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ABSTRACT

This report presents the results of the Plant Unique Tests (Mark I Long
Term Program Task 5.5.3-2) that were conducted in the Mark I Quarter
Scale Test Facility (QSTF) to e lain subscale two-dimensional net ver-
tical torus forces, vent header impact pressures, and pool surface
displacc- and velocity transients for seventeen Mark I plants. The

data from these tests will be used as input for plant unique pool swell
loads for those conditions selected by the utilities as their design
basis. Individual plant characteristics were modeled in the QSTF so
that pool swell could be evaluated on a plant unique basis. The plants
in the order tested were: Hatch 2, Mon'icello, Pilgrim, Fermi 2, Duane
Arnold, Nine Mile Point 1, Brunswick 1 and 2, Cooper Station, Dresden 2
and 3 (applicable to Quad Cities 1 and 2), Browns Ferry 1, 2. and 3,
Peach Bottom 2 and 3, Millstone, Oyster Creek 1, Hatch 1, Vermont Yankee,
Fitzpatrick, and Hope Creek 1 and 2. Four tests were conducted at
planned operating conditions for each plant. In addition, a AP sensi-
tivity test (or tests) was conducted for each plant (with the exception
of the Brunswick tests, for which only the four load definition tests
were run at zero drywell/wetwell AP). Scoping pipe deflector tests were
conducted for the Monticello plaat geometry. A total of 101 tests were
conducteJ from March to October 1978 in the QSTF.

1343 012...
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1.0 INTRODUCTION

1.1 Background

As part of the Mark I Containment Long Term Program (LTP), subscale
tests were conducted to provide input for definition of pool swell loads
on the Mark I torus and vent system as a result of a postulated Loss-of-

Coolant Accident (LOCA). Task 5.5.3 was established as part of the LTP
to provide two-dimensional pool swell load definition testing in the
Mark I Quarter-Scale Test Facility (QSTF).

Task 5.5.3 load definition testing in the QSTF was divided into two test
series:

Series 1, Generic Sensitivity Tests

These tests were designed to provide sufficient data to evaluate spe-
cific parameter sensitivities of a generic nature to Mark I pool swell
tests (e.g., effect of the location of the vent orifice) and to provide
load sensitivities to cover variations in plant operating conditions
around the specific plant unique conditions to be tested in the Series 2,
Plant Unique Tests. The Generic Sensitivity Tests were performed from
February to March 1978 in the QSTF and the test results are reported in
Reference 1.

Series 2, Plant Unique Tests

These tests consisted of a sequence of scaled tests for each Mark I
plant in which all the hydrodynamic and geometric parameters were modeled
for that plant under the operating conditions selected by each plant.

The QSTF program of Plant Unique Tests was designed to model the geometry
and appropriate test conditions for an average torus cell of each Mark I
plant tested. The plant scale factors were determined by the fixed 93"
QSTF torus diameter and each plant's minor torus diameter. All other

1-1 } } [; ]j ()}3
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geometric and hydrodynamic parameters were then scaled from actual plant
values using the scaling relationship developed for pool swell testing
(Reference 2).

This report covers the results of Plant Unique Tests (Task S.5.3, Series 2),
which were performed from March to Octobei 1978 in the QSTF. The vork
was performed by Nuclear Services Corporation and their subcontractor,
the Aerotherm livision of Acurex Corporation. The plants in the order

tested were: Hatch 2, Monticello, Pilgrim, Fermi 2, Duane Arnold, Nine
Mile Point 1, Brunswick 1 and 2, Cooper Station, Dresden 2 and 3 (appli-
cable to Quad Cities 1 and 2), Brosns Ferry 1, 2, and 3, Peach Bottom 2
and 3, Millstone, Oyster Creek 1, Hatch 1, Vermont Yankee, Fitzpatrick,
and Hope Creek 1 and 2.* A total of 101 tests were conducted from March
to October 1978 in the QSif.

1.2 Objectives

The objectives of the Plant l'nique Tests are to provide subscale plant
unique two-dimensional data for net vertical torus forces, vent header
impact pressures, and pool surface velocity and displacement transients
for all Mark I plants. To satisfy these objectives, the individual
plant geometric and hydrodynamic characteristics have been modeled in

the QSTF at the operating conditions specified by each utility for these
tests. Zero AP tests were also conducted to obtain data for zero AP
evaluations for those plants which plan to operate with a drywell/wetwell
AP.

The data from these tests will be used as input for plant unique pool
swell loads for those conditions selected by the utilities as their

design basis.

* Plant urit numbers are not always called out in the remainder of the
report.

1-2 ) 3 l) 3 () ) /).
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1.3 Report Organization

This report has been 3rganized to provide a concise presentation of test
results in a main repart together with a comprehensive documentation of
test data and supporting analyses in a series of appendices. The main
report contains three sections: 1) an introduction, 2) a description of
the tests and the test facility, and 3) a set of typical test results
which use the data from Monticello tests 1-8 for illustration.

All other test data and analyses are presented in a series of appendices
which are described in the following paragraphs:

,

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 pressuce 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 preserts plant unique data comparisons and the results of a
linear regression correlation of the plant unique test data.

Appendix 0 estimates the amount of pool mass that is suspended
during the upload.

}3/13 0151-3
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Appendix E presents a series of still pool swell pictures for each plant
configurations.

Appendix F presents the results of a measurement uncertm.ity 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.

11[i3 0\J
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2.0 TEST DESCRIPTION

The basic Quarter-Scale Test Facility (QSTF)'and hardware modifications
required for plant unique testing are described in this section. Test

conditions and facility instrumentation are also presented.

2.1 Description of Plant Unique Testing

2.1.1 Hardware

The QSTF shown in Figure 2-1 was built to provide a large sub-
scale facility for two-dimensional Mark I pool swell testing. The

facility includes a simulated wetwell (or torus), a drywell, and an
air reservoir tank together with supporting structure, flow con-
trols, instrumentation and computer facilities.

The QSTF wetwell is designed to model an average cell of a Mark I
torus. An average cell is a right cylindrical section of the torus
which contains one pair of downcomers (one downcomer for Duane

Arnold) with the width equal to the average torus centerline dis-
tance oetween downcomers. The test facility width is nominally
21.8 inches, but can be varied between 14.67 and 28.55 inches in

order to equal the scaled average downcomer spacing for each plant.

The torus has an inside diameter of 93 inches (one-fourth of the
31-foot full scale diameter of the " reference" plant).

Drywell pressurization is modeled by using a large compressed air
tank which discharges upon command into a simulated drywell volume
(which is volumetrically, but not geometrically, scaled) through
double disc valves and a metering orifice. The pressure in the
large air reservoir tank changes very little (<5%) during a sim-
ulated LOCA transient so that the incoming enthalpy flux is nearly
constant.

1 ' /t 9 il}72-1 '" -
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Transparent end and side ports on the QSTF torus allow visual
observation of the phenomena from two directions. High-speed

photography is utilized to examine fine details of the one-second
event and to measure surface displacements during the pool swell.
Transparent downcomers make the vent clearing phenomena visible.

The drywell is structurally isolated from the wetwell by a flexible
bellows. The vent header is connected to the drywell through a
load cell and is structurally isolated from the wetvell by a roller

assembly. The vent header is vertically isolated so that vent

header impact forces can be measured sepaiately from the torus
forces.

Three struts for stiffening the torus end windows are used in each
test configuration to reduce downforce oscillations. Five sets of

adjustable length struts are required to cover the full range of
facility widths used in the Plant Unique Tests. The strut design

is illustrated in Figure 2-2.

A complete description of the reference QSTF is given in Reference 2.

The scaling relationships used as the basis for quarter-scale
testing were originated by Dr. F. J. Moody of General Electric and
are presented in Reference 2. The results of that development are

summarized as:

LENGTH a SCALE FACTOR

(SCALE FACTOR) 1 2TIME a

(SCALE FACTOR) 1/2VELOCITY a

PRESSURE a SCALE FACTOR

(SCALE FACTOR) 7/2ENTHALPY FLOW a

(SCALE FACTOR) 3FORCE a

(SCALE FACTOR) 7/2IMPULSE a

1 43 0182-2
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Although the QSTF was designed to be a quarter-scale model of a
reference plant, sufficient flexibility was provided in the design
to medel the full range of scaled Mark I plant parameters. The

only fixed parameter in the QSTF is the torus diameter (93 inches).
For each Mark I plant, the scale factor equals the ratio of 93 inches /
full-scale torus minor dianieter in inches. All other sub' scale
geometric and hydraulic conditions are derived from the scale
factor and full-scale parameters, in accordance with the scaling
laws.

Major adjustments to the QSTF which were necessary to match each
plant unique configuration included:

a) TORUS WIDTH,

b) VENT SYSTEM CONFIGURATION,

c) DRYWELL VOLUME,

d) VENT SYSTEM RESISTANCE, fL/D,

e) DRYWELL PRESSURIZATION RATE,

f) VENT HEADER DEFLECTOR, and

g) TEST CONDITIONS (including water level, torus pressure

and AP).

Individual subscale variables were determined as follows:

GE0 METRIC VARIABLES

Subscale Torus Width = Average Full-Scale Downc mer
Spacing x Scale Factor

Subscale Vent Header Dimensions = Full-Scale Dimensions x Scale
Factor

Subscale Drywell and Vent = (Full-Scale Volume / Number of
System Volume Downcomer Pairs) x (Scale Factor)3
Subscale Vent fL/D = (Temperature-Corrected Full-Scale

fL/D)/ Scale Factor

fd i G17:9 ')
i ssu <
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HYDRODYNAMIC VARIABLES

Drywell Pressurization Rate = Full-Scale Value x (Scale Factor)I!2
Water Level = Full-Scale Value x Scale Factor
Torus Pres' - = Full-Scale Value x Scale Factor

Figure 2-3 presents a sketch of the quarter-scale torus section.
The nominal (calculated) torus critical dimensions and volumes
along with the permissible tolerance and actual (as-built) values
for the Plant Unique Tests are hown in Tables 2-la, b, and c.

The following paragraphs describe how the QSTF was adjusted to
match the calculated subscale plant unique variables.

TORUS WIDTH. The portion of the QSTF which represents an average
cell * of a typical torus is shown in Figure 2-1. The torus section
is cylindrical with an inside diameter of 93 inches and a minimum
width of 14.67 inches. Two circular end plates with plexiglass
window inserts are bolted onto the cylinder.

The design permits the addition of spacer rings between the end
plates and the torus cylinder as shown in Figure 2-4. By adding

pairs of spacers (to ensure symmetry), the width of the torus may
be varied over a wide range. In addition to the relatively thick

spacers (on the order of 3" to 6" wide), a number of thinner " shims"
were manufactured to allow for finer adjustments to the width
required for plant unique tests. The individual spacer and shim
dimensions are listed below.

Basic Torus Width - 14.67"
Spacer Pair #1 - 6.26" wide **
Spacer Pair #2 - 7.12" wide

*The width of an average cell equals the torus centerline length per
pair of downcomers (per downcomer for Duane Arnold).

** Spacers and shims are used in pairs. Width given is for the pair.

1343 0'c02-4
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Spacer Pair #3 - 11.30" wide
Spacer Pair #4 - 12.08" wide
Shim Pair #1 - 1.30" wide
Shim Pair #2 - 1.80" wide

These shims and spacers permit variations of the torus width between
14.67 and 28.55 inches. The range of possible torus widths is
shown at the bottom of Figure 2-4. The spacer and shim dimensions

were selected so that distribution of final torus widths would most
accurately match the actual plant unique average cell dimensions.
For each plant tested, the torus width was equal to or narrower
than the scaled width.

DRYWELL VOLUME. The QSTF drywell is the cylindrical tank located
above the torus, as shown in Figure 2-1. The drywell was designed
to allow for a variable volume by using a spacer concept similar to
that designed for the torus. The design illustrated in Figure 2-5
utilizes two aluminum spacers, a reversible end cap and up to ten
internal filler shims. The aluminum spacers increase the baseline

3drywell volume of 49.83 f t by 16.7 ft and 29.43 ft respectively.
Reversal of the drywell end cap reduces the drywell volume by
10 ft The lack of water in the drywell permits the use of a
simple shim system. The shims are circular pieces of plywood, each
occupying one cubic foot of the drywell. Either of the two aluminum
spacers can be used with the reversible end cap to change the "

drywell volume in large increments. Up to 10 plywood shims can

then be bolted to the inside of the drywell end cap to reduce the
net volume to +5e required value.

The distribution of drywell/ vent system volume for each of tne
Plant Unique Tests is shown in Table 2-2.

3 7AO Q,2 k
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VENT HEADER DESIGN. Each individual plant's test vent header is
geometrically scaled from that plant's full-scale vent header
dimensions. Critical dimensions such as vent header outer diameter,
downcomer length, overall height and position relative to the torus
centerline are matched within specified tolerances. (See Figure 2-6
and Tables 2-la, b, and c.)

The vent header is stiffened to enhance vent impact force definition.
Two bracing struts are welded inside the vent header drum to increase
the vertical stiffness of the entire assembly. These struts extend
from the bottom of the drum to the top of the drum and are made of
1" 0.D. stainless steel tubing with a wall thickness of 3/16" In
addition, the rear cover is welded in place. Two accelerometers

were installed in the vent header assembly. One was placed in the
bottom of the header drum, the other was put on the upper part of
the vent header support column. Comparison of these accelerometers

permits verification of rigid body response during plant unique
tests.

DRYWELL PRESSURIZATION RATE. Drywell pressurization rate adjust-
ment for the Plant Unique Tests is provided by using one of six
available drywell flow orifices together with variation in the
reservoir tank pressure. Figure 2-7 illustrates the drywell pres-
surization rates achievable with a combined adjustment of orifice

3size and tank pressure based on a nominal drywell volume of 53.4 f t
The plant unique DBA LOCA pressurization transients were based on

computer calculations simulating capped downcomers (constant volume
charging of the drywell and vent system). These pressurization
transients are then scaled for each plant and form a lower bound
for the allowable subscale drywell pressure transient. A tolerance
of +10% was specified to provide a target upper bound pressure
history. Drywell pressurization rate calibration tests were performed
with capped downcomers for each plant to establish the reservoir

2-6 ) t
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pressure and orifice size that would provide a drywell pressure
transient that bounded the allowable pressure transient.

VENT SYSTEM fL/D. Plant unique vent flow losses are scaled for
each plant to provide an upper bound on the allowable subscale vent
system fL/D. In order to more accurately model the distribution of
flow loss in an actual Mark I vent system, orifices are installed
in two locations (Figure 2-8). One of these flow orifi.es is

placed at the vent pipe entrance, flush with the bare of the dry-

well, and a pair of identical orifices (representing a balanced
flow loss) are installed in the downcomer legs. The total vent
loss is approximately evenly split between the two locations with a
tolerance of 10%. Appendix G discusses fL/D simulation in more
detail.

VENT HEADER DEFLECTOR. Several plants elected to test with vent

header deflectors. Figure 2-9 shows the support system selected to
allow testing with deflectors of various sizes, shapes, and positions
without transmitting deflector loads to the vent header. Deflector
loads were not measured in this test series, but they are being
measured during supplemental tests. Figure 2-10 shows the sizes,
geometries, and positions of deflectors for all plants.

2.1.2 Instrumentation

Test instrumentation for the transient measurements consists of 29
pressure transducers, four accelerometers, one thermocouple, and
two load cells. The test instrcmentation is divided into a stan-
dard instrumentation and data collection group and an analog data
collection group. The standard group consists of instrumentation
to measure driving conditions and loads exerted on the torus and
vent header. The analog group is used to determine the pressure
distribution on the vent header shell and provide an independent
measure of vent header impact forces. Standard initial condition

1343 023
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measurements (e.g., drywell pressure and temperature, pool water
temperature, reservoir pressure and temperature, etc.) are also
made.

The instruments included in the standard group are listed in Table 2-3
and their arrangement is shown in Figure 2-11. Transducer ranges,

sample rates and low pass filter settings are also detailed in
Table 2-3. e

The instruments included in the analog group are listed in Table 2-4
and a typical arrangement on the lower portion of the vent header
is shown in Figure 2-12. Specific locations for each plant are
shown on Figure 2-13. The pressure transducers that form the
analog data group are initially recorded on an analog (FM) tape and
later digitized. The pressure transducers have a maximum range of

zero to one hundred psia and their signals are unfiltered during
data collection.

Transducer locations not used during a test are sealed with plugs
which are flush with the vent header external surface. These plugs

prevent any water leakage into the vent header or air leakage into
the torus during testing.

The QSTF Digital Data Acquisition System (DAS) is designed to
sample data and store it on a floppy disc at a maximum rate of
20,000 total measurements per second. Data from floppy disc records
are printed and plotted soon after the tests. The data recorded on

the FM tape recorder * are played back through the standard Analog
to Digital system (used for all normal data recording) and digitized

*The recorder used is a Honeywell 5600c, 14 channel FM tape recorder.
The input and output sensitivities are 0-2 volts (peak-to peak) with
a frequency response of 5 kilocycles per channel.

13'3 024
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to give a sample rate of at least 3000 SPS. The additional dig-
itized vent header impact pressure data are added to the appropriate
floppy disc for each test. A magnetic tape record of all the
digitized data is also created and permanently stored as a backup.
A tape copy of the augmented floppy disc is produced. All data

records are identified by test ID number, date, and time of the
test.

2.2 Test Matrix

The general test program strategy was to modify the QSTF on a plant
unique basis and measure the pool swell data fur each individual con-
figuration. The modifications to the test facility included the vent
header / downcomer assembly, the test section width, the drywell volume,
the drywell pressurization rate and the initial test conditions. These

modifications to the test facility were designed to scale the average
downcomer cell of each Mark I plant tested. Plant unique testing fol-

lowed the flow chart shown in Figure 2-14.

The key test parameters which affect the net vertical torus forces, vent
header impact forces, and pool surface displacements and velocities are
detailed in Tables 2-Sa, b, and c. Four " Load Definition" tests were
conducted for each plant at maximum submergence and minimum AP of the

operating range specified by each utility for these tests. These con-

ditions were selected to produce maximum pool swell response. In addition,

a "AP Sensitivity" test (or tests) was conducted for each plant (with
,

the exception of the Brunswick tests, for which only four load definition
tests were run at zero AP). A total of 101 tests for 17 Mark I plants

were conducted from March to October 1978 in the QSTF (see Test Matrix
Tables 2-Sa, b, and c).

The wetwell water was conditioned by r.ieans of a surfactant so that the
surface tension would be no greater than 35 (+5) dynes /cm (compared to

1xAl 02r;
2-9 ''



NED0-21944

72 dynes /cm for tap water). This was done to remove surface air bt.bbles
from the windows and shell of the test facility (Reference 3).

High-speed color movies were taken of all tests. For each set of four

identical load definition tests, the camera was set up to take movies of
the front window for three tests and of the side window for one test.

,')43 026
i
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FIGURE 2-2

TORUS END WINDOW STIFFENERS
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FIGURE 2-3 MARK I QUARTER-SCALE TORUS SECTION
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FIGURE 2-4

SPACER CONFIGURATIONS
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FIGURE 2-5
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DRYWELL CONFIGURATIONS
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FIGURE 2-6

DOWNCOMER TYPES

Number
of

'Plant Type Downcomers

Browns Ferry 1, 2, 3 IV 96

Brunswick 1 & 2 II 96 22 30' -

Cooper Station II 80 [ \ 30 -
,

k.
. !/ \

,

Dresden 2 & 3 II 96

Duane Arnold III 48 - .
, .

Fenni 2 II 80

Fi tzpatrick II 96 TYPE - I TYPE - II g
Hatch 1 & 2 II 80 f

ru

N, Hope Creek l & 2 II 80

*
Millstone II 96 b l---- '

45 I ~~
,

~

tionticello II 96 ,

Nine Mile Point 1 I 120
, , ,

''
Oyster Creek 1 I 120

Peach Bottom 2 & 3 II 96

Pilgrim II 96 TYPE - III TYPE - IV.,

[[ Quad Cities 1 & 2 II 96

ca Vennont Yankee II 96
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FIGURE 2-8

FACILITY GE0 METRY
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FIGURE 2-9

VENT HEADER DEFLECTOR AND SUPPORT SYSTEM
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FIGURE 2-10

SUMMARY OF VENT DEFLECT 0RS TESTED

Pipe Dia Width Gap Clearance
Plant Type (inches) (inches) (inches) (inches)

I)Monticello Pipe with T 3.92(14.0)* 8.15(29.08) 6.16(22.0) -0.62(-2.23)**
s

Pipe *** II) 5.60(20.0) 5.60(20.0) 2.73(9.75) 4.22(15.06)

Pi pe *** 3.36(12.0) 3.36(12.0) 2.73(9.75) 6.46(23.06)

Pilgrim Pipe 4.20(16.0) 4.20(16.0) 2.63(10.01) 3.12(11.89)

Fermi 2 Pipe with T 3.24(12.75) 6.566(25.84) 5.18(20.37) 1.94(7.64)s

Nine Mile Point Pipe 4.59(16.0) 4.59( 16.0) 2.30(8.0) 1.14(3.96)

Brunswick Pipe 5.34(20.0) 5.34(20.0) 2.67(10.0) 0.99(3.72)

Dresden Pipe 5.17(20.0) 5.17(20.0) 2.84(11.0) 3.43(13.27)

Peach Bottom Pipe wi th Angles (2) 4.5(18.0) 6.5(26.0) 1.94(7.76) 0.05(0.19)

Mills tone Pipe with Angles 4.2(16.0) 5.2(19.5) 2.63(10.0) 0.58(2.19)

Oyster Creek Pipe 5.17(20.0) 5.17(20.0) 2.58(10.0) 0.98(3.81)

Hatch 1 Pipe with Angles 4.97(18.0) 7.17(26.0) 6.97(25.25) 0.0(0.0)

Vern:ont Yannee Pipe with Angles 4.48(16.0) 7.21(25.75) 7.35(26.25) 1.83(6.53)

Fi tzpatri ck Pipe 7.881(30.0) 7.881(30.0) 3.21(12.25) 1.05(4.0)

(1) Pipe (2) Pipe with Angles (3) Pipe with T
s

Header

V U
Width Width Width
i EGap H F Gap q gGap

Deflector Di a=Wi dth Q Dia Q L0ia
Clearance Clearance Clearance

"Water Level

* Full scale dimension in parentheses.
g} 03b,,,Minus sign indicates deflector partially in pool water. g

**

Generic scoping tests,

1
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*

FIGURE 2-11
TEST INSTRUMENTATION
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FIGURE 2 12-

TYPICAL VENT HEADER TRANSDUCER PORT LOCATIONS *
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FIGURE 2-13
SPECIFIC LOCATIONS OF VENT HEADER PRESSURE TRANSDUCERS
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FIGURE 2-13 (cont)
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FIGURE 2-14

FLOW CHART O R PLANT UtlIQUE TESTING
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TABLE 2-1 a

MARK I QUARTER-SCALE TORUS CRITICAL. DIMENSIONS (NOMINAL / ACTUAL)

FOR PLANT UNIQUE TESTS

|Tolerance l Hatch 2 Mon ticello Pilgrim Fermi 2 Duane Arnold'

a. Drysell + Vent Sys tem
3 f *

Volume, ft 1.0 ft 3 76.9/76.95 61.44/61.82 55.53/54.43 67.15/67.0 67.68/67.54,

**b. Torus Width, in. +0.0, -3.50 28.22/28.05 21.94/21.80 21.32/21.36 27.30/27.27 23.70/23.59

c. Vent Header 0.D. , in. 1.01 15.04/15.04 16.108/16.111 15.11/15.11 13.09/13.09 12.83/12.835

d. Header ( to Torus (, in. .01 14.35/14.35 11.765/11.76 12.15/12.15 15.12/15.12 9.96/9.957

e. Downcomer Angle, degrees 2 30/30 30/30 30/30 30/30 0.0/0 28'

f. Downcomer 0.0., in. +.50, .05 6.623/6.98 6.723/7.000 6.44/6.50 6.10/6.50 7.25/7.51
~

g. Downcomer I. D. , in. .05 6.48N/6.50 6.581/6.625 6.305/6.25 5.97/5.97 7.09/7.05 E
8

[ h. Downcomer ( to (, in. .04 26.50/26.46 26.892/26.92 25.22/25.21 24.40/24.42 - Lm - 3
i. Header ( to Discharge, in. 2.02 33.30/33.80 31.80/31.80 32.64/32.64 27.11/27.11 30.80/30.80 f

j. Torus Diameter, in. 93.0 93.0 93.0 93.0 93.0

k. Scale Factor .276 .280 .263 .254 .302
,

tNo minal/ actual
* Tolerance increased to 1.1 f t. 3

** Prior to pumpdown (less than 21.32 in. at test inititation)
*** Tolerance changed to +0.0, .075 in.--

LN
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TABLE 2-lb
-

MARK I QUARTER-SCALE TORUS CRITICAL DIMENSIONS (NOMINAL / ACTUAL)

FOR PLANT UNIQUE TESTS

Nine Mile Cooper Browns Peach
Tolerance Point Brunswick Station Dresden Ferry Bottom

Drywell + Vegt Systema.
3Volume, ft 1 ft 70. 94/70. 60 t 63.62/63.48 64.87/65.17 56.83/56.93 51.76/51.4 57.23/57.21

b. Torus Width, in. +0, .2 22.43/22.23 23.19/23.09 26.19/25.97 22.40/22.23 22.16/22.23 22.18/22.23

|
c. Vent Header 0.D., in. .01 16.08/16.67 14.56/14.57 13.62/13.62 15.10/15.11 14.51/15.00** 14.62/14.58
d. Header Q to Torus Q, in .01 8.61/8.61 8.82/8.83 13.87/13.86 18.6/18.6 17.58/17.59 12.00/12.00 g

$e. Downcomer Angle, degree s 2 45*/45 30/30 30/30 30/30 45/45 30/30 '
3

f. Downcomer 0.D., in. -0.0,40.6 7.068/7.55 6.61/6.95 6.47/6.95 6.33/6.50 6.00/6.00 6.031/6.50$
g. Downcomer I .D. , in. -0.0,0.2 6.839/7.05 6.48/6.50 6.334/6.22 6.20/6.25 5.88/5.65 5.906/6.01

h. Downcomer ( to Q, in. .04 20.66/20.66 25.66/25.65 25.88/25.89 24.8/25.2 24.00/24.00 24.00/24.00
i. Header Q to Discharge, .02 31.00/31.00 30.20/30.25 32.77/37.77 31.40/31.41 29.61/29.63 27.00/26.9B

in.

j. Torus Diameter, in. 93.00 93.00 93.00 93.00 93.00 93.00

k. Scale Factor 0.2870 0.2672 0.2696 0.2583 0.2500 0.2500

tNominal/ actual
*Nine Mile Point has 22.50 intermediate bend.

** Browns Ferry Vent Header 0.D. tolerance was increased to .5".

-)
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TABLE 2-Ic

MARK I QUARTER-SCALE TORUS CRITICAL DIMEUSIONS (NOMIf1AL/ ACTUAL)

FOR PLAf!T UtlIQUE TESTS

Oyster 'Hetch Vermont Hope
Tolerance Millstone Creek Unit 1 Yankee Fitzpatrick Creek

3 tDrywell + Vegt System il ft 55.49/55.08 51.72/51.8 75.50/75.55 61.36/66.79 * 58.35/57.93 68.19/68.2a.
Volume, ft

b. Torus Width, in. -0.5, 21.32/21.32 16.53/16.48 28.22/28.05 21.84/21.8 22.58/22.23 27.2/27.2
+0.00 in.

**
c. Vent Header 0.D., in. 10.01 in 15.11/15.13 14.34/14.33 15.04/15.034 16.11/16.111 15.11/15.111 13.17/13.074

d. Header ( to Torus (, in. 10.01 in. 12.15/12.16 9.30/9.30 14.35/14.345 11.77/11.772 17.34/17.340 15.04/15.04
*

e. Downcomer Angle, degrees i2 30 /30 45 /45 30 /30 30 /30 30 /30 30 /30 g

hf. Downcomer 0.D., in. 10.5 in 6.43/6.515 6.200/6.515 6.623/7.012 6.723/7.00 6.305/6.50 6.073/6.50

g. Downcomer I.D., in. +0.5 in " 6.31/6.275 6.071/5.992 6.485/6.480 6.583/6.625 6.173/6.25 5.883/5.97

h. Downcomer { to (, in. 10.04iif 25.22/25.16 21.70/21.664 26.50/26.442 26.90/26.918 25.22/25.21 24.26/24.416

i. Header (toDischarge, 10.02 in. 25.45/25.45 28.46/28.475 32.70/32.708 36.98/36.7 33.63/33.62 28.05/28.03
in,

j. Torus Diameter, in. 93.0 93.0 93.0 93.0 93.0 93.0

k. Scale Factor 0.2672 0.2583 '0.2760 0.2801 0.2627 0.2527

t Nominal / actual

tt See discussion in Section 2.2 for an explanation of this discrepancy--

Oyster Creek has 22.5 intermediate bend, see Figure 2-6.*

Co ** Hope Creek has a vent header 0.D. tolerance of f C.10 in.

Vermont Yankee has a downcomer 0.D. tolerance of _ 0.3 in.ca +

$ Vermont Yankee has a downcomer I.D. tolerance of i 0.1 in.++

Hope Creek has a downcomer [ to ( tolerance of i 0.10 in.+++



TABLE 2-2

DISTRIBUTION OF DRYWELL/ VENT SYSTEM VOLUME

(All measurements in cubic feet)

Volume, Volume, , Volume, Utili ty
Volume Lower Orifice Waterline Drywell Speci fied

Drywell Between to to to Volume*Plant Volume Ori fices Waterline D/C Exit Waterline
__

(A) (B) (C) (D) (A + B + C)
Hatch 2 71.4 5.0 .6 .6 77.0 76.9
Monticello 56.6 4.6 .6 .5 61.8 61.4
Pilgrim 49.8 4.0 .6 .5 54.4 55.5
Fermi 62.5 4.0 .5 .3 67.0 67.2
Duane Arnold 63.4 3.9 .2 .3 67.5 67.7

Nine Mile Point 65.4 4.8 .4 .7 70.6 70.9
Brunswick 58.5 4.4 .5 .5 63.4 63.6 2
Cooper Station 60.5 4.1 .6 .5 65.2 64.9 m

Dresden 52.6 3.8 .5 .4 56.9 56.8 8
7 Browns Ferry 47.8 3.2 .4 .4 51.4 51.8 b
E$ Peach Bottom 52.6 4.2 .4 .4 57.2 57.2 *

Millstone 50.6 4.0 .5 .4 55.1 55.4
Oyster Creek 47.8 3.6 .4 .4 51.8 51.7
Hatch 1 70.4 5.1 .6 .5 76.1 75.5
Vermont Yankee 61.5 4.6 .7 .6 66.8 61.4-
Fitzpatrick 53.6 3.8 .5 .5 57.9 58.4
Hope Creek 63.5 4.0 .5 .4 68.0 68.2

(A)"

31

] * At zero AP **
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TABLE 2-3

STANDARD GROUP TEST ?NSTRUMENTATION

Sample Low-Pass
Reference Measurement Transducer Rate Frequency Transducer

Number Range (Hz) (Hz) Manufacturer

1 Drywell Orifice Upstream Pressure 0-100 psia 500 300 Sensometrics
2 Drywell Pressure 0-50 psia 500 300 Sensometrics
3 Drywell Pressure 0-50 psia 500 300 Sensometrics
4. Torus Air Pressure 0-50 psia 500 300 Sensometrics
5 Torus Air Pressure 0-50 psia 500 300 Sensometrics
6 Downcomer Orifice Differential

Pressure 0-10 psia 500 100 Sensotec Ei
7 Downcomer Orifice Upstream 8

[. Air Temperature 0-500 F 500 100 Aerotherm Lo 8 Downcomer Pressure 0-50 psia 500 300 Sensometrics G
9 Torus Water Pressure 180 0-50 psia 500- 300 Sensometrics i

10 Tocas Water Pressure 180 0-50 psia 500 300 Sensometrics
11 Torus Water Pressure 195 0-50 psia 500 300 Sensometrics
12 Window Accelerometer 110g 500 300 Endevco
13 Torus Water Pressure 210 0-50 psia 500 300 Sensometrics
14 Torus Water Pressure 210 0-50 psia 500 300 Sensometrics
15 Torus Water Pressure 225 0-50 psia 500 300 Sensometrics
16 Torus Water Pressure 225 0-50 psia 500 300 Sensometrics
17 Torus Water Pressure 240 0-50 psia 500 300 Sensometrics
18 Torus Water Pressure 240 0-50 psia 500 300 Sensometrics
19 Torus Load Cell 25,000 lbf 1000 300 Interface
20 Torus Vertical Acceleration + lg* 1000 300 Endevco
21 Vent Header Load Cell T0,c00 lbf 2500 1000 Interface
22 Vent Header Acceleration i 10g* 2500 1000 Endevco
23 Vent Header Acceleration i 10g* 2500 1000 Endevco
24 Vent Pressure i 10 psia 1500 300 Sensometrics

[] *Piezo-electric accelerometers, with an adjustable range.
Note: The Sensometrics Transducer is a model SP65A 0-50 psia transducer;

O The Sensotec Transducer is model P-30-P, 0-10 psid;
'g$ The Interface load cells are models 1221-80-50K and 1221-B0-10K, and

the Endevco Accelerometers are model 7701.
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TABLE 2-4

ANALOG GROUP TEST INSTRUMENTATION **

Reference Measurement Transducer
Number Range *

Tl Vent Header Impact Pressure 0-100 psia
T2 Vent Header Impact Pressure 0-100 psia
T3 Vent Header Impact Pressure 0-100 psia
T4 Vent Header Impact Pressure 0-100 psia
T5 Vent Header Impact Pressure 0-100 psia
T6 Vent Header Impact Pressure 0-100 psia
T7 Vent Header Impact Pressure 0-100 psia
T8 Vent Header Impact Pressure 0-100 psia
T9 Vent Header Impact Pressure 0-100 psia
T10 Vent Header Impact Pressure 0-100 psia
Til Vent Header Impact Pressure 0-100 psia
T12 Vent Header Impact Pressure 0-100 psia
Tl3 Vent Header Impact Pressure 0-100 psia

._

Note: All vent header pressure transducers are Bell & Howell Type 512.

* The range shown is the maximum available. 0-25 and 0-50 psia transducers
of the same type were also used to improve resolution in locations where
smaller impact pressures occurred.
The analog data is initially recorded on tape and later digitized.**

i " " ], O k 7
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T A'1LE 2-S a
'

Test 4trix
Test 5.5.3-2 Plant t*nique Tests

Initial 'aetwell Initial Downcomer
Test Test Pres s a Drywell/l.'etwell tP Sutrergen ce

Site M. Mte (psia) (inches H;D) (inches)

vaten 2 C alitra ti on
1 */31/78 3.92 0 14.35,

2 4/6/70 3.?2 C 14.35
3 4/E/75 3.92 0 14.35
4 4/2/73 3.92 0 14..:
C 4/t/ /d 3.9: 14.25 14.35
6 4 /? '73 3.9: 14.35 14.35
7 4/7/73 3."2 14.35 l' 35

0 4!P '78 3.92 14.35 14.;5
_ _ . . _

*bn ti cello Calibration

1 4/:5'76 4.09 7.75 14.29
2 4/2'/7? 4.0? 7 75 14 :/
3 4/26,75 4.09 7.75 14.29
4 4'26'78 4.09 '.75 14.24
5 4/27/78 4.09 0 14.04
6 4'23/78 4.09 0 14.02
7 4/28/78 4.09 0 14.C2

8 4/28/78 4.09 0 14.00
9 4/20/78 4.09 u 11.19
10 4/18/78 4.09 0 11.19
11 4/20//8 4.09 11.2 11.19
12 4/20/78 4.09 11.2 11.19
13 4/41/7e 4.09 0 11.19
14 4/24/78 4.09 0 11.19
15 4/24/78 4.09 11.2 11.19
16 4/24/78 4.09 11.2 11.19

Pilgrim , Calibration
1 5/5/78 3.86 10.9 15.13
2 5/6/78 3.86 10.9 15.13
3 5/6/78 3.86 10.9 15.13
4 5/6/73 3. 86 10.9 15.13
5 5/6/78 3.86 0 15.13

Fe rd . Calib rati on ~

3.61 ~
_

7.03 10.161 5/17/78
2 5/18/78 3.61 7.03 10.16
3 5/18/78 3.61 7.03 10.16
4 5/18/78 3.61 7.03 10.16
5 5/19/78 3.61 0 10.te
6 5/19/78 3.61 0 10.16
7 5/19/78 3.61 0 10.16

'
8 E/ 3/78 3.61 0 10.16

Ovane Arnold Calibration

1 5/31/78 3.83 9.19 12.24

2 5/31/78 4 83 9.19 12.24

3 6/1/78 3.b2 9.19 12.24

4 6/1/78 3.83 9.19 12.24

5 6/1/78 3.FJ 0 Iz.08

"T" deflector is a pipe with structural "T"s ,q q
102-32 is
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TA9LE 2 5s (coit'd)
Test Matriz

Task 5.5.3-2 Plant untoue Tests
Initial Drywell

Pressurization Rate vent System
I''II''CI g,,gh/!ctual Pool hater LevelTest

Site No. Pleinn/ Actual ($,p g ), (in. tie 1> center line) Rema rks

39f/30 7 I7 79/10 4Hatch 2 Calibrgtion gg g gg ws ,

2 5.11 ..o Oeflector
3 5.11
4 %.11

, 3,1; LP Sensttivity Tests.

6 5.11 "YI"""

7 5.11

e 5.11
__

Monticello Calioration 38.4/40.0 16.04/14.5
1 (50/53) 5.75 Lead Defint tion Tests.
. e.15-ifith "T" Leflecter
' 5 7,#

(29* Full Scale) and
2 5.75 6 15 Sap

4 5.7%

* 5 6.02 9.15.inen 'T' Deflectee
< * * *

6 6 0'- 5.16" Gap. Zero IP
7 f.02
8 6.0?
9 8.84 5.60" Pipe (20' Full Scale)

Deflecter with 2.73" Gap
10 A.64

11 8.64

12 8. Aa

13 8. 84 3.36' Pipe (12" Fall Scale)
ecur with 2.73" Gao

14 8.84

15 8.84
4 R.R4

P11 grim CalibratTai 34.5/37.5 17.68/15.5
1 (5$/45) 5.35 Loaa Definition fests.

4.20" Pipe Deflector with2 5. 36 2.63* Gap
3 5. 36

4 5.36
4.2l,* Pipe Deflector witA

5 5.36 ?.63" Gao. Zero eP

Fermi Calibration 27.4/30.0 19.32/17.2
1 1.78 Load Definition Tests.

(50/50) 6.566-inch "T" Deflector2 g,7g
and 5.17" Gap

3 1.78
a 1.78

5 1.78 6.566-tech "T" Deflector
6 1.78 and 5.17" Gap. Zero LP

7 1.78

9 1 7e

Duane Amild' ' Cal %ra tion f5.4/27.8 ,13.38/12.6
1 8.59 Lead Definition Tests.($jjag}
2 8.59 No Deflector
3 8.59
4 g,$9

8.76 eP 5ensitivity Tests
'f1/D split = percent of actual fl/C in vent orifice and downcomer orifices respectively (vent /downcomer)

"T" deflector is a pipe with structural "T"s

.
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TABLE 2-5b
.

Test Matrix
Task 5.5.3-2 Plant U9ique Tests

Initial Wetwell Initial Downcomer
Tes! Test Pressure Drywell/Wetwell .P Subrergence

Site No. Oate (psia) (inches H O) (inches)2

Nine >'ile Peint Calit ration
1 6/9/79 4.22 7.94 14.64
2 6/1!/78 4.22 7.9 14.54
3 E/19/79 4.22 7.94 14.64

6/19/78 4.22 7.94 14.64
5 A /1 r. r 7R 4.22 7 14.t-

B runsw' ck Calib rati on

1 6/30/78 3.97 0 13.89
2 5/30/7a 1.a7 a 1*.co
3 7/5/7B 3.97 0 13.f9
4 7/5/78 3/97 13 90

*

C cDer StatiD1 Cai1 ration
1 7/11/7A 3.C6 7.45 14.15
2 7/13/78 3.96 7.45 14.15
3 7/13/78 3.96 7.46 14.15
4 7/13/78 3.96 7.46 14.16
5 7 /13 /7F. 3.c6 0 14.15

Dresden Calibration
1 7/19/78 3.75 7.15 12.4
2 7/20/78 3.75 7.15 12.4
3 7/20/78 3.75 7.15 12.4
4 7/20/78 3.75 7.15 12.4
5 7/20/78 3.75 0 ly.a

Browns Ferry Calibration
1 7/27/78 3.55 7.61 10.5
2 7/27/78 3.55 7.61 13.5
3 7/27/78 3.55 7.61 10.5
4 7/28/7R 3.55 7.61 10.5
5 7/28/78 3.55 0 10.3

Fetch 63tto.9 Calibration
1 8/4/78 3.63 7.61 13.2
2 8/4/78 3.63 7.61 13.2
3 8/4/78 3.63 7.61 13.2
4 8/4/78 3.63 7.61 13.7

,

5 8/4/78 3.bJ 0 13.2

* A * winced" deflector is a standard eine with structural angles

7 9C@1 7 i, ui;j La
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TABLE 2-5b (cont.)
Test Matria

Task 5.5.3-2 riant Lmicue Tests
Initist Crywell

Pressuritation Rate Vect System

Test II51/8'O " gal Pcol hate * Levelva -

'in. bel > cet tee liee)Site ho. Minimu-/ Ac tsal s ve(se

Pme wile Poirt C a11t ratt en 31.4/31.7 16.85/15.2
1 (53/47) 7.75 Lead Definitier tes ts 4.59
2 7 75 Pire Oe'lectee ( 15. C ' Fw11
3 7.75 Seelei aad 2.3Y Gar
4 7.7s (e.n- tal) d ),'

__ 7.75 4.50" C+flector.tL5easttiv ty Nti

Brueswick Ct.11: ration 29.31/29.7 16.81/16.3
) (46'54) 7,47 Loa: Da'iritica * s t' . 5. 34'e

r 7 g- pin. ta 'la :t e e P . r. T's11 (c ale ?

3 *.47
4 .27*

occer Sta*.i o . Calibration 33.4/43.0 17.76/17.4
1 (43M) 4.72 Lead Le'iet ti aas Tetts .
2 4.72 No Oeflector
3 4.72
4 4 72
5 a.72 f Seasitivi+y Test

Dresden Calibration 31.1/ 32.0 17.45/16.3
1 (49/51) 0.39 Lead Definition Tests. 5.17"
2 0.39 Fipe Deflectoe (20.0" Full
3 0.39 Scale) and 2.84" Gap (11.0"
A n. M Full tale)
5 C.?9 5.17" Deflecter.tpseasitivity Test

Browns Ferry Calibration 31.2/31.3 18.49/18.3
1 (43/57) 1.5 Lead Definition Tests.
2 1.5 No Deflector
3 1.5
4 1.5
5 1.5 ' P Sensitivity Test

Peach Bottim Calibration 27.8/29.3 18.42/17.$
1 (49/51) 1.8 Lcad Definition Tests.
2 1.8 6.5" Winged teflector
3 1.8 (25" 'ull Scale)*
4 1.8

5 1.8 6.5" Winged Deflector.
SP Seasitivity Test

* A " winced" ceflector is a standard pipe with structural angles
f1/C split = percent of actual f1/D in the vent orifice and downcomer orifices respectivelya

(vent /cowncomer)

. 051i ~/ '

.
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TABLE 2 5C TEST MATRIX

Task 5.5.3-2 Plant Unique Te.ts

Initial Drywell
Pressurization Rate \ent Syster Pool Water Level

(psi /sec) fL/D ( nches Below
Site Test Na"ter Minimum / Actual Ma xire/ A ctual Center Line) Remark s

(Solit)*

Mills t one Cs11bration 34.3/37.6 16.05/14.6
1 (59/41) 2.81 toad De'inition Tas t?
2 2.81 5.20" uin;ec Deflecter
3 2.S1 (19.5" Full Scale;.16''
4 2.61 Pipe Dia eter) with 2.63"

Gap (10" Full Scale)

5 2. 81 'P Sensitivity Test
(Sam Deflector)

Oyster Creek Calibration 27.7/29.6 19. SC/18. 8
1 (54/46) 6.60 Lead Definitioc Tests
2 6.60 E .1 T Deflector (20 Full
3 6.60 Scale) with 2.59" Gap (10"
4 6.60 Full Scale)

5 6.60 P Sensitivity Test
(Same Deflector)

Hatch 1 Calibration 34.5/34.7 17.64/16.3
1 (42/58) 5.11 Load Dafinition Tests
2 5.11 7.17" Winged Deflector
3 5.11 (26" Full Scale)with 6.97"
4 5.11 Gap (25.25" Full Scale)

5 5.11 AP Sensitivity Test
(Same Deflector)

Vermont Yankee Calibration 39.54/41.3 16.04/14.5
1 (51/49) 9.95 Lead Definition Tests
2 9.95 7.21" Winged Deflector
3 9.95 (25.5" Full Scale; 16"
4 9.95 Pipe Diameter) with 7.35"

Gap (26.25" Full Scale)

5 9.95 SP Sensitivity Test
(Same Deflector)

Fitzpatrick Calibration 30.6/31.0 17.1/15.7
1 (48/52) 2.36 Load Definition Tests
2 2,36 7.85 Deflector (30" Full
3 2.36 Scale) With 3.21" Gap (1*-
4 2.36 Full Scale)

5 2.36 AP Sensitivity Test
(Same Deflector)

Hope Creek Calibration 26.5/27.2 18.94/17.2
1 (55/45) 2.91 Load Definition Tests
2 2.91 (Zero LP)
3 2.91 No Deflector
4 2.91

5 2.91 AP Sensitivity Test
(No Deflector)

*fL/D split = percent of actual fL/D in the vent orifice and downcomer orifices resoettively (vent /downcomer)

1,343 052
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TABLE 2-5C TEST MATRIX

Task 5.5.3-2 Plant Unique Tests

Initial hetsell Ini:12 Launcener
Press ure Drywell/Wetwell 1: S ut ne rgence

Site Test Nanter (psia) (Incnes of h'ater) (Inches)
,

villstone Calibration
1 3.75 8.73 10.50
2 3.78 8.73 10.53
3 3.7S 8.73 10.50
4 3.78 8.73 10.50
5 3.73 8.73 10.50

Oyster Creek Calieration
1 3.83 7.15 12.5?
2 3.83 7.15 12.59
3 3.E3 7.15 12.59
4 3. B0 7.15 12.53
5 3.C3 0 12.59

Haten 1 Cali bra tion
1 3.99 11.45 13.25
2 3.99 11.46 13.25
3 3.99 11.46 13.25
4 3.99 11.46 13.25
5 3.99 0 13.25

Vermont Yankee Calibration
1 4.12 13.2 15.26
2 4.12 13.2 15.26
3 4.12 13.2 15.26
4 4.12 13.2 15.26
5 4.12 0 15.26

Fi tzpatri ck Calibration
1 3.73 12.36 13.92
2 3.73 12.36 13.92
3 3.73 12.36 13.92
4 3.73 12.36 13.92
5 3.73 0 13.92

Hope Creek Calibration
1 3.59 0 10.1
2 3.59 0 10.1
3 3.59 0 10.1
4 3.59 0 10.1
5 3.59 7.0 10.1

*fL/D split a percent of actual fL/D in the vent orifice and downconer orifices respectively (vent /downtomer)

'
,
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3.0 TYPICAL PLANT TEST RESULTS (MONTICELLO TESTS)

The purpose of this section is to present the subscale data that were
obtained from a typical test and to demonstrate the methods used to
reduce data for obtaining subscale forces. Since data acquisition and
reduction is essentially the same for all the plants, only data from the
Monticello tests were chosen for inclusion in the body of the report.
Data for other plants are included in Appendix A.

The typical data presented in this section for the Monticello Tests and
the data oresented in Appendix A for the other sixteen plant configurations
are not necessarily design basis data. The Task 5.5.3-2 Plant Unique
Tests were performed at conditions being evaluated for plant operations.
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.

3.1 Typical Data

Time-history plots of the driving conditions and pool response are
presented in this section for Monticello Tests 2 and 8. Test 2 was a
load definition test wh|ch was conducted at a partial drywell/wetwell
differential pressure of 7.75" H 0*. Test 8 was a AP sensitivity test

2
which was conducted without an initial drywell/wetwell differential
pressure (0" H 0 AP)*. The Monticello tests (1-8) were ponducted with a

2
"T" deflector **

*AP values given in inches of water
** Pipe with a structural "T" welded on each side (see Figure 2-10)

17M 054,J e a
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3.1.1 Driving Conditions

Driving conditions for Monticello Test 2 are presented in Fig-
ures 3-1 through 3-5. Similar plots for Monticello Test 8 are
shown in Figures 3-6 through 3-10.

The oscillatory nature of the drywell orifice upstream pressure
(Figures 3-1 and 3-6) illustrates the early presence of acoustic
waves in the piping between the pressure supply tank and drywell.
These drywell supply line acoustic waves are created in the QSTF by
the rapid test initiation using burst disks. They are a feature of
the test facility and are not prototypical of Mark I plants. The

very smooth graph of the actual drywell pressure (Figures 3-2
and 3-7) shows that the acoustic waves do not propagate through the
choked drywell flow orifice into the drywell.

The initial slope of the drywell pressura graph is a result of the
compression of the relatively constant _irywell and vent volumes
prior to vent clearing. As the vents clear and bubble growth
begins, the effective vent system volume increases and the rate of
pressurization decreases dramatically. Peak downforce occurs

shortly after the time of vent clearing (see Appendix E for pho ,
tographs of this series of events).

For the zero AP test, the time at which drywell pressurization rate
changes is shifted due to the additional time required to clear the
water from the downcomer legs (Figure 3-7). Since the drywell is
being pressurized during this delay, the driving pressure is higher
at the time of vent clearing than for the 7.75" H O AP run. This

2
h yher pressure results in higher system flow rates, pressure
differentials, and measured pool pressures (see Figures 3-3, 3-8,
3-12, and 3-14).

17a,
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Figures 3-3 and 3-8 show the pressure diffarential across (hence,
flow through) the downcomer orifice. The change in drywell pres-
surization rate occurs just as flow through the downcomers is
beginning (compare Figures 3-2 and 3-7 witn Figures 3-3 and 3-8,
respectively). The plateau and subsequent decrease in the dif-
ferential pressure illustrates first, the inability of the vent
system flow to sustain the i.otial pressure in the bubble and,
later, the gradual equalization of system pressures.

A thermocouple is installed by the downcomer orifice, along with
the differential pressure gauge. Figures 3-4 and 3-9 show the
temperature rise which is attributable to work done in compressing
the drywell air.

Figures 3-5 and 3-10 combine the mass flow rate (from Figures 3-3
and 3-8) with the temperature (Figures 3-4 and 3-9) to obtain
enthalpy flow into the pool. Comparison of the driving conditions
indicates that enthalpy flow into the pool starts at an earlier
time and peaks at a slightly lower value in Test 2 with 7.75" AP
(Figure 3-5 versus 3-10) but that the equilibrium enthalpy flows
are about the same. This comparison indicates that AP affects the
initial enthalpy flow rate, but that overall vent resistance,
drywell pressurization and other parameters control the equilibrium
enthalpy flow rate.

3.1.2 Pool Response

Downcomer internal pressure and wetwell pressures are presented in
Figures 3-11 and 3-12 for Monticello Test 2 and in Figures 3-13 and
3-14 for Monticello Test 8. The downcomer internal pressure is
measured at the exit of the left downcomer. The pool pressures are
recorded at the bottom of the torus and the freespace pressures at
the top of the torus (see Figure 2-11). The difference in initial
pool pressure readings is a function of the different water head at
each location. An oscillation can be observed in the downcomer

7 /; 0563-3 1
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internal pressure of Figure 3-13. This oscillation is charac-
teristic of 0" H O AP runs and is also evident in Figure 3-14. A

2
smaller oscillation of the downcomer internal pressure is seen in
the load definition test, which was conducted at a partial AP
(Figure 3-11).

For the load definition tests, net torus force from spatial inte-
gration of the measured wetwell pressure (Figure 3-15) indicates
some downforce oscillations which dampen out rapidly after the
first oscillation. Small residual oscillations in the downforce
caused by end window vibrations were observed in load definition
tests of some plants. A detailed discussion of this phenomenon is
presented in Appendix H. For the zero AP test, the torus pressure
integral also shows a downforce oscillation (Figure 3-16). The one

cycle oscillation, which appeared in some of the plant tests, is
thought to be at least partially caused by bubble pressure vari-
ations during vent clearing.

Net torus force is also determined from the torus load cell (Fig-
ures 3-17 and 3-19) by applying inertial correction with the torus
accelerometer (Figures 3-18 and 3-20) and subtracting the initial
weight of the torus. The corrected load cell is a secondary (and
redundant) method of measuring the net torus force, while the
pressure integral is the primary measure. Figures 3-21 and 3-22
show good agreement between the net torus force based on the torus

pressure integral and the corrected load cell during Monticello
Tests 2 and 8.

Figures 3-23 and 3-24 present the net torus force based on the
spatial integration of the measured wetwell pressure (torus pres-
sure integral) with a correction for the vertical acceleration of

the torus (correction for water inertia). These figures represent
the same force data as Figures 3-15 and 3-16, except for inclusion
of the inertial correction. This correction adjusts the integrated

3-4 }7/3 057
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pressure (force on an accelerating boundary) by the mass of water
times the torus acceleration to define the pressure force on a
non-accelerating boundary. The downforce oscillation from the
pressure integral (Figure 3-16) is reduced when the pressure integral
is corrected for water inertia (Figure 3-24).

Another method of comparing the relative pool forces for Monticello
Tests 2 and 8 is illustrated in Figures 3-25 through 3-28. Fig-
ures 3-25 and 3-27 show what an " average" pool pressure transducer
would register (simulated by dividing the integrated water pressures
over the lower half of the torus corrected for initial hydrostatic

head by the total torus projected area). Figures 3-26 and 3-28 are
the same as Figures 3-23 and 3-24 with force replaced by average
pressure (force / torus projected area).

The vent header impact pressures for Monticello Test 2 are pre-
sented in Figures 3-29 through 3-31. Vent header impact pressures
for Monticello Test 8 are presented in Figures 3-32 through 3-34.
Locations of the pressure transducers in the quadrant are iden-
tified by alphanumeric characters. The "T" deflector was effective
in mitigating the vent header impact during the Monticello Tests 2
and 8. Time-history plots of the vent header impact pressures
illustrate the lag that occurs in vent header impact times, between
the bottom center and the outer locations (see Figures A-29 through A-31
for Hatch 2 Test 2 in Appendix A). The impact pressure is highest
at the point of first impact. When deflectors are used, this
impact location is moved upward and outward by about 30 degrees and

the impact force is substantially reduced in magnitude (see Fig-
ures A-519 through A-523 for Millstone Test 3 in Appendix A).
Impact pressures under 0" AP conditions increased relative to
partial AP. conditions.

193 053
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Vent header impact force can be determined by: (1) integrating the
vent pressures over appropriate areas and (2) correcting the vent

header load cell for inertia (mass x acceleration). A comparison

of the vent header force from the corrected load cell with the
pressure integral is shown in (Figure 3-35). Both the pressure

integral and corrected load cell show negligible vent header impact
force. A detailed discussion of vent header pressure integration
is presented in Appendix B.

Two accelerometers were installed in the vent header assembly. One

was placed in the bottom of the header drum, the other was put on
the upper part of the vent header support column. In Figures 3-36
and 3-37, the accelerometers show little activities because of the

negligible vent header impact, but in general the measurements from
these two accelerometers are in good agreement (see Figure A-37 for
Hatch 2 Test 6 in Appendix A). This agreement confirms that the
vent header acts as a rigid body.

3. 2 Pool Dynamics

High speed color movies taken during the tests were viewed frame-by-frame
to obtain the data given in this section. The pool contours at various
times of pool swell are shown in Figures 3-38 through 3-41 for Monticello
lests 1, 2, 3, and 5. Tests 1, 2, and 3 were performec at a drywell/
wetwell differential pressure of 7.75" H 0, while Test 5 was performed

2
at 0" AP. A "T" deflector was used in these tests.

Pool surface displacement curves for Tests 1, 2, and 3, shown on Fig-
ure 3-42, were obtained by re-drawing data points from Figures 3-38
through 3-40 on a displacement / time axis. An " average" curve was then
drawn for each offset position. Pool surface velocities were calculated
by graphical differentiation of the displacement curves (Figure 3-43).
For Tests 1, 2, and 3, the pool surface velocity at six inches from the
pool centerline reached a maximum value at about 0.200 second. The pool

surface displacement graph and pool surface velocity profiles for Test 5

3-6
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are shown in Figures 3-44 and 3-45, respectively. The Test 4 pool
surface displacement graph and velocity profile (as viewed from the side
window) is shown in Figure 3-46. The pool displacements and velocities
are accurate within approximately 10 percent of the value given.

The downcomer water slug displacement, velocity, and acceleration plots
for Tests 2 and 7* are presented in Figures 3-47 and 3-48, respectively.
The time at which displacement is zero implies vent clearing. It can be

observed that both velocity and acceleration approach their maximum
values at or near the vent clearing during Tests 2 and 7* (Vent clear-
ing occurs over a time interval. The first movie frame to show an
air / water interface outside the downcomers was used in this report to
define the " clearing time" which preceded total clearing of water from
the downcomer by about 6 milliseconds.)

3.3 Data Summaries

Tables 3-1 through 3-4 present the Monticello test data for wetwell ver-
tical forces. For each test condition, values for the four tests are

tabulated along with the mean and standard deviation. In Tables 3-3
and 3-4, 5.60 and 3.36 inch deflector data are tabulated together under
0" AP and 11.2" AP, because the size of the deflectors should not affect
downforce and does not seem to affect upforce. Conditions such as first
and second downforce peaks, first and second upforce peaks, upforce and
downforce valleys, at downforce, and zero force are illustrated on

Figure 3-49.

Reference time T is obtained by using a linear regression fit of theg

first portion of the drywell pressure plot, in order to extrapolate back
to the effective start of testing. This reference time allows test
events for all runs to be compared on a common time basis.

* Test 7 was a front view movie test and is used in this section for
typical pool profile data.

]60i ''
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Tables 3-5 and 3-6 present the Monticello test data for vent header
impact loads. The 8.12 inch "T" deflector was effective in preventing
the vent header impact during Tests 1 through 4 with 7.75" AP and Tests 5
through 8 with 0" AP.

3.4 Discussion and Analysis

Figure 3-50 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 slightly lower peak value in the
7.75" AP run. Later in time the enthalpy flow for both conditions is
about the same.

Effect of drywell/wetwell AP on downcomer internal pressure is shown in
Figure 3-51. It can be inferred from the downcomer internal pressure
that the bubble pressure reaches a higher peak under 0" AP conditions
than at the 7.75" AP condition. This higher bubble pressure results in
a greater peak downforce for 0" AP.

Figure 3-52 presents the effect of drywell/wetwell AP on pool and free-
space (air space) pressures. The downforce is greater for 0" AP, as can
be inferred from a higher peak pool pressure. The upforce is also
greater for tests with 0" AP. At peak upforce, the air space pressure
exceeds the pool pressure to a greater extent in the 0" AP run. After

peak upforce, the air space and pool pressures oscillate at almost 180
degrees out of phase for about one cycle. This means break through has
not occurred until well after peak upforce. The measured upforce oscil-
lation was more noticeable in the 0" AP run.

.

The Monticello load definition tests ere conducted at 7.75" H O AP and
2

with a "T" deflector installed below the vent header. AP sensitivity
tests at 0" AP were also conducted. In addition, scoping pipe deflector
tests were conducted. Both the downforce and upforce showed some oscilla-
tions. The "T" deflector (29" full scale) effectively prevented vent
header impact. The 5.60 inch pipe deflector (20 inch full scale) was

$J43 0613-8
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much more effective in reducing vent header impact force than the 3.36 inch
pipe deflector (12 inch full scale). The four load definition tests
show excellent reproducibility and consistency. A comparison of load
cell data and pressure integral data for both the torus and vent header
shows that these redundant measurements are in good agreement.

' ' . . 062*
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FIGURE 3-1

DRYWELL ORIFICE UPSTREAM PRESSURE

Task 5.5.3-2 Montice!!o Test 2
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FIGURE 3-2

DRYWELL PRESSURE *

Task 5.5.3-2 Monticello Test 2
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FIGURE 3-3

D0WNCOMER ORIFICE DIFFERENTIAL PRESSURE

Task 5.5.3-2 Monticello Test 2
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FIGURE 3-4

00WNCOMER ORIFICE UPSTREAM TEMPERATURE

Task 5.5.3-2 Monticello Test 2
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FIGURE 3-5

ENTHALPY FLOW IflTO POOL

Task 5.5.3-2 Monticello Test 2
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FIGURE 3-6

DRYWELL ORIFICE UPSTREAM PRESSURE

Task 5.5.3-2 Monticello Test 8

120

100

80

5
|C

5
60g

5
10

2

40

20

0

0 100 200 300 400 500 600

TIME IN MILLISECONDS

171o o f,' O/
0 - J

3-15

_



,

NEDO-21944

.

FIGURE 3-7

DRYWELL PRESSURE

Task 5.5.3-2 Monticello Test 8
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FIGURE 3-8

D0WNCOMER ORIFICE DIFFERENTIAL PRESSURE

Task 5.5.3-2 Monticello Test 8
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FIGURE 3-9

DOWNCOMER ORIFICE UPSTREAM TEMPERATURE

Task 5.5.3-2 Monticello Test 8
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FIGURE 3-10

ENTHALPY FLOW INTO P0OL

Task 5.5.3-2 Monticello Test 8
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FIGURE 3-11

DOWNCOMER INTERNAL PRESSURE

Task 5.5.3-2 Monticello Test 2
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FIGURE 3-12

WETWELL PRESSURES

Task 5.5.3-2 Monticello Test 2
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FIGURE 3-13

00WNCOMER INTERNAL PRESSURE

Task 5.5.3-2 Monticello Test 8
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FIGURE 3- 14-

WETWELL PRESSURES

Task 5.5.3-2 Monticello Test 8
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FIGURE 3-15

NET TORUS FORCE FROM PRE $SURE INTEGRAL

Task 5.5.3-2 Monticello Test 2
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FIGURE 3-16i
~ ~ ~ ~ ~ ~ ~ '

NET TORUS FORCE FROM PRESSURE INTEGRAL

Task 5.5.3-2 Monticello Test 8
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FIGURE 3-17

TORUS LOAD CELL
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FIGURE 3-18

TORUS VERTICAL ACCELERATION

Task 5.5.3-2 Monticello Test 2
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FIGURE 3-19

TORUS LOAD CELL

Task 5.5.3-2 Monticello Test 8
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FIGURE 3-20

TORUS VERTICAL ACCELERATION

Task 5.5.3-2 Monticello Test 8
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FIGURE 3-21-

COMPARISON OF NET TORUS FORCE FROM PRESSURE INTEGRAL

WITH NET TORUS FORCE FROM LOAD CELL CORRECTED FOR TORUS INERTIA
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FIGURE 3-22 COMPARISON OF NET TORUS FORCE FROM PRESSURE INTEGRAL

WITH NET TORUS FORCE FROM LOAD CELL CORRECTED FOR TORUS INERTIA
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FIGURE 3-23

NET TORUS FORCE FROM PRESSURE ItiTEGRAL, CORRECTED FOR WATER INERTIA

Task 5.5.3-2 Monticello Test 2
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FIGURE 3-24

NET TORUS FORCE FROM PRESSURE INTEGRAL, CORRECTED FOR WATER INERTIA

Task 5.5.3-2 Monticello Test 8
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FIGURE 3-25

AVERAGE POOL PRESSURE, CORRECTED FOR WATER I|4ERTIA

Task 5.5.3-2 Monticello Test 2
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FIGURE 3-26-

NET AVERAGE P0OL PRESSURE, CORRECTED FOR WATER INERTIA

Task 5.5.3-2 Monticello Test 2
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FIGURE 3-27

AVERAGE P00L PRESSURE, CORRECTED FOR WATER INERTIA

Task 5.5.3-2 Monticello Test 8
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FIGURE 3-28

NET AVERAGE P0OL PRESSURE, CORRECTED FOR WATER INERTIA

Task 5.5.3-2 Monticello Test 8
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FIGURE 3- 29

VENT HEADER IMPACT PRESSURES

Task 5.5.3-2 Monticello Test 2
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FIGURE 3-3d*
I

VENT HEADER IMPACT PRESSURES ggG6
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FIGURE 3-31

VENT HEADER IMPACT PRESSURES O8G

heTask 5.5.3-2 Monticellc, Test 2
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FIGURE 3-35

COMPARIS0N OF VEtiT HEADER IfiPACT RESULTS

(Corrected Load Cell and Pressure Integration)
Task 5.5.3 fionticello Tests 2, 8
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TA8'.E 2-50 (cont.)
Test Matria

Task 5.5.3-2 Flant Unicue *ests
Initial Ceywell

Pressurization Rate Vent System

Test (esi/sec) M pg3) g,g,,L,,,)
*jal qn, g,j3,e,n ,,ign,) g ,y , A 3

Fa 'Site No. Miaimum/Actsal ;
fine vile Point Calibraticn 31.4/31.7 16.85/15.2

1 (63/47) 7.75 Lead Oefinitier tests. *.59
2 ".75 Pice Oe'lecten (18.0' Full
3 7.75 Sce'el anc 2.33" Gac
4 7.7% (c.n" r ll b lelo

7.75 2.50" M ieetoa.t05easitiv ty Testi

B runswi ck Cali: ration 29.31/29.7 16.81/16.3
1 (46'54) 7,47 (3,3 3.,iritice Teste, 5.34"

7 7.47 Pin. n.31. :t er IM.e ry11 Scal,'

3 .47
4 7.17

;occe r Sta *.i c . Calibration 33.4/40.0 17.76/17.4
1 (43/57) 4.72 Lead CWitirs Tests.
2 4.72 No Deflector
3 4.72
4 a 72
5 a.72 f Seasitivity test

Dresden Calibration 31.1/32.0 17.45/16.3
1 (49/51) 0.39 Lead Defir.ition Tests. 5.17"
2 0.39 Pipe Deflectea (20.C" Full
3 0.39 Scale) and 2.84" Gap (11.0"
4 0.34 Fill Scale)
5 C.?9 5.17" Deflecter,tP5easitivity Test

Browns Ferry Calibration 31.2/31.3 18.49/18.3
1 (43/57) 1.5 Lead Definition Tests.
2 1.5 No Deflector
3 1.5
4 1.5
5 1.5 ?P Seasitivity Test

Peach Bott n Calibration 27.8/29.3 18.42/17.5
1 (49/51) 1.8 Load Definition Tests.
2 1.8 6.5" Winged Ceflector
3 1.8 (25" 'ull Scale)*
4 1.8
5 1.8 6.5" Wieged Deflector.

2 P Se

%.

* A *wieged" deflector is a standard pipe with structural angles
" f1/0 sc11t* percent of actual f1/D in the vent orifice and downconer crifices respectively

(vent /cownconer)

1740 009;,u -/u

2-35
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TABLE 2-5C TEST MATRIX

Task 5.5.3-2 Plant Unique Tests

Initial Drywell
Pressurization Rate Vent Syster Dool Water Level

(psi /sec) fL/D (!nches Below
Site Test Nur:ber Mini mum / Actual Mex1rv/ Actual Center Line) Rer"a rk s

(Solit)*

Mills t one Calib ra:. ion 34.3/37.6 16.05/14.6
1 '59/41) 2.81 Lead Definition Test!
2 2.81 5.20" uinces Deflector
3 2.5i (19.5" Full Scale:.16''
4 2.61 Pipe Diamter) with 2.63"

Gap (10" Full Scale)

5 2. 81 P Sensitivity Test
(Sare Deflector)

Oyster Creek Calibration 27.7/29.6 19.SS/18.8
1 (54/46) 6.63 Lead Definition Tests
2 6.60 5.17' Deflector (20 Full
3 6.60 Scale) with 2.58" Gap (1C'
4 6.60 Full Scale)

5 6.60 aP Sensitivity Test
(Same Deflector)

Hatch 1 Calibration 34.5/34.7 17.64/16.3
1 (42/58) 5.11 Load Definition Tests
2 5.11 7.17" Winged Deflector
3 5.11 (26" Full Scale)with 6.97
4 5.11 Gap (25.25" Full Scale)

5 5.11 LP Sensitivity Test

(Same Deflector)

Vermont Yankee Calibration 39.54/41.3 16.04/14.5
1 (51/49) 9.95 Lead Definition Tests
2 9.95 7.21" Winged Deflector
3 9.95 (25.5" Full Scale; 16"
4 9.95 Pipe Diameter) with 7.35"

Gap (26.25" Full Scale)

5 9.95 SP Sensitivity Test
(Same Deflector)

Fitzp& trick Calibration 30.6/31.0 17.1/15.7
1 (48/52) 2.36 Lead Definition Tests
2 2.36 7.88 Deflector (30" Full
3 2.36 Scale) With 3.21" Gap (l'
4 2.35 Full Scale)

5 2.36 LP Sensitivity Test
_ (Same Deflector)

Hope Creek Calibration 26.5/27.2 13.94/17.2
1 (55/45) 2.91 Load Definition Tests
2 2.91 (Zero LP)
3 2.91 No Deflector
4 2.91

5 2.91 AP Sensitivity Test
(No Deflector)

-

*fL/D split = percent of actual ft/D in the vent orifice and downcor#r orifices resoettively (vent /downtomer)

1[jd3 0992-36



FIGUR't 3-36

VENT HEADER VERTICAL ACCELERATION

Task 5.5.3-2 Monticello Test 2
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FIGURE 3-37
.

VENT HEADER VERTICAL ACCELERATION

Task 5.5.3-2 Monticello Test 8
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FIGURE 3-38J
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FIGURE 3-39
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FIGURE 3-40
.

TIME HISTORY OF

P0OL DISPLACEMENT

MONTICELLO, TEST 3

30-

U
5
.5

25,

5
$
a

5
% 20
2

o
E

$
% 8
.5 8
.T 15 *
u
o i

S -

e

b l0
= e

**
.

-a

$*
3 p
f 5

3

0
0 5 10 15 20 25 30

Horizontal Distance from Pool Centerline - inchee?,s0 04

3-49



NED0-21944

FIGURE 3-41
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FIGURE 3-42

'

POOL SURFACE DISPLACEMENT

MONTICELLO TESTS 1,2,3
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POOL SURFACE VELOCITY PROFILES

FIGURE 3- 43
MONTICELLO TESTS 1, 2, 3
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NUCLEAR SERVICES CORPORATI0n
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POOL SURFACE VELOCITY PROFILES

FIGURE 3--45'-
MONTICELLO TEST 5
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FIGURE 3-46 SIDE WINDOW DISPLACEMEtlT AND VELOCITY PROFILES
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RUCt. ERR SERVICES CORPORATION
00WNCOMER WATER SLUG EJECTION

FIGURE 3- 47
MONTICELLO TEST 2
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Figure 3 48
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FIGURE 3-49

ILLUSTRATI0fl 0F flET TORUS FORCE
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FIGURE 3-50

EFFECT OF ORYWELL/WETWELL AP ON

ENTHALPY FLOW INTO POOL
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FIGURE 3-51

EFFECT OF DRYWELL/WETWELL AP ON

00WNCOMER INTERNAL PRESSURE
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FIGURE 3-62 -

EFFECT OF DRYWELL/WETWELL AP Off POOL PRESSURE

AT 180 DEGREE Afl0 FREESPACE PRESSURE
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TA3LE 3-1

OATA FOR WET'4LL YERTICAL l.CA05

Task S.5.3-2 Nnticello Tests

Test No. 7.75" aP, 9.12-inch "T" M ftector
Parameter (1) (2) (3) (41 .ean Dev.**

*(1) !
T, (sec) '

Ven't Clearing Time" (sec)
Peak Downforce

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)

Downforce Valley

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

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

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

2nd Peak hnforce
Pressure Integral:

Forca (Ib) I

Time (from T ) (sec)
Corrected P-essure Integral:

,

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

Corrected Load Cell:
. Force (1b)

Time (from T,) (sec)
[st) Downforce Time **

Pressure Integral (sec)
Corrected Pressure (sec)
Inteqral

Carrected Load Cell (sec)
Downforce impulse

Pressure Integral:
se (1b-sec)

|
* Vent c b ; time (from T ) determined from the movie films.

0" Time st f f erence from i to time of zero downforce.
*III Start-of-test reference time defined as the intercept of a

linear fit to tne arywell pressure history .ith the initial
drywell pressure,

1, e,l u 417o
3 1
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* Time at force is zero (from T,)

TABLE 3-1 (Continued)
CATA FOR WETWELL VERTICAL LOADS (continued)

Task 5.5.3-2 Monticello Tests

Test No. 7. 75" AP, 3.12-inch "T" Deflector
Std.Parameter (1) (2) (3) (4) fiean Dev.

Peak Upforce !

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)

Upforce Valley

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)

2nd Peak Upforce

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)

Zero Force Time *

Pressure Integral (sec)
Corrected Pressure (sec) '

Integral

Corrected Load Cell (sec)

'\9 RO3
./ , d
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TA3LE 3-2

CATA FOR WETWELL YERTICAL t.0 ADS

Task S.5.3-2 Monticello Tests

Test No. ca ;P, 8.15.uch "T" Deflector
Std.Parameter (5) (6) (7) (9) f*ean Dev.

*(2)
T, (sec)

,

Vent Clearing Time * (sec)
[Peak Downforce i

Pressure Integral:
Force (Ib)
T ime ( f ront 7,) (sec)

Corrected Pressure Integral:
Force (Ib)
Time (from 7,) (sec) '

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

Downforce Valley

Pressure Integral:
.

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

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

Corrected Load Cell:
Force (Ib)

.

Time (from T,) (sec) I
,

2nd peak Downforce '

Pressure Integral: !

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

Corrected Pressure Integral: !

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

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

[at) Donnforce Time **
Pressure Integral (sec)
Corrected Pressure (sec)
Inteoral

Corrected Load Call (sec)
'

Downforce impulse

Pressure Integral: '

Impulse (Ib-sec); g

* Vent clearing time (from T ) determined from the movie films.
0" Time difference from T, to time of zero downforce.

*I Start-of-test reference time defined as the Intercept of a
linear fit to the drywell pressure history with the
initial drywell pressure.

17q0 i 't 93-64
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* Time at force is zero (from T )9
TA3LE 3-2 (Continued) No accelerometer data for correction

DATA FCR WETWELL VERTICAL LOADS (continued)

Task 5.5.3.-2 Monticello Tests

Test No. 0" 2P , 8.15-inen "T" Deflector
Std.

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

Peak Upforce

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)
Upforce Valley

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

Corrected 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 (1b)

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

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

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

Zero Force Time *

Pressure Integral (sec)
Corrected Pressure (sec)
Integral

Corrected Load Cell (sec)

1.74O i9'}_, a t.

3-65



.

NEDO-21944

TABLE 3-3

DATA FOR WETWELL VERTICAL LGADS

Task 5.5.3-2 Monticello Tests

Test No. 0* 'P
Parameter 5.60" Deflector 3. 35" Jeflector Std.

(q) ( 19) (13) (14) Mean Dev.

T, (sec)

Vent Clearing Time * (sec)
.

Peak Oownforce

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

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

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

Downforce Valley

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

Corrected Pressure Integral:
Force (Ib)

{
Time (from T,) (sec)

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

2nd Peak Downforce

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

Corrected Pressure Integral:
Force (1b)

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

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

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

Carrected Load Cell (sec)
Downforce Impulse

Pressure Integral: *

Impulse (Ib-sec)
.

* Vent clearing time (from T' time of zero downforce.) determined from the movie films.** Time difference from T to
Mo significant downforke valley or 2nd peak downforce.

*(II
start-of-test reference time defined as the intercent of a
linear fit to the dryweII pressure history with the
initial drywell pressure.
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* Time at force is zero (from T,)
TABLE 3-3 (Continued)

DATA FOR WETWELL VERTICAL LOADS (continued)

Task 5.5.3-2 Monticello Tests
.

** *

5.60" Deflector 3.36" Deflector Std.
Parameter (9) (10) (13) (14) tiean Dev.

Peak Uoforce

Pressure Integral:
Force (lb)

i
Time (from T ) (sec) |

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

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

Upforce Valley

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

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

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

2nd Peak Upforce

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

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

Corrected Load Cell: I

Force (1b)

Time (from T ) (sec) ,g

Zero Force Tine *

Pressure Integral (sec)
Corrected Pressure (sec)
Integral

Corrected Load Cell (sec) f
I

I

'97$]an(j (_ L
7
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TA9tE 3-4

DATA FOR WETWELL VERTICAL LOADS

Task 5.5.3-2 %ticello Tests

Test No. '

5 36" Detlactor5.60" Deflector Std.Parameter
(11) (12) (151 (16) Mean Dev.

''l)'
T, (sec)

|
'Vent Clearing Time * (sec) I

Peek Downforce I |

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

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

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

O w force valig
Pressure Integral:

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

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

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

2nd Peak Down'orce

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

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

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

[at] Do nforce Time **
Pressure Integral (sec)
Corrected Pressure (sec)

Integral

Corrected Load Cell (sec) g

Downforce Impul_se_

Pressure lategral:
Impulse (Ib-sec)

' Vent clearing time (from T ' determined ' rem the movie films.
0

" Time difference from T to time of zero downforce.
Ho significant downfor$e val!ey ar 2nd peak downforce.

*Ulstart-of-test reference tire defined as tne intercent of a
linear fit to the drywell pressure history with the
initial drywell pressure

*7
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* Time at force is zero (from T,)

TABLE 3-4 (Continued)
DATA FOR WETWELL VERTICAL LOADS (continued)

Task 5.5.3-2 Monticello Tests

Test No* 5.60" Deflecter 3.36" Deflector Std.
Parameter .(11) (12) (15) (16) Mean Dev.

Peak Upforce

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

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

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

Upforce Valley

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

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

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

2nd Peak Upforce

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

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

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

Zero Force Time * |

Pressure Integral (sec)
Corrected Pressure (sec) |
Integral I ~

!
Corrected Load Cell (sec)

'

1 7 f. f
!

.; J,
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TABLE 3-5
*(2) Offset 6" from pool centerline

DATA FOR VENT HEADER IMPACT LOADS *(3) Start-of-test reference time
Based on impact pressure measurements*

Task 5.5.3-2 Monticello Tests At start of the first impact pressure**

recorded
*** Pipe with s tructural "T"s

Test No. 7.75" A P, 8.15 inch "T" Deflector *** 0" A P, 8.15 inch "T" Deflector ***

Std. Std.Parameter (1) (2) (3) (4 ) Mean Dev. (5) (6) (7) (8) Mean Dev.
*I3I

T, (sec)

Vent Header Impact

Pressure Integral:
Maximum force (1b) --Nagli jible ven header neact-- --Nagli ible ven header mpact--Impulse (1b-sec)
Duration * (sec)

Load Cell Corrected:
Maximum Force (Ib)
Impulse (Ib-sec)
Duration (sec)

2:
In

y Pool Surface (ft/sec) 8
N Velocity *(2) I
o 3

Time (frm T,)** (sec) e
J=

m

%

%

CO

.a

til -
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| * Based on impact pressure measurements
3 **At start of the first irrpact pressure

"#
TABLE 3-6

tStart of Reference time

DATA FOR VENT HEADER IMPACT LOADS

Task 5.5.3-2 Monticello Tests

0" APTest No. 11.2" AP
5.60" Deflector 3.36" Deflector Mean Values 5.60" Deflector 3.36" Deflector Mean Values

Pa rameter (9) ( 10 ) ( 13 ) ( 14 } 9 10 13 & 14 (11) (12 ) (15 ) (16 ) 11 & 12 15 & 16

Tt (sec)o

Vent Header impact

Pressure Integral: ,

Maximum Force (1b)
Impulse (1b-sec)

:2:Du ra t ion * (sec)

'
Load Cell Corrected. tu

y Maximum Force *** (ib) ,

$$ Impulse (Ib-sec)
Duration (sec)

i

Pool Sur face (ft/sec)
Velocity

Time (from r )** (sec) (
g

'*** Represents the peak value of noisy data, mean value
would be significantly lower.

-~

. .b

..a
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4.0 CONCLUSIONS

Th following conclusions and observations are made from analysis of
test results:

The QSTF has successfully modeled the scaled average cell geometrico

and hydrodynamic conditions for the seventeen Mark I plant config-
urations tested * The facility and instrumentation achieved the
primary objective of the test program to provide two-dimensional
subscale pool swell data for input to the Mark I Load Definition
Report.

Deflectors provide significant mitigation of vent header impact.o

Small deflectors significantly reduce peak vent header impact
pressures and deflectors with side extensions (structural angles or
"T"s) whose total width is roughly half the width of the '/ent
header virtually eliminate vent header impact.

Peak torus downforce and upforce decrease as the initial drywe'l/o

wetwell AP is increased. Peak vent header impact force slightly
decreases as the AP is increased, but a deflector is more effective
in mitigating the vent header impact. Reduced submergence is also
effective in mitigating the pool swell loads.

The decision to perform plant unique tests was justified. Althougho

good repeatability has been observed for sequential tests of individual
plants, the wide variations in hydrodynamic parameters among the
plants tested have led to a considerable spread in the total program
data. A limited data correlation was performed and successfully
demonstrated overall consistency of the Plant Unique Tests.

* Supplementary tests are being performed for several Mark I Utilities
to evaluate additional hydrodynamic conditions.

4-1 17A0 1'bJ| .) ' i d ,
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