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INTRODUCTION - APPENDICES

The large quantity of data and descriptive material produced by each
test series has necessitated the inclusion of a set of appendices with
this report. The main report highlights data from a typical plant's
tests and summarizes information of general interest. Eight Appendices

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

Appendix A, which is a continuation of Section 3, presents the test data
for the other sixteen plant configurations tested. The data in Section 3
and Appendix A are not necessarily design basis data. The Task 5.5.3-2
Plant Unique Tests were performed at conditions being evaluated for
plant operation. Supplementary tests are being performed for several
Mark I Utilities to evaluate alternate conditions including variations
in water level, submergence, drywell/wetwell pressure differential and
vent header deflector design. After a review of these data, a set of
test conditions will be selected for each plant to serve as a design
basis for pool swell loads.

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

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

Appendix D estimates the amount of pool mass that is suspended
during the upload.
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.

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

Appendix F presents the results of a measurement uncertainty analysis.

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

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

a-111... }3bPJ
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_ APPENDIX A

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

1SI
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APPENDIX A

A.1 Hatch 2 Tests

A.l.1 _ Typical Data

Time-history plots of the driving conditions and pool response are
presented in this section for Hatch 2, Tests 2 and 6. Test 2 was a
load def*nitian test, which was conducted without an initial drywell/
wetwell differential pressure (0" AP) and with no deflector.
Test 6 was conducted with an initial drywell/wetwell differential
pressure of 14.35" H O AP (full AP) and with no Ceflector.

2

A.1.1.1 Driving Conditions

Driving conditions for Hatch 2 Test 2 are presented in Figures A-1
through A-5. Similar plots for Test 6 are shown in Figures A-6
through A-10. Comparison of the driving conditions indicates that
enthalpy flow into the pool starts at an earlier time and peaks out
at a lower value in Test 6 aith full AP (Figure A-5 versus A-10).

A.l.l.2 Pool Response

Downcomer internal pressure and wetwell pressures for Hatch 2
Test 2 are presented in Figures A-11 and A-12, respectively. The

same pressures for Test 6 are shown in Figures A-13 and A-14. An

oscillation can be observed in the downcomer internal pressure in
Figure A-ll, which is a characteristic of 0" AP runs. Net torus

force from the pressure integral (Figures A-15 and A-16) shows no
oscillation in downforce. Some oscillations in upforce, however,
can be observed in Test 2 with 0" AP. Net torus force that is

determined from the torus load cell (Figures A-17 and A-19) by
applying inertial correction with the torus accelerometer (Fig-
ures A-18 and A-20) is shown in Figures A-21 and A-22 and compared

) )0 0 1. b
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with net torus force determined from the pressure integral. Fig-
ures A-23 and A-24 present the net torus force based on the torus
pressure integral, corrected for inertia.

Upforce oscillations which occur in some of the plant tests (type II
downcomer with 30 bend) are well illustrated in the Hatch 2 zero
AP tests. These oscillations are caused by delayed breakthrough
which allows the water slug to bounce between the torus freespace
and the LOCA air bubbles. The upforce oscillations (Figure A-15),
which correspond to oscillations in the acceleration of the water
slug, are clearly visible in the downcomer (bubble) pressure (Fig-
ure A-11) as well as in the torus pool pressures (Figure A-12).
The bubble and water pressures are together oscillating out of
phase with the torus air pressure as the rising air slug alternately
over compresses the freespace and then the bubble.

The high speed movies of previous reference plant tests show that
the pool separates at the 45 downcomer bend. When the top of the
bubble reaches this separated region, breakthrough is observed to
begin in the films and in the data (as signified by an increase in
the noise in the pressure integral). Movie of type II downcomer
tests with 30 bends transitioning to vertical downcomers near the
waterline do not exhibit separated flow behind the downcomers. The

pool flows around the downcomers and does not appear to break
through until well after peak upforce.

The " average" pool pressures for Hatch 2, Tests 2 and 6 are shown
in Figures A-26 and 27. Figures A-25 and A-28 are the same as

Figures A-23 and A-24 with force replaced by average pressure
(force / torus projected area).

The vent header impact pressures for Hatch 2 Test 2 are presented
in Figures A-29 through A-31. Vent header impact pressures for
Test 6 are presented in Figures A-32 through A-34.

1M3 137
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The vent header imnact forces from the pressure integral and the
corrected load cell agree reasonably well (Figure A-35). Vent

header vertical acceleration measurements from Tests 2 and 6 are
shown in Figures A-36 and A-37, respectively.

A.1.2 Pool Dynamics

The pool contours at various times of pool swell are shown in
Figures A-38 through A-41 for Hatch 2, Tests 1, 2, 3, and 5.

Pool surface displacement curves are shown in Figures A-42 and A-44.
The pool surface velocity profiles are shown in Figures A-43 and A-45.

The pool surface displacement versus time and velocity profile
viewed from the side window during Test 4 are shown in Figure A-46.
The downcomer water slug displacement, velocity, and acceleration
versus time for Test 2 are shown in Figure A-47.

A.l.3 Data Summaries

Tables A-1 and A-2 present the Hatch 2 test data for wetwell vertical
forces.

Table A-3 presents the Hatch 2 test data for vent header impact
forces.

A.l.4 Discussion and Analysis

Figure A-48 presents the effect of drywell/wetwell AP on enthalpy
flow into the bubbles. The enthalpy flow starts at an earlier time

(vents clear at an earlier time) and reaches a lower steady state
value in the full AP run (Test 6). The effect of drywell/wetwell
AP on downcomer internal pressure is shown in Figure A-49. Fig-
ure A-50 presents the effect of drywell/wetwell AP on pool and
freespace pressures. The Hatch 2, Test 2 data parallels that for

\d}}h00
A-4
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Test 8 of the " typical" plant in Section 3.0. The Hatch 2, Test 6

data parallels the " typical" Test 2 data.

The Hatch 2 load definition tests were conducted at 0" H O AP with
2

no deflector. AP sensitivity tests at 14.35" H O AP (full AP) was
2

also conducted. Downforce showed no oscillation, but upforce

showed some oscillations in the 0" H O AP runs. The vent header
2

impact force was significantly higher than for plants using deflectors.

1 [, .A 8 4 3 9
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FIGURE A-1

DRYWELL ORIFICE UPSTREAM PRESSURE

Task 5.5.3-2 Hatch 2 Test 2
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FIGURE A-2

DRYWELL PRESSURE

Task 5.5.3-2 Hatch 2 Test 2
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FIGURE A-3

00WNCOMER ORIFICE DIFFERENTIAL PRESSURE

Task 5.5.3-2 Hatch 2 Test 2

10

8

S
E
5
E6
5?

10

E
d
-

D 4
5
&
b
Q

2

0

0 100 200 300 400 500 Sou

TIME IN MILLISECONDS

'

A-8



NED0-21944

FIGURE A-4

DOWNCOMER ORIFICE UPSTREAM TEMPERATURE

Task 5.5.3-2 Hatch 2 Test 2
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FIGURE A-5

ENTHALPY FLOW INTO POOL

Task 5.5.3-2 Hatch 2 Test 2
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FIGURE A-6

DRYWELL ORIFICE UPSTREAM PRESSURE

Task 5.5.3-2 Hatch 2 Test 6
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FIGURE A-7

DRYWELL PRESSURE

Task 5.5.3-2 Hatch 2 Test 6
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FIGURE A-8

00WNCOMER ORIFICE DIFFERENTIAL PRESSURE

Task 5.5.3-2 Hatch 2 Test 6
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FIGURE A-9

00WNCOMER ORIFICE UPSTREAM TEMPERATURE

Task 5.5.3-2 Hatch 2 Test G
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FIGURE A-10

ENTHALPY FLOW INTO POOL

Task 5.5.3-2 Hatch 2 Test 6
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FIGURE A-11

00WNCOMER INTERNAL PRESSURE

Task 5.5.3-2 Hatch 2 Test 2
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FIGURE A-12

WETWELL PRESSURES

Task 5.5.3-2 Hatch 2 Test 2
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FIGURE A-13

DOWNCOMER INTERNAL PRESSURE

Task 5.5.3-2 Hatch 2 Test 6
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FIGURE A-14~

WETWELL PRESSURES

Task 5.5.3-2 Hatch 2 Test 6
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FIGURE A-15

NET TORUS FORCE FROM PRESSURE INTEGRAL
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FIGURE A-16

NET TORUS FORCE FROM PRESSURE INTEGRAL

Task 5.5.3-2 Hatch 2 Test 6
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FIGURE A-17

TORUS LOAD CELL

Task 5.5.3-2 Hatch 2 Test 2

0

4

-8m
S
x

$
a

5 -12
U
8
u.

-16

-20

-24

0 100 700 300 400 500 600

TIME IN MILLISECONDS

A-22



N"DO-21944

FIGURE A-18

TORUS VERTICAL ACCELERATION

Task 5.5.3-2 Hatch 2 Test 2
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FIGURE A-19

TORUS LOAD CELL

Task 5.5.3-2 Hatch 2 Test 6
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FIGURE A-20

TORUS VERTICAL ACCELERATION

Task 5.5.3-2 Hatch 2 Test 6
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FIGURE A-21 COMPARIS0N OF NET TORUS FORCE FROM PRESSURE INTEGRAL

WITH NET TORUS FORCE FROM LOAD CELL CORRECTED FOR TORUS INERTIA
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FIGURE A-22

COMPARISON OF NET TORUS FORCE FR0ft PRESSURE INTEGRAL

WITH NET TORUS FORCE FROM LOAD CELL CORRECTED FOR TORUS INERTIA
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FIGURE A-23

NET TORUS FORCE FROM PRESSURE If4TEGRAL, CORRECTED FOR WATER INERTIA
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FIGURE A-24

NET TORUS FORCE FROM PRESSURE IflTEGRAL, CORRECTED FOR WATER IflERTIA
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FIGURE A-25

NET AVERAGE POOL PRESSURE, CORRECTED FOR WATER INERTIA
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FIGURE A-26

AVERAGE POOL PRESSURE, CORRECTED FOR WATER INERTIA
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FIGURE A-27

AVERAGE P0OL PRESSURE, CORRECTED FOR WATER INERTIA
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FIGURE A-28

NET AVERAGE P0OL PRESSURE, CORRECTED FOR WATER INERTIA
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VEliT HEADER I!4 PACT PRESSURES
FIGURE A-29

Task 5.5.3-2 Hatch 2 Test 2
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VENT llEADER IMPACT PRESSURES
FIGURE A-30
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VENT HEADER IMPACT PRESSURES
FIGURE A-31
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VEtiT liEADER IMPACT PRESSURES
FIGURE A-32

Task 5.5.3-2 liatch 2 Test 6
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VENT liEADER If1 PACT PRESSURES
FIGURE A-33

Task 5.5.3-2 Hatch 2 Test 6
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VEf1T HEADER IMPACT PRESSURES
FIGURE A-34

Task 5.5.3-2 flatch 2 Test 6
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FIGURE A-35

COMPARISON OF VENT HEADER If1 PACT RESULTS

(Corrected Load Cell and Pressure Integration)
Task 5.5.3 Hatch 2 Tests 2, 6
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FIGURE A-36

VENT HEADER VERTI'<! ACCELERATION

Task 5.5.3-2 Hatch 2 Test 2
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FIGURE A-37

VENT HEADER VERTICAL ACCELERATION .

Task 5.5.3-2 llatch 2 Test 6

12

8 '

,

e
4

E> z

b N fe e
> #
fli "

d 0
8
a

-4

-

(14
.:a -a
co 160. 170. 180. 190. 200. 21 0. 220. 230. 240.

C TIME IN MILLISECONDS
CN



.

NEDo-21944
FIGURE A-38

Time.Jfistory Of

Pool Disjiacement
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FIGURE A-39

Time History Of

Pool Displacement
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FIGURE A-40

Time History Of
Pool Displacement

HATCH 2, TEST 3

30

e

-()
;

25,

3
3

?O
::

E
a
'

-

8
.e u

.T 15 8
-

t.

o '

S ^

U C
~

c>
u jo 5E E
.t|- -
a

E
3 E
5 5

3'

0
0 5 10 15 20 25 30

Horizontal Distance from Pool Centerline - inches

1740 iJg'
'A-45 '



NEDO-21944
FIGURE A-41

Time History Of
Pool Displacement

HATCH 2, TEST 5
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FIGURE A-44
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FIGURE A-46 SIDE WINDOW DISPl.ACEMENT AND VELOCITY PROFILES
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FIGURE A-47

DOWNCOER WATER SIDG EJECTION
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FIGURE A-48
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FIGURE A '49

EFFECT OF DRYWELL/WETWELL aP ON

00WNCOMER INTERNAL PRESSURE
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FIGURE A 50

EFFECT OF DRYWELL/WETWELL AP OM P60L PRESSURE

AT 180 DEGREE AND FREESPACE PRESSURE
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* Vent clearing time (frori T,) determined
from the movie films,

TABLE A-1 ** Time difference from T to time ofo

_da'"3j g.34 fj cant downforce valley er
0*' "" **DATA FOR WETWELL VERTICAL LCADS

Task 5.5. 3-2 .datch 2 Tes ts 2nd ceak down fo rce .
*(l) Start-of-test reference time

Test No. ~.p' - Std.Parameter (1) (2) (3) (4) fiean Dev.

*(l)
T, (sec)

Vent Clearing Time * (sec)
Peak Downforce

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

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

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

Doanforce Valley

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

Ccrrected Pressure Integral:
Force (lb)
Tin:e ( f rom I ) (sec)g

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

2nd Prak Do nforce
Pressure Integral:

Force (lb)
Tiae (from i ) (sec)n

Corrected Pressure Integral:
Force (lb)
Titre (f rom T ) (sec))

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

[at] Dcwnforce Time **
Pressure Integral (sec)
Corrected Pressure (sec)
Integral

Carrected Lcad Cell (sec)
Doanfer e Impulse

Pressure Integral:
Imculse (lb-sec)

A-56 j }/ g ,} gQ,4
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* Time at force is zero (from T )g

TABLE A-1 (Continued)
DATA FOR WETWELL VERT! CAL LOAOS fcontinued)

Task 5.5.3-2 4atch 2 Tests

Test No. 0" iP
$td.

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

Peak Upforce

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

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

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

Upferce Valley

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

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

Corrected Load Cell:
Fo rce (Ib)
Time (fecm T ) (sec)g

2nd Peak Upforce

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

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

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

Zero Force Time *

Pressure Integral (sec)
Corrected Pressure (sec)
Integral

Corrected Load Cell (sec)

.

I348 l'91
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* Vent clearing time (from T,) dstemined
from the movie films,

TA3LE A-2 ** Time difference from T, to time of
DATA FOR '4ET'WELL VERTICAL LOADS _.(c signUficant doanforce valley or

'" " " '*

Task 5.5.3 -2 Hatch 2 Tests 2nd peak downforce.

*(l) Start-of-test reference time
Test No. S 35" 2P

Std.Parameter (5) (6) s' 7 ) (3) tiean Cev.
}

I (sec)n

Vent Clearing Time * (sec)
Peak Dcanfcrce

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

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

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

Downforce Valley

Pressure Integral:
Force (Ib)
Time (frem T ) (sec)

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

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

2nd Peak Downforce

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

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

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

Q] Ocwnforce Time"
Pressure Integral (sec)
Corrected Pressure (sec)

Integral

Correctej Lcad Cell (sec)
Ocwnforce impulse

Pressure Integral:
'Impulse (lb-gec)

N\ i t t I t

.
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* Time at force is zero (from T,)

TABLE A-2 (Continued)

DATA FOR WETWELL VERTICAL LOADS (continued)

Task 5.5.3-2 Hatch 2 Tests

Test No. 14. 35'' eP
Std.

Parameter (5) (6) (7) (8) tiean Dev.
i i

Peak Upforce

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

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

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

Upforce Valley

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

Corrected Pressure Integral:
*

Force (lb) ,

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

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

2nd Peak Upferce

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

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

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

Zero Force Tire *
Pressure Integral (sec)
Corrected Pressure (sec)

Integral

Corrected Load Cell (sec) i

. . . , ,

.

2
*

7*

i348193
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TABLE A-3

OATA FCR VENT HEACER IMPACT LCA;5

Task 5.5.3-2 Maten 2 Tests

Test No.
0" t.P

Std.
Para ,ter (1) (2) (3) (4) Mean Dev.

t

'n * (see)

ven Weaeer fr:ac:
Pressure Integral:

% irum Force (10)

Im ulse (lb-sec)
Duration * (sec)

L:ac Cell Cor-ected:t*
%imum Force (10)
1: .p uls e (lt-sec)
Ouraticn (sec)

Pool Surface (ft/sec)
Veleci ty

f ' ' e ( * -e ~ ) " (sec)
;

| I, . .

*(2) C'' set 6' ' rom pool centerline

Sases en ia'cact pressure measurements*

At start of the first impact pressure recorded"

t Start of reference time

represents peak of very noisy data (acceleration corrected); rean"

value would be lower

. .

1348 '194
'
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TABLE A-3a

r av a, pga yENT wgADEq IppACT LCAOS

Task 5.5.3-2 Hatch 2 Tests

Test No.
14.35" AP

5td.
Parame ter (5) (6 ) (7 ) (8) Mean Cev.

.

T (sec)g

vent reacer !ecaet
Pressure Integral:

Maximum Force (1b)
I :pul se (lb-sec)
Du ra tion * (sec)

Load Cell Corrected: ti
Maximum Force (lb)
Iroulse (lb-sec)
Du rati on (sec)

Pool Surface (f t/sec)
Veloci ty

Tf ee ( f rom T }" (sec)

*(2) Offset 6" from pool centerline
Based on impact pressure reasurements*

** At start of the first impact pressure recorded
t Start of reference time

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

.
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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 3 and 5. Test 3 was a
load definition test which was conducted at a partial drywell/wetwell
differential pressure of 10.9" AP and with a 4.20 inch pipe deflector
(16 inch full scale). Test 5 was conducted without an initial
drywell/wetwell differential pressure (0" AP) and with the same
4.20 inch pipe deflector.

A.2.1.1 Driving Conditions

Driving conditions for Pilgrim Test 3 are presented in Figures A-51
through A-55. Similar plots for Pilgrim Test 5 are shown in Fig-
ures A-56 through A-60. Pilgrim's driving conditions had the same
characteristics as the " typical" plant discussed in Section 3.0 of
this report.

A.2.1.2 Pool Response

Downcomer internal pressure and wetwell pressure for Pilgrim Tests 3
and 5 are presented in Figures A-61 through A-62 and A-63 through A-64,
respectively. These pressure plots have the same characteristics
as the " typical" plant ir. Section 3.0. However, the characteristic

one cycle oscillation of the downcomer internal pressure is negligibly
small at 0" H O aP.

2

Figures A-65 and A-66 present net torus force based on the torus
pressure integral for Pilgrim Tests 3 and 5, respectively. The net
torus forces show no or very little oscillations in downforce but
show some oscillations in upforce.

1348 196
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The net torus force which was determined by applying the inertial
correction from the torus accelerometer (Figures A-68 and A-70) to
the torus load cell (Figures A-67 and A-69) is compared with the
torus force obtained from the torus pressure integrcl in Figures A-71
and A-72. Residual oscillations are present in the corrected load
cell. Figures A-73 and A-74 present the net torus force based on
the torus pressure integral corrected for inertia.

The " average" pool pressures for Pilgrim Tests 3 and 5 are shown in
Figures A-75 and A-77. Figures A-76 and A-78 are the same as

Figures A-73 and A-74 with force replaced by average pressure
(forca/ torus projected area).

The vent header impact pressures for Pilgrim Test 3 are presented
in Figures A-79 through A-81. Vent neader pressures for Pilgrim
Test 5 are presented in Figures A-32 through A-84. These figures
indicate that the deflector was effective in reducing the peak
local vent header impact pressure.

Figure A-85 presents a comparison of the vent header impact force
derived from the pressure integral with that derived from the
corrected load cell. Vent header vertical accelerations from
Tests 3 and 5 are shown in Figures A-86 and A-87, respectively.

A.2.2 Pool Dynamics

The pool contours at various times of pool swell are shown in
Figures A-88 through A-91 for Pilgrim Tests 1, 2, 3, and 5.

The pool surface displacement curves for Tests 1, 2, and 3 are
shown on Figure A-92. The pool surface velocities for Tests 1, 2,
and 3 are shown on Figure A-93. The pool surface displacement
graph and pool surface velocity profiles for Test 5 are shown in
Figures A-94 and A-95, respectively.

.

1348 197
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.

The pool surface displacements and velocity profile viewed from the
side window during Test 4 are shown in Figure A-96. The downcomer

water slug displacement, velocity, and acceleration versus time for
Tests 3 and 5 are presented in Figures A-97 and A-98.

Pilgrim pool dynamics are similar to those of the " typical" plant
discussed in Section 3.0.

A.2.3 Data Summaries

Table A-4 presents the Pilgrim test data for wetwell vertical
forces.

Table A-5 presents the Pilgrim test data for vent header impact
forces.

A.2.4 Discussion and Analysis

Figure A-99 presents the effect of drywell/wetwell AP on enthalpy
flow into the bubbles. Effect of drywell/wetwell AP on downcomer
internal pressure is shown in Figure A-100. Figure A-101 presents
the effect of drywell/wetwell AP on pool and freespace pressures.
The data for Pilgrim parallels that for the " typical" plant in
Section 3.0.

The Pilgrim load definition tests were conducted at 10.9" H 0 AP
2

and with a pipe deflector installed below the vent header. A AP

sensitivity test at 0" H O AP was also conducted. Downforce showed
2

no or very little oscillations, but upforce showed some oscillations.
The pipe deflector (16 inch full scale) effectively reduced vent header
impact force.

.
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FIGURE A-51

DRYWELL ORIFICE UPSTREAM PRESSURE
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FIGURE A-52

DRYWELL PRESSURE
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FIGURE A- 53

00WflCC.MER ORIFICE DIFFEREtiTIAL PRESSURE

Task 5.5.3-2 Pilgrim Test 3
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m

FIGURE A- 54

00WNCOMER ORIFICE UPSTREAM TEMPERATURE
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FIGURE A- 55

ENTHALPY FLOW INTO POOL
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FIGURE A- 56

DRYWELL ORIFICE UPSTREAM PRESSURE

Task 5.5.3-2 Pilgrim Test 5
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FIGURE A 57

DRYWELL PRESSURE

Task 5.5.3-2 Pilgrim Test 5
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FIGURE A- 58

00WNCOMER ORIFICE DIFFERENTIAL PRESSURE

Task 5.5.3-2 Pilgrim Test 5
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FIGURE A 59

00WNCOMER ORIFICE UPSTREAM TEMPERATURE

Task 5.5.3-2 Pilgrim Test 5
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FIGURE A s60

ENTHALPY FLOW INTO POOL
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FIGURE A-61

DOWNCOMER INTERNAL PRESSURE

Task 5.5.3-2 Pilgrim Test 3
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FIGURE A-E2

WETWELL PRESSURES

Task 5.5.3-2 Pilgrim Test 3
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FIGURE A-63

00Wf1 COMER IflTERflAL PRESSURE

Task 5.5.3-2 Pilgrim Test 5
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FIGURE A-64

WETWELL PRESSURES

Task 5.5.3-2 Pilgrim Test 5
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FIGURE A- 65

NET TORUS FORCE FROM PRESSURE INTEGRAL
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FIGURE A-66

NET TORUS FORCE FROM PRESSURE IflTEGRAL

Task 5.5.3-2 Pilgrim Test 5

'

6000

4000

2009

e
a
=
~

0
to

w
e

-2000

-4000

-6000

-8000
|

0 100 200 300 400 500' 600

TIME Ifl MILLISECONDS

1348 214
-

-

A-80



NEDO-21944

FIGURE A-67

TORUS LOAD CELL

Task 5.5.3-2 Pilgrim Test 3

0

-4

-8

C
-

x

$ -12
=

U
$
u.

-16

-20

-24
'

200 300 400 500 6000 100

TIME IN MILLISECONDS

-1348 215
A-81



.

NEDO-21944

FIGURE A-68

TORUS VERTICAL ACCELERATION
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FIGURE A-69

TORUS LOAD CELL

Task 5.5.3-2 Pilgrim Test 5
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FIGURE A-70

TORUS VERTICAL ACCELERATION

Task 5.5.3-2 Pilgrim Test 5
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FIGURE A-71 COMPARIS0N OF NET TORUS FORCE FROM PRESSURE INTEGRAL

WITH NET TORUS FORCE FROM LOAD CELL CORRECTED FOR TORUS INERTIA
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FIGURE A-72 COMPARIS0N OF flET TORUS FORCE FROM PRESSURE IflTEGRAL

WITH flET TORUS FORCE FROM LOAD CELL CORRECTED FOR TORUS lilERTIA
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FIGURE A-73

NET TORUS FORCE FROM PRESSURE INTEGRAL, CORRECTED FOR WATER INERTIA
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FIGURE A-74

f4ET TORUS FORCE FROM PRESSURE IflTEGRAL, CORRECTED FOR WATER INERTIA
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FIGURE A-75

AVERAGE P00L PRESSURE, CORRECTED FOR WATER INERTIA
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FIGURE A-76

NET AVERAGE POOL PRESSURE, CORRECTED FOR WATER INERTIA

Tas k 5.5.3-2 Pilgrim Test 3
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FIGURE A-77

AVERAGE P0OL PRESSURE, CORRECTED FOR WATER INERTIA

Task 5.5.3-2 Pilgrim Test 5
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FIGURE A-78

NET AVERAGE P0OL PRESSURE, CORRECTED FOR WATER INERTIA

Task 5.5.3-2 Pilgrim Test 5
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NEDO-21944
FIGURE 'A-85

COMPARIS0fl 0F VEflT HEADER IMPACT RESULTS

(Corrected Load Cell and Pressure Integration)
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FIGURE A-86

VENT HEADER VERTICAL ACCELERATION

Tasx 5.' ' ~ Pilgrim Test 3
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FIGURE A-88

Time History Of
Pool Displacement

PILGRIM, TEST 1
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FIGURE A-89

Time llistory Of

Pool Displacement

PILGRIM, TEST 2
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FIGURE A-90

Time History Of
Pool Displacement

PILGRIM, TEST 3

30

U
fi
.E

25,

T,
E
a

5
% 20
::

O

<? m
v

% 8
.5 8
.T 15 m

I

n
8 ^

%
r

E 10 e
5 E

*
. , _ -

O o
.!!n

.u_ H
,

t' 5

s'

0
0 5 10 15 20 25 30

Horizontal Distance from Pool Centerline - inches

1348 238^~ *



NEDO-21944

FIGURE A-91

Jiw flistory 0f
Pool Dis [il icernent
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FIGURE A-92 POOL SURFACE DISPLACEMENT

PILGR!M, TESTS 1, 2, 3
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FIGURE A-93 FOOL S','"rit? ;SLOCITY FR0"!LES

PILGP!", TESTS 1, 2, 3
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FIGURE A-94 POOL SURFACE DISPLACtMENT

PILGRIM. TEST 5
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FIGURE A-95 PrJCL S '"r;CE \'ELOC'TY Ti'0 FILES

PILGRIM, TEST 5
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FIGURE A,96 SIDE WINDOW DISPLACEMEl4T AtlD VELOCITY PROFILES

PILGRItt, TEST 4
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FIGURE A-97

:en rin1. t.'.na sw; EJECTm;

PILGP.I!!, TEST 3
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FIGilRE.A-98

[00.C01R KATER SWG UECTION

PILCRIM, TEST 5
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FIGURE A-99

EFFECT OF DRYUELL/WETWELL AP ON

EilTHALPY FLOW IriTO POOL

Pilgrim Tests
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FIGURE A-100

EFFECT OF DRYWELL/WETWELL AP Ott

DOWilC0!iER IflTERt4AL PRESSURE

Pilgrim Tests
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FIGURE A-101

EFFECT OF DRYWELL/WETWELL AP Oft P0OL PRESSURE

AT 180 DEGREE AtlD FREESPACE PRESSURE

Pilgrim Tests
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* Vent clearing time (from T ) detemined

Ofrom the movie films.
TABLE A-4 ** Time difference from T to titre ofo

-(o signfficant downforce valley cr
" "

DATA FOR WETWELL VERTICAL LOADS
'

Task 5.5. 3-2 Pilgr m- Tes ts 2nd peak dcwnforce.
*(l) Start-of-test reference time

Test No. 10. 9" '.P , a. 20" De fl ec tor 0" 9

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

*(1)
T, (sec)

vent Clearing Time * (sec)

Peak Dcwnfor_cec

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

Corrected Pressure Integral:

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

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

Downforce valley i

Pressure Integral:
Force (lb)
Time ( f rom T ) (sec)

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

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

2nd Peak Dcwnforce

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

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

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

[at] Downforce Tima** '

Pressure Integral (sec)
Corrected Pressure (sec)
Integral

Corrected Load Cell (sec)
Downforce Inoulse

Pressure Integral:
Impulse (lb-sec)

A-116
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* Time at force is zero (from T )0

*(l) Data not availableTABLE A-4 (Continued)

DATA FOR '.ETWELL VF ATICAL LCA05 (c0ntinuedl

Task 5.5.3-2 Pilgrim Tes ts

Test No. 10.9" iP , 4.20" Deflector 0" 2P
Std.

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

Peak Upforce

Pressure Integral:
Force (ib)
Time (f rom T ) (sec)

Corrected Pressure Integral:
Force (1b)
T ime (f rom T ) (sec)

Corrected Load Cell:
Force (lb)
Time (f rom T ) (sec)

Upforce valley

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

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

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

2nd Peak Upforce

Press;re Integral:
Force (lb)
Time (from T ) (sec)

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

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

Zero Force Tire *

Pressure Integral (sec)
Corrected Pressure (sec)

Integral

Corrected Load Cell (sec) |

t

A-117 |'(n 3g7
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TA3LE A-5

CATA FOR VENT HEACER IW ACT LCACS

Task 5.5.3-2 Pilgrim Tests

Test No.
10.9" 6P, 4.20" Ceflector 0* SP, 4.20" Ceflector

5tc.

v an Dev. (5)Parame ter (1) (2) (3) (4) e

I (sec)n,

,
7aat deace !acact
Pressure :ntegral:

f*aximum Force (lb)
Impulse (Ib-sec)
Du ra ti on * (sec)

Load Cell Corrected:tt
waximum Force (lb)
!.rouls e (lb-sec)
Curstion (sec)

Pool Surface (ft/sec)
Veloci ty

Tice ( from T,)" (sec)

, ,

*(2) Offset 6* from pool centerline
* 34 sed on imoset pressure measurements

At start of the first impact pressure recorded**

t Start of reference tirne
ttRepresents peak of very noisy data (acceleration corrected);

mean value would be lower
.

W

1348 252
A-118
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A.3 Fermi 2 Tests

A.3.1 Typical Data

Time-history plots of the driving conditions and pool response are
presented in this section for Fermi 2 Tests 3 and 7. Test 3 was a

load definition test conducted with a partial drywell/wetwell
differential pressure of 7.03" H O and with a 6.566 inch "T" deflector

2

(25.8" fuli-scale).* Test 7 was conducted with 0" H O AP and with2

the same "T" deflector.

A.3.1.1 Driving Conditions

Driving conditions for Fermi 2 Test 3 are presented in Figures A-102
through A-106. Similar plots for Test 7 are shown in Figures A-107
through A-lll. Fermi 2 driving conditions had the same characteristics
as the " typical" plant discussed in Section 3.0 of this report.

A.3.1.2 Pool Response

Downcomer internal pressure and wetwell pressures for Fermi 2
Tests 3 and 7 are presented in Figures A-ll2 through A-113 and
A-ll4 through A-115, respectively. Het torus force from the pres-

sure integral (Figures A-116 and A-117) shows relatively smooth
upforce but some minor downforce oscillation. Net torus force tnat

is determined from the torus load cell (Figures A-ll8 and A-120) by
applying inertial correction with the torus accelerometer (Fig-
ures A-119 and A-121) is shown in Figures A-122 and A-123 and

compared to net torus force determined from the pressure integral.
Figures A-124 and A-125 present the net torus force based on the
torus pressure integral, corrected for inertia.

* "T" deflector is a pipe with structural "Ts"
.

1348 253

A-119



NEDO-21944

The " average" pool pressures for Fermi 2 Tests 3 and 7 are shown in
Figures A-126 and A-128. Figures A-127 and A-129 are the same as

Figures A-124 and A-125 with force replaced by average pressure
(force / torus projected area).

The vent header impact pressures for Fermi 2 Test 3 c*e presented
in Figures A-130 through A-133. These figures indicate that the

"T" deflector was effective in mitigating vent header impact. Vent

header vertical acceleration measurements from Tests 3 and 7 are
shown in Figures A-134 and A-135, respectively.

A.3.2 Pool Dynamics

The pool contours at various times of pool swell are shown in
Figures A-136 through A-139 for Fermi 2 Tests 1, 2, 3, and 5.

Pool surface displacement curves for Tests 1, 2, and 3 are shown in
Figure A-140. The pool surface velocity profiles for Tests 1, 2,
and 3 are shown in Figure A-141. The pool surface displacement
graph and pool surface velocity profiles for Test 5 are shown in
Figures A-142 and A-143, respectively.

The pool surface displacement and velocity profile viewed from the
side window during Test 4 are shown in Figure A-144. The downcomer

water slug displacement, velocity, and acceleration versus time for
Tests 3 and 7 are presented in Figures A-145 and A-146.

A.3.3 Data Summaries

Tables A-6 and A-7 present the Fermi 2 test data for wetwell ver-
tical forces.

Table A-8 presents the Fermi 2 test data for vent header impact
forces.
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A.3.4 Discussion and Analysis

Figure A-147 presents the effect of drywell/wetwell AP on enthalpy
flow into the bubbles. Effect of AP on downcomer internal pressure
is shown in Figure A-148. Figure A-149 presents the effect of AP
on pool and freespace pressures. This data for Fermi 2 parallels

that for the " typical" plant in Section 3.0, except that the air
space and pool pressures did not oscillate out of phase, as in the
typical plant, after peak upforce.

The Fermi 2 load definition tests were conducted at 7.03" H O AP
2

and with a "T" deflector installed below the vent header. AP
sensitivity tests at 0" AP were also conducted. Both the downforce
and upforce were relatively smooth. The "T" deflector (25.8"
full-scale) effectively mitigated vent header impact.

.
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FIGURE A-102

DRYWELL.0RIFICE UPSTREAM PRESSURE
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FIGURE A-103

DRYWELL PRESSURE
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FIGURE A-104

00WilCOMER ORIFICE DIFFEREtiTIAL PRESSURE
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FIGURE A-105

DOWNCOMER ORIFICE UPSTREAM TEMPERATURE
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FIGURE A-106 .

EflTHALPY FLOW IrlTO POOL
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FIGURE A-107

DRYWELL ORIFICE UPSTREAM PRESSURE

Task 5.5.3-2 Fenni 2 Test 7
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FIGURE A-108

DRYWELL PRESSURE
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FIGURE .A-109

D0WNCOMER ORIFICE DIFFERENTIAL PRESSURE
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FIGURE A-110

00WNCOMER ORIFICE UPSTREAM TEMPERATURE
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FIGURE A-111

ENTHALPY FLOW INTO P0OL
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FIGURE A-ll2

DOWNCOMER INTERflAL PRESSURE
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FIGURE A-ll3

WETWELL PRESSURES
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FIGURE A-114
.

DOWNC0fiER IflTERilAL PRESSURE
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FIGURE A-115

WETWELL PRESSURES
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FIGURE A-ll6

NET TORUS FORCE FROM PRESSURE INTEGRAL
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FIGURE A-ll7

flET TORUS FORCE FROM PRESSURE ItiTEGRAL
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FIGURE A-ll8

TORUS LOAD CELL
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FIGURE A-119

TORUS VERTICAL ACCELERATION
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FIGURE A-120

TORUS LOAD CELL
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FIGURE A-121

TORUS VERTICAL ACCELERATION
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FIGURE A-122 COMPARISON OF flET TORUS FORCE FR0ft PRESSURE INTEGRAL

lilTH NET TORUS FORCE FR0l1 LOAD CELL CORRECTED FOR TORUS IllERTIA
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FIGURE A 123 COMPARIS0N OF f4ET TORUS FORCE FROM PRESSURE INTEGRAL

WITH NET TORUS FORCE FROM LOAD CELL CORRECTED FOR TORUS INERTIA
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FIGURE A-124

NET TORUS FORCE FROM PRESSURE INTEGRAL, CORRECTI0fl FOR WATER INERTIA
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FIGURE A-125 -

NET TORUS FORCE FROM PRESSURE INTEGRAL, CORRECTED FOR WATER If1ERTIA
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FIGURE A-126

AVERAGE P0OL PRESSURE, CORRECTED FOR WATER INERTIA
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FIGURE A-127

NET AVERAGE POOL PRESSURE, CORRECTED FOR WATER INERTIA
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FIGURE A-128

AVERAGE P0OL PRESSURE, CORRECTED FOR WATER INERTIA
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FIGURE A-129

NET AVERAGE POOL PRESSURE, CORRECTED FOR WATER INERTIA
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FIGURE A-133

VENT HEA0ER IMPACT PRESSURES
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FIGURE A-134

VEliT HEADER VERTICAL ACCELERATI0t1
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FIGURE A-135

VENT HEADER VERTICAL ACCELERATI0ft

Task 5.5.3-2 Fermi 2 Test 7
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FIGURE A-136
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FIGURE A-137

TIME HISTORY OF

POOL DISPLACEMENT

FERMI 2, TEST 2

20

E

?>
r

25,

7,

es
_;

t
es

g 20
:2

0

2 m

E
-

O 8

? 15

di '

B -

r
1,

2 10 5
S E
.f -

c. .

1
-

*
.b'

t' S

|'

O
?q 25 30O r, 10 i

.iorizcntal Distanu: from Pool Centerline - inches

1348 291
,_ , s ,



NED0-21944

FIGURE A-138
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FIGURE A-139
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FIGURE A-140

POOL, SURFACE DISPLACEMENT
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FIGURE A-141 FGPL SURF |\CE '.'ELOC'TY PI!0 FILES
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FIGURE A-142 POOL supr;ct g; Set;,cuernT
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FIGURE A-143 POOL SURFACE VELOCITY PROFILES
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FIGURE A-144 SIDE WINDOW DISPLACEMENT AND VELOCITY PROFILES
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FIGURE A-145

IcemER WATER SIDG FJECTIM
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FIGURE A-146

DOWNCCf HR WATER SIL'G EJECICN
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FIGURE A-147

EFFECT OF DRYWELL/WETilELL AP ON

ENTHALPY FLOW IflTO POOL

Fermi 2 Tests
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FIGURE A-148

EFFECT OF DRYWELL/WETHELL AP Oil

DOWNCOMER INTERNAL PRESSURE
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FIGURE A-149

EFFECT OF DRYWELL/WETWELL AP Oil POOL PRESSURE

AT 180 DEGREE AND FREESPACE PRESSURE
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* Vent clearing time (from T ) detemined

Ofrom the movie films.
TABLE A-6 ** Time difference from T to time ofo

l'' d *"IOPC'*DATA FOR WETWELL VERTICAL LOADS
-No significant denforce valley or

Task 5.5.3-2 Fermi 2 Tests 2nd oeak downforce.
*(l) Start-of-test reference time

Test No. 7.03" iP, 6.56-inch "T" Ceflector
Std.

Pa rame ter (1) (2) (3) (4) Pean Dev.
. . , , ,

T, (sec) '

vent Clearing Time * (sec)
Peak Downforce

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

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

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

Downforce Valley

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

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

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

2nd Peak Downforce

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

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

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

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

Integral

Carrected Load Cell (sec)
Downforce Impulse

Pressure Integral:
Imoulse (lb-sec)
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. Time at force is zero (from T,)

I'BLE A-6 (Continued)

DATA FOR ' WET'aELL VEU! CAL LCADS (continuedj,

Tasi 5.5.3-2 Fermi 2 Tes ts

Test No. .
7.13" 'd , 6. 56-in en ''T'' Deflecte r

i Std.
| Parameter g) (2) (3) (4) tiean Dev.

'

_

Peak Upforce

Pressure !ntegral:

Force (lb)
Time (f ro n T ) (sec)

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

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

Uoforce Valley

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

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

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

2nd Peak Upforce

Pressure Inte;ral:
Force (lb)
Time (from T ) (sec)

Corrected Pressure Integral:
Force (lb)
T ime (f rom T ) (sec)g

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

Zero Force Tine *

Pressure Integral (sec)
Corrected Pressure (sec)

Integral

Corrected Load Cell (sec)
| ,
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NED0-21944 **'"* C I '' 'I"9 *I ** ( f' * T ) d' t'"'" "'ofrom the movie films.
TABLE A-7 ** Time difference from T to time ofo'' d "

_[g signific nt 'downforce valley orDATA FOR WET'4 ELL VERTICAL LOADS

Task 5.5.3-2 Femi 2 Tes ts 2nd peak downforca.
*(l) Start-of-test ref::rence ti-e

Test No, n" iP, 6.56-incn 'T" Ceflector
Std.Parameter (5) (6) (7) (8) tiean Dev.

1 i i i i

T (sec)

Vent Clearing Time * (sec)
Peak Downforce

Pressure Integral:
Force (lb)
T itre ( f rom i ) (sec)g

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

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

Downforce Valley

Pressure Integral:
Force (lb)
Time (f rom T ) (sec)

Corrected Pressure Integral:
Force (lb)
Itme (from T ) (sec)9

Corrected Load Cell:
force (lb)
Tirre (f rom T ) (sec)

2nd Peu Downforce

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

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

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

[3t] Downforce Time **
Pressure Integral (sec)
Corrected Pressure (sec)
Integral

Corrected Lead Cell (sec)
Ocwnforce I-culse
Pressure Integral:

Impulse (lb-sec)
| | t ! I

.
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* Time at force is zero (from T-No significant 2nd peak upford)

TABLE A-7 (Continued)

DATA FOR WETWELL VERTICAL LOADS (continued)

Task 5.5.3-2 Fermi 2 Tests

Test No. 0" 2P, 6.56-inci 'T" Deflector
5td.

Parameter (5) (6) (7) (8) tiean Cev.
4

Peak Upforce

Pressire Integral:
Forck (Ib)
Time (from T ) (sec)

Corrected Pressure Integral:
Force (lb)
Tine ( f rom T ) (sec)

Corrected Load Cell:
Force (lb)
Time (f rom T ) (sec)

Upforce Valley

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

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

Corrected load Cell:
Force (lb)
Time (from T ) (sec)g

2nd Peak Upforce

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

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

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

Zero Force Time *

Pressure Integral (sec)
Corrected Pressure (sec)

Integral

Corrected Load Cell (sec) -~
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TABLE A-8

CATA FOR VENT FEACER IMPACT LOA 05

Task 5.5.3-2 Fermi Tests

Test No!
7.03" aP, 6.56 inch "T" Deflector 0" P. 6.56 inch "T"

Std. Deflector
P a rare ter i1) (2) (3) (4) Yean Dev. (5)

T (sec)g

vent Header imoact

Pressure Integral:
Maxi un Foece (lb)
Impulse (lb-sec)
Du ra ti on * (sec)

Load Cell Corrected:
Maximum Force (15)
Impulse (lb-sec)
D;ra ti on (sec)

Pool Surface (ft/sec)
Veloci ty

Time ( from T )** (sec)g

, . . , ,

Based on impact pressure measurtnents*

At start of the first impact pressure recorded**
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A.4 Duane Arnold Tests

A.4.1 Typical Data

Time-history plots of the driving conditions and pool response are
presented in this section for Duane Arnold Tests 3 and 5. Test 3
was a load definition test which was conducted at a partial drywell/
wetwell differential pressure of 9.19" H O AP and with no deflector.

2
Test 5 was conducted without an initial drywell/wetwell differential
pressure (0" AP) and with no deflector.

A.4.1.1 Driving Conditions
.

Driving conditions for Duane Arnold Test 3 are presented in Fig-
uras A-150 through A-154. Similar plots for Test 5 are shown in
Figures A-155 through A-159. Duane Arnold driving conditions had
the same characteristics as the " typical" plant discussed in Sec-
tion 3.0 of this report.

,

A.4.1.2 Pool Response

Downcomer internal pressure and wetwell pressures for Cuane Arnold

Tests 3 and 5 are presented in Figures A-160 through A-161 and A-162
through A-163, respectively. Net 'l cus force from the pressure
integral (Figures A-164 and A-165) shows some oscillat';ons in
downforce as well as in upforce. Net torus force that is determined
from the torus load cell (Figures A-166 and /,-168) by applying
inertial correction with the torus accelerometer (Figt res A-167
and A-169) is shown in Figures A-170 end A-171 and cor pared with
net torus force determined from the pressure integral. Figures A-i/2
and A-173 present the net torus force based on the tcrus pressure
integral, corrected for inertia.

1348 309
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The " average" pool pressures for Duane Arnold Tests 3 and 5 are
shown in Figures A-174 and A-176. Figure A-175 and A-177 are the
same as Figures A-172 and A-173 with force replaced by average
pressure (force / torus projected area).

The vent header impact pressures for Duane Arnold Test 3 are pre-
sented in Figures A-178 through A-180. Vent header pressures for
Test 5 are presented in Figures A-181 through A-183. These figures
illustrate that, for the Duane Arnold single downcomer with unpro-
tected vent header, the impact pressures are higher on the center
row and decrease rapidly in the lateral direction. The maximum

vent header force from the corrected load cell is somewhat lower
than the maximum force from the pressure integral (Figure A-184).

The vent header impact force is not very sensitive to drywell/wetwell
AP for the Duane Arnold tests. Vent header impact mitigation from
AP may be primarily due to a reduction in the slug thickness at
impact, since velocity is typically insensitive to AP. Based on

the review of the Duane Arnold movies, the minimum slug thickness
at zero AP appears to be no thicker than for partial AP condition
due to the presence of small bubbles (thought to originate at vent
clearinal on top of the main bubble at zero AP. In a two downcomer

geometry these small bubbles are not directly underneath the vent
header.

Vent header vertical acceleration measurements from Tests 3 and 5
are shown in Figures A-185 and A-186, respectively.

A.4.2 Pool Dynamics

The pool contours at various times of pool swell are shown in
Figures A-187 through A-190 for Duane Arnold Tests 1, 2, 3, and 5.
Pool surface displacement curves are shown in Figures A-191 and A-193.
The pool surface velocity profiles are shown in Figures A-192
and A-194.

.
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The pool surface displacement and velocity profile viewed from the
side window during Test 4 are shown in Figure A-195. The downcomer

water slug displacement, velocity, and acceleration versus time for
Test 3 are presented in Figure A-196. Similar plots are shown in
Figure A-197 for Test 5.

The movies show that the pool swell is more concentrated under the
header for a single downcomer. Therefore, although the total pool
momentum is reduced, the vent impact velocity is relatively high.
In addition, the pool appears to be quite flat along the header
centerline. This pool swell configuration gives nearly simultaneous
impact along the bottom of the header which produces peak pressures
comparable to reference plant values.

A.4.3 Data Summaries

Table A-9 presents the Duane Arnold test data for wetwell vertical
forces.

Table A-10 presents the Duane Arnold test data for vent header
impact forces.

A.4.4 Discussion and Analysp

Figure A-198 presents the effect of drywell/wetwell AP on the
enthalpy flow into the bubbles. Ef fect of drywell/wetwell AP on
downcomer internal pressures is shown in Figure A-199. Figure A-200

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

The Duane Arnold load definition tests were conducted at 9.19" H O
2

AP with no deflector installed below the vent header. A AP sen-

sitivity test at 0" AP was also conducted. The upforce as well as
downforce had minor oscillations. The vent header impact force was

significantly higher than for plants using deflectors.

1348''312
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FIGURE / -150

DRYWELL ORIFICE UPSTREAM PRESSURE

Task 5.5.3-2 Duane Arnold Test 3
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FIGURE A-151

DRYWELL PRESSURE

Task 5.5.3-2 Ouane Arnold Test 3

~

20

16

5 12
!2

5
E
5;
!O 8
E

4

0

0 100 200 300 400 500 600

TIME IN MILLISECONDS

.

^~'*
1348- 314-



NEDo-21944

FIGURE A-152

00Wr4 COMER ORIFICE DIFFERErlTIAL PRESSURE

Task 5.5.3-2 Duane Arnold Test 3
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FIGURE A-153

00WNCOMER ORIFICE UPSTREAM TEMPERATURE

Task 5.5.3-2 Duane Arnold Test 3
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FIGURE A-154

ENTHALPY FLOW INTO P00L

Task 5.5.3-2 Duane Arnold Test 3
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FIGURE A-155

DRYWELL ORIFICE UPSTREAM PRESSURE

Tash-5.5.3-2 Duane Arnold Test 5
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FIGURE A-156

DRYWELL PRESSURE

Task 5.5.3-2 Duane Arnold Test 5 .
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FIGURE A-157

00WNCOMER ORIFICE DIFFERENTIAL PRESSURE

Task 5.5.3-2 Duane Arnold Test 5
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FIGURE A-158

DOWilCOMER ORIFICE UPSTREAM TEMPERATURE

Tas k 5.5.3-2 Duane Arnold Test 5
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FIGURE A-159

ENTHALPY FLOW INTO POOL

Task 5.5.3-2 Duane Arnold Test 5
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FIGURE A-160

DOWNCOMER INTERNAL PRESSURE

Task 5.5.3-2 Duane Arnold Test 3
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FIGURE A-161

WETWELL PRESSURES

Task 5.5.3-2 Duane Arnold Test 3
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FIGURE A-162

00WNCOMER INTERNAL PRESSURE

Task 5.5.3-2 Duane Arnold Test 5
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FIGURL A-163

WETWELL PRESSURES

Task 5.5.3-2 Duane Arnold Test 5
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FIGURE A-164

NET TORUS FORCE FROM PRESSURE IriTEGRAL

Task 5.5.3-2 Duane Arnold Test 3
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FIGURE A-165

NET TORUS FORCE FROM PRESSURE INTEGRAL

Task 5.5.3-2 Duane Arnold Test 5
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FIGURE A-166

TORUS LOAD CELL

Task 5.5.3-2 Duane Arnold Test 3
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FIGURE A-167

TORUS VERTICAL ACCELERATION

Task 5.5.3-2 Duane Arnold Test 3
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FIGURE A-168

TORUS LOAD CELL

Task 5.5.3-2 Duane Arnold Test 5
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FIGURE A-169

TORUS VERTICAL ACCELERATION

Task 5.5.3-2 Duane Arnold Test 5
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FIGURE A-170

COMPARISON OF NET TORUS FORCE FROM PRESSURE INTEGRAL.

WITH NET TORUS FORCE FROM LOAD CELL CORRECTED FOR TORUS INERTIA

Task 5.5.3-2 Duane Arnold Test 3
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FIGURE A-171

COMPARISON OF NET TORUS FORCE FROM PRESSURE IfiiEGRAL

WITH NET TORUS FORCE FROM LOAD CELL CORRECTED FOR TORUS INERTIA

Task 5.5.3-2 Duane Arnold Test 5
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FIGURE A-172

NET TORUS FORCE FROM PRESSURE IflTEGRAL, CORRECTED FOR WATER INERTIA

Task 5.5.3-2 Duane Arnold Test 3
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FIGURE A-173

NET TORUS FORCE FROM PRESSURE IflTEGRAL, CORRECTED FOR WATER INERTIA

Task 5.5.3-2 Duane Arnold Test 5
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FIGURE A-174

AVERAGE POOL PRESSURE, CORRECTED FOR WATER INERTIA

Task 5.5.3-2 Duane Arnold Test 3
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FIGURE A-175

NET AVERAGE POOL PRESSURE, CORRECTED FOR WATER INERTIA

Task 5.5.3-2 Duane Arnold Test 3
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FIGURE A-176

AVERAGE POOL PRESSURE, CORRECTED FOR WATER INERTIA

Task 5.5.3-2 Duane Arnold Test 5
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FIGURE A-177

NET AVERAGE P00L PRESSURE, CORRECTED FOR WATER INERTIA

Task 5.5.3-2 Duane Arnold Test 5
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FIGURE A-178

VENT HEADER IMPACT PRESSURES

Task 5.5.3 2 Ouane Arnold Test 3
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FIGURE A-179

VENT HEADER IMPACT PRESSURES

Task 5.5.3-2 Duane Arriold Test 3
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FIGURE A-180

VENT HEADER IMPACT PRESSURES

Task 5.5.3-2 Duane Arnold Test 3
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FIGURE A-181

VENT HEADER IMPACT PRESSURES

Task 5.5.3-2 Duane Arnold Test 5
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FIGURE A-182

VENT HEACER IMPACT PRESSURES

Task S.5.3-2 Duane Arnold Test 5
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FIGURE A-103

VENT HEADER IMPACT PRESSURES

Task 5.5.3-2 Duane Arnold Test 5
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FIGURE A-184

COMPARIS0fl 0F VENT HEADER IMPACT RESULTS

(Corrected Load Cell and Pressure Integration)
Task 5.5.3 Duane Arnold Tests 3, 5
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FIGURE A-185

VEtlT HEADER VERTICAL ACCELERATION

Task 5.5.3-2 Duane Arnold Test 3
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FIGURE A-186

VENT HEADER VERTICAL ACCELERATION

Task 5.5.3-2 Duane Arnold Test 5
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FIGURE A-lE:7
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FIGURE A-188

TIME HISTORY OF

POOL DISPLACEMENT

DUANE ARNOLD, TEST 2
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FIGURE A-189

TIME HISTORY OF

POOL DISPLACEMENT

DUANE ARNOLD, TEST 3
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FIGURE A-190

' TIME HISTORY OF

P0OL DISPLACEMENT

DUANE ARNOLD, TEST 5
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FIGURE A-191 POOL SURFACE DISPmACEMENT

DUANE ARNOLD, TESTS 1, 2, 3
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DUANE ARNOLD, TESTS 1, 2, 3
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DUANE ARNOLD, TEST 5
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DUANE ARNOLD, TEST 5
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FIGURE A-195 SIDE WINDOW DISPLACEMENT AND VELOCITY PROFILES

DUANE ARNOLD, TEST 4
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FIGURE A-196

DOKgus WATER SUJC EJECTION

DUANE ARN01.0, TEST 3
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FIGURE A-197

[O6mtER WATER SIDG EJECTION

DUANE ARNOLD, TEST 5
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FIGURE A-198

EFFECT OF DRYWELL/llETWELL AP ON

ENTHALPY FLOW INTO P0OL

Duane Arnold Tests
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FIGURE A-199

EFFECT OF DRYWELL/WETWELL AP Ofl

DOWflCOMER It1TERtlAL PRESSURE

Duane Arnold Tests
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FIGURE A-200

EFFECT OF DRYWELL/llETWELL AP ON POOL PRESSURE

AT 180 DEGREE AND FREESPACE PRESSURE

Duane Arnold Tests
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* Vent clearing time.(from T ) determi

Ofrom the movie films.
TABLE A-9 ** Tire difference from T, to time of

#''O d wnf rce.
DATA FOR WETWELL VERTICAL LOADS - No significant downforce valley or.

Task 5.5.3-2 Duane Arnold Tests 2nd oeak downforca
*(1) Start-of-test reference time

Test No. 9.19" 2P 0" 2P

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

T, (sec)

Vent Clearing Time * (sec)
Peak Downforce

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

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

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

Downforce Valley

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

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

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

2nd Peak Downforce

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

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

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

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

Integral

Corrected Load Cell (sec)
Downferce Imoulse

Pressure Integral:
Impulse (Ib-sec)

f

^- 3 1349 004
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* ** # ''' '5 zero (fra r,)

TABLE A-9 (continued)
DATA FOR WETWELL VERTICAL LOADS (continued)

Task 5.5.3-2 Duane Arnold Tests

Test No. 9.19a 2P 0" aP
Std.

Parameter (1) (2) (3) (4) !!ean Dev. (5)

I
'

6

Peak Upforce
~ | ' '

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

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

orrected Load Cell:
Force (lb)
Time (from T ) (sec)g
pforce Valley

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

9
orrected Pressure Integral:

Fo rce (lb)
Time (from T ) (sec)

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

9
nd Peak Uoforce

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

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

orrected Load Cell:
Force (lb)
Time (from T ) (sec)g

ero Force Tire *
Pressure Integral (sec)
Corrected Pressure (sec)
Integral

Corrected Load Cell (sec)
i I I l l l

1349 005
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TABLE A-10

.

DATA FOR VE%i_L||RIMPACTLOADS

- Task 5.5.3-2 Duane Amald Tests

Test No.
9.19" op 0" aP

Std.
P arame ter (1) (2) (3) (4) Mean Dev. (5)

i .

T, + (sec)

Vent Heeder Imcact

Pressure Integral:
Maximum Force (lb)
Impulse (1b-sec)
Duration * (sec)

Load Cell Corrected:it
Maximum Force (lb)
Impulse (1b-sec)
Durati on (sec)

Pool Surface (ft/sec)
Veloci ty

T ime ( f rom T )" (sec)g

*(2) Offset 6" from pool centerline
Sased on impact pressure measurements*

At start of the first iccact pressure recorded"

t Start of reference time
ttrepresents peak of very noisy data (acceleration corrected); mean value

would be lower

1349 00.6
A-232
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A.5 Nine Mile Point Tests

A.5.1 Typical Data

Time-history plots of the driving conditions and pool response are
presented in this section for Nine Mile Point Tests 3 and 5.

Test 3 was a load definition test which was conducted at a partial
drywell/wetwell differential pressure of 7.94" AP and with a
4.59 inch pipe deflector (16 inch full scale). Test 5 was con-
ducted without an initial drywell/wetwell differential pressure (0"
AP) and with the same 4.59 inch pipe deflector.

A.5.1.1 Oriving Conditions

Driving conditions for Nine Mile Point Test 3 are presented in
Figures A-201 through A-205. Similar plots for Nine Mile Point
Test 5 are shown in Figures A-206 through A-210. Nine Mile Point's
driving conditions had the same characteristics as the " typical"
plant discussed in Section 3.0 of this report.

It can be seen that the downcomer orifice upstream temperature
starts to drop at about 200 milliseconds in Figure A-204 and about.
185 milliseconds in Figure A-209. This is the result of the con-
densate, which formed in the drywell during the pretest pump-down
period, dripping into the downcomer and wetting the thermocouple.
The corrected vent air temperature, which was based on the normal

temperature runs, is shown by dash line (Figures A-204 and A-209).
Correction of the air tenperature on enthalpy flow into pool is
negligibly small. Before the last series of the plant unique tests
were conducted (August to October 1978), the thermocouple was moved
up into the vent header and near the downcomer inlet. This resulted
in good vent air temperature measurement.

1349 007
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A.5.1.2 Pool Response

Downcomer internal pressure and wetwell pressures for Nine Mile
Point Tests 3 and 5 are presented in Figures A-211 through A-212
and A-213 through A-214, respectively. Several spikes can be
observed in one of the freespace pressures at about 400 and 565
milliseconds (Figure A-212). These spikes were caused by water
splashing on the transducer, which is mounted on the top of the
torus (airspace).

Figures A-215 and A-216 present net torus force based on the torus
pressure integral for Nine Mile Point Tests 3 and 5, respectively.
Some downforce oscillations are present, but they dampen out rapidly
after the first oscillation. During the Nine Mile Point Test 3,
one of the two freespace pressure transducers, was splashed with
water. When the outputs of both the freespace transducers are used
with the pool transducer outputs to obtain net torus force, an
erroneous force peak is produced at the time splashing occurs.
When only that transducer which was not splashed is used to obtain
net torus force, a much smoother and more accurate force-time

history is obtained (Figure A-215).

ine net torus force which was determined by applying the inertial
correction from the torus accelerometer (Figures A-218 and A-220)
to the torus load cell (Figures A-217 and A-219) is compared with
the torus force obtained from the torus pressure integral in Fig-
ures A-221 and A-222. Residual oscillations are present in the
corrected load cell. Figures A-223 and A-224 present the net torus,

,

force based on d e torus pressure integral corrected for inertia.

The " average" pool pressures for Nirm Mile Point Tests 3 and 5 are
shown in Figures A-225 and A-227. Figures A-220 and A-228 are the

same as Figure., A-223 and A-224 with force replaced by average
pressure (force / torus projected area).

~1349'008
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The vent header impact pressures for Nine Mile Point Test 3 are
<

presented in Figures A-229 through A-232. Vent header pressures
for Nine Mile Point Test 5 are presented in Figures A-233 through A-236.
These figures indicate that the deflector was effective in reducing
the peak local vent header impact pressure.

Figure A-237 presents a comparison of the vent header impact force
derived from the press;re integral with that derived from the
corrected load cell. Vent header vertical accelerations from
Tests 3 and 5 are shown in Figures A-238 and A-239, respectively.

A.5.2 Pool Dynamics

The pool contours at various times of pool swell are shown in
Figures A-240 through A-243 for Nine Mile Point Tests 1, 2, 3,
and 5.

The pool surface displacement curves for Tests 1, 2, and 3 are
shown on Figure A-244. The pool surface velocities for Tests 1, 2,
and 3 are shown on Figure A-245. The pool surface displacement
graph and pool surface velocity profiles for Test 5 are shown in
Figures A-246 and A-247, respectively.

The pool surface displacements and velocity profile viewed from the
side window during Test 4 are shown in Figure A-248. The downcomer

water slug displacement, velocity, and acceleration versus time for
Tests 3 and 5 are presented in Figures A-249 and 250.

'

A.5.3 Data Summaries
,

Table A-ll presents the Nine Mile Point Test Data for wetwell
vertical forces.

Table A-12 presents the Nine Mile Point test data for vent header
impact forces.

1349 009
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A.5.4 Discussion and Analysis

Figure A-251 presents the effect of drywell/wetwell AP on enthalpy
flow into the bubbles. Effect of drywell/wetwell AP on downcomer
internal pressure is shown in Figure A-252. Figure A-253 presents
the effect of drywell/wetwell on pool and freespace pressures.
The data for Nine Mile Point parallels that for the " typical" plant
in Section 3.0.

The Nine Mile Point load definition tests were conducted at 7.94"
H O AP and with a pipe deflector installed below the vent header.

2
A AP sensitivity test at 0" H O AP was also conducted. Some down-

2
force oscillations were evident. The upforce was relatively smooth.
Since the pipe deflector was close to the pool water level, the
deflector was less effective in reducino the vent header impact
force.

t

1349 010
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FIGURE A-201

*

DRYWELL ORIFICE UPSTREAM PRESSURE

Task 5.5.3-2 Nine Mile Point Test 3
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_

FIGURE A-202

DRYWELL PRESSURE

Task 5.5.3-2 Nine Mile Point Test 3
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FIGURE A-203

DOWNCOMER ORIFICE DIFFERFNTIAL PRESSURE

Task 5.5.3-2 Nine Mile Point Test 3
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FIGURE A-204

DOWNCOMER ORIFICE UPSTREAM TEMPERATURE

Task 5.5.3-2 Nine Mile Point Test 3
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FIGURE A-205

ENTHALPY FLOW INTO POOL

Task 5.5.3-2 Nine Mile Point Test 3
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FIGURE A-206

DRYWELL ORIFICE UPSTREAM PRESSURE

Task 5.5.3-2 Nine Mile Point Test 5
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FIGURE A-207

DRYWELL PRESSORE

Task 5.5.3-2 Nine Mile Doint Test 5
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_
FIGURE A-208

DOWNCOMER ORIFICE DIFFERENTIAL PRESSURE

Task 5.5.3-2 Nine Mile Point Test 5
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FIGURE A-209

DOWNCOMER ORIFICE UPSTREAM TEMPERATURE

Task 5.5.3-2 Nine Mile Point Test 5
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FIGURE A-2M

ENTHALPY FLOW INTO POOL

Task 5.5.3-2 Nine Mile Point Test 5
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.

FIGURE A-211

DOWNCOMER INTERNAL PRESSURE

Task 5.5.3-2 Nine Mile Point Test 3
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FIGURE A-212

WETWELL PRESSURES

Task 5.5.3-2 fline Mile Point Test 3
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FIGURE A-213

DOWNCOM kNTERNALPRESSURE

,
Task 5.5.3-2 Nine Mile Point Test 5
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FIGURE A-214

WETWELL PRESSURES

Task 5.5.3-2 Nine Mile Point Test 5
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e
FIGURE A-215

i

NET TORUS FORCE FROM PRESSURE INTEGRAL

Task 5.5.3-2 Nine 11ile Point Test 3
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FIGURE A-216

NET TORUS FORCE FROM PRESSURE INTEGRAL

Task 5.5.3-2 Nine Mile Point Test 5
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FIGURE A-217

TORUS LOAD CELL

Task 5.5.3-2 Nine Mile Point Test 3

.

0

-4

-8
,

"o
7
5

-12a

5
d
8
u.

-16

-20

-24

0 100 200 300 400 500 600

TIf4E IN fi1LLISECONDS

134c) 02A-253



NEDO-21944

FIGURE A-218

TORUS VERTICAL ACCELERATION

Task 5.5.3-2 Nine Mile Point Test 3
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FIGURE A-219

TORUS LOAD CELL

Task 5.5.3-2 Nine Mile Point Test 5
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FIGURE A-220

TORUS VERTICAL ACCELERATION

Task 5.5.3-2 Nine Mile Point Test 5
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FIGURE A-221

COMPARISON OF NET TORUS FORCE FROM PRESSURE INTEGRAL

WITH NET TORUS FORCE FROM LOAD CELL CORRECTED FOR TORUS INERTIA
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FIGURE A-222

COMPARISON OF NET TORUS FORCE FROM PRESSURE INTEGRAL

WITH NET TORUS FORCE FROM LOAD CELL CORRECTED FOR TORUS INERTIA

Task 5.5.3-2 Nine Mile Point Test 5
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FIGURE.A-223

NET TORUS FORCE FROM PRESSURE INTEGRAL, CORREClED FOR WATER INERTIA

Task 5.5.3-2 Nine Mile Point Test 3
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FIGURE A-224

NET TORUS FORCE FROM PRESSURE INTEGRAL, CORRECTED FOR WATERsJfiERTIA

Task 5.5.3-2 Nine Mile Point Test 5
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FIGURE A-225

AVERAGE POOL PRESSURE, CORRECTED FOR WATER INERTIA

Task 5.5.3-2 Nine Mile Point Test 3

10

8

5
E
5

6w
5
$
$
d

42
&
&
W
<

2

0

0 100 200 300 400 500 600

TIME IN MILLISECONDS

A-261



NEDO-21944

FIGURE A-226

NET AVERAGE P00L PRESSURE, CORRECTED FOR WATER INERTIA

Task 5.5.3-2 Nine Mile Point Test 3
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FIGURE A-227

AVERAGE POOL PRESSURE, CORRECTED FOR WATER INERTIA

Task 5.5.3-2 Nine Mile Point Test 5
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FIGURE A-228
NET AVERAGE POOL PRESSURE, CORRECTED FOR WATER INERTIA

Task 5.5.3-2 Nine Mile Point Test 5
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Task 5.5.3-2 fline Mile Point Test 3
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FIGURE A-230

VENT llEADER IMPACT PRESSURES

Task 5.5.3-2 Nine Mile Point Test 3 .
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Task 5.5.3-2 Nine Mile Point Test 3
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FIGURE A-234

VENT llEADER IMPACT PRESSURES

Task 5.5.3-2 Nine Mile Point Test 5
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FIGURE A-236

VENT HEADER IMPACT PRESSURES

Task 5.5.3-2 Nine Mile Point Test 5
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FIGURE A-237

COMPARISON OF VENT HEADER IMPACT RESULTS Y

(Corrected Load Cell and Pressure Integration)
Ta s k 5. 5. 3 Nine Mile Point Tests 3, 5
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FIGURE A-238

VENT HEADER VERTICAL ACCELERATION
'

Task 5.5.3-2 Nine Mile Point Test 3
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VEllT llEADER VERTICAL ACCELERATI0t1

Task 5.5.3-2 t{ine Mile Point Test 5
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FIGURE A-240

TIME HISTORY OF .

P0OL DISPLACEMENT
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FIGURE A-241

TIME HISTORY OF

P0OL DISPLACEMENT

flINE MILE POIrlT, TEST 2
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FIGURE A-242

TIME HISTORY OF

POOL DISPLACEMENT

NINE MILE POINT, TEST 3
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FIGURE A-243

TIME HISTORY OF

POOL DISPLACEMENT

flINE MILE POIrlT, TEST 5
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FIGURE A-244

POOL SURFACE DISPLACEMENT

NINE MILE POINT, TESTS 1, 2, 3
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POOL SURFACE VELOCITY PROFILES

FIGURE A-245
filf4E MILE P0lflT, TESTS 1, 2, 3
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POOL SURFACE DISPLACLMENT

FIGURE A-246

fil!4E MILE POI!1T, TEST S
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POOL SURFACE VELOCITY PROFILES

FIGURE A-247
f1INE MILE POINT, TEST 5
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FIGURE A-248

SIDE WINDOW DISPLACEMENT AND VELOCITY PROFILES

NINE MILE POINT, TEST 4
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FIGURE A-249
,

DOWNCCNER WATER SIlJG EJECTION

NINE MILE POINT, TEST 3
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FIGURE.A-250
,

DOWNC W ER WATER SIlJG EJECTION

NINE MILE POINT, TEST 5
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FIGURE A-251

EFFECT OF DRYWELL/WETWELL aP ON

ENTHALPY FLOW INTO P0OL

Nine Mile Point Tests

1000

800

-

8
g 600
3
$
5
d
g 400
t
=

b -

200

0

0 100 200 300 400 500 600

TIf1E (milliseconds)

A-287 1349 061



NEDO-21944

FIGURE A-252

EFFECT OF DRYWELL/WETWELL AP ON

00WNCOMER INTERNAL PRESSURE

Nine liile Point Tests
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FIGURE A-253

EFFECT OF DRYWELL/WETWELL AP Oil POOL PRESSURE

AT 180 DEGREE AND FREESPACE PRESSURE
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* Vent clearing time (from T ) determin

O
TABLE A-ll from the movie films.

~ Time difference from T to time ofo
**' "" "C''DATA FOR WETWELL VERTICAL LOADS

*(l) Start-of-test reference time
Task 5.5.3-2 Nine tiile Point Tests

Test No. 7.94" t.P,4.59* Pipe Deflector (16" Full Scale)
Stt

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

*(l)
T, (sec)

Vent Clearing Time * (sec)
Peak Downforce

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

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

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

Downforce valley

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

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

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

2nd Peak ')ownforce

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

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

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

[at] Downforce Time"
Pressure Integral (sec)
Corrected Pressure (sec)

Inteqral

Corrected Load Cell (sec)
Downforce impulse

Pressura Integral:

Impulse (lb-sec)
t s

1349 064
A-290
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*Ii"* * * #* ** 15 * * * I '"" T )TABLE A-11 o

DATA FOR WETWELL VERTICAL LOADS (continued)

Task 5.5.3-2 Nine Mile Point Tests

Test No. 7.94" 6P, 4.59" Pipe Deflector (16" Full Scale) 0" eP

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

eak Upforce

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

orrected Pressure Integral:
Force (lb)
Time (f rom T,) (sec)

orrected Load Cell:
Force (Ib)
Time (from T ) (sec)
pforce Valley

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

orrected Pressure Integral:
Force (lb) .

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

Time (from T ) (sec) |g
nd Peak Upforce

ressu.-e Integral:
Force (Ib)
Time (from T ) (sec)

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

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

ero Force Time *

Pressure Integral (sec)
Corrected Pressure (sec)
Integral

Corrected Load Cell (sec)
t t i

1349 065A-291
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TABLE A-12

DATA FOR 'IENT HEACER !@ ACT LOACS

Task 5.5.3-2 Nine Mile Point Tests

Test No.
7.94* aP, 4.60" Deflector 0" iP

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

Tt (sec)g

Vent Neader Iracact

Pressure Integral: '

Maximum Force (15)
Impulse (1b-sec)
Du ra tion * (sec)

Lead Cell Corrected:ii
Maximum Force (lb)
Irrouls e (1b-sec)
Durati on (sec)

Pool Surface (ft/sec)
Veloci ty

Time (from T,)" (sec)

f

*Sased on impact oressure measurements
**At start of the firs t impact pressure recorded.

tStart of test reference tirre
ttrepresents peak of very noisy data (acceleration corrected); mean value

would be lower

1347 066
A-292
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A.6 Brunswick Tests

A.6.1 Typical Data

Time-history plots of the driving conditions and pool response are
presented in this section for Brurswick Test 3. Test 3 was a load
definition test, conducted without an initial drywell/wetwell
differential pressure (0" AP) and with a 5.34 inch pipe deflector
(20 inch full scale). AP sensitivity test was not conducted for
Brunswick.

A.6.1.1 Driving Conditions

Driving conditions for Brunswick Test 3 are presented in Fig-
ures A-254 through A-258. Brunswick's driving conditions had the
same characteristics as the " typical" plant discussed in Sec-
tion 3.0 of this report.

A.6.1.2 Pool Response

Downcomer internal pressure and wetwell pressures for Brunswick
Test 3 are presented in Figures A-259 and A-260. These pressure

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

Figure A-261 presents net torus force based on the torus pressure
integral for Brunswick Test 3. The net torus force shows relatively
smooth downforce except for the first oscillation and shows some
upforce oscillation.

The net torus force which was determined by applying the inertial
correction from the torus accelerometer (Figure A-262) to the torus
load cell (Figure A-263) is compared with the torus force obtained
from the torus pressure integral in Figure A-264. Figure A-265

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

. r,5 f-
A-293
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The " average" pool pressure for Brunswick Test 3 is shown in Fig-
ure A-266. Figure A-267 is the same as Figure A-265 with force
replaced by average pressure (force / torus projected area).

The vent header impact pressures for Brunswick Test 3 are presented
in Figures A-268 through A-271. These figures indicate that the
deflector was effective in reducing the peak local vent header
impact pressure.

Figure A-272 presents a comparison of the vent header impact force
derived from the pressure integral with that derived from the

corrected load cell. Vent header vertical acceleration is shown in
Figure A-273.

A.6.2 Pool Dynamics

The pool contours at various times of pool swell are shown in
Figures A-274 through A-276 for Brunswick Tests 1, 2, and 3.

The pool surface displacement curves for Tests 1, 2, and 3 are
shown on Figure A-277. The pool surface velocities for Tests 1, 2,

and 3 are shown on Figure A-278.

The pool surface displacements and velocity profile viewed from the
side window during Test 4 are shown in Figure A-279. The dow camer

water slug displacement, velocity, and acceleration versus time for
Test 3 are presented in Figure A-280.

Brunswick pool dynamics are similar to those of the " typical" plant
discussed in Section 3.0.
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A.6.3 Data Summaries

Table A-13 presents the Brunswick Test Data for wetwell vertical
forces.

Table A-14 presents the Nine Mile Point test dcta for vent header
impact forces.

A.6.4 Discussion and Analysis

The load definition tests were conducted at zero AP and with a pipe
deflector installed below the vent header. AP sensitivity test (at
a partial or full AP) was not conducted for Brunswick. The down-

force was relatively smooth except for the first oscillation. The

upforce showed some oscillation, which is a characteristic of the
type II (30 bend) 60wncomers. The pipe deflector (20 inch full

scale) effectively reduced the vent header impact force.

s

1349 069-
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FIGURE A-254
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FIGURE A-255
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FI'URE A-256G
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FIsVRE A-257

DOWNCOMER ORIFICE UPSTREAM TEMPERATURE
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FIGURE A-258

ENTHALPY FLOW IllTO P00L
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FIGURE 'A-259

DOWNCOMER INTERNAL PRESSURE
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FIGURE' A-260

WETWELL PRESSURES
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FIGURE A-261

NET TORUS FORCE FROM PRESSURE INTEGRAL
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FIGUEE A-262

TORUS VERTICAL ACCELERATION
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FI;GURE A-263

TORUS LOAD CELL
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FIGURE A-264

COMPARISON OF NET TORUS FORCE FROM PRESSURE INTEGRAL

WITH NET TORUS FORCE FROM LOAD CELL CORRECTED FOR TORUS INERTIA

Task 5.5.3-2 Brunswick Test 3

6000

4000

2000

$
a

05
6
x
8

-2000

-4000

-6000

-8000

0 100 200 300 400 500 6

TIME IN MILLISECONDS

A-306



NED0-21944
-

FIGURE A-265

NET TORUS FORCE FROM PRESSURE INTEGRAL, CORRECTED FOR WATER INERTIA
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FIGURE A-266

AVERAGE POOL PRESSURE, CORRECTED FOR WATER INERTIA
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i

FIGURE A-267
.
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FIGURE A-??0

VENT HEADER IMPACT PRESSURES
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FIGURE A-272

COMPARISON OF VENT HEADER IMPACT RESULTS

(Corrected Load Cell and Pressure Integration)
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FIGURE A-274
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FIGURE A-275 -
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FIGURE A-276
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POOL SURFACE DISPLACEMENT

FIGURE A-277
BRUNSWICK, TESTS 1, 2, 3
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POOL SURFACE VELOCITY PROFILES l

FIGURE A-278
BRUNSWICK, TESTS 1, 2, 3
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FIGURE A-279

SIDE WINDOW DISPLACEliENT AND VELOCITY PROFILES
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FIGURE A-280
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TABLE A-13 ''" * * ' '' '' "9 '' "' ( '"" T ) d ' t '"' "'dofrom the movie films.
** Time difference from T to time ofo

#' " d ""I 'C'*DATA FOR WETWELL VERTICAL LOADS
* * * "

Task 5.5.1-2 Brunswick Tests

Test No. 0" aP. 5.34" Pipe Deflector (20" Full Scal?)
Std.

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

*(1)

Vent Clearing Time * (sec)
Peak Downforce

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

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

Corrected Load Cell:
Force (1b)
Time (from T ) (sec)

Downforce Valley

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

Corrected Pressure Integral:
Force (1b)

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

Force (1b)

Time (from T,) (sec)
2nd Peak Downforce

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

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

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

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

Integral

Corrected Load Cell (sec)
Downforce Impulse

Pressure Integral:
Impulse (15-sec)

I i i , '
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TABLE A ~. 3 * Time at force is zero (from T,)

DATA FOR WETWELL VERTICAL LOADS (continued)

Task 5.5.3-2 Brunswick Tests

Test No. 0"aP,5.34" Pioe Deflector (20" Full Scale)
Std.

Parameter (1) (2) (3) (4) t'ean Dev.

6 i i i e

Peak Upforce

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

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

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

Upforce Valley *

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

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

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

2nu Peak Upforce

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

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

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

Zero Force Time *

Pressure Integral (sec)
Corrected Pressure (sec)
Integral

Corrected Load Cell (sec)
a t

1349 098
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TABLE A-14

DATA M R VENT HEACER IMPACT LOADS

Task 5.5.3-2 Br's.swick Tests

Test No. 0" AP. 5.34" Deflector -

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

1

Tt (sec)a

Vent Header Im act
Pressure Integral:

Maximum Force (10)
Irmulse (1b-sec)
Ouration * (sec)

Load Cell Corrected:tt
Maximum Force (lb)
Imoulse (1b-sec)
Dursti on (sec)

Pool Surface (f t/sec)
Velect'.y

Time (from T,)" (sec)

, , , , ,

*Sased on imoact pressure measu: Tun ts .

"At start of the first impact pressure recorted.
%1y the mean velocity (for tests 1. 2. 3) at a position

6" off the facility centerlita is calculate.
tStart of reference time

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

1349 099
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A.7 Cooper Station Tests

A.7.1 Typical Data

Time-history plots of the driving conditions and pool response are
presented in this section for Cooper Statica Tests 3 and 5. Test 3
was a load definitic,n test which was conducted at a partial drywell/
wetwell differential pressure of 7.46" AP. Test 5 was conducted
without an initial drywell/wetwell differential pressure (0" AP).
The Cooper Station tests were conducted with nc vent header deflector.

A.7.1.1 Driving Conditions

Driving conditions for Cooper Station Test 3 are presented in
Figures A-281 through A-285. Similar plots for Cooper Station
Test 5 are shown in Figures A-286 through A-290. Cooper Station's
driving conditions had the same characteristics as the " typical"
plant discussed in Section 3.0 of this report.

A.7.1.2 Pool Response

Downcomer internal pressure and wetwell pressures for Cooper Station
Test, 3 and 5 are presented in Figures A-291 through A-292 and A-293
through A-294, respectively. These pressure plots have the same
characteristics as the " typical" plant in Section 3.0.

Figures A-295 and 3-296 present net torus force based on the torus
pressure integral for Cooper Station Tests 3 and 5, respectively.
Some downforce oscillations are present, but they dampen out rapidly
after the first oscillation. The upforce also shows som7 oscillation.

The net torus force which was determined by applying the inertial
correcticn from the torus accelerometer (Figures A-298 and A-300)
to the torus load cell (Figures A-297 and A-299) is compared with

1349 100
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the torus force obtained from the torus pressure integral in Fig-
ures A-301 and A-302. Figures A-303 and A-304 present the net
torus force based on the torus pressure integral corrected for
inertia.

The " average" pool pressures for Cooper Station Tests 3 and 5 are
shown in Figures A-305 and A-307. Figures A-306 and A-308 are the
same as Figures A-303 and A-304 with force replaced by average
pressure (force / torus projected area).

The vent header impact pressures for Cooper Station Test 3 are
presented in Figures A-309 through A-312. Vent header pressures
for Cooper Station Test 5 are presented in Figures A-313 through A-316.

Figure A-317 presents a comparison of the vent header impact force
derived from the pressure integral with that derived from the
corrected load cell. Vent header vertical accelerations from
Tests 3 and 5 are shown in Figures A-318 and A-319, respectively.

A.7.2 Pool Dynamics

The pool contours at various times of pool swell are shown in
Figu-ps A-320 through A-323 for Cooper Station Tests 1, 2, 3,
and 5.

Tne pool surface displacement curves for Tests 1, 2, and 3 are
si.own on Figurt +324. The pool surface velocities for Tests 1, 2,
and 3 a're shown on Figure A-325. The pool surface displacement
graph and pool surface velocity profiles for Test 5 are shown in
Figures A-326 and A-327, respectively.

1349 101
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The pool surface displacements and velocity profile viewed from the
side window during Test 4 are shown in Figure A-328. The downcomer
water slug displacement, velocity, and acceleration versus time for
Tests 3 and 5 are presented in Figures A-329 and A-330.

A.7.3 Data Summaries

Table A-15 presents the Cooper Station test data for wetwell ver-
tical forces.

Table A-16 presents the Cooper Station test data for vent her'ar
impact forces.

A.7.4 Discussion and Analysis

Figure A-331 presents the effect of drywell/wetwell AP on enthalpy
flow into the bubbles. Effect of drywell/wetwell AP on downcomer
internal pressure is shown in Figure A-332. Figure A-333 presents
the effect of drywell/wetwell AP on pool and freespace pressures.
The data for Cooper Station parallels that for the " typical" plant
in Section 3.0.

The Cooper Station load definition tests were conducted at 7.46"
H 0 AP and with no vent header deflector. A AP sensitivity test at2

0" H O AP was also conducted. Some downforce oscillations were2
evident. The upforce also showed oscillation. The vent header
impact force was significantly higher than for plants using deflectors.

1349 f02,
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FIGURE A-281

DRYWELL ORIFICE UPSTREAM PRESSURE
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FIGURE A-282

DRYWELL PRESSURE
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FIGURE A-283

DOWNCOMER ORIFICE DIFFERENTIAL PRESSURE
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TIGURE A-284

00WriCOMER ORIFICE UPSTREAM TEMPERATURE
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FIGURE A-285

ENTHALPY FLOW INTO POOL
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FIGURE A-286

DRYWELL ORIFICE UPSTREAM PRESSURE

Task 5.5.3-2 Cooper Station Test 5
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FIGURE A-287

DRYWELL PRESSURE

Task 5.5.3-2 Cooper Station Test 5

20

13
,

5
E
:= ,

"
12

E!
B
L/J

V
a.

8

4

0
0 100 200 300 400 500 600

TIl1E Ifl MILLISEC0t1DS

1349 109

A-335



NEDO-21944

FIGUPF A-288

00Wr4 COMER ORIFICE DIFFERENTIAL PRESSURE
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FIGURE.A-289

DOWNCOMER ORIFICE UPSTREAM TEMPERATURE

Task 5.5.3-2 Cooper Station Test 5
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FIGURE A-290

ENTHALPY FLOW INTO P00L

Task 5.5.3-2 Cooper Station Test 5
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FIGURE A-291

DOWNCOMER INTERNAL PRESSURE

Task 5.5.3-2 Cooper Station Test 3
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FIGURE A-292

WETWELL PRESSURES

Task 5.5.3-2 Cooper Station Test 3
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FIGURE A-293

00WNCOMER INTERNAL PRESSURE
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FIGURE A-294

WETWELL PRESSURES

Task 5.5.3-2 Cooper Station Test 5
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FIGURE A-295

NET TORUS FORCE FROM PRESSURE INTEGRAL

Task 5.5.3-2 Cooper Station Test 3
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FIGURE .A-296

NET TORUS FORCE FROM PRESSbRE INTEGRAL
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FIGURE A-297

TORUS LOAD CELL

Task 5.5.3-2 Cooper Station Test 3
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FIGURE A-298

TORUS VERTICAL ACCELERATION

Task 5.5.3-2 Cooper Station Test 3
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FIGURE.A-299

TORUS LOAD CELL

Task 5.5.3-2 Cooper Station Test 5
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FIGURE A-300

TORUS VERTICAL ACCELERATION

Task 5.5.3-2 Cooper Station Test 5
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FIGURE A-301

COMPARISON OF NET TORUS FORCE FROM PRESSURE ItiTEGRAL

WITH tlET TORUS FORCE FROM LOAD CELL CORRECTED FOR TORUS INERTIA

Task 5.5.3-2 Cooper Station Test 3
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FIGURE A-302

COMPARISON OF HET TORUS FORCE FROM PRESSURE INTEGRAL

WITH NET TORUS FORCE FROM LOAD CELL CORRECTED FOR TORUS INERTIA

Task 5.5.3-2 Cooper Station Test 5
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FIGURE A-303

flET TORUS FORCE FR0t1 PRESSURE IrlTEGRAL, CORRECTED FOR WATER It1ERTIA

Task 5.5.3-2 Cooper Station Test 3
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FIGURE A-304

NET TORUS FORCE FROM PRESSURE INTEGRAL, CORRECTED FOR WATER INERTIA

Task 5.5.3-2 Cooper Station Test 5
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FIGURE A-305

AVERAGE POOL PRESSURE, CORRECTED FOR WATER INERTIA

Task 5.5.3-2 Cooper Station Test 3
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FIGURE A-306

NET AVERAGE P00L PRESSURE, CORRECTED FOR WATER INERTIA

Task 5.5.3-2 Cooper Station Test 3
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FIGURE A-307

AVERAGE POOL PRESSURE, CORRECTED FOR WATER INERTIA

Task 5.5.3-2 Cooper Station Test 5
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FIGURE . A 308

NET AVERAGE POOL PRESSURE, CORRECTED FOR WATER INERTIA

Task 5.5.3-2 Cooper Station Test 5
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FIGURE A-309

VENTHEf0ERIMPACTPRESSURES

Talk 5.5.3-2 Cooper Station Test 3
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FIGURE A-310
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VENT HEADER IMPACT PRESSURES

Task 5.5.3-2 Cooper . Station Test 3.
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VENT HEADER IMPACT PRESSURES

Task 5.5.3-2 Cooper Station Test 3
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FIGURE A-312
*
.

VEriT HEADER IMPACT PRESSURES ',

Task 5.5.3-2 Cooper Station Test 3
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YENT HEADER IMPACT PRESSURES

Task 5.5.3-2 Cooper Station Test 3
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FIGURE A-312
' ~

VEfiT HEADER IMPACT PRESSURES

Task 5.5.3-2 Cooper Station Test 3
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FIGURE A-313

VENT HEADER IMPACT PRESSURES

Task 5.5.3-2 Cooper Station Test 5
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VENT HEADER IMPACT PRESSURES
FIGURE A-314 .,

Task 5.5.3-2 Cooper Station Test 5
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FIGURE A-315

VENT HEADER IMPACT PRESSURES

Task 5.5.3 2 Cooper station Test 5
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VENT HEADER IMPACT. PRESSURES
"

FIGURE A-316
Task 5.5.3-2 Cooper Station Test 5
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FIGilqE A-317

COMPARISON OF VENT HEADER IMPACT RESULTS

(Corrected Load Cell and Pressure Integration)
Task 5.5.3 Cooper Station Tests 3, 5
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VENT HEADER VERTICAL ACCELERATI0ft
FIGURE A-318

Task 5.5.3-2 Cooper Station Test 3

.

12

8

5
8
L
5P e 4w =

$ 0
,

5
P
&

0u
a

-4-

w
P
w
-

p
-8g

170 180 190 200 210 220 230 240 250



VENT HEACER VERTICAL ACCELERATION

Task 5.5.3-2 Cooper Station Test 5
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FIGURE A-320

TIME HISTORY OF

POOL REPLACEMENT
'

COOPER STATION, TEST 1
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FIGURE A-321

TIME HISTORY OF

POOL DISPLACEMENT

COOPER STATION, TEST 2
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FIGURE A-322

.

TIME HISTORY OF

POOL DISPLACEMENT

COOPER STATION, TEST 3
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FIGURE A-323

TIME HISTORY OF

700L DISPLACEMENT

COOPER STATION, TEST 5
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POOL SURFACE DISPLACEMENT

FIGURE A-324
COOPER STATION, TESTS 1, 2, 3
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FIGURE A-325
COOPER STATI0tl TESTS 1, 2, 3
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POOL SURFACE DISPLACEMENT

FIGURE A-~326 ^

COOPER STATION, TEST 5
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FIGURE A-327
COOPER STATION, TEST 5
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FIGURE A-328

SIDE WINDOW DISPLACEttEtlT At10 VELOCITY PROFILES

COOPER STATION, TEST 4
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FIGURE A-329

toNIMR WATER SIJJG FJECTION

COOPER STATION, TEST 3
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FIGURE A-330

D0hNCOER WATER SIDG EJECTIN

COOPER STATION, TEST 5
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FIGURE A-331
.

EFFECT OF DRYWELL/WETWELL AP ON

ENTHALPY FLOW INTO POOL

Cooper Station Tests
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FIGURE A-332

EFFECT OF DRYWELL/WETWELL AP ON

00WNCOMER INTERNAL PRESSURE
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FIGURE A -333

EFFECT OF DRYWELL/WETWELL t.P ON POOL PRESSURE

AT 180 DEGREE Afl0 FREESPACE PRESSURE

Cooper Station Tests
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TABLE A-15 *V'"* *I'''1"9 ti"' ('' " T ) d't' 'i"'ofrom the movie films.
** Time difference from T, to time of

#''' dO*"IO'C'*
DATA FOR WETWELL VERTICAL LOAM

*(l) Start-of-test reference time
Task 5.5.3-2 Cooper Statien Test,

Test No. 7.46" aP (No Deflector) [f
Parameter (1) (2) (3) (4) Mean Dev. (5)

'

*(l)
T, (sec)

Vent Clearing Time * (sec)
Peak Downforce

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

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

Corrected Load Cell:
Force (1b)
Time (from T ) (sec)g

Downforce Valley

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

Corrected Pressure Integral:
Force (lb)
Time (fro'n T,) (sec)

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

2nd Peak Downforce

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

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

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

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

Integral

Corrected Load Cell (sec)
Downforce impulse

Pressure Integral:
Impulse (lb-sec)

t I

^-382 1349 158
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Tabic A-15

. Time at force is zero (from T,)

DATA FOR WETWELL VERTICAL LOADS (continued)

Task 5.5.3-2 Cooper Station Tests

'
Test No. 7.46" aP (No Deflector) 0" aP

Std.rameter (1) (2) (3) (4) tiean Dev. (5)

"d S2.0Lrg.g

:ssure Integral:
orce (1b)

ilme (fmm T ) (sec)
=rected Pressure Integral:
orce (1b)

tme (from T,) (sec)
rected Load Cell:
orce (Ib)
Ime (from T,) (sec)

*LSL E*.1.'.81
ssure Integral:
orce (Ib)
ime (from T,) (sec)
rected Pressure Integral:
orce (1b)

ime (from T,) (sec)
rected Load Cell:
orce (1b)
ime (from T ) (sec)g
Peak Upforce

ssure Integral:
orce (1b)

ime (from T,) (sec)
rected Pressure Integral:
3rce (Ib)
ime (from T,) (sec)

vected Load Cell:
3rce (Ib)
ime (from T ) (sec)g
i Force Time'
essure Integral (sec)

3rrected Pressure (sec)
ntegral

irrected Load Cell (sec)
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T!4LE A-16

DATA FOR VENT 9EACER D'Paci LOA 05

Task 5.5.3-2 Cooper Station Tests

"

Test No. 7. 44, t p g, 6p

Std.
Parameter (1) (2) (3) (4) Mean Oev. (5)

. . . i

T,+ (sec)

Vent Header tmeact

Pressure Integral:
Maximum Force (lb)
Inculse (lb-sec).
Duration * (sec)

Load Call Co rected:tt
Maximum Force (lb)
Impulse (1b-sec)
Dura ti on (sec)

Pool Surface (ft/sec)
Veloci ty

Time (from T )" (sec)g

I l i I I i

*Sased on treact pressure measurements.
"At start of the first impact pressure recorded.

tStart-of-test r1tference time,

ttrepresents peak of very noisy data (acceleration corrected); mean value
would be lower.
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A.8 Dresden Tests

The plant input for Dresden and Quad Cities showed that with the same
deflector geometry both plants had identical QSTF test parameters except
that Dresden had a slightly higher (0.8%) drywell pressurization rate.
Therefore the Dresden test data is applicable to Quad Cities.

A.8.1 Typical Data

Time-history plots of the driving conditions and pool response are
presented in thic section for Dresden Tests 3 and 5. Test 3 was a
load definition test which was conducted at a partial drywell/
wetwell differential pressure of 7.15" AP and with a 5.17 inch pipe
deflector (20 inch full scale). Test 5 was conducted without an
initial drywell/wetwell differential pressure (0" AP) and with the
same 5.17 inch pipe deflector.

A.8.1.1 Driving Conditions

Driving conditions for Dresden Test 3 are presented in Figures A-334
through A-338. Similar plots for Dresden Test 5 are shown in
Figures A-339 through A-343. Dresden's driving conditions had the
same characteristics as the " typical" plant discussed in Section 3.0
of this report.

A.8.1.2 Pool Response

Downcomer internal pressure and wetwell pressures for Dresden
Tests 3 and 5 are presented in Figures A-344 through A-345 and A-346
through A-347, respectively. These pressure plots have the same

characteristics as the " typical" plant in Section 3.0.

Figure A-348 and A-349 present net torus force based on the torus
pressure integral for Dresden Tests 3 and 5, respectively. Some

downforce oscillations are present.

1349 161
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The net torus force which was determined by applying the inertial
correction from the torus accelerometer (Figures A-351 and A-353)
to the torus load cell (Figures A-350 and A-352) is compared with
the torus force obtained from the torus pressure integral in Fig-
ures A-354 and A-355. Residual oscillations are present in the
corrected load cell. Figures A-356 and A-357 present the net torus
force based on the torus pressure integral corrected for inertia.
Smoothed downforce is also shown in these figures, using the filtering
technique described in Appendix I. Refer to Appendix H for detailed
comparison of filtered and unfiltered downforce transients.

The " average" pool pressures for Dresden Tests 3 and 5 are shown in
Figures A-358 and A-360. Figures A-359 and A-361 are the same as

Figures A-356 and A-357 with force replaced by average pressure
(force / torus projected area).

The vent header impact pressures for Dresden Test 3 are presented
in Figures A-362 through A-365. Vent header pressures for Dresden
Test 5 are presented in Figures A-366 through A-369. These figures
iidicate that the deflector was effective in reducing the peak
local vent header impact pressure.

Figure A-370 presents a comparison of the vent header impact force
derived from the pressure integral with that derived from the
corrected load cell. Vent header vertical accelerations from
Tests 3 and 5 are shown in Figures A-371 and A-372, respectively.

A.8.2 Pool Dynamics

The pool contours at various times of pool swell are shown in
Figures A-373 through A-376 for Dresden Tests 1, 2, 3, and 5.

The pool surface displacement curves for Tests 1, 2, and 3 are
shown on Figure A-377. The pool surface velocities for Tests 1, 2,

1349 162
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and 3 are shown on Figure A-378. The pool surface displacement
graph and pool surface velocity profiles for Test 5 are shown in
Figures A-379 and A-380, respectively.

The pool surface displacements and velocity profile viewed from the
side window during Test 4 are shown in Figure A-381. The downcomer

water slug displacement, velocity, and acceleration versus time for
Tests 3 and 5 are presented in Figures A-382 and A-383.

A.8.3 Data Summaries _

Table A-17 presents the Dresden test data for wetwell vertical
forces.

Table A-18 presents the Dresden test data for vent header impact
forces.

A.8.4 Discussion and Analysis

Figure A-384 presents the effect of drywell/wetwell AP on enthalpy
flow into the bubbles. Effect of drywell/wetwell AP on downcomer
internal pressure is shown in Figure A-385. Figure A-386 presents
the effect of drywell/wetwell AP on pool and freespace pressures.
The data for Dresden parallels that for the " typical" plant in
Section 3.0.

The Dresden load definition tests were conducted at 7.15" H 0 AP
2

and with a pipe deflector installed below the vent header. A AP

sensitivity test at 0" H O AP was also conducted. Some downforce
2

oscillations were evident. The upforce also showed some oscillation.
The pipe deflector (20 inch full-scale) effectively reduced vent
header impact force.
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FIGURE A-334

DRYWELL ORIFICE UPSTREAM PRESSURE

Task 5.5.3-2 Dresden Test 3
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FIGURE A-335

DRYWELL PRESSURE

Task 5.5.3-2 Dresden Test 3
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FIGURE A-336

00WNCOMER ORIFICE DIFFERENTIAL PRESSURE

Task 5.5.3-2 Dresden Test 3
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FIGURE A-337

DOWNCGMER ORIFICE UPSTREAM TEMPERATURE

Task 5.5.3-2 Dresden Test 3
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FIGURE A-338

ENTHALPY FLOW ItiTO P0OL

Task 5.5.3-2 Dresden Test 3
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FIGURE A-339

DRYWELL ORIFICE UPSTREAM PRESSURE

Task 5.5.3-2 Dresden Test 5
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FIGURE A-340

DRYWELL PRESSURE

Task 5.5.3-2 Dresden Test 5
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FIGURE A-341

DOWNCOMER ORIFICE DIFFERENTIAL PRESSURE

Task 5.5.3-2 Dresden Test 5
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FIGURE A-342

00WNCOMER ORIFICE UPSTREAM TEMPERATURE

Task 5.5.3-2 Dresden Test 5
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FIGURE A-343

ENTHALPY FLOW INTO POOL

Task 5.5.3-2 Dresden Test 5
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FIGURE A-344

DOWNCOMER INTERNAL PRESSURE

Task 5.5.3-2 Dresden Test 3
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FIGURE A-345

WETWELL PRESSURES

Task 5.5.3-2 Dresden Test 3
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FIGURE A-346

DOWNCOMER INTERNAL PRESSURE

Task 5.5.3-2 Dresden Test 5
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FIGURE A-347

WETWELL PRESSURES

Task 5.5.3-2 Dresden Test 5
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FIGURE A-348

NET TORUS FORCE FROM PRESSURE INTEGRAL

Task 5.5.3-2 Dresden Test 3
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FIGURE A-349

NET TORUS FORCE FROM PRESSURE INTEGRAL

Task 5.5.3-2 Dresden Test 5
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FIGURE A-350

TORUS LOAD CELL

Task 5.5.3-2 Dresden Test 3
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FIGURE A-351

TORUS VERTICAL ACCELERATION

Task 5.5.3-2 Dresden Test 3
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FIGURE A-352

TORUS LOAD CELL

Task 5.5.3-2 Dresden Test 5
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FIGURE A-353

TORUS VERTICAL ACCELERATION

Task 5.5.3-2 Dresden Test 5
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FIGURE A-354

COMPARISON OF NET TORUS FORCE FROM PRESSURE INTEGRAL

WITH NET TORUS FORCE FROM LOAD CELL CORRECTED FOR TORUS INERTIA
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FIGL.... A-355

COMPARISON OF NET TORUS FORCE FROM PRESSURE INTEGRAL

WITH NET TORUS FORCE FROM LOAD CELL CORRECTED FOR TORUS INERTIA

Task 5.5.3-2 Dresden Test 5

6000

4000

2000

b
z

0w
E
E

-2000

-4000

-6000

-8000
0 100 200 300 400 500 600

TIME IN MILLISECONDS 1349 185

A-401



NED0-21944
FIGURE A-356

NET TORUS FORCE FROM PRESSURE INTEGRAL, CORRECTED FOR WATER INERTIA

Task 5.5.3-2 Dresden Test 3
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FIGURE A-357

NET TORUS FORCE FROM PRESSURE INTEGRAL, CORRECTED FOR WATER INERTIA

Task 5.5.3-2 Dresden Test 5
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FIGURE A-358

AVERAGE POOL PRESSURE, CORRECTED FOR WATER INERTIA

Task 5.5.3-2 Dresden Test 3
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FIGURE A-359

NET AVERAGE P0OL PRESSURE, CORRECTED FOR WATER INERTIA

Task 5.5.3-2 Dresden Test 3
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FIGURE A-360

AVERAGE P0OL PRESSURE, CORRECTED FOR WATER INERTIA

Task 5.5.3-2 Dresden Test 5
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FIGURE A-361

NET AVERAGE PRESSURE, CORRECTED FOR WATER INERTIA

Task 5.5.3-2 Dresden Test 5
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FIGURE A 364 NEDE-21944P
GE COMPANY PROPRIETARY
CLASS IIIVENT HEADER IMPACT PRESSURES
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VENT HEADER IMPACT PRESSURES

Task 5.5.3-2 Dresden Test 3
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FIGURE A-366

VENT llEADER IMPACT PRESSURES

Task 5.5.3-2 Dresden Test 5,
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VENT HEADER IliPACT PRESSURES

Task 5.5.3-2 Dresden Test 5
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FIGUR -37b
~

COMPARISON OF VENT HEADER IMPACT RESULTS

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

1200

1000

800

$ 600

5
400,

E
E 200

0

-200

-400
160 180 200 220 240 260

'

TIME IN f1ILLISECONDS

1200

1000

800

g 600

5 300

$ 200
8

0

-200

-400 - , ,

200 220 240 260 280 300

TIME IN MILLISECONDS

A-416 1349 200



_ . . . .

Task 5.5.3-2 Dresden Test 3
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FIGURE A-372

VENT HEADER VERTICAL ACCELERATION

Task 5.5.3-2 Dresden Test 5
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FIGURE A-373
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FIGURE A-374
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FIGURE A-375
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FIGURE.A-376
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D00L St!PIACE DISPL ACEMENT

A-377
DRESDEN, TESTS 1, 2, 3
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POOL SURFACE VELOCITY PROFILES

FIGURE A-378 DRESDEft, TESTS 1, 2, 3
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POOL SURF ACE DISPLACEMENT

FIGURE A-379
DRESDEN, TEST 5
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POOL SURF ACE VELOCITY PROFILES

FIGURE A-380
DRESDEN, TEST 5
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FIGURE A-381

SIDE WINDOW DISPLACEMENT AND VELOCITY PROFILES

DRESDEN. TEST 4
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FIGUR,E A-382
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FIGURE A-383
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FIGURE A-384

EFFECT OF DRYWELL/WETWELL AP Off

ENTHALPY FLOW If;TO POOL
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FIGURE A-385

EFFECT OF DRYWELL/WETWELL AP Oil

DOWitC0fiER IllTERilAL PRESSURE
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FIGURE A-386

EFFECT OF DRYWELL/WETWELL aP Ofi P00L PRESSURE

AT 180 DEGREE Afl0 FREESPACE PRESSURE
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TABLE A-17 * Time at force is nro (fm T,)

DATA FOR WETWELL VERTICAL LOADS (continued)

Task 5.5.3 2 Dresden Tests

Test No. 7.15" AP. 5.17" Pipe Deflector (20" Full Scale) 0" aP
Std.

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

ik Upforce

-ssure Integral:
orce (Ib)
ime (from T,) (sec) i

rected Pressure Integral:
orce (lb) .

- irre (from T,) (sec) t.

rected Load Cell:
orce (lb) .

Iime (from T ) (sec) i

0r.egtall!gt
-essure Integral:

orce (lb)
Time (from T ) (sec) i

9
-rected Pressure Integral:'

orce (lb)
firre (f rom T,) (sec) i

rected Load Cell:
orce (lb) i

Time (from T ) (sec)

M force
issure Integral:
orce (lb)T

fime (from T ) (sec)
rected Pressure Integral:
orce (lb)

fime (from T,) (sec)
rected Load Cell:
orce (ib)

:ime (from T,) (sec)
o Force Time'

'ressure Integral (sec)
:orrected Pressure (sec)
Integral

:orrected Load Cell (sec)

_-_

1349 217

A-433
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~2 * Vent clearing time (from T ) detemi
TABLE A-17 from the movie films.

** Time difference from T to time ofozero downforce.CATA FOR WET'4 ELL VERTICAL LOADS
* " ''* ' "" C ' **Task 5.5.3-2 Dresden Tests

Test No. 7.15" :P. 5.17" Pipe Deflector (20" Full Scale) 0" aPStd.
Parameter (1) (2). (3) (4) Mean Dev. (5)

' ' ' ' '*(l)
T, (sec)

Vent Clearing Time * (sec)
Peak Downforce

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

Corrected Pressure Integral:
Force (Ib)
Time (from T ) (sec)9

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

Downforce Valley

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

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

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

2nd Peak Downforce

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

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

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

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

Integral

Corrected Load Cell (sec)
Downforce !moulse

P* essure Integral:

Irnoul se (1b-sec) .

A-434
bk] }\@
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TABLE A-18

DATA FOR vtNT HEADER IMPAC* LOADS

Task 5.5.3-2 Dresden Tests

.

* *

7.15" AP. 5.18" Deflector 0* Ar
Std.

Para m ter (1) (2) (3) (4) Mean Dev. (5)
, , . . 4 .

7,t (sec)

Vent Netcer IFeact
Pressure 'ntegral:

Maximum Force (lb)
Irculse (ld-sec)
Duration * (sec)

Load Cell Correcteddt
Maximum Force (Ib)
Impulse (1b-sec)
Du rati on (sec)

Pool Surface (f t/sec)
Veloci ty

.

Time (from T )** (sec)

* Based on imoact pressure measuremnts
**At start of the first impact pressure recorded,

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

would b.e lower

1349 219
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