125 Hz

.

J

* General Electric Company proprietary information has been deleted.
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FIGURE F-12
OYSTER CREEK TORUS LOADS (TEST 9A)

Filtered 105 - 125 Hz

i

i

* General E1cetric Company proprietary information has been deleted.
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FIGURE F-13

OYSTER CREEK TORUS LOADS (TE.ST 10)I

Filtered 105 - 125 Hz

.

* General Electric Company proprietary information has been deleted.4
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! FIGURE F-14
1

; OYSTER CREEK TORUS LOADS (TEST 11)
i
; Filtered 105 - 125 Hz
i
=i

i
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i

* General Electric Company proprietary information has been deleted.
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FIGURE F-15
0YSTER CREEK TORUS LOADS (TEST 12)

Filtered 105 - 125 Hz

|

s

* General Electric Company proprietary information has been deleted.
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FIGURE F-16

OYSTER CREEK TORUS LOADS (TEST 13)

Filtered 105 - 125 Hz
;
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* General Electric Company proprietary information has been deleted.
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FIGURE F-17
OYSTERCREEKTORUSLOADS(TEST 14)

Filtered 105 - 125 Hz

.

<

.

|

*Ceneral Electric Company proprietary information has been deleted. i
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FIGURE F-18 i

OYSTER CREEK TORUS LOADS (TEST 15) !*

Filtered 105 - 125 Hz

|
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|

*Ceneral Electric Company proprietary information has been deleted.
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FIGURE F-19

COOPER STAT 10tl . TORUS. LOADS (TEST 6) (* I
'

Filtered 80 - 120 Hz

-

* General Electric Company proprietary information has been deleted.
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FIGURE F-20
,

COOPER STATION TORUS LOADS (TEST 6)

*

|
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FIGURE F-21
*

COOPER STATION TORUS LOADS (TEST 8A)

Filtered 80 - 120 Hz

,

.

(

!

!
,

|
2

* General Electric Company proprietary information has been deleted .
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FIGURE F-22 *

COOPER STATION TORUS LOADS (TEST 9)

Filtered 80 - 120 Hz

0 General Electric Company proprictsty information has been deleted.
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*

FIGURE F-23

COOPER STATI0tl TORUS LOADS (TEST 10)

Filtered 80 - 120 Hz

|

* General Electric Company proprietary information has been deleted.
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*

FIGURE F-24

COOPER STATION TORUS LOADS (TEST 11)

Filtered 80 - 120 Hz

.

|
|

|

OCeneral Electric Company proprietary information has been deleted.

F-25

_ -_



._

.

NED0-24615

FIGURE F-25 ,

COOPER STATION TORUS LOADS (TEST 12A)

Filtered 80 - 120 Hz

.

* General Electric Company proprietary information has been deleted.
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FIGURE F-26 * '

COOPER STATION TORUS LOADS (TEST 13)

Filtered 80 - 120 Hz

:

* General Electric Company proprietary infermation has been deleted.
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APPENDIX G

.

VENT RESISTANCE EVALUATION i
i
!

i

| Prior to each set of Supplemental Plant Unique Tests it was necessary to
j

experimentally determine the vent resistance in the Quarter-Scale Test,

i
Facility and, if necessary, adjust flow orifices to bring the vent

! system fL/0 and the fL/D split within the required range. This Appendix
describes the test requirements and the experimental method and discusses
the analytical technique used for data reduction.

G.1 Test Requirements

I Based on the scaling laws (Section 2.1.1), the enthalpy flow (A = pAVC T)p

is scaled by SF7/2 where SF is the scaling factor. Since p is equal to
P/RT- from the ideal gas law, the enthalpy flow can be expressed as follows:

A = PAV

where P = pressure,

A = flow area
i

j V = velocity
i

1

Since the pressures are proportional to scale factor and areas are
proportional to the scale factor squared,

2A a (SF)(SF )y

Consequently, for subscale tests the vent system velocities must be,

q proportional to the square root of the scale factor. This scaling
requirement has been met in all QSTF tests by placing flow orifices in
the vent system.

,

For the quarter-scale tests performed to evaluate scaling (Reference 3,
Figure 3-5), the quarter-scale exit velocity-pressure ratio characteristic

| was calibrated to match scaled-up, 1/12-scale values. However, for

'
i

!
| G-1

i '
. - . . . ,- _ . . . - . , _ - . . m. ,....,--, , , , - . , . . . __. . _ ,-.. . _ , - , - . - - , .. - . . _. . -_--.
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plant unique testing, vent resistance requirements were based on cal-
culated full-scale plant unique vent system fL/D values, adjusted to
subscale by the relationship I

(fL/0)33 =~(fL/D)p3 x (1/SF) x (T/T )'

D

.where

(fL/D)33 = vent system total fL/D for subscale test,

4 (fL/D)p3 = vent system total fL/D for ful1 scale plant
I SF = scaling factor

T = initial test temperature

TD = initial nominal bulk drywell temperature

The initial test temperature was 70*F (530'R) and the initial nominal
bulk drywell temperature was a utility input.

For compressible flow the use of the Fanno equations (see Section G.3)
with'the above scaling relationship is slightly conservative, because it
results in a slightly higher subscale flow velocity than required. For

a full scale fL/D of 5 at a pressure ratio of 0.8, the Fanno equations i

would predict an exit velocity of 321 ft/sec which, scaled to quarter
scale, requires a velocity of 160.5 ft/sec (neglecting temperature
differences). This is equivalent to a quarter scale fL/D of 20.5 which
is slightly higher than the 20.0 obtained by using the fL/D scaling
relationship. For additional conservatism, the plant unique vent resist-
ance tested was always equal to or less than the scaled, full-scale vent
fL/D. An fL/D tolerance of +0, -2 was allowed from the scaled, full-scale

vent fL/D (except for Nine Mile Point, for which the tolerance was
revised to +0, -2.5).

Tests conducted during Task 5.5.3-1-(Reference 1) with flow orifices
located only in the main vent stfowed that increasing the vent system
volume downstream of the vent system flow orifice increased the torus
and vent header loads. Prior to vent clearing and during the early
stages of bubble growth, the volume downstream of the orifice acts as an

,

G-2

- .. - - . . . . . - -
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!

| accumulator which helps to maintain bubble pressure when the bubble
begins to overexpand. This effect is referred to as vent system capacitance.

!

i

: The Mark I vent system capacitance can be closely modeled for subscale '

tests with two properly placed orifices (Reference 2). For an orifice (
at the entrance to the vent system and an orifice in each downcomer a I

>
l 50%, 50% split in vent system resistance provides a good simulation of

the full-scale Mark I vent system capacitance characteristics.
!
!

) G.2 Experimental Method
|

. .

i The basic experimental method consisted of discharging the facility air '

j reservoir (about 500 cubic feet initially charged with air) through the
ven'. system. During'this test, the front door was removed from the

;. wetwell so that the downcomer exit was at ambient pressure. A typical
{ reservoir blowdown would last approximately 15 seconds and during this ;

} time sufficient data was taken to allow determination of the instan-
taneous mass flux into the drywell n well as the pressure drop across '

i the vent system * A quasi-steady f1 w was. established within one to two'
;

] seconds. Neglecting mass storage terms in the drywell and vent system
j during the quasi-steady portion of the test, allows the system fL/D to ;

. |

'
j be calculated as described in the following section. ,

'

The following measurements were digitally sampled at 500 samples per
second during the test (see Figure G-1 for measurement locations):

P = Pressure at the charging orificec-
T = Temperature at the charging orifice4

c

P, = Drywell pressure
T, = Vent total temperature (assume equal to downcomer

temperature);

P2 = Vent header static pressure
,

,

.

&

i G-3
!'

s

|
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In addition to these measurements, the ambient pressure (P ) was recorded
3;

from a barometer located at the facility. Due to the temperature sensi-
! tivity of the pressure transducers (Sensometrics SP-65), it was necessary

to thermally isolate them from direct contact with test flow. This was.

| . accomplished by attaching the transducers to a length of copper tubing
i which communicated with the location at which the pressure measurement
' was to be made.

-;

,

The digitally sampled data was stored on magnetic tape and later plotted
as a function of time. Data was read off the graphs and entered into a
computer code which made the vent resistance calculations.

G.3 Analytical Methods

Plant unique vent flow losses are simulated by the use of two flow
orifices (Figure G-1). One of the flow orifices is placed at the main
vent entrance and a pair of identical orifices are installed, one in each

downcomer. The total flow loss is then obtained by summing the losses
through the two flow orifices.

The vent system fL/D was calculated from measured data by using the
Fanno equations which describe compressible flow with friction. This

method requires that the mass flow through the system (m) be known. The

mass flow was calculated from measured fluid properties upstream of the
,

drywell flow control (inlet) crifice using the orifice flow equations in
the following form:

0.4739 A P I 2g P,,

c c
-

m= J ; < 0.528
kl-p4 1RT Pc c

0.98 A Y 2g (P - P,) P P,c c c
m= J ; > 0.528

fl - $4 Y RT Pc c

G-4

--..- .. - . .
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2
| where A = Flow orifice area (in )c
' R = Gas constant (53.3 ft. Ibf/lbm *R)

2
g = 32.17 lba ft./lbf sec

p = D /0, (where D is the diameter of the pipe containingc o

the flow orifice and O is the flow orifice diameter)c
- . . -

i /2t1-(P ) * 2as 1-p4
R

and Ye '3.5 PR* j_p )_p4(p ) ,429 |

1
'

PR = P,/P,

P , T , and P, are defined earlier (see Figure G-1). Having determinedc c
the mass flow into drywell (m), the vent fL/D was calculated with the
Fanno equations as follows: '

.

m RT / ) -(y + 1)

1 + Yd M} 2(y - 1)W i Wi=Mii*p g 7 2

.

,,)M3)_2(y-1)
-(y + 1)R T, (m

W M I + '22 " p ^9 2
2 Y

( j

3=Mhl+Yl M3
"3 " ; Wp g

y-1

(fL/D)i=1NS-"5+_Y+l in |f ( +
"3 } "? \'

y Y-I l

M3M{ 2y ( (1+ 2 M}) MS /
'

Y-l
M ) M3 { , j1M - M3 ,y+1 in (1+(fL/D)2* ,

y-1y
Mj) M3 )M3M3 2y ((1+ 2

(fL/D) = (fL/D)) + (fL/D)2

C-5

.- , . . , _ , - - . .
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Here P0 = Drywell pressure, P2 = Vent header pressure, P3 = Ambient
pressure, TO = Drywell temperature, A = Reference downcomer area from
hydrodynamic conditions, and y = 1.4.

For each selected data point during the test, W , W , and W are cal-j 2 3
culated from measured or derived quantities. The corresponding values

of H , M , and M are calculated by an iterative procedure, and the flowj p 3

losses through the vent orifice (fL/D)j and downcomer orifice (fL/D)2
are calculated from the above algebraic expressions. Finally, the total

vent resistance (fL/0) is obtained from the sum of (fL/D)j and (fL/D)2'

G.4 Typical Test Data

The calculated total vent resistance (fL/D) and its distribution as a
function of t.he ratio between the ambient and the drywell pressure for
the seven Mark I plants tested are presented in Figures G-2 through G-15
and summarized in Table G-1.

Although the calculated values of vent system fL/D presented in Figures G-2
through G-15 exhibit some scatter, this scatter is felt to be primarily
caused by uncertainties in the calculate'd fL/D and not by real variations
in fL/D with vent system pressure ratio. Therefore, the fL/D values
presented in Table G-1 are the average of the calculated fL/D values
over the pressure ratio range from 0.8 to 0.9. The pressure ratio range
of 0.8 to 0.9 was selected for fL/D calibration in order to provide a
nearly incompressible fL/D at a 10.4 enough pressure ratio to minimize
measurement error. Since the Fanno equatic.is are based on pressure dif-
ferences, the calculated fL/D values become more sensitive to uncertainty
in the measured pressures at high vent system pressure ratios. The
pressure signals (especially in the drywell) contain high frequency
acoustic noise with an amplitude of a few tenths of a psi. The pressure

uncertainty caused by this noise is felt to be largely responsible for
the scatter in calculated fL/D. The measurement uncertainty analysis
presented in Appendix D indicated an fL/D uncertainty of 6% at 95%
confidence.

|

G-6
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FIGURE G-1
I

FACILITY GE0 METRY

MAIN FLOW CONTROL
ORIFICE (A , O )c cDHYWELL

d
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UPSTREAM FLOW
RESTRICTING
ORIFICE LOCATION

VENT HEADER

P ,To2

DOWNSTREAM FLOW
RESTRICTING
ORIFICE

P3- -
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FIGURE G-2

CALCULATED VENT HEADER RESISTANCE fL/D ;

)

Task 5.5.4 Monticello Tests

*

* General Electric Company proprietary information has been deleted.
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FIGURE G-3

VENT RESISTANCE (fL/D) DISTRIBUTION

Task 5.5.4 Monticello Tests

i

*

.

* General Electric Company proprietary information has been deleted.
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FIGURE G-4

CALCULATED VENT HEADER RESISTANCE fL/D

Task 5.5.4 Duane Arnold Tests

+

* General Electric Company proprietary information has been deleted.

G-10
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FIGURE G-5

VENT RESISTANCE (fL/D) DISTRIBUTION

|

Task 5.5.4 Duane Arnold Test:

{
| s

*

*Ceneral Electric Company proprietary information has been deleted.

G-11

_ _ _



NEDO-24615

FIGURE G-6

CALCULATED VENT HEADER RESISTANCE f /DL

Task 5.5.4 Pilgrim Tes ts

*

* General Electric Company proprietary information has teen delete <l.

G-12
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FIGURE G-7

VENT RESISTANCE (fL/D) DISTRIBUTION

Task 5.5.4 Pilgrim Tests

|

|
t

*

* General Electric Company proprietary information has been deleted.
G-13
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FIGURE G-8

CALCULATED VENT HEADER RESISTANCE fL/D j
;

!
Task 5.5.4 Oyster Creek Tests

.

.

*

* General Electric Company proprietary information has been deleted.

G-14
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FIGURE G-9 ;

VENT RESISTANCE (fL/D) DISTRIBUTION

Task 5.5.4 Oyster Creek Tests

*

?

I

* General Electric Company proprietary information has been deleted.
G-15
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FIGURE G-10

cal.CULATED VENT HEADER RESISTANCE fL/D

Task 5.5.4 Nine Mile Point Tests

*

1

,

* General Electric Company proprietary information has been deleted.

G-16



,

NEDO-24615

i

FIGURE G-11

VENT RESISTANCE (fL/D) DISTRIBUTION

Task 5.5.4 Nine Mile Point Tests

.

*

i

dGeneral Elcetric Cotopany proprietary g.17
information has been deleted.
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FIGURE G-12

CALCULATED VENT HEADER RESISTANCE fL/D

Task 5.5.4 Millstone Tests

*

*Ceneral Electric Company proprietary information has been deleted,

i G-18
|
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FIGURE G-13

VENT RESISTANCE (fL/0) DISTRIBUTION

|

Task 5.5.4 Millstone Tests

|
\

*

.

* General Electric Company proprietary
Information has been deleted. G-19
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FIGURE G-14

CALCULATED VENT HEADER RESISTANCE fL/D

Task 5.5.4 Cooper Station Tests

*

cGeneral Electric Company proprietary
information has been deleted. G-20
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FIGURE G-15

VENT RESISTANCE (fL/D) DISTRIBUTION

Task 5.5.4 Cooper Station Tests

|

f

*,

.

*Ceneral Electric Company proprietary information has been deleted.
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|TABLE G-1 *

|
.

SUPHARY OF VENT RESISTANCE

Task 5.5.4 Supplemental Plant Unique Tests

.

*Ceneral Electric Company proprietary information has been deleted.
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; APPENDIX H
I

FORCE CORRECTION FOR THE VENT HEADER LOAD CELL DATA
i

Forces measured by the QSTF vent header load ~ cell are a combination of

external pressures (water and air) and internal pressure (air). The

external forces are properly scaled in the QSTF and when multiplied by '

the proper scale factor are the expected full scale vent header or
deflector loads. The internal (thrust) forces were not intended to be
scaled since the QSTF vent system does not model the three-dimensional

full-scale flow geometry and since Moody's scaling laws (Reference H-1)*
call for an internal pressure loss coefficient of about four times
higher than is prototypical.

.The vertical flow geometry of the QSTF vent system minimizes the magnitude
of the thrust term. -The thrust transient typically causes the corrected
vent header load cell to fall several hundred pounds after vent clearing
indicating a downward force on the vent header due to flow and vent
system pressure drop.

The vent header impact as measured by the load cell is superimposed on
~

the thrust transient. In practical terms, this requires a zero offset
(the value of vent header impact thrust) in the load cell in order to
facilitate a comparison of the load cell force with the vent header
pressure integral. This technique was used for vent header load cell
data up through the Plant Unique Tests.

The use of large vent header deflectors reduces the measured vent header

pressure integral in the QSTF to values of 100 lb or less while extending
fthe loading duration. In this range, the uncertainty in the load cell

corrections for vent header thrust complicate the comparison of load
cell values with the vent header pressure integral.

t

* Reference H-1: Moody, F. J. , " Drag Forces on Submerged Structures
in Unsteady Flow," NEDE-2141, September 1976.1

H-1
1

- - -, . - _ . . _ ._. ., _ . . _ _
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This appendix describes the relationships which have been developed to
,

correct the vent header load cell for internal thrust forces. Although

the vent header pressure integral remains the primary measurement of the
vent header impact, the thrust-corrected -load cell is felt to be a more
directly comparable value for small impact forces. Thrust-corrected
load cell values have been used for all the Supplemental Plant Unique-
Tests to compare with the impact pressure integral.

This appendix describes the method used to calculate the internal drag
forces. Subtracting the internal drag forces from the load cell data
leaves the external, properly scaled forces.

4

Figure H-1 shows a schematic of the vent header force measurement system
severed from the facility at the column which connects the header load

,

cell to the drywell (structural ground).
,

Entrance conditions to the header are through an area A), at speed u ,j
static pressure p j ar.d static density p). Air exhausts from the header

through A2 (inside area of both downcomers) at stat $c pressure p2 and

static density p2'

!

Applying the vertical momentum equation to the control volume of the

inside of the header with entrance at A) and exit at A,

2

[f (ouA) dx + p2uA PuAj = P)Aj 22 XI (1)-PA -F
2 l

:
"

The first term is the rate of X momentum storage between station 1 and 2
and can be shown to be negligible. The second and third terms on the

left hand side are the momentum flux into and out of the control volume.

| The magnitude of each term can be shown to be small and the difference
,

negligible. The last term F is the X component of the pressureXI
'

integral over the entire inner surface which would be very difficult to
,

o

H-2'

I

1.
-- -. _ ,. -- --. .
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evaluate by a detailed internal integration but which equation 1 (assuming
the momentum storage and flux terms negligible) shows simply to be:

i

F PAyy yy - PA (2)=

22
|

If there were no water in the torus during a QSTF test, the net external
bydrodynamic load would be zero, but the load cell would rr. cord a change
in measured force as flow occurred and P and P changed values. Notey fs
in particular the region where the vent header vertical vent seals and
slides against the torus guide tube. P occurs on one side of thej
flange and P on the other. Since this causes a change in the tarefs
force as P; and Pfs change but has nothing to do with hydrodynamics, the
effect must be eliminated.

As a reference force condition it is assumed that P applies to thefs
exterior surface of the vent header, except for P2 on the downcomer lip
-P (A -A ). This assumption is shown in Figure H-2. It can be shown that the2 3 2
x-component of the pressure integral over the dotted path on Figure H-2 is:

Fexternal = Pfs (A3 j-A)

The net tare or datum force on the header is then

F =PA -P022+Pfs (A3 - A)) - P2 (A3 2d jj -A) (3)

Combining Terms

Fd=Aj (P) - Pfs) - A3 (P2 -Pfs) (4)

The last term in (3) is the remaining area to complete the X-component
of the pressure integral, the downcomer lip (A - A ) at pressure P .

3 2 p

11 - 3



m

|
|

NEDO-24615
;~

In the QSTF P , P and P are measured but P) is not P must bey 2 fs
-

.

3

calculated by using test data to calibrate the pressure loss coefficient
between station 1 and the interior of the header, station v.

~

It is assumed that the stagnation pressure loss from station 1 to v is
proportional to the square of the mass flow rate between stations.

.

-Po -P = C;2 (5)j y

Assuming incompressible flow
.

Poy=Py+fpu 2
yy

"1 * &pAyy

;

Py = p RTyy

25 RT
Poy=Py+f (6)2PAyy

2-

-Pv=c5-f;PA
RT

2 1
,

Thus, P (7)y
J

yl

The coefficient C was evaluated by using equatione (4) and (7) and
measured values of Pv, P , P , and FLC ( btaine. .;ufficiently late2 fs,

in time-so that significant flow exists, but vent header forces due to
,

hydrodynamics have. decayed). The following dimensional equation resulted
from this evaluation:i

,

11 - 4
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25T
' 2 1

P3 = 0.0794 5 + Pv - 0.0002 (8)p,

1-

2| where units are: P[lb/in )
a[lb/sec].

T[*R]

It should be noted that the derivation of the datum force, equation (4),
; applies'after vent clearing. Before vent clearing, water is being

ejected at station 2 and its momentum flux is not negli:,1ble. However,

vent neader impact occurs well after vent clearing when Equation (4) is
'

valid. A computer program was written to evaluate Equation (4) and

subtract Fd from the vent header load cell data. The vent header forces
from the load cell data, listed in the tables in Section 3 and Appendix A,

i are corrected for inertia and internal drag forces using the method presented
in this appendix.

J

t

i

i

|
*

H-5
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FIGURE H-1
-

SCHEMATIC 0F VENT HEADER FORCE MEASUREMEffT SYSTEM
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' FIGURE H-2

VENT HEADER PRESSURE DISTRIBUTION
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APPENDIX I
,

DEFLECTOR LOAD ANALYSIS

I.1 Deflector Forces

|

I.1.1 Introduction
.

'During the Mark I Long Term Program Task 5 5 3, Series 2 testing (Refer-4

. .

ence 2), nost plants elected to test with deflectors installed below the
vent header. These deflectors were suspended from the torus by 1/8-inch
diameter stainless steel cables. In order to determine forces on the deflec-
tor and the amount of force transmitted to the torus through the support
cables, the Task 5.5.4 tests were conducted with the deflector suspended =

first from the torus, then from the vent header. The differences observed
in measured torus and vent header. forces for each test configuration
provided the basis for calculating deflector forces. This section
analyzes the deflector loads and impulses for the Monticello, Duane

; Arnold, Pilgrim, Oyster Creek, Nine Mile Point, Millstone, and Cooper
Station test configurations. The test matrix and vent header attachment
methods are summarized in Tables I-1, I-2, and I-3.

I.l.2 Deflector Forces Determined From Vent Header Load Cell

Figure I-l presents the uncorrected vent header load cell outputs for
Pilgrim Tests 6 through 9 (8.51" H O drywell/wetwell AP). The large2
force oscillations experienced by the vent header during Tests 8 and 9

I (deflector bolted to the vent header) make a direct comparison with
Tests 6and7(wire-supported) difficult. The vent header load cell out-
put was corrected for vent header inertia by subtracting the product of
the averaged upper and lower vent header accelerometer outputs and the vent
header mass. The outputs of the upper and lower accelerometers were

1

| averaged to reduce the noise and moderate the effect of any surface
deflections which might have been measured by either accelerometer.i

Figure I-2 shows that although correcting the vent header load cell
,

1-1
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j - outputs for inertia _(mass times acceleration) results in elimination of ,

! . the large oscillations, the noise level of the resulting plot is unde-
i sirable. Application of a fifteen point smoothing technique to the data

resulted in elimination of most of the noise without significant loss of
data _(see Figure I-3), Smoothing did, however, both reduce the vent

.|
header force rate of rise and eliminate the force spike of 540 pounds at

'

,

; 135' ail 11 seconds which was introduced during acceleration correction.
Integration of-the smoothed vent header load cell plot (Figure I-4A) . L

shows-a maximum difference in impulse between the torus- and header-

supported deflector arrangements of approximately 6 lb-sec for the
8.51" H 0 AP drywell/wetwell differential pressure. Graphical integrationj p

: of the uncorrected vent header load cell plot (Figure I-48) yields the
same results. This indicates that the smoothing technique preserves the
vent deflector impelse and provides a good indication of the force-time
history.

The overlay of net vent header forces obtained with the deflector attached
to the torus and net vent header force obtained with the deflector

: attached to the-vent header shows a peak , force on the deflector of about
350 pounds at 140 milliseconds (Figure I-3). The small oscillation
following the peak is probably the result of not correcting for the mass

f of the water surrounding the deflector. This " hydrodynamic mass" increases
the apparent mass of the deflector and is not included in the acceleration

i correction. .The amount of- correction is small and is approximated by
the dashed line in Figure I-3.

I

Figure I-5 presents the uncorrected vent header forces obtained with a
zero drywell/wetwell AP for Pilgrim Tests 10 through 13.

Figure I-6 illustrates smoothed net vent header forces and Figure I-7
shows integrated vent header forces for 0" AP. Th'e overlay of vent
header forces shows a peak force on the deflector of about 400 pounds at
190. milliseconds; the overlay of integrated forces gives an impulse of

,

approximately 8 lb sec.t

l
!

1-2
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Figures I-8 through I-35 illustrate the smoothed, inertia-corrected vent

'

header load cell forces, calculated deflector loads, integration of both
smoothed and uncorrected vent header load cells, and calculated impulses
for the Monticello, Duane Arnold, Oyster Creek, Nine Mile Point, Millstone,
and Cooper Station tests.

A summary of test results is presented in Table I-4. Figure I-36 shows
the relationship between height of the deflector above the original pool
surface and average impact pressure for dual-downcomer plants. The

impact pressure was greatest for a height of between 3 and 9 inches;
pressure leveled off for heights above 5 inches.

I.l.3 Deflector Forces Determined From Torus Data

In order to determine if deflector forces could be deduced from torus
data, the corrected torus load cell plots from the Monticello tests were
examined. Although some difference in torus force is evident during the
period of deflector upforce, the quantitative difference is indistinct
(see Figures I-37 and I-38).

*

.

A smoothing of the load cell trace was achieved by correcting for inertia
with a " pseudo-weight" of 12,800 lb . Although actual weight of the

f

torus was 8,800 lb , the pseudo-weight was used to compensate for non-
f

uniform accelerations of torus components. The load cell trace represents
the total of forces applied to the torus. This total includes the
hydrodynamic forces of water and air bubbles, as well as any external
torus forces such as the tensile force on deflector cables.

A comparison of the smoothed load cell plot with the integrated torus
pressure plot, which represents the hydrodynamic force against the torus
bottom due to water and air bubbles, reveals external torus forces.
Figures I-39 and I-40 show the torus load cell and torus pressure integral
forces for the Monticello tests. Figures I-41 and I-42 compare the-

differences between the torus load cell and pressure integral forces for

I-3

~
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those tests. The differences represent the external torus forces present
in the load cell output which are not present in the torus pressure
integral. The dashed lines indicate the average external forces for
each test condition. The difference between the average external forces

.for the deflector " bolted" and " cable-strung" conditions is shown on
Figure I-43 and represents the upward force exerted on the torus by the
deflector cables. This analysis of torus data inoicates that the maximum

,

deflector upforce was 400 pounds for a 12-inch submergence (compared to
420 pounds upforce obtained from vent header data) and 500 pounds for a
10-inch submergence (compared to 440 pounds obtained from vent header

data).

Deflector impulse (Figure I-44) was calculated by integrating the deflector
upforces shown on Figure I-43. The impulse for a 12-inch submergence
was computed from torus data to be 12.5 lb-sec (compared to 20.9 lb-sec

obtained from vent header data). The impulse for a 10-inch submergence

was computed from torus data to be 10.5 lb sec (compared to 15.6 lb-sec

obtained from vent header data).

I.l.4 Conclusions

o Maximum deflector upforces between 200 and 425 pounds with durations

of between 40 to 90 milliseconds have been determined for the
Monticello, Duane Arnold, Pilgrim, Oyster Creek, Nine Mile Point,
Millstone, and Cooper Station tests. These forces were determined
by measuring the differences in smoothed, averaged, acceleration-
corrected vent header load cell forces with the deflector alternately
attached to the vent header and suspended by cables from the torus.

o As a redundant technique deflector upforces and impulses can be

roughly estimated from torus load cell and pressure integral data.
Estimates of upforces can probably be assumed to be within

20 percent of actual values; estimates of impulses will probably
be within 50 percent of actual values.

! I-4
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Although vent header deflector upforce was transferred to the toruso

through the support cables during the Plant Unique Tests (Task 5.5.3-2),
the force transfer did not appear to affect the reported peak
downforces and upforces. The force transfer definitely did not
affect the net torus force plot which was ccer sted from the corrected
pressure integral (P-Plot), since the effect of increased torus
pressure due to increased upward movement.was eliminated with

application of the correction for water inertia. Although the vent

deflector upfarce did reduce the corrected torus load cell force
plot (Q-Plot) as discussed in Section I.1.3, it did not appear to

I affect peak torus downforce or upforce since the deflector loads
occurred during the period from peak downforce to peak upforce.

f
~

I I.2 Dye Injection

In conjunction with the experimental work to measure deflector forces
during the Supplemental Plant Unique lusts, an analytical model was
developed (Reference 5) to correlate the test data and estimate deflector
forces for plants tested during Task 5.5.3-2. One of the primary model

inputs was the fluid velocity and acceleration history at the deflector.
Early analysis showed that the deflector acted to decelerate the finite
fluid mass under the deflector. This finding raade the use of free
surface vel'ocity inappropriate and overly conservative for deflector
force definition. The displacement history of the bubble top (a clearly
defined interface) was used to adjust the free surface velocity after
deflector impact to obtain a more realistic estimate of the flow conditions
acting on the deflector.

A dye injection rake was used (Figure I-45) to provide a measurement of
the flow field underneath the deflector in order to corroborate the
trend observed in the bubble top. Dye was injected into clear pool
water during the Pilgrim shakedown test. Three velocities were obtained
from the high-speed movies of that test: pool surface velocity, top of
bubble velocity, and subsurface pool velocity under the vent deflector

I-5
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i

| (see Figure I-46). The results of the dye injection analysis are shown
i on Figure I-47. At deflector impact (115 milliseconds), the dye was ,

located 8 to 10 inches b'elow the deflector and its velocity had reached

7.5 ft/sec. At that time, surface velocity was approximately 12.5 ft/sec. i

; Dye velocity began to decrease after deflector impact.
'

!
!

,

'

The data shown in Figure I-47 seem to indicate that since the bubble top

| 1s rising through the fluid, the bubble top displacement and velocity
follow the trend of the free surface longer than the dye. The dye

{: .
'

| probably provides a more realistic picture of the decelerating effect of

| the deflector on the flow field. These data seem to indicate that use
j of the trends in bubble top velocity to adjust free surface velocity is i

f a conservative approach for estimating the flow velocity acting on the j
f

deflector. :
r

j Dye movement was also measured during the Millstone, Cooper Station, and

| Oyster Creek shakedown tests. The results of those tests followed the
s

same general trends as the results in the Pilgrim test. The results are'

i presented in Figures I-48 through I-50.
i

In suunary the dye displacement data supports the use of the bubble
top velocity for vent deflector load definition.

i

!

I
I

'1

|
'

|
.

,

,

|

;

i
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FIGURE I -l
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FIGURE I -2

VENT HEADER LOAD CELLS, CORRECTED FOR INERTI A-PILGRIM TESTS
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S'GTHED VEIT HEADER LOAD CELLS - PILGRIM TESTS
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FIGURE I-4

INTEGRATED VENT HEADER LOAD C5LLS - PILGRIM TESTS
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UNCORRECTED VENT HEADER LCAD CELLS-PILGRIM TESTS
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i FIGURE I-6
*

SMOOT LED VENT HEADER LOAD CELLS - PILGRIM TESTS
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FIGURE I' -7

I;iTEGRATED VEtiT HEADER LOAD CELLS - PILGRIM TESTS
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St100THED VENT HEADER LOAD CELLS - !10NTICELLO TESTS
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FIGURE I-10

SMOOTHED VENT HEADER LOAD CELLS - MONTICELLO TESTS
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FIGURE I -13

IflTEGPATED VENT HEADER LOAD CELLS - DUANE ARNOLD TESTS
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Figure I -14
Snoct%4 Vent Header lead Cells - Oyster Creek Tests
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Figure I -15
Cyster Creek Tests

T9tegrated Vent Header Load Cells
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FIGURE I 17

Oyster Creek Tests
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s- t'.e w ~ .ar tw 2 c r s - ; ny (na *est,_

M
6 3 *

???P-)

c :.u , + teu u (C
f. Test 12 X,' Test is $ O)

i ,

W4

L
'

z
to

Y
to u
A o

e
>d
v.

4

* General Electric Company proprietary information has been deleted.

.

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



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

T
| FIGUREI -19

c 9
0 ') ,

e ste- creek Tes:s Mr

c 9

YA
- .

OTest 11 A Test 12, 4 Test 13. X Test 14

CW
2EED
b

u
~ m

8a
u tG

N.v
@
H

l w

a

!

!

* General Electric Company proprietary information has been deleted.

,



I
Figure I-20 |
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FIGURE I-33
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FIGURE I .37
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FIGURE i -38 .
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o Test 21 + Test 23

4 Test 22 2 Test 24
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FIGURE I-40
Monticello Tests

COMPARISON OF NET TORUS FORCE
1

DETEnf1!NED FROM Sm0THED. LOAD CELL AND PRESSURE INTEGRAL
v

i

5*

h
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u .
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FIGURE I 47 '

11onticello Tests
crsranism or Torus 4(ntssor twitcut.tnAo cttt)

4
FOR CABLE-SUPPORTED AND ETED t(FLECTORS
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FIGURE I- 43
Monticello Tests

DEFLECTOR UPFORCE FR0ft TORUS CABLES ,
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FIGURE I 44

DEFLECTOR IMPULSE
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FIGURE T-45
1

CONFIGURATION OF DYE INJECTION APPARATUS'
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i FIGURE I-48

DYE I;1]ECTIL.i RESULT:,

MILT 510NC BURP 82
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FIGURE I -47
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FIGURE I-48

DYE Il1JECTIv.i RESULT:,

MILL 510NE BL*P 82
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| FIGURE I 49
DYE INJECTI0ft RESULTS;
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NEDO 4615 FIGURE I-50
OYSTER CREEK BURP 2A

*

;

i
'

|

;

!
' ' General Electric Company proprietary

I-56 information has been deleted.

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



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

NEDD-24615
TABLE I-1

TEST C0t10lTI0r!S,

Test Conditions (quar'er scale)'

''''V'- ' ' ' ' * ' * " *"""c' I " I C'"' "
! M0f4TICELLO

17 18 Transmit deflector 12 in ces 0 8.15* *
load to torus

.

!

1

- Transat t deflector 12 f aces 0 8.15*
.

! 19 20
Toad to vent heaaer

21 22 Transett deflector 10 inces 0 8.15*
load to tr.rus

i

23-24 Transsit deflector 10 ta cas 0 8.15*2

I load to vent header

3

.

!---i
*Tf p.to.tig dimension h

/

Test Condittans (ouarter scale)

Test Vs. Test Objective DAsargence d Daf1ector

6, 7 Transsit aeflector 12.08 inces 0 9.C6 * *
*

toad to torus

8. 9 Transmit deflector 12.08 19 ees 0 9.06* -
| load to vent haase

i

,

'*Tf p.to.tig diaension

=
Wk

i
Test conditions (quarter scale)

;

Test No't. Test Cefective Subsewcs 9 I certectorpggg
! 67 Transmit deflector 10.25 in 3.51 6.73**

toad to torus

89 Transmit deflector 10.25 in 8.51 6.73*
Toad to vent header

, 10 - 11 Transett deflector 10.25 in 0 6.73*
I feed to torus

.

12 13 Transatt deflector 10.25 in 0 5.73*
load to vent *eader

*Tfp.es.tte dimuiston -

i i
I-57
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- TABLEI-2-

-

*D 7'
~
.

I

eR[vb w h.d - -

0D
. TEST CONDITIONS j m

!

same cau -

,

1

Test Caettles (Onerter scale)

i fast An's. Test Objective Seemergence d erflector

Se F Omflector lead tressettted 12.H taches F.15* 7.75**
to serve

S. 9 Refiector feed tressaltted 17.H techos F.15* 7.75*
to wet heeme

typ to Deflector teed transmitted 12.59 inches e F.Fl*<

to uses heseer.,

*

10 ' Deflector lead tressaltted 17.59 laches 0 F.75*
| to term
'

II 12 Deflector teed trarsettied 9.N taches F.15' F.75*
to terms.

! 13. 14 Deflector lead treasetsted 9.M laches F.15* 7.75*
to gene header i

18 forus lead test . sap. f.M techos 0 F.75*

4

aftp.te-tly efannslan Q2

.

i

BIE Ritt P0fsf
i

fest Cs=dittens (everter scale)

3 Test to's fest Objective
, _ _ p Deflector

*

L Needer featerflae to % wee 01sene w? 1100 f aches

s. F teflector lead treas.ticed 14.64 inches F.,4- F.M e
to terw. .

S. 9 erflector lead tressettted 14.64 taches F.94* F.35*,

te vont header.

10 beflector lead treaseitted 14.64 leches 0 F.35'
to terw.

104 Deflecter lead transattted 14.64 taches 0 F.35*
te seat header

B . .. meedte teateettw to hacmer esscheew- 27.51 faches |
1

11e 18 teflector leed tressettted 11.19 taches F.94* F. 35'
to terw

13. to Orflector lead transesteed 11.19 taches F.94* F.35*
te sent header

95, le Reflector feed transettied 11.19 taches a F.35*
to terus

' 17, le teflectee teed treasastted 11.19 tectes 0 F.35*
te west beseer.

t

,,,.to.t . ..e.as,. q$
,

I-58
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- TABLE I-3
.

! TEST CONDITIONS

MittSTM,

,

Test Conditions (Quarter Scale)
! .

' Subnergence AP DeflectorTest No's fest Objective
.

6. 7 Deflector load transmitted 10.50 inches 7.27' 6.727**
to torus.

3

8. 9 Deflector load transmitted 10.50 inches 7.27' 6.727*
to vent header -

10 Torus load test - 09 10.50 inches 0 6.727*

1

F

$

H
*11p-to-tip dimension O

I

COOPER STATION

l

Test Conditions (Quarter Scale)

Test No's. Test Objective Subnergence AP Deflector

1

6. 7 Deflector load transmitted 10.78 inches 7.46' 6.82**
to torus

8. 9 Deflector load transmitted 10.78 inches 7.46' 6.82*
to vent header..,

10. 11 Deficcter load transmitted 10.78 inches 0 6.82*
to torus<

j 12. 13 Deflector load transmitted 10.7e inches 0 6.82* |
to vent header.

|

s

*ttp-to-tip diwnston

I-59
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TA3LE I-4

SL"HARf 0F DEFLECTOR FORCES
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This report presents the results of the Supple-SUMMARY

mental Plant Unique Tests (Mark I Long-Term Program,
Task 10.1/5.5.4) that were conducted in the Mark I
Quarter Scale Test Facility (QSTF) for seven Mark I
plants. The plants in the order tested were: Monticello,
Duane Arnold, Pilgrim, Oyster Creek 1, Nine Mile Point
1, Millstone, and Cooper Station. The objectives of the
Supplemental Plant Unique Tests were to obtain subscale
two-dimensional net vertical torus forces, vent header
impact pressures, and pool surface displacement and
velocity transie its - test conditions requested by
individual utilitie i quantify vent header defice-
tor forces. Indivichia t piant characteristics were
modeled in the QSTP so that pool swell could be evalua-
ted on a plant unique basis. Vent _ reflector forces were
determined by the difference in the measured vent header
force transients for two test configurations: 1) with
the vent deflector suspended from the torus by cables
and 2) with the deficctor bolted or welded onto the vent
header. A total of 56 tests wer2 conducted from November
1978 to March 1979 in the QSTF. The data from these
tests will be used as input for plant unique pool swell
loads for those conditions selected by the utilities as
their design hnnin_
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