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ABSTRACT

An extensive analysis of data from the 1/5-scale Mark I BWR Pressure
Suppression Experiment (PSE) air transient tests has been completed. Primary
focus was placed on computing a best estimate of the hydrodynamic vertical
load function (HVLF) and determining the associated peak forces and their
standard error. These results were then applied to develop the sensitivity of
the HVLF to various major parameters (for example, drywell pressurization
rate), to evaluate the impulse of the HVLF, and to analytically model the
response vertical load function (RVLF). In addition, a complete evaluation of
the enthalpy flux distribution in the vent system was provided for each test.
Finally, pool swell dynamics were quantified for a subset of the test series
and correlated to the observed ringheader strut loads.




BACKGROUND

In light-water reactor pressure suppression containment design, the success of
the system is based on the capability of the water heat sink to provide rapiag
and stable concdensation of the released primary coolant during a hypothetical
loss-of-coolant accident (LOCA). The General Electric Mark I pressure
suppression system encompasses a drywell which surrounds the reactor and
channels the steam released during a LOCA into a toroidal suppression pool.
There are several BWR Mark I designs. The reference plant used here is the
1065 MW(e) Peach Bottom 2.

performance of the Mark I pressure suppression system under hypothetical
loss-of-coolant accident (LOCA) conditions has been the subject of continuing
investigaticis by many agencies. The Lawrence Livermore Laboratory Mark I BWR
Pressure Suppression Experiment (PSE)1 provided a large-scale (1/5) model to
extend these investigations into three dimensions. The experimental program
consisted of a comprehensive series of 24 tests which modeled the initial air
transient. Tne need for these tests exists, not only for the assessment of
existing Mark I system designs, but also to provide insight into the basic
hydrodynamic phenomena associated with wetwell behavior. In addition, the
test results provide an extensive data base for computer code agevelopment and

validation.

In order to obtain experimental data leading to a verifiable analysis of the
dynamic loading on the Mark I pressure suppression system, a three-part
program was initiated consisting of: (1) the de-ign and construction of a
1/5-scale BWR Mark I facility, (2) benchtop experimental studies to establish
scalinrg laws and phenomena, and (3) a comprehensive series of air transient
pressure suppression tests. Each part of the program is described below.
(1) 1/5-Scale BWR Mark I Facility?

A 1/5-scale BWR Mark I experimental facility (Figs. i, 2, and 3) was

designed and built for simulating the three-dimensional transient

conditions thit are encountered in all phases of a wetwell pressure

suppression system during a hypothetical loss-of-coolant accident.

While the three-dimensional wetwell (90° sector) was the primary

focus of the tests, a fully instrumented, two-dimensional wetwell

Xiv
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LLAX

N, storage bottles

Rupture disks

Substation

Flash boiler

q_}—-Motor generator

Instrumentation trailer

>— 90° sector

7.5° sector

FIG. 3. Schematic diagram of 1/5-scale pressure suppression experiment facility.



(7.5° sector) was also incorporated to provide a comparative data
base. In general, the wetwells are faithfully-scaled geometric
representations of the Peach Bottom 2 plant; the Peach Bottom 2
plant downcomer configuration is representative of several, but not
all, Mark I pressure suppression systems (Fig. 4).

(2) Scaling Relationship StudiesS
Experimental data necessary to validate the selection of a 90°
sector for the 1/5-scale facility was developed from a complete
1/64-scale model of the BWR Mark I drywell/wetwell system (Fig. 5).
The experiments determined the appropriate angular relationships and
the similarity in response ‘o full-scale systems. Extensive scaling
law and phenomenology experiments were also conducted through a
series of simple benchmark tests utilizing ilasks to simulate
portions of the toroidal wetwell.

(3) Pressure Suppression Tests1'4’5’6
An experimental program counducted using the 1/5-scale BWR Mark I
test facility obtained the air-transient induced dynamic vertical
load function and determined the response of the torus structure.
These air tests used high-pressure nitrogen gas (Nz) to purge
drywell air gas and thereby expel water from the downcomers. These
tests were based on a full-scale initial drywell pressurization rate
of 61 psi/s as predicted by the CONTEMPT-LT licensing code. This
criterion was specified by the United States Nuclear Regulatory
Commission (NRC). In comparison, the Peach Bottom Final Safety
Analysis Report (FSAR) specified an initial drywell pressurization
rate of 41.6 psi/s. This phase of the test program focused on the
vertical load function that resulted from the clearing of downcomer
water, and each test simulated 3 to 4 seconds of equivalent plant
time.

PURPOSE OF THE PRESENT STUDY

Because of time constraints, the PSE final air test results report1 presented
complete test results without critical amalysis of the data. In particular,
the hydrodynamic vertical load function (HVLF) was computed by a simplified
method without determination of error bound.

xviii
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FIG. 5. 1/64-scale BWR Mark I Pressure Suppression System.



The purpose of the current study, therefore, is twofold.

this report details the developmert of a best estimate calculation of the HVLF
for the 90° (3-D) sector and for the 7.5° (2-D) sector, as well as the 3-D
to 2-D ratios of maximum upload and maximum download, all with associated
error bounds, for each air transient test. The second section provides the
results of an in-depth analysis program which addreses several topics,
including the following:

parametric sensitivity of peak upload and peak download

total impulse of the HVLF

structural analysis of the 90° torus sector, including modeling of
the response vertical load function

enthalpy flux and flow distribution in the ove-all vent system
pool swell effects,

In total, then, these extended analyses provide an impor.an. companion
document to the final air test results report and allow both qualitative and
quantitive understanding of the effects to be expected from a hypothetical

loss-of-coolant accident (LOCA) in a Mark I BWR pressure suppression system,

The first section of



PAR 1. BEST ESTIMATE ANALYSIS OF THE HYDRODYNAMIC VERTICAL LOAD FUNCTION (HVLF)

1.1 HYDRODYNAMIC VERTICAL LOAD FUNCTION
1.1.1 DESCRIPTION OF THE HYDRODYNAMIC VERTICAL LOAD FUNCTION

The hydrodynamic vertical load (HVL) is defined as the integral of the torus
net vertical dynamic pressure over the area defined by the cross-section
circumference projected on the horizontal axis and the torus axial lengik.
The HVL may be expressed

HVL = ;{-pdA ¥ . (1-1)

where J is a unit vector in the vertical direction. The HVLF is then the sum
of the resulting sequenc: of HVLs, evaluted at each discrete time point for a
given experiment.

The net dynamic pressure acting on a differential area element is simply the
difference between the upward component of the pressure, as marked above the
projected torus centerline (i.e., ullage pressure), and the downward component
of the pressure, corrected for the static waterhead, as measured below the
pool surface. Tne net dynamic force is expressed as the difference in the
ullage and pool forces

HVL 3'[ (puﬂage - ppool)dA *

. ;[pullage A J- 'Al-ppool A3 . (1=2)

By breaking down the area of integration, the equation for the HVL in each
sector can be written:

Ll rw L
HVL 8‘[0 [j; pU]]lge dX] dz 'j; [‘Io-' Ppoo] dX] dz , \1'3)

where L is the axial length and w is the width of the torus measured at the
pool surface.
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1.1.2 INTEGRATION GEOMETRY

The limits of integration are defined by the horizontal projection of the
water surface. For the 7.5 torus integration, the axial length (L, is

taken to be 17.66 inches so that an integer multiplier, 6, may be usea to
compare the 2-D HVLF *o the HVLF computed in the 45% (3-D) torus sector.

The subareas of integration across the pool (x direction) and axially (2
direction) are defined by the positions of the transducers and the
instrumented planes (Figs. 1-1 and 1-2). These figures show that instrumented
plane 4 is parallel to the miter joint and that plane 9 jogs to avoid the
miter joint. The x distances used for a’ planes are measured in the planes;
therefore, the total pool (and ullage) ' ths for planes 4 and Y (as well as
symmetry planes 3 and 8) are greater t’ those of planes perpendicular to the
axis. Appendix A provides facility ar test related geometry evaluations.
Appendix B lists the accummulated x distances and the associated Az between
planes. Since the dimensions vary with pool level, a separate set of data are
supplied in Appendix B for each of the four pool levels used in the tests.

The angular position (6) of the torus wall pressure transducers is

indicated in Figs. 1-1 and 1-2 and clarified in Fig. 1-3.

In a given instrumentation plane, there are 11 pool transducer positions
defining 12 sectors (1P to 12P) and 4 ullage transducer positions gefining 5
sectors (1U to 5U).

All pool and ullage transducers used in both the 2-D and the 3-D test sections
are Senso-Metrics, Inc., Model No. 601087. A complete discussicn of PSE
instrumentation is provided in Ref. (4).

1.1.3 ACTUAL AND VIRTUAL TRANSDUCERS

For any given test, measured pressure data are not available for every
instrumentation location. In the pool, this is compensated for by
interpolation between points where pressure data were measured by "actual,” or
available, transducers. In the ullage, “"virtual" transducers are used to fill
in locations for which actual measured data are unavailable; virtual
transducer locations are those at which the pressure history of an actual
transducer is assigned on symmetry arguments. Measured pressure histories are

1.2
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FIG. 1-3. Angular location of torus wall pressure transducers.
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used a. virtual locations only in the ullage, and never displace actual
measured data. Virtual positions, defined in the pool by Fig. 1-1, are filled
only by data interpolation (sectors 2P through 1iP) or extrapolation (sectors
1P and 12P).

In example, in Fig. 1-4, virtual transducers and actual transducers are
identified by circles with or without center dots, respectively. Poo:
positions where interpolated or extrapolated data are used are indicated oy
crossed circles. Similarly, the ullage and pool pressure curves have the type
of data at each location represented by appropriate tick marks. Note that the
“virtual" transducers identified at the edges of the pool surface are the
extrapolated histories obtained from the fitting of the ullage data. This is

discussed below.
1.1.4 INTEGRATION METHOUL

In the procedure for the in-plane integration, at each time step and for each
of the 5 instrumentation planes (4, 6, 9, 11, and 2-D), the I;" pdx is
accomplished in two steps. First, an analytical fit is made through the
available corrected pressure data in the ullage. End point pres:ures at the
virtual pool level intersections (90" and 270*) are extrapolated from this fit
(see Fig. 1-3). These ullage end point pressures are then assigned as virtual
pressures to the pool at 90% and 2707, respectively, and are included in the
pool data array. Subsequently, an analytical fit is provided for this pool
data. An example of the results of this procedure is shown graphically by
Fig. 1-4. In this particular case there are two virtual pressure histories
used in the ullage (at 12° and 348°) and four interpolated pool pressure
histories developed (at 140°, 160°, 200°, and 220°).

Rather than directly integrate the resulting equations over w to provide a
total pool and ullage force in each instrumented plane, separate integrations
covering each of the 5 ullage sectors and the 12 pool sectors are carried out,
so that, for a given plane

5U
J"" pdx = E fipdx ; ullage (1-4a)
0 i=1U

12P
f pdx = Z ];pdx . 3 pool . (1-4b)

0 i=1p
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FIG. 1-4. Typical analytical pressure profiles in pool and ullage (Test 1.3.1
at time of peak download).
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In this way we define a force per un . length (FUI) for each sector of the
plane. A typical example frr the 45° torus sector” is shown in Fig. 1-5
for the time of peak down:..u. This procedure is repeated for all four
instrumented planes in the 3-D facility and for the single plane of the 2-D
facility, At this point, maximum utilization is made of symmet-y planes in
context with the additional pressure transducers located at pool bottom
(1800) in planes 1, 3, and 5. The pool FULs of plane 11 are transferred to

plane 1 after multiplying them by the ratio of the pool bottom pressures,*
Pl(t)180°/P11(t)180° , that is:

FUL(plane 1) = FUL(plane 11) x (Biy)1gq® (1-5a)
similarly, for plane 3,

FUL(plane 3) = FUL(plane 9) x (ra)ygq0 (1-5b)
and for plane 5,

FUL(plane 5) = FUL(plane 6) x (;%),800 (1-5¢)

Additionally, to enlarge the axial fit data base in the pool, we take, for
plane 4A,

FUL(plane 4A) = FUL(plane 6) (1-5d)
and for plane 8,
FUL(plane 8) = FUL(plane 4) . (1-5e)

In a similar manner, the FULs for all 9 planes in the ullage are defined.
Ullage transducers are, however, more sparsely located; therefore,

FUL(plzne 1) = FUL(plane 11) x (;%T)qso (1-6a’

*Using 4P(160°), 5P(165°), and 6P(180°) for angular sectors.

+For these tests where the plane 1-180° transducer was not available,
the plane 1-195° transducer was used.
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FIG. 1-5. Plot of vertical force per unit length (FUL) values along the 45°
torus (sectors 4P, 5P, and fP) at time of peak down force.
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FUL(plane 3) = FUL(plane 9) x (%%1)450 (1-6b)

FUL(plane 8) = FUL(plane 4) (1-6c¢)
FUL(plane 4A)= FUL(plane 5) = FUL(plane 6) , (1-6d)

where P2 refers to a transducer located in the ullage space, between planes |
and 3, at an angle of 6 = 45°,

Along the torus axis, a force per unit length (FUL) has now been defined at
the 9 planes for each of the 12 pool sectors and each of the 5 ullage

sectors. Each FUL is concentrated in-plane at the midpoint of the nrojection
of each sector. The nine FUL values along each sector are then used to
establish a corresponding analytical description of the vertical force
distributed along the torus axis. Again, symmetry is invoked so the slope ot
the vertical force at both ends of the 45° torus sector is constrained to be
zero. Figures 1-6 and 1-7 provide a three-dimensional plot of the fitted FULs
in sectors 6P and 3U of the 45° torus sector, respectively, for a time

period which includes both peak download and peak upload.

By proceeding in this manner, additional detailed information is generated
regarding the three-dimensional nature of the dynamic loading in the theta

(8) direction as well as the axial (z) dimension. This information is useful
in understanding the dynamic rotational l1oading of the torus structure during a
hypothetical LOCA.

Finally, the HVL becomes

MWloet = W 11age = HVlpoors (1-7a)
where
5 JrLi
HVL 11 age * i};l \ Fi(z)dz (1-7b)
and
12 Li
HVL pool = 1;1 j(; Fi(Z)dZ ’ (1-7C)

where Li equals the effective torus Tength for sector i. An example of the
results of this procedure at the time of peak download is depicted in Fig. 1-8.
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1.1.5 CALCULATIONAL PROCEDURES

Four basic steps are required to proceed from raw pressure data to the final
3-D and 2-U hydrodynamic vertical load function. These steps are as follows:
e management of data records and retrieval of PSE pressure transducer
data from archival storage,
e correction of the pressure data to account for systematic transducer
error and static head,
¢ calculation of the HVLF and associated standard deviation using ‘he
corrected pressure data,
e postprocessing of computationa’ results to obiain required output.

Because the HVLF calculation requires the systematic manipulation of up to 66
individual pressure data files for each of 24 tests, computer-aided methods of
processing the PSE data on a production basis were developed to automate the
calculational procedure as much as possible.

The pressure data are processed by four independent computer routines
(controllees) developed specifically for the HVLF calculation. These
routines, which are discussed in greater detail in Appendix C, are as follows:

® PSEPREP--performs general record management for the PSE data base,
including extraction of all applicable pressure data files
from archival storage.

® PRESLOC--calculates pool geometry and static head based on tne
elevation nf the pool surface.

® INTERPP--corrects the PSE pressure uata for systematic and random
error and, where applicable, for static head.

® TCRIS--calculates the H\LF and error based on the corrected pressure

data.

A controller named PSEHVLF executes the PSEPREP, PRFSLUC, and INTERPP routines
to produce the input files required by the stand-alone TOURIS code.
Postprocessing of the HVLF results is executed using SOCKITTUME,7 a general
graphics postprocessor currently available and in use by Lawrence Livermore
Laboratory's L-Division (computational physics).

1-14



1.1.5.1 Transducer Location Matrix

A separate version of the controller PSEHVLF is developed for each test. Each
version specifies the pool levels of a particular test and the pressure
transducers to be used in the subsequent HVLF calculation. To determine the
final pressure transducer matrix for a given test correctly, an initial pass
is made us. 'g PSEPREP to determine the particular transducers that are
available. This output, called MATRIX for AVAILABLE HVLF TRANSDUCERS, is
then modified to delete transducers not required in the HVLF calculations and
to specify virtual transducers in the uliage. The final matrix used in the
PSEHVLF controiler is calied the MATRIX for ACTUAL + VIRTUAL HVLF TRANSUUCEKRS.
Examples of these matrices for test 2.7 are inciu’zu here as Table 1-1 and
Table 1-2, respectiveiy. The following steps are taken in the transition from
available matrix to final matrix.
a) Reference to transducers in planes 7, 16, and 20 (P-14, P-56, and
P-57) are eliminated.
b) Plane 1 transducers, not required (P-2, P-3, and P-5), are eliminatea.
¢) Virtual transducer assicnments are specified for the ullage (o = 45°
through © = 315%). The assignments made for @ = 90~ and © = 270%
are actually dummy assignments for ease in software development; these
values are later determined from extrapolation of the fitted pressure
data.
d) Virtual transducer assignments are specified at the pool end points
(6 = 90" and o = 2707); however these data are replaced by the
extrapolated ullage end points foliowing analytical fitting of the
ullage data.

1.1.5.2 Error Analysis--Pressure Corrections

The experimental pressure transducer outputs maintained in archival storage
are unfiltered, calibrated data in engineering units (psia). As such, they
have not been corrected for systematic error or for pool head (for those
transducers located in the torus pool). In addition, no direct assignment of
random error has been made.

*
Based on the rontents of the archival data record.
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TABLE 1-1.

Matrix of available transducers for test 2.7.

LOCATION MATRIX FOR AVAILABLE HVLF TRANSDUCERS

PSE TES'™ NUMBER:

348
315
270
90
128
i40
155
160
165
180
195
200
205
220
235
270

DATE: Z 02/:i4/79

e
- e - -

P-3
Py

P-5

P-110

P-111

P-17
P-18
P-19
P-20
P-21
P-22
P-23

P-7a
)-a‘,

P-30
P-29

P-31
P-32
P-33
P-3u4
P-35
P-36
P-37
P-38
P-39
P-40

P-yl

1-16

P-4y

P-46

P-48

P-49
P-50

P-5y

- -

P-8

P-47

P-9

P-10

P-11

P-53

P-56 P-57

P-75

P-77
P-78
P-79
P-80
P-81
P-82
P-83
P-gy
P-85



TABLE 1.2,

DATE: Z 02/14/79

LOCAT ON MATRIX FOR ACTUAL+VIRTUAL HVLF TRANSDUCERS
PSE TEST NUKBER:

P-48
P-49
P-50

P-54
P-55

Final transducer matrix for test 2.7.

P-y7

P-10

P-4

P-53
P-45

ek T T ———
e b N ——

P-75
P-178
P-75
P-85
P-86
P-86
P-75
P-76

P-77
P-78
P-79
P-80
P-81
P-82
P-83
P-84
P-85



During the air test series, separate experiments were conducted to estaplish
the end-to-end (ETE) error and the random error of the installed pressure
transducers.4 Using dry torus sectors, the wetwells were pressurized in a
stable manner from 1/5 atm to 1 atm using steps of 1/5 atm. Uata were
collected for 30 s. The data were processed at each pressure step in the
normal manner and yielded calibrated data in engineering units. The actual
pressure at each step was determined by a National Bureau of Standards (NBS)
traceable gage that communicated to the wetwells. The calibrated data were
then subjected to a least-squares analysis to determine the indicated mean
pressure and its standard deviation. From this information a data base was
developed specifying the systematic error (difference between apparent
pressure an” actual pressure) and the associated pressure dependent random
error (standard deviation) for each of the transducers. The INTERPP routine
(see Appendix C) was developed to expedite interpolation of the ETE dita ana
the random error data associated with each calibrated data point from a
particular pressure transducer. Each data point of each experimental pressure
transducer history for the time interval of interest that was used to develop
a HVLF is corrected as

pC(t) N pobs(t) -h+ETE; L= tstart ? tend . (1-8)

where Pe is the corrected pressure at time t, Pobs is the observed

pressure at time t, h is the static head correction (pool transducers only),
and ETE is the end-to-end or systematic error. Note that ETZ may be positive
or negative. Typical values fur these corrections and the static head for the
11 pool transducers of nominal test 2.7 are indicated in Table 1-3. Table 1-4
lists the ETE and standard deviation data base of pool transducer P-40, which
is located in plane 6 at 220° in the 3-D torus sector. The results of this
operation for all transducers are written into a single ASCII disk file called
INTORI. INTORI and the spatial definition file, DXDZ (see Appendix B),
provide the required input for the TORIS code.

1.1.5.3 Error Analysis--Error Propagation

The corrected pressure sets provided by INTORI are used in the TURIS code to
provide mean value estimates of the HVLF. In order to observe the effect of
the random error associated with the pressure data, an additional pass through
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TABLE 1’30

Typical static head corrections (test 2.7).

PSE TEST NUMBER: e.7
90 DEC PCOL ELEVATION (INCHES BELOW CENTERL INE):
7.5 DEG POOL ELEVATION (INCHES BELOW CENTERL INE) :

CORRECTION FACTORS FOR STATIC HEAD (PSIA)

THETA HCS0
128 7.4037€-01
140 9.4239E-01
185 1.1308€E+00
1€0 1.1757€+00
165 1.2109€E+00
180 1.2567€E+00
185 1.2109E+00
200 1.1757E+00
205 1.1308E+00
2e0 S.4239E-01
235 6.8384E-01

TABLE 1-4,

.5121£-01
.5322E-01
.1%16E+00
. 1865E+00
.2217€+00
.267SE+00
.2217€+00
. 1865E+00
.1416E+00
.5322€E-01
.S4B7E-01

O D~ v o e o o e (O

Typical end-to-end corrections

(pressure transducer P-40, plane 6-220°).

Pressure, psia

Actual

2.98
5.98
8.94
11.89
14,37

Apparent

2.9819
5.9500
8.9825
11.9320
14,3960

ETE,psi op,psi
-0.001¢9 0.0143
+0.0300 0.0194
-0.0424 0.0155
-0.0420 0.0125
-0.0260 0.0148
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TORIS is taken to adjust the pressure data by one standard deviation, i.e.,
Pe (t) = P (t) + Op- This procedure is a drastic measure in the
statistical sense, since it gives no weight to randomness. However, it
provides an acceptable upper bound on the effect of random error on the
computation of all values. This approach is acceptable due to the extremely
small random errors associated with the pressure data. The approach is also
effective in reducing the time required to complete the overall analysis, as
the methodology for propagation of error would have necessitated extensive
algebraic manipulation without producing any better understanding of the
computed results.

Assuming a normal distribution of error, we estimate propagated error for pool
force, ullage force, and net vertical force at each of the four peak load
times.* The standard deviation associated with the 3-D to 2-D force ratio
at these times is also computed. In these calculations we use the following

equations:
mean i 1-Ya
- mean _ 1-9b)
9, |Fu Fu(¢op)| (
= 1‘9C)
Fn=Fp*Fy (
so that
aF aF
02 = (——ﬂ 2 02 + (-—B-)2 o2 (1=9d)
N, P e, Y
P u
_ 2 2
- Op + Ou ,
where
Fgean = mean pool force
Fp(+op) = pool force at b * ¥, + °p
Fﬂean = mean ullage force

*
The four times chosen to characterize peak forces in the HVLF ar2 associated
with a) first peak down force, b) first force reversal, c) second peak down
force, and d) peak up force.
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£ (+0_) = ullage force at Pe * P, + 9p

N ° mean net force
Oy = standard deviation cof mean ullage force

Op = standard deviation of mean pool force

standard deviation of mean net force.

These quantities are computed for both the 45° torus sector and the 7.5°
torus sector at the four times of interest. The force ratio at a given time
of interest is

£45°
RS (1-10)

0
6 x F;'S

(i=1la)

45°

02
7.5 ) (o> ) + Aok (4-11D)

= (6FN

These estimates of error are included in the force summary table for each
test, as discussed in the following section.

1.1.5.4 TORIS Code--Theory, Operation, and Qutput

The primary purpose in developing the TORIS code was to compute the HVLF and
its associated error in a best estimate manner. Due to the complexities
introduceu by the many input pressure histories (each with 525 data points)*

*Corresponds to 1.5 seconds of a test and chosen to encompass the peak
vertical loads of primary interest.
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and the three-dimensional nature of the calculations, a complete hand
calculation was done before code writing began. This was completed, both
in-plane and along the axis for test 1.3.1, using trapezoidal fitting for the
times of peak download and peak upload. ‘ihe -esulting quantification of all
interpolated pressures in the instrumented planes as well as the FULs and the
integral pool and ullage forces in each of the 17 pool and ullage sectors
provided a set of detailed guides and checks during the subsequent code
writing.

The hydrodynamic vertical load function is calculated twice for each
experiment: first, using a trapezoidal integration scheme; then, using a
sliding parabolic integration scheme. The trapezoidal method is
computationally faster and amenable to hand calculation, but tae sliding
parabolic method represents the physical Lonstraints of the experiments far
better, and therefore, the results can be accepted with greater confidence.

Every numerical integration method has an implied interpolation method
associated with it. To provide processing checks and report graphics, this
implied interpolation is made explicit by preceding the integration with the
calculation of interpolation function coefficients. The integration is then
performed using these coefficients explicitiy.

Two sets of interpolation coefficients are developed for each time point of
the experimental data. One set for the pres<ures* in each plane along X,
and one for the force per unit length distribution along Z (FUL) in each
angular sector.

The interpolation differs mathematically between these two sets only in the
constraints imposed upon the end zones, i.e., for each plane, at X = 0 and at
the relevent pool or ullage width (PW or UW), and for each angular sector, at

Z=0ard at Z = Zma along the torus.

X

*
This includes actual, virtual and interpolated pressures. (See Fig. i1-4.)
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The ranges of the independent variable X and Z are divided into segments
either by the position of the experimentally determined pressure (along X) or
the position of FiiLs (in each angular sector). The pressure positions are
governed by transducer location, while the FUL positions are governed by the
instrumented planes. The in-plane pressures are designated by P; where the
correspondence between i and angular position' is shown in the following
tabulation:

Pool Ullage
5 :

90*

1289
1400
1559
1600
1650
1809
1950
2000
2059
2200
2350
270~

l-‘.
|-
(0

—
COENOVHEWNEO
EHEwWwm O

&

@

°©

p—
N -

The pool index, i = 0, corresponds to the pool edge nearest the torus edge of
greatest major radius (X = 0), whereas i = 12 corresponds to the pool edge
nearest the torus edge of least major radius (X = PW). There is a similar
correspondence for the ullage indices, i =0 (X =0) and i =5 (X = UN).
Pressure interpolation using the trapezoidal interpolation function for each
interval (xi, xi+1) is given by

Ai +B. X (L-12a)

i

*See Figs. 1-1, 1-2, and 1-3.
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where A1 and 81 are such that

Ay + By Xy = py (1-12b)
Aj + By Xipp = Pia1 - (1-12¢)
For sliding parabolic pressure interpolation, two sets of coefficients are
developed for each interval (Xi, Xi+1), as follows:

Aj + By X + C; X2 (1-13a)
2 :
Njag + By X+ Gy X (1-13b)
where
2 =
Ay + By Riop * C5 %51 ® Py (1-13¢)
Ay # By Xy #Co X2 = py m Agyy # Byyy Xy = Couy X2 1-13d
LI T TR Tt Tl TR 15 G T Bt B U5 St ( )
= = Z 3
; 2 _
Pieg = Pja1 * Bju1 Kinz * Cjar Nivz LI
Over each such interval an angle, a, is associated with x Dy
s - (1-14)
szi+1°xij
The interpolation function is then given by
. " 2 2 2%c: 2 2
p = [Ay + 8% + cxJcos%a + [Agyy + ByyX + €y Jsina . (1-15)

For trapezoidal interpolation, the conditions imposed upon the ullage pressure
at X = 0 and X = UW are given by p? = p: and pg = p:, respectively, so that the

pressure is treated as constant over these end segments.

For sliding parabolic interpolation, each of the two ullage segments
(Xl,Xé> and (X3,Xd> are represented by a single set of parabolic
coefficients, The pressure Pg is the value arrived at by evaluating the
interpolation function for (xl,xé> at X = 0; pg is similarly

determined by evaluating the function for'(x3,X4> at X = UN. The pg
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and pg values are simple extrapolations from adjacent segments;

therefore, segment <XO,X2> is represented by a single set of parabolic
coefficients, as 1n'<x3,x5). In theory, a minimum set of ullage pressure
values, either[p;, p,, pa]" or [p;, P3s P4]'s must be assigned to the ullage
hefore interpolation proceeds. If only a minimum set is assigned, then the
sliding parabolic interpolation scheme amounts to evizluating a single set of
parabolic coefficients. In practice, assignments were made for P through

pg for all tests (see Section 1.1.4).

Before either interpolation is used on the pool pressure data in a particular
plane, the pool pressure, pg, is assigned the ullage value, pg, and the pool
pressure pgz. is assigned the ullage value pg. These assignments establish
the end segment conditions for both interpolation schemes. A set of
coefficients is determined for the trapezoidal interpolation and a single set
of parebolic coefficients is determined for sliding parabolic interpolation
for segments ¢ xo,x1>, and (Xu, xlz).

As has already been described, the interpolation function is :ategrated
separately over each segment to arrive at the FUL for each angular sector at
each plane calculated. Mapping of the forces calculated from instrumented
planes into symmetrical positions occurs according to the conventions
described in Sectior 1.1.4. The FUL interpolation along the axis proceeds in
the manner described for ullage pressure; therefore, for trap2zoidal

interpolation, FUL0 = FUL 1 and FULZmax = FUL

plane plane 11°

The values of FULp and FULZmax for the sliding parabolic interpolation
are governed by a different constraint, namely, that the first derivative of the

interpolation shall be zero at Z = 0 and Z = zmax' These latter conditions
retain the continuity of the first derivative across the symmetry planes of the
experimental torus at its ends.

In the final calculation, the vertical force contribution for each angular
sector is evaluated, the forces for both the pool and ullage angular sectors
are summed and, finally, the pool “rce is subtracted from the ullage force
giving the final net hydrodynamic .ertical force.
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The primary thrust of the results we report here are based on the use of the
parabolic fitting procedures, which do not lend themselves to ease in checking
using hand calculations. For this reason, companion HVLF results using
trapezoidal fitting were developed for each test.

The set of output information that characterizes the hydrodynamic vertical
load function and associated errur for each of the air transient tests
consists of the following:

a) a force summary table including 3-D and 2-D force ratios, with
associated errors, for each of four characteristic times,'

b) plots of the HVLF for the 45° torus section and the 7.5% torus
sector, and a co-plot of the 45° HYLF and the 7.5° HVLF
(multiplied by six),

c) plots of the analytically fitted along-axis total force distribution
at the four chararteristic times for both the pool and the ullage,
and for the net force,+

d) plots of the analytically fitted in-plane pressure profiles at the
four characteristic times for both pool and ullage for planes 4, 6,
9, 11, and a plot of the 2-D pressure profile,

e) discrete, along-axis, FUL plots for the 12 pool and 5§ ullage sectors
at the four characteristic times,

Examples of this information, taken from test 1.3.1, are shown in Figs. 1-9
through 1-13. A full set of th s output data for test 1.3.1 characterizing
the best estimate analysis for both the parabolic and trapezoidal fitting
procedures, is included in Appendix D. In our general reporting of results,
primary focus is placed on the output resulting from use of the preferred
parabolic fitting method. This output information for all tests is contained
in the fiche of Appendix E. Additional information on the results obtained
using the trapezoidal fitting, also provided in Appendix E, is limited to the
force summary tables. In general, when the results are compared, the
parabolic fitting procedure results in somewhat higher force values than the
trapezoidal. The force ratios are, however, little changed.

*See footnote, page 1-20.

*The 2-D and 3-D mean forces with associated standard errors are also
included or the net force plot. See Fig. 1-llc.
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NRC AIR TEST NO. 1.3.1

FORCE SUMMARY

45 DEGREE SECTOR - 3D

T
TIME ,SECONDS 3.1126E+00
POOL ~40773. 1'1.%
ULLAGE 23892. 69.7
NET -16882. 131.5
7.5 DEGREE SECTOR - 20D
TI
TIME,SECONDS  3.1069E+00
POOL -6663. 15.0
ULLAGE 3935. 11.4%
NET -27e8. 18.8
NET FORCE RATIOS
3D/20 1.031 0.011
FIG. 1‘9.

(MEAN

T2

3.1269E+00
-35048. 109.6

e4401. 81.9

-10647. 136.8
T2
3.1212E+00
-5582. 14.8
4041. 11.9
-1551. 18.8
1.14% 0.020
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STANDARD DEVIATION?

T3
3.1470E+00
-39261. 103.0
25808. 106.8
-13454. 148.4
T3
3.1327€+00
-6329. 15.0
“l2l. 11.6
-2208. 19.0
1.016 0.014%

SECOND ORDER

™

3.2472E+00
-32387. 19.3
40617. 401.8

8230. 402.2

™

3.2358E+00
-5387. 14.95
6562. 2.7

1164%. 19.3

1.178 0.061

Parabolic fit force summary table, test 1.3.1.
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FIG. 1-10a. 3-D HVLF, tes 1.3.1.
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45 DEG. SECTOR, 6 * 7.5 DEG. SECTOR (A)
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FIG. 1-10c. 2-D HVLF multiplied by six and overlaid on 3-D HVLF,
test 1.3.1 (3.066 s to 3.276 s).
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NRC TEST NO. 131 SEC. ORDER FIT - FUL IN POOL AT T -
FILE(S):T1.P131

“0.%
w.2r-

w.0H

FORCE PER UNIT LENGTH - LBF/IN.

i.ofF
2.0
3.0f
w.ol
s.of
s.of
7.0
e.0f
v.of
0.0

AXTAL POSITION - INCH

FIG. 1-11a. Force per unit length (FUL) versus axial position in 3-D pool at
time Tl’ test 1.3.1.
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NRC TEST NO. 131 SEC. ORDER FIT =~ FUL IN ULLAGE AT T] -
FILE(S):T1. U131

FORCE PER UMIT LENGTH - LBF/IN.
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FIG. 1-11b. Force per unit length (FUL) versus axial position in 3-D i11age
at time Tl, tast 1.3.1.
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FORCE PER UNIT LENGTH - LBF/IN.

NRC TEST NO. 131 SEC ORDER FIT -~ NET 30 FUL AT Ti -
FILE(S):T1.N13!
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AXIAL POSITION - INCH

FIG. 1-11c. Net FUL versus axial position in the 45° sector at time Tl’
test 1.3.1, with 3-D and 2-D mean force included.
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PRESSURE PSIA

TESTi31 SEC. ORDER FIT PRESSURE PROFILE PL,NEY T1,

FILE(S) : POOL . MRK (A) -ULLAGE . MRK

AT MAX DOWNLOAD

100

90

8.opr

.0

6.0~

30

o.op

o.of

5.0

20.0
.0
oo
»o
“.0

5.0
100

POOL POSITION INCH.

FIG. 1-12.
1.3.1.

Pool and ullage pressure profiles
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NRL TEST 1.3.1 R 03/01/79 15:56:25
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FIG. 1-13. Typical aiscrete plots of FUL versus axial position, test 1.3.1.
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1.1.6. DISCUSSION OF RESULTS FROM THE BEST ESTIMATE HVLF ANALYSIS

The best estimate analysis of the hydrodynamic vertical ‘oad function is
complete, and standard deviation estimates have been provided for the peak
forces determined. A summary of the findings is provided in 7able 1-5,
including 45%-sector peak force values, 2-D and 3-D peak fo-ce ratios, and
associated standard deviations. A short description of the purpose of each
test and the mean drywell pressurization rate of each test are also included
in Table 1-5. Table 1-6 shows the 7.5%-sector peak force values and
associated standard deviations.

Study of the peak downloads and uploads developed from this work indicates
that the previzus HVLF calculations1 conservatively overestimated the peak
downloads by arproximately 15 percent and the peak uploads by 9 percent. The
ratios of pea'. forces have, however, remained re’.tively unchanged.

In general, we conclude that the 2-D (7.5°) torus ctor provides a useful
test facility for prediction of pecak down force be . :se 3-D to 2-D down force
ratios are near unity for all test conditions. This not the case for
prediction of peak upload, where this ratio approaches unity in or* : 1 limited
number of cases, one of which includes the nominal condition tests. This
further indicates that while the 2-D facility provides a valid geom trical
average cell, it does not represent an average fluid dynamical syst .m.

The accumulated HVLF errors are small, as expected based on previou study of
the highly accurate pressure data.4 The standard error on peak dow forces
ranges from 0.5 percent to 1.4 percent. The corresponding error on , eak up
forces ranges from 3.2 percent to 5.8 percent.
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TABLE 1-5. Peak force results summary--hydrodynamic vertical load function (45° sactor).

Tl 72 T3 T‘

fest no. i:}; W, Wb g, Wy o2 oy W, Wb o, Wb o2 op #F, Iby op, 1oy g2 op 4, 1B op, Wb g2 o Test conditions
1.1 25.0 14760 193 0.87 0.01 7890 147 nd. - 10560 163 nd., - 7650 369 1.18 0.06 Neminal
1.3 26.0 16360 127 0.82 0.01 9700 133 nd. - 12640 146 nd. -~ 7470 414 1.29 0.08 Noninal
1:3.] 7r.2 16880 132 1.03 0.01 10650 137 1.14 0.02 13450 148, 1.02 0.01 8230 402 1.18 0.06 Nowinal
1.4 18.4 13450 134 1.08 0.01 6760 137 0.96 0.02 10100 150 1.07 0.02 6980 328 1.03 0.05 Drywell p
1.5 30.0 18240 135 1.00 0.01 11840 141 1.05 0.02 14560 156 1.02 0.01 8630 425 1.11 0.06 Drywell p
1.6 34.9 12790 138 0.925 0.01 12790 141 1.08 0.02 15110 157 0.95 0.01 9110 491 1.23 0.07 Drywe.l p
2.3 28.7 n.a. - n.d, - n.d. - nd. - 12530 134 1.03 0.02 7160 331 1.1¢ 0.05 Drywell ap
2.2 5.7 n.d. - n.d. - n.d. - O 9670 134 1.08 0.02 6340 299 1.18 0.06 Drywell Ap
2.3 26.6 n.d. - n.d. - n.d. - n.d. - 9800 i40 1.14 0.02 6190 321 1.20 0.07 Drywell (p
2.4 24.3 16600 136 0.99 0.01 9200 143 1.07 0.02 12430 156 1.14 0.02 8370 395 1.30 0.07 Nominal
2.5 27.1 24760 128 1.08 0.01 7500 152 nd. =~ 11340 166 nd, -~ 9050 489 0.92 0.05 Pool level raised
2.6 25.4 n.d. - n.d. - 9320 134 1.18 0.02 1149 136 1.14 0.02 5330 252 1.17 0.06 Pooi level lowered
&7 23.6 19580 132 1.06 0.01 8580 137 nd. - 13360 145 nd. -~ 9290 410 1.08 0.05 Downcomer extended
2.8 23.7 16390 128 1.02 0.01 11190 137 1.38 0.21 12280 146 1.02 0.02 8860 384 1.10 0.05 Downcomer extended/

pool lowered

9 16.1 14950 131 1.09 0.01 7230 137 1.1 0.03 11110 149 1.50 0.03 8190 380 1.12 0.06 Downcomer extended/pdw
2.10 27.9 21230 130 1.07 0.01 10880 135 1.12 0.02 15620 150 1.26 0.02 10300 524 1.10 ".06 Downcomer extended/pdw
2.11 29.9 22780 132 1.08 0.01 11780 138 1.13 0,02 17360 154 1.23 0.02 10840 518 1.12 0.06 Downcomer extended/pdw
3.1 ?8.9 16810 133 1.02 0.01 10180 141 1.12 0.02 14330 154 1.07 0.02 8170 439 1.21 0.07 Medium orifices
3.2 25.7 14560 136 0.94 0.01 9810 142 1.23 0.02 12510 160 0.98 0.02 9710 519 1.26 0.07 No orifices
3.3A 24.9 15690 133 1.01 0.01 6860 142 0.77 0.02 9120 154 0.73 0.01 6590 278 1.02 0.05 Right vent blocked
3.38 24.9 15040 136 0.97 0.01 6260 14, 0.78 0.02 7740 153 0.61 0.01 8920 281 1.36 0.05 Left vent blocked
3.aa 25.0 16940 134 1.0 0.01 8230 144 1.05 0.02 12180 162 1.00 0.02 7750 448 1.00 0.06 Right vent blocked
3.48 22.6 15580 134 0.97 0.01 8510 144 1.02 0.02 10980 158 0.92 0.02 8092 435 1.02 0.06 Left vent blocked
3.5 25.6 16920 137 1.09 0.01 7260 148 0.77 0.02 12260 164 1.04 0.02 8600 439 1.22 0.06 Nominal

Legend: ;du - mean drywel) pressurization rate.

- peak force (down).
- peak force (up).
- standard deviation of force F.
- ratio of 3-D force to six times 2-D force.
- standard deviation of ratio R.
d. - not determined.
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TABLE 1-6. Peak force results summary--hydrodynamic vertical load function (7.5°
sector).

T T T Ts
Edw.

Test  psifs Yo g op ¥, b o 4F, Mbe o #F, 10, o
1.1 25.0 2829 19 n.d.2 “ n.d. - 1076 19
1.3 26.0 3305 19 n.d.2 . n.d. - 968 20
1.3.1 27.2 2728 19 1551 19 2208 19 1164 19
1.4 18.4 2082 19 1172 19 1570 19 1130 19
1.5 30.0 3037 19 1879 9 2383 19 1294 19
1.6 34.9 3384 19 1982 19 2663 19 1236 20
2.1 28.7 1905 19 1390 19 2021 19 1088 19
2.2 25.7 n.d.2 - n.d.2 - 1494 19 894 19
2.3 26.6 n.d.2 . n.d.2 . 1423 19 862 19
2.4 24.3 2794 19 1436 19 1813 19 1069 19
2.5 27.1 3810 19 n.d.2 . n.d.2 . 1629 20
2.6 25.4 1659 19 1315 18 1685 19 761 18
2.7 23.6 3077 19 n.d.2 " n.d.? . 1487 20
2.8 23.7 2692 19 1350 19 2005 19 1343 19
2.9 16.1 2277 19 1047 19 1236 19 1218 19
2.10 27.9 3312 19 1628 19 2070 19 1567 20
2.11  29.9 3521 19 1741 19 2351 19 1607 20
3.1 28.9 2751 19 1515 19 2227 19 1126 20
3.2 25.7 2593 19 1332 19 2119 19 1281 20
3.3A  24.9 2583 19 1479 19 2085 19 1075 19
338 24.9 2503 19 1421 19 2111 19 1093 19
3.0 25.0 2693 19 1305 19 2019 19 1296 2
3.8 22.6 2670 19 1384 19 1985 19 1320 20
3.5 25.6 2599 19 1574 10 1955 19 1176 19

dNot determined.
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PART 2. EXTENDED ANALYSES AND CORRELATIONS

2.1 PEAK VERTICAL LOAD SENSITIVITIES
2.1.1 DETERMINATION OF PEAK FORCE SENSITIVITIES

As shown by the best estimate HVLF analysis discussed in Part 1, significant
changes are effected in the peak forces by relatively small changes in test
parameters. An important application of these results then is the
determination of peak force sensitivity to the major parameters:

a) drywell pressurization rate,
b) drywell overpressure,
c) downcomer submergence.

Compared to the earh’er,1 less critical, analysis of the peak HVLF forces,
the peak down forces are reduced approximately 15 percent and the peak up
forces are reduced 9 percent. A key point of interest is the degree to which
the earlier force sensitivities may have changed. In order to quantify this
change and provide a complete update of the force sensitivity, an approach
will be taken in which the sum of the weighted squares of the residuals are
minimized as follows:

0 :Ei wi x Y‘QS? . (2-1)

The HVLF is assumed to be most sensitive to the drywell pressurization rate
(bdw)' Having determined this initial sensitivity for nominal case standard
length downcomer tests (using tests 1.1, 1.3, 1.3.1, 1.4, 1.5, 1.6, 2.4, and
3.5), the peak forces for all tests using standard downcomers are normalized
to the nominal pressurization rate of 27.4 psi/s. Tests 1.4, 1.5, and 1.6
are not normalized because these tests were, by definition in the final air
text matrix, conducted at drywell pressurization rates other than the nnninal
27.4 psi/s. This normalization is carried out for both 3-D and 2-D data.

The peak force sensitivity to bdw’ for extended downcomer tests, is
determined in a similar manner using results from tests 2.7, 2.9, 2.10, and
2.11. The peak forces of test 2.7 and 2.8 are then normalized to the nominal
pressurization rate of 27.4 psi/s.



2.1.2 REGRESSION OF PEAK FORCE ON DRYWELL PRESSURIZATION RATE

The peak forces (F) used here are taken from the best estimate analysis
results (Tables 1-5 and 1-6). In earlier workl the F versus bdw data were
fitted to the line

y=a) +a,x ; y=+FandXx=+p (2-2)

with y and x (i.e., F and bdw’ respectively) assumed to be free of all error

and al! weights of equal value, assumed to be unity. Now that the peak force
standard errors have been established, nonequal weights are assigned to the

forces as well as to the independent variable, bdw'* As discussed below, these
weights are taken as a function of the reciprocal of the particular variance, that

is, wyi = l/ofli and wxi = l/oii' in order to provide Qmin‘ The results of the
multivariate regression of peak force on drywell pressurization rate for the
12 nominal tests (8 with standard length downcomers and 4 with the extendec
downcomers) provide 4 sets of sensitivity data for each of the downcomer
lengths considered in the air test matrix. The results are presented in
English units in the data plots of Figs. 2-1 and 2-2 and in Table 2-2, as is

the estimated error for both o and a and the fitting coefficient, r2.

2.1.3 MULTIVARIATE REGRESSION ANALYSIS METHOD

Due to experimental conditions, it was not possible to measure the peak force
at a predetermined pressure rate. Therefore, part of the data analyses involved

adjusting the peak force data to a common pressurization rate. Once this
adjustment was made, the sensitivity of the peak force to variation in this
rate could be determined.

In making the adjustment of peak force to a common pressurization rate
(27.4 psi/s), it was assumed that a linear relationship

Y =a) *aX i

*
A complete tabulation of test-correlated independent variables, and their
associated standard errors, are given in Table 2-1.
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TABLE 2-1. Summary of independent variables with standard errors.
Independent variable--standard deviation Downcomer submergence/pool depth - inches
P ]
Drywell - psi/s Ullage - psi O -~ %ull 45° sector 7.5 sector
- - D.C. Pool b.t. ~ Pool
ap, psi subm, , pe depth, 5 subm. , o th -
. P o, #45° 4% 7.5° 7.8° o 45 o 5 o .5 o 7.8
Task 0n Tpdw LS % Po 9, P, 9, (1n.-H20) % sls ag LQS o S7.5 % L7..'» 9 Test
1.1 24,948 0.630 3.01 0.1421 3.01 0.01201 3.01 0.01302 O. 0.1427 9.6 0.104 3.8 0.1 9.6 0.104 351 0.1 1.1
1.3 25.962 0.322 2.934 0.0846 2.934 0.01451 2.934 0.01404 0, 0.0859 9.6 0.104 3.8 0.1 %6 0104 351 0.1 1.3
1.3.1 27.239 0.646 2.9 0.1611 2.9 0.01672 2.96 0.01480 0. 0.1619 9.6 0.104 348 0.1 9.6 0.104 351 01 1.3.1
1.4 18.300 0.156 2.94 0N.1385 2.94 0.01600 2.94 0.01352 0. 0.1394 9.6 0,104 34.8 0.1 9.6 0.104 3.1 0.1 1.4
1.5 29.964 0.110 2.94 0.157%6 2.94 0.0200 2.94 0.01215 O, 0.1565 9.6 0.104 34.8 0.1 9.6 0.104 35.1 0.1 1.5
1.6 34.876 0.953 2.95 0.1560 2.95 0.01470 2.95 0.01520 0. 0.1566 9.6 0.104 3.8 0.1 9.6 0.104 351 0.1 1.6
2.1 28.690 1.779 3.130 0.1636 2.96 0.0155¢ 2.96  0.01065 (o.no) 0.162 9.6 0.104 34.8 0.1 9.6 0.104 351 0.1 -2.1
4.708
22 25.692 1.131 3.200 0.1520 2.94 0.0138° 2.94  0.0°480 (o.fe) 0.1528 9.6 0.104 3.8 0.1 9.6 0.106 351 0.1 2.2
7.195
2.3  26.586 0.917 3.190 0.1459 2.93 0.01405 2.93  0,01563 (o.fs) 0.1466 9.6 0.104 3.8 0.1 9.6 0.108 351 0.1 2.3
7.195
2.4 24.308 1.208 2.9 .09380 2.96 0.01127 2.9  0.01525 0. 0.09475 9.6 0.104 34.8 0.1 9.6 0.104 351 0.1 2.4
2.5 27.095 1.084 2,9 0.09909 2.96 C.01263 2.96  0.01304 0. 0.09992 13.4 0.104 38.6 0.1 13.4 0.104 38.9 0.1 2.5
2.6 25.432 0.563 2.9 0.08751 2.96 0.01155 2.9  0.01452 0. 0.08849 5.8 0.104 31.0 0.1 5.8 0.104 31.3 0.1 2.6
2.7 23.566 1,249 2.94 (.09106 2.94 0.01318 2.94 0.01173 0. 0.09191 12.0 0.104 34.8 0.1 12.0 0.'04 351 0.1 2.7
2.8 23.662 0.570 2.92 0.08605 2.92 0.01282 2.92 0.01448 0. 0.08713 9.6 0.104 32.4 0.1 9.9 0.104 33.0 0.1 2.8
2.9 16.136 0,422 2,94 0.08766 2.94 0.00991 2.94 0.01084 O, 0.0882, 12.0 0.104 3.3 0.1 12.0 0.104 35.1 0.1 2.9
2.1 27.851 0.625 2.92 0.10302 2.92 0.01124 2.92 0.01706 O. 0.10403 12.0 0.104 34.8 0.1 12.0 0.104 351 0.1 2.10
2.11 29.933 1.625 2.94 0.09197 2.94  ,.167 2.9 0.01302 O. 0.09280 12.0 0.104 3.8 0.1 12.0 0.104 351 0.1 2.1l
3.1 28.905 0.398 2.94 0.09482 2.94 . 01441 2.94  0.01360 O. 0.09585 9.6 0.104 34.8 0.1 9.6 0.106 3.1 0.1 3.1
3.2 25.728 0.379 2.97 0.09801 2.v; 0.01395 2.97 0.01249 0. 0.09902 9.6 0.104 343 0.1 9.6 0.108 351 0.1 3.2
.34 24.898 0.551 2.92 0.08245 2.92 0.01347 2.92 0.01615 0. n.08379 9.6 0.104 34.8 0.1 9. 0.104 351 0.1 3.4
3.38  24.898 0.343 2.94 0.10253 2,94 0.01347 2.94 0.01010 0. 0.10322 9.6 0.104 3.8 0.1 9.6 0.108 351 0.1 3.8
.04 25.004 0.498 2,94 0.08790 2.94 0.02360 2.94  0,01548 0. 0.09013 9.6 0.104 34.8 0.1 9.6 0.104 351 0.1 3.4A
348 22.608 1,081 2.94 0.09378 2.94 0.01182 2.94 0.01373 0. 0.09465 9.6 0.104 34.8 0.1 9.6 0.108 351 0.1 3.4
3.5 25.628 0.438 2.96 0.10191 2.9 0.01314 2.96  0.01637 0. 0.10298 9.6 0.104 34.8 0.1 9.6 0.104 351 0.1 3.5
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TABLE 2-2. Least squares parameters‘--peak force sensitivity to drywell pressurization rate, Bdu'

— S

Standard downcomer length

Extended downcomer length

Intercept, al(!bf)

Standard error, oml (lb')

Slope, a,(lbg/psi/s)

Standard error, o (lbf/psi/s)
?

Fit coefficient, re

___a5° sector 7.5% sector 45° sector 7.5° sector
Down Up vown Up Down Up Down Up
force force force force force force force force
6297.43 4671.50 621.09 856.82 6162.62 5142.93 836.52 745.58
411.68 839.38 65.72 43.73 766 .04 1012.79 123.12 61.60
390.54 130.13 83.65 10.87 546.04 164.62 89.67 29.62
15.95 32.46 2.55 1.65 35.32 43.53 5.70 2.70
0.934 0.729 0,778 0.243 0.996 0.984 0.99%4 0.989

a . .
Fooap +ay Py where the data set (F, pdw)1 are associated with ordinate and abscissa error

(°F' 05)1‘ respectively.



exists between the actual (unobservable) pressure rate, X, and the actual
(unobservable) peak force, Y. It was further assumed that the observed rate,
x, and peak force, y, are corracted for any bias that may exist. Thus, for
any set of experimental conditions,

x=X+3$ (2-4)
.y:v+e L] (2’5)

where ¢, § are random variables that
(a) have zero mean, i.e., e = Mg = 0,
(b)  have variances oﬁ and og which are not necessarily constant
over all conditions, and are known,

(c) are uncorrelated, i.e., p = 0.
el,

It was further assumed that the adjustment made to the observed peak force, Y,
is based on the appropriate given value of the observed pressure rate, x. The
correction, Ay, is determined from the model

Ay = GZAX . (2'6)

where a, is an estimate of the slope, 32, and Ax = x - 27.4 is the

deviation of the observcd pressure rate, x, from the common pressure rate 27.4
psi/sec. The adjusted peak force, y, is y = y + Ay where y is the observed
peak force.

The estimate, s, of the slope is based on a weighted least squares procedure
developed as follows. Solving for (X,Y) in equations (2-4) and (2-5) and

substituting into equation (2-3), the relationship between the observed
pressure rate, x, and the peak force, y, is given by the model

A A A
Y =0 +a x + (e - ay) . (2-7)
where the bracketed term in equation (2-7) is a random variable with

(a) mean, u = 0

(b) variance, og + Gg og
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When treating the observed pressure rates X; as fixed constants, equation
(2-7) is the usual regression model, except that the variance involves the
unknown value of 32. The estimation procedure was based on minimizing the

weighted sum of squares, SSR(al,Qz), where

A A N 2

The weights, wj, are assumed known and are

2 2 -1

where ap, is an approximate value of ap.

Based on this analysis, the estimates of al, and 32 are

ay = }w - aéiw (2-10)

and
N, L - N 1

a, = 1251 wy(xy = X 0y - y,‘,)/iz’z:1 wi(x; = %) (2-11)
where

B 2 e/ g T, 3 e/

T wiX;/ ) w;andy = wi¥:/ 2 wi .

w & i E i W o i’ =1 i

An approximation to the variance of ap is given by

2 N -
012 = 1/?:‘.1 wy(xg = % )¢ . (2-12)
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An initial estimate was made based on an unweighted least squares estimation.
Since the weights in equation (2-9) are based on the use of an approximate
value for the unknown 32, the estimation scheme was made iterative with
successively improved approximations being used. Iteration continued until
successive estimates of a, were within 1 percent of each other.

2.1.4 COMPARISON TO EARLIER KESULTS

Table 2-3, reported in SI units, provides a comparison with the earlier
work.l Because the original work was necessarily based on an assumption of
error-free observations of y and x, the comparison results in Table 2-3 are
likewise based on thic assumption. On this error-free basis, the primary
change, due to the more accurate force estimates, is a decrease in the
standard downcomer length 3-D peak sensitivities (slope, al) of
approximately 26 percent in down force and approximately 9 percent in up
force. The extended downcomer results show a similar but smaller
(approximately 13 percent) decrease in down force sensitivity but little
change (approximately 1 percent) in up force sensitivity. No dramatic changes
occurred in the 2-D sensitivities, with the exception of the peak up force
sensitivity which increased nearly 30 percent. The peak down forces for the
3-D sector are, as before, approximately three times as sensitive to the
drywell pressurization rate as the peak up forces, independent of downcomer
extension length. In the case of the 7.5% sector, the trend is not as
clear. With tne standard downcomer length, the ratio of a,’s (down to up
force), although reduced from the previous value of 8.9 to 1, is still
anomalously high at a ratio of approximately 6.5 to 1. With the extended
downcomer, the sensitivity ratio is still about 3 to 1, which is quite similar
to the 90° sector findings. The small slope of the 7.5° sector up force
curve for standard extension, which is approximately 7 x 10'3 kN/kPa/s, is
of a different nature in the context of the overall data set.

2.1.5 NORMALIZATION OF PEAK FORCES

In order to provide a data base tu determine the seconairy parametric
sensitivities (drywell overpressure and downcomer submergence) we used the
slopes a, to normalize the relevant peak forces to the nominal
pressurization rate of 27.4 psi/s

2-9
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TABLE 2-3. Comparison of
pressurization rate).

least squares parametersa (simple regressionb on dywell

Standard downcomer length

90° sector 7.5° sector
Cpown % cUp % CDown b4 cUp %
Item force change force change force change force change
Intercept, ao(kN) 68.37 +2.7 43.18 -5.5 4.11 -0.77 3.75 -4.3
Slope, al(kN/kPa/s) 0.43 -26.6 0.16 -9.1 0.047 -5.9 0.0072 +29.1
Fit coefficient, r 0.83 -5.5  0.69 -9.2 0.69 -7.3 0.27  +74.5
Extended downcomer length

Intercept, ao(kN) 55.38 -10.0 44.81 -15.2 3.95 -2.2 3.46 +2.8
Slope, al(kN/kPa/s) 0.71 -13.5 0.24 +1.0 0.057 -1.6 0.0183 0.0
Fit coefficient, re 0.99 +1.7  0.98 +4.5 0.98 -1.0 0.97 -1.0

3peference Table 15, UCRL-52371, Final Air Test Results.

bNo error assigned to peak force (ordinate) or pressurization rate (abscissa).

CBased on Tables 1-5 and 1-6 of this report.



From = Fobs * %2(Pnom = Pops’ (2-13)
where
Fobs = observed p2ak force, 1bf

ﬁobs = observed drywell pressurization rate, psi/s
= nominal drywell pressurization rate of 27.4 psi/s
peak force adjusted to the nominal pressurization rate.

Bl
"

Associated with each adjusted peak force is the variance

2 2 . . 2 2 22
o =0 + (p -p o, +a,0:; . (2-14)
Fnom Fobs nom obs a 2 Pobs
where
OFObS = standard error in Fobs
9y = standard error in a
2 T
Os = standard error in p_.,. ..
pobS obs

Applying both of these equations and the pertinent data from Tables 1-5, 1-6,
2-1, and 2-2 yields the desired normalized forces. The results of this
treatment for the 45° torus sector and 7.5° torus sector forces and the
associated standard errors are shown in Table 2-4,

2.1.6 SENSITIVITY OF PEAK FORCE TO DRYWELL OVERPRESSURE

The normalized peak force results of eight tests (1.1, 1.3, 1.3.1, 2.1, 2.2,
2.3, 2.4, and 3.5) were used to establish the sensitivity of peak force to
drywell overpressure. The sensitivities evidenced by the 45° torus sector
and 7.5% torus sector data were computed similarly, using multivariate
regression with overvariance weighting. The results are tabulated in

Table 2-5 and plotted in Fig. 2-3.
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TABLE 2-4a. Tabulation of observed and normalized peak forces with standard
errors--45% sector.

HVLF--45° sector

Unnormalized Normalized
Air test P Down o Up o Down o Up a
no. psi/s Pow force  down force  up force  down force up
1.1 24,948  0.630 14763 135 7653 369 15721 283 7972 386
1.3 25.962  0.322 16363 127 7468 414 16925 180 7655 419
1.3.1 27.239  0.646 16882 132 8230 402 16945 285 8251 411
1.4 18.400 0,156 13451 134 6978 328 - - -- --
1.5 29.964 0.110 18236 135 8630 425 -- -- .- -~
1.6 34,876  0.953 18789 135 9109 491 - - 2= -
2.1 28.690 1.779 12526 133 7160 331 12022 708 8992 406
2.2 25.692  1.310 9667 134 6335 299 10334 530 6557 349
2.3 26.586  0.917 9804 140 6193 321 10122 385 6299 342
2.4 24,308 1.208 16596 136 8374 336 17804 493 8776 437
2.5 27,095  1.044 24761 128 9053 489 24880 427 9093 £08
2.6 25.432  0.563 11489 136 5330 282 12258 260 5386 270
8.2 23.566 1.249 19579 132 9286 410 21673 708 9994 499
2.8 23.662  0.570 16392 128 8858 384 18433 362 9548 430
2.9 16.136  0.422 14948 131 8186 380 .- -~ .- --
2.10 27.851  0.625 21229 130 10298 524 -- -- -- --
2.11 29.933 1.625 22740 131 10836 518 - - -- --
3.1 28.905  0.398 16810 133 8171 439 16222 206 7975 445
3.2 25.728  0.379 14555 136 9707 518 15208 203 9925 524
3.3A 24,898  0.551 15690 133 6593 278 16667 250 6919 298
3.38 24.898 0.343 15038 136 8918 28l 16ul5 195 9244 296
3.4A 25.004  0.494 16938 134 7754 448 17874 238 8066 459
3.48 22.608 1.041 15678 134 8092 435 17449 435 8716 481
3.5 25.628  0.438 16919 137 8599 439 17611 221 8830 448
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TABLE 2-4b. Tabulation of observed and normalized peak forces with standar” errors--7.50 sector.

HVLF--7.5° sector

Unnormalized Normalized Normalized compared to 45°
Air test Pdw - Down o Up Down o Up Down o Up
no. psi/s Pdw force  down force °up force down force °up force  down force °up
1.1 24.948 6.630 2829 19 1076 19 3034 56 1103 21 18205 338 6616 124
1.3 25.962 0.322 3305 19 968 20 3425 33 984 20 20552 199 5902 123
) S = 27.239 0.646 2728 19 1164 19 2741 57 1166 20 16449 344 6995 122
1.4 18.400 0.156 2082 19 1130 19 - - - - - - - -
1.8 29.964 0.110 3037 19 1294 19 - - - - - - - -
1.6 34.876 0.953 3384 19 1236 20 - - B - - - - -
- i 28.690 1.779 1905 19 1088 19 1797 150 1074 27 10783 900 6444 163
2.2 25.692 1.310 1189 18 894 19 1332 111 913 24 7991 667 5475 143
2.3 26.586 0.917 1429 19 862 19 1497 79 871 21 8983 474 5225 129
2.4 24.308 1.208 2794 19 1069 19 3053 103 1103 24 18316 617 6616 142
2:5 27 .095 1.044 3818 19 1629 20 3844 89 1632 23 23061 536 9794 138
2.6 25.432 0.563 1685 19 761 18 1850 51 782 19 11098 306 4694 116
et 23.566 1.249 3077 19 1487 20 3421 116 1601 43 20525 694 9603 260
2.8 23.662 0.570 2692 19 1343 19 3027 59 1454 27 18163 351 8722 164
2.9 16.136 0.422 2277 19 1218 19 - - - - - - - -
2.10 27.851 0.625 3312 19 1567 20 - B - - B - - -
211 29.933 1.625 3521 19 1607 20 - - - - - - - -
3 28.905 0.398 2571 19 1126 20 2445 39 1110 21 14671 231 6658 124
3.4 25.728 0.379 2593 19 1281 20 2733 37 1299 21 16397 223 7795 124
3.3A 24.898 0.551 2583 19 1075 19 2792 49 1102 20 16754 292 6613 122
3.38 24.898 0.343 2583 19 1093 19 2792 35 1120 20 16754 210 6721 119
3.4A 25.004 0.494 2693 19 1296 20 2893 46 1322 21 17361 275 7932 126
3.48 22.608 1.041 2670 19 1320 20 3071 90 1372 24 18425 540 8233 146

3.5 25.628 0.438 2599 19 1176 19 2747 42 1195 20 16483 249 7172 119




TABLE 2-5. Least squares paranetersa--peak force sensitivity to drywell

overpressure.
45° sector 7.5% sector
Down Up Down Up
force force force force
Intercept, ul(lbf) 17147.32 8293.31 3068.40 1095.5.
Standard error, oal(]bf) 1316.66 404.49 315.36 34.66
Slope, az(lbf/in.oHZO) -981.36 -262.39 -235.49 -24.85
Standard error, oaz(lb /in.-HZO) 420.09 119.88 100.63 10.87
Fit coefficient, rl 0.956  0.754 0.877 0.455

3 - a) + a,d where the data set (F,d); is associated with ordinate and
abscissa error (aF, ad)i' respectively. In this regression analysis, the peak
forces Fi (from tests 1.1, 1.3, 1.3.1, 2.1, 2.2, 2.3, 2.4, and 3.5), are
normalized to the nominal bdw = 27.4 psi/s.
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2.1.7 SENSITIVITY OF PEAK FORCE TO DOWNCOMER SUBMERGENCE

The normalized peak force results of nine tests (1.1, 1.3, 1.3.1, 2.4, 2.5,
2.6, 2.7, 2.8 and 3.5) were used to establish the sensitivity of peak force to
downcomer submergence. The sensitivities evidenced by the 45°% torus sector
and 7.5° torus sector data were computed using multivariate regression with
overvariance weighting. The results are tabulated in Table 2-6 and plotted in
Fig. 2-4.

Table 2-7 shows a comparison of the computed sensitivities for the 3-D and 2-D
sectors. In a perfect comparison bstween 3-Doand 2-0 data, we would expect

the ratio of the sensitivities (ag5 and 0;.5 ) to be in the ratio of

6 to 1. As shown in Table 2-7, the ratios meet this expectation fairly closely
for all cases considered, except for the case of up force sensitivity with
standard downcomers, where the slope ratios are nearly twice the expected
value. As compared to the earlier sensitivity analysis based on error-free
regression analyses (Table 2-3), the slope ratios now better represent the
trends in the data and again illustrate that down torces are well defined by
both 3-D and 2-D facilities. However, up forces, particularly for nominal

downcomer lengths, are rather nonconservatively defined by 2-D experiments.
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TABLE 2-6. Least squares parameters‘--peak force sensitivity to downcomer
submergence.

45° sector 7.5° sector
Down Up Down Up
force force force force
Intercept, ol(lbf) 2468.93 2449.58 380.66 56.91
Standard error, 9y (1bf) 628.06 588.81 120.94 42.49
1
Slope, az(lbflin.) 1554.59 600.42 272.40 115.85
Standard error, 9y (Ibflin.) 65.92 62.76 12.66 4.35
2
Fit coefficient, re 0.904 0.788 0.755  0.809

¥ - a; + a,s, where the data set (F, s)1 are associated with ordinate and
abscissa error (°F’ os)i’ respectively. In this regression analysis,
the peak forces, Fi (from tests 1.1, 1.3, 1.3.1, 2.4, 2.5, 2.6, 2.7, 2.8 and
3.5), are normalized to the nominal 6dw = 27.4 psi/s.
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TABLE 2-7. Comparison of the 45° sector and 7.5° sector force sensitivities (045 /a

Standard Extended Mix
Downcomers Downcomers Jowncomers
Down Up Down Up Down Up
Parameter Force Force Force Force Force Force
Drywell pressurization 4.67 11.97 6.09 6.22 - --
rate, P
Drywell overpressure, 4.17 10.56 -- - ol -l

4p(d)

Downcommer submergence, s

5.71 5.18




2.2 IMPULSE CHARACTERIZATION OF THE HYURODYNAMIC VERTICAL LOAD FUNCTION

2.2.1 [IMPULSE INTEGRATION

The primary purpose of the air transient test series was to determine the
hydrodynamic vertical load function (HVLF) for both the three-dimensional and
two-dimensional torus sectors. Significant insight into the consequences of a
hypothetical loss-of-coolant accident (LOCA) was gained through
characterization of the HVLF and specification of the associated peak vertical
forces. Some understanding of the comparison between the spatially averaged
2-D sector and the complete 3-D sector has also been realized. In an effort
to derive further information from the HVLFs, a short computer program was
written to integrate the HVLF and to quantify both the negative impulse (that
associated with the peak down force) and the positive impulse (that associzted
with the peak up force).

As defined here, and as shown in the schematic diagram in Fig. 2-5, the
overall impulse integration begins at the initiation of drywell
pressurization, t o and ends at the time of the second zero-crossing of
the HVLF, tpos- The negative impulse, Ipeq, is defined at the fFdt
between to and the time of first zero crossing t I is similarly

neg’ " pos
defined by the impulse integral between tn and t

eg pos

Typical results of the impulse calculations (from test 1.3.1) are shown in
Figs. 2-6 and 2-7 for the 45° and 7.5 torus sectors, respectively. In
general, the character of negative 2-D and 3-D impulses is the same and the
corresponding integration limits (fb to tneg) are identical or nearly so.
There are significant differences, however, between the Z-D and 3-D positive
impulse results. In particular, the time of positive force is longer for tne
7.5° torus sector than the observable time in the 45° torus sector, so

that the relative impulse is greater in 2-D than in 3-D.

The results of preliminary benchtop tests, reported earlier by McCauley and
Meier.8 provide some insight into the differences between the 2-D and 3-D

*see Table 6 in Ref. 1.
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FIG. 2-7 Impulse run for test 1.3.1, 7.5° torus sector.

positive impulse results. In this experimental study (approximately
1/40-scale), a pair of downcomers was immersed in a rectangular tank
containing water; spacing, immersion depth, bottom clearance, and side wall
clearance approximated the Peach Bottom geometry. Axial boundary definition
was provided by a pair of parallel, transparent plexiglas plates between which
the downcomer pair was centered.

Several air injection tests were conducted to study bubble growth and pool
swell, using plate spacings that ranged from below average to nearly free
pool; the results were quantified from high speed film. For plate spacings
that were sufficiently great (approximately 2 times average downcomer
spacing), pool swell occurred with significant axial and transverse (radial),
pool curvature centered around the downcomers through the time of
breakthrough. For plate spacings in the range of average downcomer spacing,
however, the pool swell character changed completely and essentially became
one of slug flow, i.e., the pool surface moved upwards as a nearly planer unit.
The observed differences between the 2-D and 3-D HVLFs, quantified by the
impulse calculations, suggest that tpos (2-D) may be greater than the
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corresponding tpos (3-D), simply because siug flcw behavior in the 7.5°
torus sector delays communication between the ullage and submembrane
pressures. It appears likely that additional axial space between downcomer
pairs (as found in the 3-D torus sector) allows equilibrium to occur at an
earlier time. The net result of this effect in the 7.5° sector is to
distort the consequences of pool swell. This distortion is immediately

apr~ 2nt in a comparison of the 3-D (45°) and 2-0D (7.5°) impulses.

To provide an unbiased basis of comparison between the 3-D and 2-U impulses,
the 7.5% torus sector HVLF impuise was also evaluated for all tests using
the tpos determined from the corresponding 45° HVLF integration. An

example of this is shown in Fig. 2-8 for test 1.3.1.

The results of the impulse analysis are presented in the following ways to
increase their usefulness:
e Tabular results (Tables 2-8 through 2-13).

The Ineg’ tneg’ Ipos’ and tpos are listed for each test.

In addition, the following computations were made:
a. The ratio of Ipos to Ine for the 45° torus sector
(3-D) and 7.5% sector (2-D) HVLFs were computed, as was the
ratio of Ipos to Ine for the 2-D sector, using the
shorter tpos of the g-D sector HVLF.
b. The ratio of 13'0/(6 x 12°D) was computed for both
the negative and positive regions.
An additional table (Table 2-14) is included. It provides an
averaging of the results obtained from blocked-vent tests 3.3a, 3.3b

(standard orifice) and 3.4a, 3.4b (no orifice).

e Graphical results (Figs. 2-9 through 2-11).
a. The data of 1la and 1b are plotted for selected sets of tests,
i.e., those concerned with drywell pressurization and drywell
overpressure.

b. The impulse history for each test is developed graphically for
the 3-D (45° torus sector) HVLF and the 2-D (7.5o torus
sector) HVLF. The latter is provided for both tpos (2-D) and
tpos (3-D). This information is given in the microfiche (group
2) in Appendix E. The values of Ineg’

tnegs Iposs and tpos are listed as part of the heading

of each plot along with the test start time, t

0
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IMPULSE RUN FOR NRC TEST NO. 1.3.1 UV ON18/79  10:39:08
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TO= 2. 9886E+00 TNEG» 3.1926E+00 TPOS» 3.5335€+00
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o
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n, ~ ~ ~ - - - - - " " " - - s s
M
TN - SEC

FIG. 2-8. HVLF impulse for 7.5° torus sector (test 1.3.1).
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TABLE 2-8. Impulse data summary (Tests 1.1, 1.3, 2.4, and 3.5).
) )
I : ; I45 ( I45
s 0
Test neg pos = 7ed 7.5
no. Sector o~  (Ib-s) tneg"s (1b-s) ‘pos™S Ti-eg 6 x 1 6 x 1
450 -824.23 2.2021 1144.3 2.5743 1.388 - -

s P | 7.5° 1.9976 -125.94 2.2135 231.50 2.6316 1.838 1.091 0.824
7.5o -125.94 2.2135 227.92 2.5743 1.810 1.091 0.837
45° -938.87 2.8692 988.25 3.2071 1.053 - -

1.3 7.5° 2.6466 -140.23 2.8721 214.17 3.3274 1.527 1.116 0.769
7.50 -140.23 2.8721 188.48 3.2071 1.344 1.116 C.874
450 -891.52 3.0410 1190.8 3.4104 1.336 - -

2.4 7.5° 2.8159 -145.40 3.0381 246.79 3.6309 1.697 1.022 0.804
7.5° -145.40 3.0381 222.24 3.4104 1.523 1.022 0.893
45° -956.80 2.7461 1254.0 3.1155 1.311 - -

3:5 7.5° 2.5168 -142.06 2.7261 269.11 3.3160 1.894 1.122 0.777
7.5° -142.06 2.7261 240.67 3.1155 1.694 1.122 0.868
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TABLE 2-9. Impulse data summary (Tests 1.3.1, 1.4, 1.5, and 1.6).
0 0
: x 1 ( 145 145 )
0S 0

Test o neg 3 pos T 7.5 7.5

no. Sector t0™"5  (1b-s) ‘neg (1b-s) tpos™™S lneg 6 x I 6.1 pos
45° -950.8 3.201  982.0 3.534  1.033 xa bis

1.3.1 7.5° 2.989  -148.4 3.193 243.4 3.757  1.640 1.068 0.672
7.5° -148.4 3,193  219.2 3.534  1.478 1.068 0.746
45° -751.7 1.873 967.5 2.211  1.287 = e

1.4 7.5° 1.645  -120.3 1.873 184.5 2.231  1.533 1.041 0.874
7.5° -120.3 1.873 182.8 2.211 1.520 1.041 0.882
45° -1015.9 2.843 1110.0 3.173  1.093 - -

15 1y 2.6342 -160.3 2.832 277.4 3.430 1.730 1.056 0.667
7.5° -160.3 2.832  233.4 3.173  1.456 1.056 0.793
45° -1064.8 1.707 972.7 2.019  0.913 e -,

1.6 7.5° 1.500 -171.3 1.698  305.5 2.279 1.783 1.035 0.53
7.5° -171.3 1.698  239.7 2.019  1.399 1.035 0.67




L2-2

TABLE 2-10. Impulse data summary (Tests 2.1, 2.2, 2.3, and 3.1).
14es° I45°
I I 1 0s 0 0
Test .- neg E pos A TL 7.5 7.9
no. Sector L B (1b-s) tnt-:g S (1b-s) pos ° ‘neg 6 x 1 neg 6 xl pos
45° -747.67 3.0238 813.41 3.3531 1.095 - --

% | 7.5° 2.8602 -121.60 3.0295 204.83 3.6939 1.684 1.025 0.666
7.5° -121.60 3.0295 179.49 3.3531 1.476 1.025 0.760
45° -627.18 2.7289 722.69 3.0554 1.152 - .-

2.2 7.5° 2.5814 -99.53 2.7347 177.61 3.2816 1.784 1.050 0.678
7.5° -99.53 2.7347 154.30 3.0554 1.550 1.050 0.781
45° -622.64 3.1699 717.31 3.4906 1.152 - -

2.3 7.5° 3.0188 -95.57 3.1670 155.68 3.5335 1.629 1.086 0.768
7.5° -95.57 3.1670 149.45 3.4906 1.564 1.086 0.800
45° -996.89 3.3474 1223.6 3.7168 1.227 - --

3.1 7.5° 3.1348 -159.51 3.3388 324.24 3.9588 2.033 1.042 0.629
7.5° -159.51 3.3388 268.61 3.7168 1.684 1.042 0.759
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TABLE 2-11. Impulse data summary (Tests 2.5, 2.6, 2.8, and 3.2).

1‘50 x45°
I | Igos 0 0
Test " neg __ pos S 7.5 7.5
no. Sector Tto~"° (1b-5s) tneg 5 (1b-s) tpos » Ineg \6 x I neg 6 x 1 /pos
45o -1184.0 2.9694 1172.9 3.3159 0.991 - -

2.5 7.5° 2.7221 -188.70 2.9637 367.59 3.5421 1.948 1.046 0.532
7.5° -188.70 2.9637 292.93 3.3159 1.552 1.046 0.667
a5° -561.89 3.4076 680.93 3.7799 1.212 -y wh

2.6 7.5° 3.2446 -84.30 3.4047 151.61 3.8199 1.798 1.111 0.748
7.5o -84.30 3.4047 143.32 3.7799 1.700 1.111 0.792
450 -985.78 3.3790 1128.2 3.7598 1.144 - -

2.8 7.5° 3.1622 -136.59 3.3732 249.93 3.8228 1.830 1.203 0.752
7.5° -136.59 3.3732 238.11 3.7598 1.743 1.203 0.790
450 -1019.3 3.1413 1601.5 3.5565 1.571 - -

3.2 7.5° 2.9030 -i1'.2J 3.1413  301.76 3.7541 1.873 1.054 0.884
7.5° -161.10 3.1413 271.79 3.5565 1.687 1.054 0.982
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TABLE 2-12.

Impulse data summary (Tests 2.7, 2.9, 2.10, and 2.11).

Test

[

Ipos

0 ()
: (: 145 :) (L 145 ;)
L 7.5° 7.8°
6 x [ "egﬁxl

- neg . I
no. Sector to . (1b-s) tneg ’ (Tb-s) tpos 5 The pos
45° -1071.7 3.4935 1344.9 3.8715 1.255 - -
2.7 7.5° 3.2518 -167.33 3.5021 290.27 3.9688 1.735 1.067 0.772
7.5° -167.33 3.5021 271.69 3.8715 1.624 1.067 0.825
45° -930.0 1.5692 1190.1 1.9615 1.280 ooy s
2.9  7.5° 1.3076 -120.97 1.5721 242.62 1.9902 1.852 1.183 0.818
7.5° -130.97 1.5721 240.33 1.9615 1.835 1.183 0.825
45° -1250.3 2.9580 1488.5 3.3503 1.190 e i
2.10 7.5° 2.7266 -180.76 2.9580 320.98 3.4276 1.776 1.153 0.773
7.5° -180.76 2.9580 305.47 3.3503 1.690 1.153 0.812
45° -1316.0 1.6580 1598.1 2.0503 1.214 - 5
2.11  7.5° 1.4312 -190.75 1.6580 371.35 2.2765 1.947 1.150 0.717
7.5° -190.75 1.6580 328.44 2.0503 1.722 1.150 0.811
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TABLE 2-13. Impulse data summary (Tests 3.3A, 3.3B, 3.4A, and 3.4B).
I45° I45°
I I I 0s ﬁ) 0
Test ] neg . pos i TL 7.5 7.5
no. Sector b (1b-s) tneg S (1b-s) tpos . neg & xl neg 6 x1 pos

45° -750.11 2.9895 925.89 3.3531 1.234 - -
3.3A 7.5° 2.7786 -141.00 2.9895 302.76 3.6108 2.147 0.887 0.510
7.5° -141.00 2.9895 242.98 3.3531 1.723 0.887 0.635

45° -673.08 3.1155 623.41 3.2444 0.926 - -
3.38 7.5° 2.9123 -140.33 3.1212 287.52 3.7340 2.u49 0.800 C.361
7.5° -140.33 3.1212 90.89 3.2444 0.648 0.800 1.143

45° -1036.0 3.0295 1231.3 3.3903 1.188 - -
3.4A 7.50 2.7964 -167.24 3.0181 336.14 3.6395 2.010 1.032 0.610
7.5O -167.24 3.0181 286.39 3.3903 1.712 1.032 0.716

45° -892.99  2.4512 1148.9  2.7976 1.286 soin -
3.4B 7.5° 2.2224 -167.19 2.4483 341.47 3.1069 2.042 0.890 0.561
7.5° -167.19 2.4483 279.04 2.7976 1.669 0.890 0.686
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TABLE 2-14. Impulse data summary (average for blocked vent Tests 3.3 and 3.4).

A Aas® Ag5°
A A I s I |
R 0 Ay 0
Test b ‘neg __b pos __<b f 7.5 7.5
no. Sector Y05 (1b-s) heg™"S (1b-s) toos ™S neg x 1 6 x1 pos
45° 0 -711.60 0.203 to 0.210 774.65 0.129 to 0.364 1.089 -- --
33 7.5° 0 -140.66 0.209 to 0.211 295.14 0.613 to 0.621 2.098 0.843 0.437
(Avg) 7.5° 0 -140.66 0.209 to 0.211 166.94 0.123 to 0.364 1.187 0.843 0.773
45° 0 -964.50 0.229 to 0.233 1190.10 0.346 to 0.361 1.234 - --
3.4 7.5° n -167.22 0.174 to 0.222 338.80 0.621 to 0.659 2.026 0.961 0.585
(Avg) 7.5° 0 -167.22 0.174 to 0.222 282.72 0.349 to 0.372 1.691 0.961 0.702

A
31 designates the average rather than the calculated mean.

bAll times are referenced to the actual starting time of the particular tests, hence the
indicated time ranges.



2.2.2 DISCUSSION OF THE IMPULSE RATIOS

Figure 2-9 plots the ratio of positive to negative impulse and the ratio of
3-D to 2-D impulse (negative and positive) versus drywell pressurization rate
for each relevant case of the standard downcomer tests; Fig. 2-10 plots these
ratios for extended downcomer tests. The notation "limited" in these graphs
refers to the second 7.59 HVLF impulse evaluation, wherein the positive

45°
integration was stcpped at tDos

The plots of Ipos neg (curve a) vary significantly in the 3-D and 2-D

tests. This ratio decreases with increasing pressurization rate in the 3-D
tests. In the 2-D tests the impulse ratio shows substantial incrcase with
increasing pressurization rate. A study of the components of the :-atios shows
that in the 3-D case the positive impulse (numerator) is little affected by a
change in bdw' while the negative impulse (denominator) shows a uniform
increase with the bdw increase. The 2-D case exhibits a negative impulse
behavior similar to the 3-D case. In the 2-D case, however, the positive
impulse exhibits a strong dependence on bdw so that as bdw increases, the
ratio of (Ipos neg)20 increases.

The lower set of plots on Figs. 2-9 and 2-10 shows the ratio of 3-D impulse to
2-D impulse. The negative impulse portion is essentially independent of
pressurizetion rate and is near unity. This suggests that the 2-D geometrical

model is capable of predicting the behavior of the 3-D system, confirming the
previous study of peak downloads from the HVLFs. Because the decreasing
ratios of positive impulse move further and further from unity with increasing
bdw' however, it seems evident that there is a substantial difference in

pocl swell behavior between 2-D and 3-D systems.

The plots in Fig. 2-11 show the effects of drywell overpressure on Ampulse
For both 3-D and 2-D sectors, the impulse ratios (Ipos Ineg and I /(b

are only a weak function of Abd The effect of constrained pool swell in
the 7.5° torus sector is pronounced, however, and causes the positive impulse
effects in the 2-D sector to diverge from those observed in the 3-D sector. The

negative impulse, however, is well-represented by both the 2-D and 3-D sectors.

0
7.5 ))
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FIG. 2-9, Effect of drywell pressurization rate on HVLF impulse ratios.
(standard length downcomer)
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FIG. 2-10. Effect of drywell pressurization rate on HVLF impulse ratios.

(extended length downcomer)
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2.3 STRUCTURAL INERTIAL EFFECTS STUDY
2.3.1 DYNAMIC MODELING OF THE RESPONSE VERTICAL LOAD FUNCTION

This section provides a dynamic modeling of the response vertical load
function (RVLF) resulting from air test 1.3.1.7 As input, the four internal
ringheader strut load cell force histories and the computed hydrodynamic
vertical load function (HVLF) of test 1.3.1 are used. These forces are
applied to a finite element model of the 90° torus sector using the linear
SAP4 finite-element code. This mode].9 makes use of beam elements which
characterize the torsional and longitudinal stiffness of the torus shell.
Three external corus sectcr supports carry the response measuring load cells.
In the actual facility, the load cells are located on the strut at one end of
the torus sector (LC-1), as well as on the outside and inside support
trunnions of the torus sector midplane+ (LC-4 and LC-5). In the finite
element model, the strut and LC-1 are represented as a vertical Hooke's Law
spring of stiffness kl. The dual midplane support trunnions and their load
cells are represented by the combination of a single vertical spring of
stiffness k2 and a clock spring of stiffness k3.
The overail seven-node finite element model is shown in Fig. 2-12, as are the
beam element properties, component weights, and spring constants. The
component weights are distributed among the nodes as follows.

e At each of the five interior nodes (2 through 6), 1/6 of the water
mass and 1/6 of the structure mass are applied.

e At the two en” nodes (1 and 7), 1/12 of the water mass, 1/12 of the
structure mass, and the entire end plate mass are applied.

The dynamic forces measured by the load cells are distributed as follows.

LC-2--25 percent at node 1; 75 percent at node 2.
LC-3--75 percent at node 3; 25 percent at node A.
LC-6--25 percent at node 4; 75 percent at node 5.
LC-7--75 percent at node 6; 25 percent at node 7.

'See page 53 in Ref. 1 and Appendix E, fiche group 5.
tSee Ref. 1, Fig. 9.
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Node 1 7
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ks
Node 1 Node 4

Beam elements:  E =29 X 10% psi, v = 0.27

ly = 1.26 X 105 in 4

J =250 % 10% in 4

A, = 177.06 in?

Cross section, circumference = 74.4” i.d.; t = 0.75 in.

Weight:  Structure — 15,212 ib (W)
End plate — 4,594 I1b(W,)
Water — 15,340 Ib (W,)
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L[ W wW Ib-
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W W &2
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Springs: ky = 1.88 X 108 1b/in.
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k3 = 3.26 X 10'0 in.-Ib/rad.

FIG. 2-12. Finite element model of 90° torus.
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The HVLF force is distributed as 1/12 at nodes 1 and 7 and 1/6 at each of
nodes 2 through 6. The applied force histories for the force load cells
(LC-2, LC-3, LC<6, LC-7) and the hydrodynamic load function are shown in
Figs. 2-13 through 2-17.

Five cases were studied. The base case (1.3.1.0) used the conditions
specified above. Case 1.3.1.+ increased each of the three spring constants
kl' kz. and k3 by a uniform 20 percent. Case 1.3.1.- decreased the

spring constants by 20 percent. Case 1.3.1.2 modified the base case by
increasing the water mass by 20 percent. The fina) case (1.3.1.3) increased
the water mass by 30 percent. These conditions are listed in Table 2-15,

The 90° torus structure was experimentally studied earlier by M, Posehn, 10 whe
determined the natura)l freguencies of the water containing structure. A
comparison of the measured response with the system modal content computed by
the SAP4 code is shown in Table 2-16. In no case do these frequencies deviate
from those measured by more than approximately 16 percent. The mode shapes of
the three lowest modes of vertical vibration are shown in Fig. 2-18.

The dynamic calculations of the SAP4 code provide a vertical force history at
node 1 and at node 4, as well as a moment history at node 4. The node 1 force
history directly simulates the response of LC-1. In order to simulate the
response of LC-4 and LC-5, it is necessary to transform the node 4 force and
moment into an appropriate force couple. The geometry involved and the
equations used are shown in Fig. 2-19.

The results of each case study include response force histories simulating
LC-1, LC-4, and LC-5; their sum then simulates the observed RVLF. A summary
of the results for the five cases considered here is given by Table 2-17. In
this table, the peak vertical forces from each case are compared to those
measured during test 1.3.1. The measured force histories for LC-1, LC-4A,
LC-5B, and the RVLF are shown in Figs. 2-20 through 2-23.' A complete set

of the four SAP-4 computed load histories simulating LC-1, LC-4, LC-5, and the

'In the actual PSE experiments, two load cell transducers were used at each
location 4 and 5, providing redundant “A" and "B" measurements at these
locations. For a discussion of the selection process for these
measurements, see page 61 in Ref. 1.
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RVLF for case 1.3.1.0 is included here as Figs. 2-24 through 2-27,
respectively.

Finally, the frequency analysis of all measured forces histories (LC-1 through
LC-7 and the RVLF) and the computed force histories for case 1.3.1.0 (LC-1,
LC-4, LC-5, and the simulated RVLF) was performed. These results, along with
all computed SAP4 load histories, are provided on microfiche in Appendix E.3.
Figure 2-28 shows a typical result of the frequency analysis.

In all cases, the SAP4 model closely predicts the measured modal content of
the structural system; in case 1.3.1.+, the computed frequencies are within
1 percent agreement with the measured frequencies.

The peak load cell forces, however, are underpredicted by the SAP4 model in
all cases, except in the case of the simulated load ceil 5 for which the
maximum load is overpredicted. On the minimum load, the deviations range from
9 percent to 30 percent. The maximum load deviations range from a low of 5
percent at LC-5 to a high of 45 percent at LC-1. The simulated RVLF minimum
load is underpredicted by 15 to 20 percent, and the corresponding maximum is
underpredicted by 13 to 26 percent.

The simplified model used was adequate to demonstrate that the measured modal
content of the exp.rimental facility was correct. The an*lytical model was,
however, inadequate to allow a highly accurate prediction of the response
function. The high degree of consistency in the results leads to the
conclusion that, overall, the facility is suitably designed for the intended
hydrodynamic measurements and that these measuremants are not compromised by
structurally iruuced forces.
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FIG. 2-15. Applied force history, load cell LC-6.
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FIG. 2-16. Applied force history, load cell LC-7.
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TABLE 2-15. Basic problem conditions.

Spring constants

Problem kl k2 k3 Water mass
number (1b/in.) (1b./in) (in.-1b/rad) (1b-s2/in.)
1.3.1.0  1.88 x 10° 1.54 x 107 3.26 x 1010 39.75
1.3.1.+  2.256 x 10° 1.848 x 10’ 3.912 x 1010 39.75
1.3.1.-  1.504 x 10° 1.232 x 10’ 2.608 x 10'° 39.75
1.3.1.2  1.88 x 10° 1.54 x 10’ 3.26 x 1010 47.70
1.3.1.3  1.88 x 10° 1.54 x 10 3.26 x 1010 51.68

TABLE 2-16. Experimental and analytical natural frequencies (torus with water).

SAP4 analytical model--Hz

Hammer blow

teste--l'z Case .0 Case .+ Case .- Case .2 Case .3
25.9 23.8 25.6 21.7 23.1 22.8
59.8 55.1 59.3 50.3 53.4 52.6

-- 135.8 143.0 127.1 130.6 128.5
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Mode 1 (23.8 Hz)

Mode 2 (55.8 Hz)

Mode 3 (135.8 Hz)

FIG. 2-18. Mode shapes of lowest three modes of vertical vibration.
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TABLE 2-17. Experimental and analytical natural frequencies (torus with water).

Measured Case .0 Case .+ Case .- Case .2 Case .3
Load cell Min. Max. Min. Max. Min. Max. Min.  Max. Min. Max. Min. Max.
1 -7440 8620 -5790 5400 -5200 4730 -5560 4990 -5925 5490 -5950 5485
4 -16120 6580 -11640 5530 -11340 5830 -11970 5120 -11775 5465 -11825 5415
5 -24250 11950 -21930 14500 -21900 14740 -22340 12570 -22100 14150 -22165 13945
RVLF2 -42000 19530 -34280 16080 -33200 16920 -35540 14490 -34710 15610 -34900 15370

(sum)

3rimes of peak loads on load cells 1, 4, and 5 do not occur at the same time so that the RVLF sum # ILC-1,
4 and 5.



PRPLOT RUN R 04/27/79 14:12:56

FLCIXT131X VMIN=-7.4400E+03  VMAX= 8.6217€+03
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FIG. 2-20. Measured force history, load cell LC-1.



PRPLOT RUN R 04/27/79

1%:1%:21
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Measured force history, load cell LC-4A.
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PRPLOT RUN R 04/27/79 1%:15:21
FLCSBT131X VMIN=-2 . 4250E +0Y4 VMAX= | .1951E+04%
MUL TMIN= 3.1527€+00 TMAX= 3.2529E+00
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FIG. 2-22. Measured force history, load cell LC-5B.
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PRPLOT RUN R 04/27/79 14:16:27
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FIG. 2-23. Measured response vertical load function (RVLF).

2-52



PRPLOT RUN U 04/26/79 11:10:52

LSAPLCIXX.0 VMIN=-5.7920E+03 VMAX= 5 .4020E+03
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FIG. 2-24. Computed force history, case 1.3.1.0, load cell LC-1.
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PRPLOT RUN U 04/26/79 11:11:51

FORCE-LBF

WLSAPLCYXX .0 VMIN=~| 1636E+04 VMAX= 5, 5293E+03
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FIG. 2-25. Computed force history, case 1.3.1.0, load cell LC-4.
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PRPLOT RUN U

04/26/79 11:13:07

WLSAPLCSXX .0 VMIN=-2, 1932E+04 VMAX= | .4487E+04
MUL TMIN= 4.1950E-01 TMAX= 5.2950E-01
1 .000E+00
1.6 T
1% 4
1.2 -
1.0
0.8
0.6
0. + A \A
0.2 A
VY
0.0 hrer - WOV “,__% H j—*“hw
A ] . %
& L
- 0%
W
g -0.6
» -0.8}—
1.0 e
1.2
..
1.6
18— =
-2.0
S TREEEEEEEEERERE
TIME - SEC

FIG. 2-26.

Computed force history, case 1.3.1.0, load cell LC-5.
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PRPLOT RUN U 04/26/79 11:14%:08

HWLSAPRVLFX .0 VMIN=-3.4279E+04 VMAX= |.6079E+04

MUL TMIN= 4. 1600E-01 TMAX= 5, 3000€E-0!
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FIG. 2-27. Computed RVLF, case 1.3.1.0.
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NRC TEST 1.3.1 RVLF FREQUENCY ANALYSIS

FILES FOURRVL
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FIG. 2-28. Typical frequency analysis of computed force history.

2-57



2.4 CALCULATION OF ENTHALPY FLUX
2.4.1 METHODOLOGY

As part of the extended analysis of data from the 1/5-scale Mark I boiling
water reactor pressure suppression experiment (PSE), enthalpy flux into the
two test sections was calculated for each of 24 air blowdown tests. Enthalpy
flux is calculated by convoluting time-dependent mass flow (m) and temperature
(T) data according to the relationship

mh = ﬁcPT (2-15)

where p denuies the constant pressure specific heat of the working fluid.
For ideal gas nitrogen, the specific heat is essentially constant for the
temperature range evaluated in the PSE. Mass flows for the single 7.5°
(2-D) and the two 45° (3-D) test section vent pipes were calculated by
Pitts11 shortly after the completion of the final air test series, using the
pressure differential data recorded during each test. Temperatures were
measured directly at each of the three vent pipes.

The results of the mass flow calculations, which are essential in the
calculation of enthalpy flux, were retained in graphic form, both as hardcopy
plots11 and as computerized graphics ("FR80") files. Unfortunately, the
corresponding mass flow data were not saved in digital form as required for
the enthalpy flux calculations. We were, therefore, forced to consider three
alternate methods for recovery of the mass flow data.

Regeneration of the mass flows from the original PSE raw data tapes.
"Hand" digitization of the hardcopy mass flow plots, based on
available hard- and software techniques in use at LLL.

@ Using the available computerized graphics files, i.e., unpacking the
coordinate data directly and converting to engineering units; no
software existed at LLL to accomplish this task.

The regeneration of the mass flow from the original data tapes was not viewed
as practical within the time constraints for completion of the PSE extended
analyses. Attempts were made to hand-digitize the mass flow curves in Ref. 11
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using PPI.OT,]z’]3 a computer routine that interfaces a mechanical stylus
with the CDC 7600 computer, but th:s effort proved to be too time consuming
and tedious for practical production purposes. Therefore, the necessary
computer software was developed by B1eir14 to extract coordinate information
directly from the availab « graphics computer files. As indicated by

Figs. 2-29 and 2- " excellent replication of the original mass flow data was
achieved. Detaile ancut the recovery of mass flow data can be found i

Ref. 15.

2.4.2 CALZULATION OF THE TIME-DEPENDENT ENTHALPY FLUX

After the mass flow data were recovered, calculation of enthalpy flux was
straightforward. A typical enthalpy flux calculation is outlined by

Figs. 2-31 through 2-33. Using the newly-developed computer routine ENFLUX,
recovered mass flow data (Fig. 2-31) and unfiltered temperature transducer
data (Fig. 2-32) are combined according to equation (2-15) to yield enthalpy
flux as shown in Fig. 2-33. A number of enthalpy flux calculations were also
performed using temperature data that had been passed through a simple
numerical filter (Fig. 2-34); these results (Fig. 2-35) were essentially
identical to those obtained using unfiltered temperature data. A1l final
enthalpy flux calculations were calculated, therefore, using unfiltered
temperature data.

Enthalpy fluxes calculated for all tests* are included in Appendix E.5.
Corresponding mass flow and temperature data used for the calculations are
also given in Appendix E.5.

The maximum enthalpy flux calculated in each case is tabulated in Table 2-18;
a representation of the total enthalpy input to each test sector is also
provided. The total enthalpy is calculated by a trapezoidal integration

between a start time that is 0.2 s prior to the calculated test zero time
start ® 8y ¢ 0.2 s) and the calculated time tpos‘ which
represents the time of second zero crossing of the positive 3-D HVLF as

(i.e., t

*Enthalpy fluxes for test 1.2 are not included because no corresponding HVLF
has been calculated.
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NRC TEST 1.3.1 #07/13/77
o TiME 07/08/77u SA RATC ' 14 18 40
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FIG. 2-29. Time-dependent mass flow in left 3-D vent pipe, test 1.3.1.
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PSE TEST NO. 1.3.1 DATE: R 04/26/79 TIME: 10:35-58

FITTED DATA, Of1} THMIN: 2.8835€-03 THAX: 9 9738E+00
UXBOF 1T VERSION: On/26/79R oMiN: -9 . 7102€-0) PrAX: | .0019E+0!
1 NAEER OF POINTS: 3nE3 DELTA T: 2.883%-03
10 /r\\\
3
8 [ 3
b \
s ® \
g £
u \
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. 8
s \
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8
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o o N L] > L o) o o~ [ J @ 2
TIME (SEC)

FIG. 2-30. Data recovered from Fig. 2-29 and fit using standard uniform PSE
time step (2.8635 ms).
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FT 45 DEG. ORIFICE T39 PI0i PI0R2

MASS FLOW, LBM/SEC LE

PSE TEST NO. 1.3.1 DATE: R 05/21/79 TIME : 13:97:11

U ILTERED DATA, FILE: aMDOTIZNS THMIN: 2. 97%E+00 TMAX: 3 .5338E+00
ENFLUX VERSION: 09716 T9R YMING -1 BES0E-01 YMAX: 1 .0019E+01
DELTA T, 2 88635E-03

o .
. .
7

0
~ “ o ° - N " s o
L] N L] ”m ”m Ll ”m L] L]
TIME (SEC)

FIG. 2-31. Recovered mass flow data, test 1.3.1 (left 3-D vent pipe).
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PSE TEST NO. 1.3.1 DATE: R 05/21/79 TIME: 13:87: 00

20

VENT PIPE LEFT,

TEMPERATURE, DEG. F (T-39),

UNF ILTERED DATA, FILE: WL1313313 THIN: 2.6874E+00 THMAX: 3.5336E€+00
ENFLUX VERSION: 05/16/79R YMIN: 6.2931E+01 YMAX: 8. 7373E+01
DELTA T: 2.863SE-03
85
et Al &
75
7 A “ l A
0 "
65 '
i 3 @ ° - . " s o
N Y] N ”m L Ly ”m ” ”
TIME (SEC)

FIG. 2-32. Unfiltered temperature data, test 1.3.1 (left 3-D vent pipe).
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PSE TEST NO. 1.3.1 DATE: R 05/21/79 TIME: 13:47:11
UNF ILTERED DATA THIN: 2.697ME-00  TMAX: 3 5336£+00

ENFLUX VERSION: 05/16/79R YMIN: 2. NIGE+0! YMAX: | 4ES8E+03
DELTA T: 2. 8635E-03 SUM FROM 2.78880€+00 TN 3.53350€+00: 6. 150%1€+02
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FIG. 2-33. Enthalpy flux calculated using data in Fig. 2-31 and Fig. 2-32.

2-64



PSE TEST NO. 1.3.1 DATE: R 05/21/79 TIME: 15:37:53

FILTERED DATA, FREG: 17w 61 W2 THIN:  2.69NE+00 TRAX: 3. S338E+00
ENFLUX VERSION: 0%/16/79R THIN: 6. 4S02€E+01 YRAX:  § SM90E-01
OELTA 7. 2 883E-03

VENT PIPE LEFT, 20
a 8
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70J
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T Ll
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|
B4
bt * b - = S ” ” e
~ ~N nN " " " " ” "
TIME (SEC)

FIG. 2-34. Temperature data filtered to 174.6 Hz, test 1.3.1 (left 3-D vent).
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PSE TEST NO. 1.3.1 DATE: R 05/21/79 TIME: 1%5:37:53

FILTERED DATA, FRED: 1% 61 W2 TMIN: 2.897%E+00 THAX . 3 .5338E+00
ENFLUXL VERSION: 05/ 16/ 798 YMIN: ~2.7%03E+01 YMAX . 1 9BMNZE+D3
DELTA T 2 965 -03 SUM FROM 2 78880E+00 TO 3 533500+00: 6. 150M0€+02
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Flu. 2-35. Enthalpy flux calculated using data from Fig. 2-31 and Fig. 2-34.
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TABLE 2-18. Results of enthalpy flux calculations.

a t. b I mh__ d . e
—Jnax
Test Sector second second secon Btu/second 6tu
1.1 2D 1.7 1.7976 2.5743 270.9 115.3
45R 1683.1 717.4
450 1731.0 737.1
1.3 2D 2.4 2.4466 3.2071 229.9 92.06
45R 1420.9 594.4
45 1466.9 603.0
1.3.1 20 2.7 2.7886 3.5335 262.5 104.7
45R '479.4 606.8
450 1485.8 615.0
1.4 2D 1.4 1.4452 2.2106 206.9 83.20
45R 1024.7 411.5
a5 1032.8 420.5
1.5 20 2.4 2.4342 3.1727 287.8 115.0
45Rf 1619.9 644.2
45L 1592.1 655.6
1.6 20 1.2 1.2999 2.0188 313.3 118.6
45Rf 1748.5 677.6
a5 1781.0 686.5
2.1 2D 2.5 2.6602 3.3531 249.1 92.87
45rf 1427.6 527.1
45_ 1465.4 549.8
2.2 2D 2.3 2.3814 3.0554 191.6 52.63
45rf 1408.0 487.1
451 1420.8 506.0
2.3 20 2.7 2.8188 3.4906 241.6 88.64
45Rf 1349.8 501.9
450 1377.1 529.2
2.4 20 2.5 2.6159 3.4104 251.1 111.1
45R 1561.5 657.6
451 1571.9 667.0
2.5 20 2.5 2.5221 3.3159 253.3 108.9
45R 1507.4 628.6
45. 1542.8 657.5
2.6 2D 2.9 3.0446 3.7799 252.1 101.3
45R 1492.5 586.4
450 1505.4 597.1
2.7 20 3.0 3.0518 3.8715 247.4 109.7
45R 1470.8 659.2
45L 1501.3 681.2
2.8 20 2.9 2.9622 3.7598 233.6 104.4
45R 1433.8 630.0
450 1433.4 643.3
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TABLE 2-18. (Continued).

a t. b t ¢ mh__ d . e
Test Sector §écona second secon Btu/second éeu
2.9 20 1.0 1.1076 1.9615 173.3 77.48
45R 1054.4 483.0
451 1075.4 490.2
2.10 2D 2.4 2.5266 3.3503 254.5 116.5
45R 1582.7 703.0
451 1604 6 3.7
2.11 2D 11 1.2312 Z.0503 283.1 129.6
45R 1740.1 777 .4
451 1756.0 802.4
. 7 | N 2.8 2.9348 3.7168 278.0 119.2
45R 1527.3 665.8
451 1555.3 694.4
3.2 2D 2.6 2.7030 3.5565 240.2 107.1
45R 1452.7 687.5
450 2140.5 1152.7
3.3A 2D 2.5 2.5786 3.3531 287.6 117.0
45R g )
451 2264.2 867.3
3.3B 2D 2.6 2.7123 3.2444 270.8 50.47
45R 1775.3 346.6
451 g N
3.4A 2D 2.5 2.5964 3.3903 288.9 112.5
45R ) )
450 2449.6 1100.0
3.48 2D 1.9 2.0224 2.7976 287.4 111.1
45R 1878.7 776.8
451 g g
3.5 2D 2.2 2.3168 3.1155 231.8 104.1
45R 1394.2 612.1
451 1478.4 653.1

a75--point (1.5 s_time window) HVLF start time.
bTest zero time (t,) less 0.2 s.

CPositive impulse time of last zero crossing from impulse calculations for 3-D
sector.

dMaximum calculated enthalpy flux.
€Total enthalpy input over the time interval tepo to tpos-

fused T-39 temperature data (left vent header) for the right vent header because
temperature transducer T-38 was unavailable.

9vent line blocked.
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determined by the impulse analyses described in Section 2.2. The 0.2 s
precursor on Eo was used to account for early (t<io) mass flux which is
an artifact of the noninstantaneous start of drywell pressurization. The
choice of 0.2 s was a‘bitrary and is viewed as a conservative method of
treating the "extra" (albeit small--typically less than 1 percent of the
total) enthalpy injected prior to {o'

The total enthalpy results for the 2-D sector indicate near equality between
the total energy flow in the left and right vent pipes, a1though a slight
(typically split about 51 percent-49 percent) preferential flow through the
left vent pipe is consistently indicated.

2.4.3 INFERRED ENTHALPY FLUX AT DOWNCOMERS

Both the inferred enthalpy flux at downcomer pairs and comparison of enthalpy
flux at individual downcomers are based on local pressure-temperature (p-T)
products and, where temperature data are not available, local pressures

alone. To represent the local weighting of enthalpy flux in the simplest
manner pocsible, the integral summation of each local parameter is used. This
summation is calculated by a simple trapezoidal integration similar to that
used for the tov*1 enthalpy at each vent pipe. This approach neglects any
time-dependency of the local resistance to mass flow and, by implication, any
time-dependency of local enthalpy flux weighting.

Pressure and temperature tranducer locations in the 3-D test section (see

Fig. 2-36) are not sufficiently complete to allow comparisons of enthalpy flux
weighting on the preferred basis of integral p-T products. However, if we
compare the calculated enthalpy flux curves in Appendix E.5 with the
corresponding mass flow and temperature data in Appendix E.5, the curve shapes
indicate that mass flow is clearly the dominant parameter influencing enthalpy
flux. Therefore, it can be reasonably argued that integral local pressures
alone should provide a sufficient basis for weighting inferred enthalpy flux
between individual downcomers in a given instrumentation plane and between
symmetrical instrumentation planes (for example, between planes 11 and 20, if
end effects are assumed to be negligible) when suitable temperature data are
unavailable.
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FIG. 2-36. Inst umentation locatinns for ringheader/downcomer (90° torus).




On this basis, the following calculations are performed for the 3-D sector:

® Ring header symmetry between planes 11 and 20 (sections 5 and 8 in
Fig. 2-36) is checked by comparing integral p-T products at 0°.

® Ring header symmetry is recalculated using integral pressure data
alone as a check on the feasibility of using pressure data alone to
infer enthalpy flux.

(section 5).

e Integral pressure data are compared between downcomers in plane 11 and
are then used to infer local enthalpy flux weighting.

o Integral pressure data are compared between downcomers in plane 20 and
are then used to irfer local enthalpy flux weighting.

e Integral pressure data are compared among the four downcomers in
planes 11 and 20.

e Integral pressure data for the downcomers in planes 11 and 20 are
weighted by the calculated ring header distribution and are then
compared.

e MWeighted pressure data are used to calculate the final enthalpy flux
distribution among the downcomers in planes 11 and 20.

Calculations for the 7.5° sectcr are performed as follows:

® Integral p-T products are compared between downcomers (see Fig. 2-37).
o Integral pressures are compared between downcomers and are used to
calculate the inferred enthalpy flux distribution.

Integral p-T products and integral pressures are presented both as absolute
and as normalized (or weighted) parameters. For an arbitrary “left-right" set

of p-T products, the left and right weights (wa and wsT, respectively) are
defined by:

L
pT LA
W, = (2-16)
Loyr i T,lp
T 2PRTR

- = (2-17)
R T T TRy

e Integral p-T products are compared between downcomers in plane 11
|
\
|
|
|
|
|
|

2-71




j' Torus
Torus | Type of
| Location | XDCR | Transducer No.
0° P
5 ° T
18° PS =
, 37 PS 9 P
| 45° P 75
e ik 85° T
/ 90 ° P £y
’/ 128 ° P 76
/ 135° T
/ . 140° P
| 155° p /7
160 ° p 78
165 ° P 79
175° T 30 8
180 ° P 80 g
195° P 81
200° P 82
205° Tﬁ 83
220 84
Downcomer 2357 P 85
_ Type of 270° P
Location XDCR Transducer No. [ 315° p 86
- 89 323° %S 10 i
Left | 33 3420 ‘TS
B 17 3 202
SA
P 90
p y
Right 3B %g Ringheader
pA Type of
Location XDCR | Transducer No.
Strut 1
SB p 87
SA 19 oo i 1 31
SB 16
P = Pressure 1SyA BB
T = Thermocouple T 32
PS = Pool swell 180° T
S = Strain, axial SJ
Sg = Strain, bending A

FI1G. 2-37. Instrumentation locations for torus and ringheader/downcomer (7.5°
sector).
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Similarly, if integral pressures alone are considered, the weights are defined

by:
ZZPL
 Jo It TR e
p_ 2P

LIS 3TN 3
Note that in both cases the sum of the weights is equal to unity.

If a 1ucal integral pressure characterizes a resistance to mass flow at that
location, the inferred enthalpy flux distribution is given by

./ 2, (2-20)
L Pt PR
H 1/3 pp

" ° 15 * 1730, (2-21)
where wﬁ and w; are the normaiized "left" and "right" enthalpy fluxes

respectively. [istribution of electric current between parallel resistors
provides a useful analog here. For data pairs it can be shown that

,f " wg (2-22)
Wy = w[ . (2-23)

If more than two locations are considered, for example, pomparison among all
downcomers in both sections 5 and 8 (planes 11 and 20), then the individual
weights of integral pressures are given by:

LPst (2-24)

TP * LPeg * 2Py * 2 Pan

P 2LPsp
w (2-25)
SR © 3P * 3.Psp * 2P * 3 Par
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p 2 Pgt
b 2% (2-26)
BL " TPg * 3P * PaL * LPaR

2PR___ (2-27)

"
BR * TP * 3.Psp * 3.PaL L PR

Similarly, again considering the parallel resistor analog, the inferred
enthalpy flux weights are given by:

VLPs 2-28
1/$Pep

RO TRALTE ﬂZ"’m + 173 pgp ki

1/3 Pg (2-30)

w = R -
L~ T75pg * 173 pep* /3 Pg * /3 Pgp

1/3p

LPey (2-31)

H
w =
8 173°pg * T/ pgp * 1/3 Pg * /3 Pgp

Up to this point in the development of the inferred enthalpy flux distribution
scheme, it has been assumed that all locations at which pressure integrals are
determined are connected to a common source. For the calculation of inferred

_halpy flux distribution among the four downcomers in planes 11 and 20, this
assumption is valid only if enthalpy flux is evenly distributed between the
right and left sides of th. ring header. Since in general this is not the
case, the final estimation of the downcomer enthalpy flux distribution must
take into account the ring header distribution. This is done as follows:

R RN
(W )' = Wgi * (W) pgnge/0-50 S

H oy,
(Wge)" = e * (%) pghar/0-50 ailhad
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H \, > H L
(waL) Wol (we)rnghdr/O.SO (2-34)

H ' = H . H -
(weR) ¥aR (we)rnghdrlp‘so (2-35)
where (%5, ~nghdr and (wg) rnghdr represent the inferred enthalpy flux
weighting calculated for the left and right (section 5 and section 8) sides of

the ring header respectively.

Calculation ~f the inferred enthalpy flux discribution ir the 3-D test section
was initially performed for test 1.3.1. The resuits of these calculations,
outlined in Figs. 2-38a through 2-38g, indicate the following:

o Enthalpy flux distributions inferred by comparing integral pressures
are essentially identical to those inferred by integral
pressure-temperature products, both between planes 11 and 20 in * :
ring header and between downcomers in plane 11. It is therefore
imnlied that the substitution of pressure alone for pressure-
temperature products is valid for the enthalpy flux calculation.

e Enthalpy flux is almost equal’, split between the left (plane 11) and
right (plane 20) sides of the ring header, with a slignt preferential

flow to the left side. This result is consistent with that calculated
for the left and right vent pipes.

e Enthalpy flux is distributed essentially evenly between the right and
left (inboard and outboard, respectively) downcomers in both plane 11
and plane 20.

Calculation of inferred enthalpy flux was also performed for the 7.5° test
sector downcomer pair (see Figs. 2-39a and b). As indicated in Fig. 2-39b, a

slight preferential flow (split about 51.5 percent to 48.5 percent) was
indicated for the left downcomer.

Inferred enthalpy flux calculations were completed for the remaining PSE tests
(except for test 1.2). The resulting ring header distributions and the
downcomer distributions weighted by the ring header distributions are
presented in Table 2-19. The distribution of enthalpy flux between the left

2-75




1
RING HEADER SYMME TRY BASED ON PT PRODUCTS

INPUT FILE: wWLIBI24!)
PRESSURE , PSIA (P-65) RNGHDR, 5-0 DEG

INPUT FILE: wWL1312501
PRESSURE , FSIA (P-70) RNGHMDR, 8-0 DEG

INPUT FILZ: WLI313207
TEMPERATURE , DEG. F  (7-20), RNGMDR, S-0 DEG.

INPUT FILE: WLIZIZ21I
TEMPERATURE , DEG. F T-25), RNGHOR.8-0 DEC

INTEGRAL SUMS

SECTION S (PLANE 11): 2.03475E+03
SECTION 8 (PLANE 20): 2.05920£+03

TOTAL: %.09395€+03
NORMAL | ZED INTEGRAL SumS

SECTION S (PLANE 11): % . 9701%-01
SECTION B (PLANE 20): 5.0298%€-01

FIG. 2-38a. Ring header symmetry based on p-T products (test 1.3.1).

1
RING HMEADER SYMMETRY BASED ON PRESSURE ONLY

INPUT FILE: WLIZI2wI)
PRESSURE , PSIA (P-85) RNGHOR, 5-0 DEG.

INPUT FILE: wWL1312%01
PRESSURE , PSia (P-70) RNGHOR, 8-0 DEG.

INTEGRAL SUMS

SECTION S (PLANE 11): 3.81843E+00
SECTION 8 (PLANE 20): 3.8€033E+00

TOTAL - 7.69876E+00
NORMAL | ZED INTEGRAL SUMS

SECTION S (PLANE 11): v 95980£-0!
SECTION 8 (PLANE 20): S 0%020€-01

INFERRED ENTHALPY FLUX BASED ON
INTEGRAL SUMS OF PRESSURE

SECTION S (PLANE 11): 5.0%020€-01
SECTION 8 (PLANE 20): “.95980£-0!

FIG. 2-38b. Ring header symmetry based on integral pressure only (test 1.3.1).
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1
SECTION S (PLANE |1) DOWNCOMER SYMMETRY BASLD ON PT PRODUCTS

INPUT FILE: WLI3I29I3
PRESSURE, PSIA (P-67) DOWNCOMER LEFT, §

INPUT FILE: WLIZIVIY
PRESSURE, PSIA (P-B8) DOWNCOMER RIGHT, S

INPUT FILE: WL1313209
TEMPERATURE, DEG. F (T-22). DOWNCOMER LEFT, S

INPUT FILE: WL1313210
TEMPERATURE . DEG. F  .T-23), DOWNCOMER RIGHT, §

INTEGRAL SUMS

LEFT .S: | 99869€+03
RIGHT . 5: 2.01727€+03

TOTAL: %.01596E+03
NORMAL | ZED INTEGRAL SumMsS

LEFT.S: ».97686E-01
RIOHT . 5: S.0231%€-01

FIG. 2-38c. Plane 11 downcomer symmetr, . 3d on “-T products (test 1.3.1).

1
SECTION S (PLANE 11) DOWNCOMER SYMMETRY BASED ON PRESSURE ONLY

INPUT FILE: WLI3I2YIZ
PRESSURE , PSIA (P-67) DOWNCOMER LEFT, S

INPUT FILE: WLIBI2WIY
PRESSURE, PSIA (F-68) DOWNCOMER RIGHT, &

INTEGRAL SUMS

LEFT.S: 3.7SINIE«D0
RIGHT .5: 3.78507€+00

TOTAL: 7.53648€+00
NORMAL | ZED INTEGRAL SUMS

LEFT.S: . 97767€-01
RIGHY . 5: S 02233€E-01

INFERRED ENTHALPY FLUX BASED ON
INTEGRAL SUMS OF PRESSURE

LEFT . S: 5.02233€-01
RIGHT .S: 4 . 97767€-01

FIG. 2-38d. Plane 11 downcomer symmetry based on integral pressures only
(test 1.3.1).
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1
SECTION B (PLANE 20) DOWNCOMER SYMMETRY BASED ON PRESSURE ONLY

INPUT FILE: wL1312%502
PRESSURE , PSIA (P-71) DOMNCOMER LEFT, 8

INPUT FILE: wWLi3iavlS
PRESSURE, PSIA (P-72), DOWNCOMER RT ., 8

INTEGRAL SUMS

LEFT .8 3.76298€+00
RIGHT .8: 3.75419C+00

TOTAL: 7.53676E+00
NORMAL | 2D INTEGRAL SUMS

LEFT . B: 5.01803E-0!
RIGHT 8. » 98117€-01

INFERRED ENTHALPY FLUX BASED ON
INTEGRAL SUMS OF PRESSURE

LEFT.8: 4. 98117€-0!
RIGHT @ 5.01883E-0!

FIG. 2-38e. Plane 20 downcomer symmetry based on integral pressures only
(test 1.3.1).

1
SECTIONS % & 8 (PLANES 11 & 20) WEIGHMTING BASED ON PRESSURE ONLY

INPUT FILE: WLI3I2vI3
PRESSURE . PSIA (P-67) DOWNCOMER LEFT, S

INPUT FILE: WLIBI2WIYW
PRESSURE . PSIA (P-68) DOMNCOMER RIGHT, S

INPUT FILE: WL1I312502
PRESSURE ., PSIA (P-71) DOMNCOMER LEFT, 8

INPUT FILE: WLI3I2VIS
PRESSURE, PSIA (P-72), DOMNCCwR RY.. 8

INTEGRAL SumMs

LEFT.S: 3.751v1E«0C
RIGMT .S 3.78507€+00

LEFT .8 3.78258E+00
RIGHT . B: 3.75419E+00

TOTAL : | _S0732€+01
NORMAL | ZED INTEGRAL SUmMS

LEFT .S 2. vBR79E-0)
RIGHT .S: 2.51112€-01

LEFT .8 2.509%6E-0!
RIGMT @ 2 49063E-0!

FIG. 2-38f. Inferred downcomer symmetry, planes 1i and 20, no allowance
for ring header flux distribution (test 1.3.1).
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1
SECTIONS S & 8 (PLANES 1] & 20) WEIGHTING BASED ON PRESSURE
MEIGHTED BY CALCULATED VENT HEADER WE IGMTING

INPUT FILE: wWLIZI2wI3
PRESSURE ., PSIA (P-67) DOWNCOMER LEFT, 5

INPUT FILE: WLIBI2wIN
PRECSURE ., PSIA (P-B8) DOMNCOMER RIGHT, S

INPUT FILE: wWL1312%02
PRESSURE ., PSIA (P-71) DOWNCOMER LEFT,

INPUT FILE: WLIZI2VIS
PRESSURE , PSIA (P-72), DONNCOMER RT. B

INTEGRAL SUMS
|
|

LEFT . S: 3.75141€+00
RIGHT.S: 3.78507€+00

LEFT B: 3.782%B€+00
RIGHT .8: 3.75%19€+00

TOTAL: 1.50732€+0!
NORMAL | ZED INTEGRAL SumMS

LEFT .S 2.v6878€-01
RIGHT .S 2.4%9093E-0)

LEFT.8. 2.5296%€-01
RIGHT 8. 2.5108% -0

INFERRED ENTHALPY FLUX BASED ON
INTEGRAL SUMS OF PRESSUIE

LEFT.S: 2.9313%-01
RIGHT .S: 2 .5088%E-0!

LEFT . 8: 2.47098€-01
RIGHT . B: 2 wB92%E-01

FIG. 2-38g. Inferred enthalpy flux distribution, planes 11 and 20, including
allowance for ring header distribution (test 1.3.1).
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1
20 SECTOR DOWNCOMER SYMMETRY EASED ON PT PRODUCTS

INPUT FILE: WL1312307
PRESSURE , PSIA (P-8Y) DOWNCOMER LEFT 7 8§ DEG.

INPUT FILE: WL1312308
PRESSURE, PSIA (P-90) DOWNCOMER RIGMT 7.5 DEG.

INPUT FILE: WL1313307
TEMFERATURE, DEG. F  (T-331, DOWNCOMER .LEFT, 7.5 DEG.

INPUT FILE: wWL13)3308
TEMPERATURE , DEG. F (T-34), DOUWNCOMER RIGMT, 7.5 DEG

INTEGRAL SUMS

LEFT . 20: 1.92478E-03
RIOMY . 20: 2.04766E+03

TOTAL : 3.9724ME+03
NORMAL | ZED INTEGRAL UMS

LEFT . 20: % .B9S3%E-0)

RIGHT . 20: 5. 15466E€-0)

F16. 2-39a. 7.5° sector downcomer symmetry based on p-T products (test 1.3.1).

i
20 SECTOR DOWNCOMER SYMMETRY BASED ON PRESSHURE ONLY

INPUT FILE: wWLI312%07
PRESSURE , PSIA (P-89) DOWNCOMER LEFT 7.5 DEG.

INPUT FILE: MWL1312308
PRESSURE ., PSIA (P-20) DOWNCOMER RIGHT 7.5 DEG.

INTEGRAL SUMS

LEFT,2D: 3 6090SE+00
RIGHT ,20: 3.83947€+00

TOTAL: 7 waB85S2C+00
NORMAL | ZED INTEGRAL SuMS

LEFT, 20 Y BuS32€-01
RIGHT .20: S I946BE-CI

INFERRED ENTHALPY FLUX BASED ON
INTEGRAL SUMS OF PRESSURE

LEFT . 20: 5. 15%68E-01
RIGHT . 20: % B4S32E-01

FIG. 2-39b. Inferred enthalpy flux distribution, 7.5° sector (test 1.3.1).
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TABLE 2-19. Inferred enthalpy flux in 90Y sector ring header and at individual downcomers.

90° ring header ? Plane 11° Plane 20° 7.5° sector
Test Left vent Right vent Left Right Left Right Left Right
.1 0.5015 0.4985 0.2495 0.2519 0.2486 0.2499 0.5201 0.4799
1.3 0.4994 0.5006 0.2492 0.2501 0.2505 0.2502 0.5165 0.4835
1.3.1 0.5040 0.4960 0.2531 0.2509 0.2471 0.2489 0.5155 0.4845
1.4 0.5027 0.4973 0.2507 0.2520 ).2511 0.2462 0.5315 0.4685
}.% 0.5008 0.4992 0.2501 0.2507 1.2507 0.2485 0.5094 0.4906
1.6 0.5013 0.4987 0.2522 0.2492 ).2511 0.247%¢ 0.5069 0.4931
2:1 0.5032 0.4968 0.2514 0.2517 ).2488 0.2480 0.5280 0.4720
2.2 0.4995 0.5005 0.2491 0.2504 (.2493 0.2512 0.4973 0.5027
2.3 0.5008 0.4992 0.2505 0.2503 0.2489 0.2503 0.5076 0.4924
2.4 0.5017 0.4983 0.2496 0.2521 0.2451 0.2533 0.5032 0.4768
2.8 0.5007 0.4993 0.2493 0.2513 0.2483 0.2510 0.5096 0.4904
2.6 0.509 0.4901 0.2514 0.2585 0.2309 0.2592 0.4748 0.5252
- 0.5054 0.4947 0.2513 0.2540 0.240 T ).5359 0.4941
2.8 0.50'4 0.495u 0.2509 0.2505 0.2501 0.2485 0.5096 0.4904
2.9 0.5018 0.4982 0.2513 0.2505 0.2443 0.2539 0.4996 0.5004
2.10 0.5065 0.4935 0.2522 0.2543 0.2455 0.2480 0.5181 0.4819
2.11 0.4988 0.5012 0.2491 0.2498 0.2538 0.2474 0.5222 0.4778
3.1 0.5004 0.499 0.2487 0.2517 0,2479 0.2516 0.4969 0.5031
3.2 0.5014 0.4986 0.2489 0.2525 0.2436 0.2549 0.4944 0.5056
3.3A 0.4947 0.5055 0.2468 0.2478 0.2581 0.2473 0.5108 0.4892
3.38 0.5159 0.4841 0.2569 0.2591 0.2443 0.2397 0.4966 0.5034
3.4A 0.4997 0.5003 0.2515 0.2482 0.2471 0.2531 0.4997 0.5003
3.48 0.5244 0.4756 0.2620 0.2624 0.2405 0.2352 0.5167 0.4833
3.5 0.5023 0.4977 0.2497 0.2526 0.2473 0.2505 0.5029 0.4971

"'Rigot" and "left" are defined relative to an observer at the drywell centerline (see Fig. 2-38).

b'Riyat" and "left" refer to the inboard and outboard downcomers respectively for each instrumentation
plane (see Fig. 2-38).



and right sides of the ring header was very nearly equal in each test, with a
slight preferential flow to the left side in almost every case. As with test
1.3.1, this is consistent with the result of the vent pipe enthalpy flux
calculations. The distribution of enthalpy flux among the four downcomers in
planes 11 and .0 is typically uniform within a few percent.

No definite flow preference was indicated  y the results of calculations for
the 7.5° sector. For all cases, the distribution of enthalpy flux between
downcomers was within 5 percent of being evenly split.

2.4.4 ENTHALPY FLUX UNCERTAINTY ANALYSIS

The relative standard deviation in the vent pipe enthalpy flux calculations is
estimated using the standard relationship for relative error propagation
together with equation (2-15) as follows:

. 2 2 172
%[ 6]

The typical uncertainty in the mass flows for the representative tests
considered in Ref, (11) was on the order of 7 percent for tests in which the
pressure differential across the orifire was used to calculate the mass flow,
and approximately 11 percent when the annubar static rake was used. For all
tests, the temperature uncertainty was determined to be on the order of

1 percent. When used in equation (2-36), these values yield relative standard
deviations in enthalpy flux of approximately 7 and 11 percent, depending on
the particular device (orifice or static rake) used to measure vent pipe
pressure differentials,

Error due to integer arithmetic roundoff in the recovery of mass flow data
from the computer graphics files is approximately two orders of magnitude less
than the relative standard deviation in the mass “low calculations and,
therefore, is not regarded as significant.
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2.5 POOL SWELL EVALUATION
2.5.1 METHODOLOGY

Several high speed cameras (HYCAM), providing viewing in the wetwell airspace
and subpool,S were used during the LOCA tests to provide a visual record of
events corresponding to transducer signal characteristics. Although it i.
easy to correlate ring header impact timing with strut load cell signals, it
is more difficult to arrive at a pool surface history. This section provides
a description of the impact time measurement reduction method and its

results., A description of the method used to determine the pool surface
history along one line of the outer surface of the downcomer is also included.

The focus of this evaluation is placed on the 16 mm film record obtained
through port 4-60 of the test facility.” This re.ord, filmed from a point
well above the initial water level and near plane 4, shows the ring header,
header strut, and downcomer from the miter joint to the flange.

Each film sequence shows that, as a result of pool surface impact, the splash
comes from beneath the ring header. Though no measurement of time between
impact and initial sighting of the splash is possible, due to restricted
viewing angle, a subjective estimate of between 1 ms and 1.5 ms was obtained
using the film speed of approximately 1 frame per ms. Relating the timing of
this visual event to strut load transducer history requires incorporation of
two features into the HYCAM record: timing marks along one edge of the film
and a zero time mark along the other. Since the equipment for recording the
zero time was received only after several tests were completed, selection of a
test sequence for pool surface measurements has been restricted to later
tests. Tests 2.7, 2.9, 2.10, and 2.11 were chosen for this study because they
were conducted under identical conditions except for changes in pressurization
rates.

The zero time mark records a green light-emitting diode which has an electric
pulse of 5 ms duration. The leading edge of this pulse corresponds to the

*See Fig. 2 in Ref. [5].
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leading edge of the pulse that is used to open the bleed-down solenoid valve
at the beginning of each test.* Because the light-emitting diode is
positioned five frames ahead of the film exposure aperture, a zero time offset
of five frames m. - be added to the frame count between the zero time mark and
the frame of interest. When segments of the PCM-recorded transducer signals
are transferred to computer-compatible tape, zero time also coincides with the
leading edge of the solenoid pulse. Therefore this method establishes a
correlation of zero time between film records and transducer data records.

Timing marks are recorded along the film edge opposite to the zero time
record. These marks are recorded using a red light-emitting diode that is
controlled by an oscillator that separates each successive mark by 1 ms.

Since the HYCAMs were run at a nominal rate of 1000 frames per second, there
is approximately one timing mark per frame. The number of elapsed frames from
zero mark to the first frame showing a splash (i.e., from initial pool surface
to header impact) is counted using a film transport with a frame counter,
Concurrently, the difference between the number of timing marks and the number
of frames is counted visually. Correcting the frame count, using the zero
time offset and the discrepancy in splash time that is indicated by the timing
marks yields the splash time in seconds. Table 2-20 shows the results of this
procedure, Because the splash time is very close to the time of peak vertical
force, it is interesting to compare them (see Table 2-21). The plot of the
response of a typical ring header strut load cell, shown in Fig. 2-40, also
aids in this comparison.

Table 2-22 shows a more critical comparison by displaying the data of
Table 2-21 using the film splash time for each experiment as the reference

time.

The time difference shown by these results, between the film splash time and
load cell peaks is greatest for tests 2.7 and 2.10, yet the pressurization
rates are relatively close together. Also, the time delay from zero to splash
for tests 2.7 and 2.10 is roughly twice that for test 2.11. The apparent
reason for these discrepancies lies in the nonuniform start time from test to
test and the fact that timing error, based on frame counting, develops at a
rate of approximately 1 percent. The relative time differences are shown in
Table 2-22, and are clarified by the later Fig. 2-56.

*
See Fig. 13 in Ref. [1]. 2.4



TABLE 2-20. Development of pool swell frame timing.

Test Splash frame Discrepancy Offset Splash time
(ms) (ms) (s)
2.7 3502 -56.5 +5 3.4505
2.9 1563 -26.25 +5 1.5418
2.10 2957 -50.2 +5 2.9118
2.11 1638 -27.25 +5 1.6158

TABLE 2-21. Comparison of absolute event times (load cell peak force to
splash).

Test

Transducer Plane 2.7 2.9 2.10 .11
LC-2 2 3.4677 1.5492 2.9294 1.6265
LC-3 3 3.4648 1.5434 2.9236 1.6236
Film ) 3.4505 1.5418 2.9118 1.6158
LC-6 5 3.4648 1.5434 2.9236 1.6207
LC-7 6 3.4648 1.5492 2.92v5 1.6236
Pressurization
rate (psi/s) 23.6 16.1 27.9 29.9
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FIG. 2-40. Force history, 1cad cell 2 (test 2.7).
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TABLE 2-22. Comparison of relative event times (in seconds).
T Test
Transducer Plane Bt 2.9 2.10 2.11
o2 2 +0.0172 +0.0074 +0.0176 +0.0107
LC-3 3 +0.0143 +0.0016 +0.0118 +0.0078
FILM 4 0 0 0 0
LC-6 5 +0.0143 +0.0016 +0.0118 +0.0049
LC-7 6 +0.0143 +0.0074 +0.0147 +0.0078
Press ization
rate ()si/s) 23.6 16.1 27.9 29.9
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2.5.2 POOL SURFACE MOTION

2.5.2.1 Description of Film

The 16 mm film from the camera positioned at port 4-60 was analyzed to obtain
a measure of pool surface position as a function of time for tests 2.7, 2.9,
2.10, and 2.11.

As can be seen in the frame reproduced as Fig. 2-41, the lighting reveals the
curved 1ine along which the pool surface meets the downcomer of plane 4. In
successive frames, this line rises until it becomes obscured by the lower
lighting level resulting from motion in other parts of the pool and by motion
blur resulting from finite frame exposure time (approximately 0.4 ms),

Four white marks that were spray-painted onto the outer surface of the
downcomer through a stencil are also visible in Fig. 2-41. Next to each mark
is a two-digit numeral indicating the vertical distance from the mark to the
face of the dewncomer flange.* Although the numerals indicate that the

marks are ~quidistant, the distances appear to vary considerably, even to the
naked eye. The reasons for this discrepancy are as follows:

o The stencil provides a gage which is based on visual judgment rather
than mensuration.

o The camera view is through a i-inch-thick quartz port, which results
in considerable distortion.

In principle, measurement of the pool surface line 'n a selected set of frames
should provide sufficient data for determining the pocl surface history.
However, the stenciled lines provided significant ambiguity. Te¢ resolve this
problem of measuring the pool position accurately, a scale marked in
quarter-inch-units was devised. This scale was then attached to the downcomer
and the same camera and lens used to expose a strip of 16 mm film from a
position nearly identical to that of the test films. The new scale was eas‘ly
read on the film and resulted in more accurate readings.

’See Fig. A-1, Appendix A.
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FIG. 2-41. Photograph (a) and sketch (b) of downcor~r view at plane 4-60°,

showing downcomer stencil marks and placement of linear scale.
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Although the camera frame rate is fairiy uniform after reaching operating

speed (~1000 frames/s), it is not accurately governed, and is therefore
inadequate for time measurements. To overcome this problem, as discussed
earlier, a device in each camera records a sequence of 1 ms pulses which are
accurate to within one percent, along one edge of the film. Because no greater
precision was available using the cameras and no external trigger output was
provided, the influence of this inaccuracy was taken into account when
interpreting the results. A second pulse that responded to an external trigger
was also recorded for each test along the opposite edge of the film. This
pulse allowed créss-timing with the load cell and other transducer recordings.

2.5.2.7 Mensuration

A set of six to eight frames was selected for measurement from the film strip
of each test. The first frame in each set was selected before any pool
surface motion had occurred, the last frame was taken as late as possible in
the test sequence such that both the pool surface-downcomer line and the upper
downcomer stencil mark could still be seen. The line of intersection, along
which the pool surface meets the downcomer, was digitized for each frame,
uivining it as <x,y> cartesian coordinate pairs (see Fig. 2-41). Similarly,
the lower edge of each white stencil mark visible on the downcomer above the
pool surface was digitized, so that the point farthest left coincided with the
extreie lower left corner of the mark. A frame of the film strip showing the
scale nrked in quarter-inch divisions was also digitized in the same manner,

The coordinate data sets corresponding to each selected test frame, as well as
the scaie-frame data set for each test, were produced using a Vanguard Motion
Analyzer, Model M-16CD. Because there was excessive clearance in the
registration pin of the analyzer, it was necessary to provide a special
procedure in order to comsensate for this problem. This consisted of the
first two steps in the “a1lowing overall data reduction procedure,

2.5.2.3 Data Reduction

The reduction of the digital data for each test was accomplished in the
following steps which resulted in values of pool height and corresponding time
for each frame.
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The first two steps in the data reduction procedure establish the <x,y>
coordinates corresponding to each of the white stencil marks on the outside of
the downcomer. Nominally, the coordinates indicated for a given stencil mark
in each of the six to eight frames analyzed for each test should be the same;
however, the slight imprecision in coordinate determination, introduced by the
excessive clearance in the Vanguard registration pin, made it necessary to
establish a mean <x,y> value for each of the stencil marks, averaged over the
frames analyzed for a given test. This was accomplished as follows:

1.

2.

Using all of the six to eight frame data sets for a given test (except
for the scale-frame), a mean value for the location of each stencil mark
is computed.

A vertical offset correction factor is defined for each frame by
adjusting each frame in the vertical (y) direction so that the mean
squar~ vertical deviation of stencil points with respect to the
corresponding mean location determined in Step 1 is a minimum,

These two steps establish a common reference frame for all of the film frames
analyzed for a given test. The scale attached to the side of the downcomer is
then mapped onto the downcomer stencil marks as follows:

Using the coordinates of the point at the extreme left of each stencil
mark over all tests frames, a straight line fit is computed in the least
squares sense.

Similarly, using the coordinates of the point at the extreme left of each
quarter-inch division mark on the attached scale, a straight-line fit is
computed, again in the least square sense.

The scale-frame is then translated in the horizontal (x) direction so
that the straight Tines computed in steps 3 and 4 coincide. Since, in
ceneral, the slopes of these lines are different, the scale line is
rotated as necessary to establish coincidence.

The <x,y> coordinate pairs defining the entire lower edge of each

stencil mark in each film frame are determined. These coordinate nairs
for each stencil mark are then collected over all film frames and used to
compute a parabolic fit in the least squares sense that defines the lower
edge of each corresponding stencil mark.
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This
into

Two reference frames may now be considered to exist, one overlaid on the
other. One of these, the "A" frame, contains the scale points computed
in step 4 together with “he <x,y> coordinate pairs used ir step 6. The
second reference frame, the "B" frame, contains the parabolic fits
determined in step 6. The "A" frame (i.e., the scale frame) is now
tr7nslated along the direction defined by the coincident straight lines
{step 5) until the mean square vertical deviation taken over all of the
<x,y> coordinate pairs from step 6 is a minimum with respect to the fixed
"2~ frame parabolas from step 6.

Using the adjusted coordinates determined in step 7, a straight line fit
to points at the extreme left of the scale divisions, is computed in the
least square sense.

The final <x,y> coordinate pairs, against which the pool surface height
is measured, are then established for each division of the scale from the
straight line computed in step 8. The points of this scale cover the
full range of pool surface height; typical points computed for test 2.7
are shown in Fig., 2-42,

last step completes the mapping of the accurate scale (which is divided
quarter-inch divisions) onto the line defined by the left edges of the

downcomer stencil marks. Using the reference scale defined in this manner,
the pool surface position for each test frame is determined as follows:

10.

11.

In the least square sense and for each frame, a parabolic fit is computed
to the points defining the intersection of the pool surface and the
downcomer, Fig. 2-43 shows the set of points for al) eight pool surface
lines for test 2.7; Fig. 2-44 shows the corresponding parabelic fits.
Note in Fig. 2-44 that the fit for the initial pool surface line is
displayed as a dotted “wrve to distinguish 1t from the others and also
that portions of the iine defining the initial pool surface lie above the
subsequent pool surface line labeled "A". This is believed to be an
artifact of uncertainty in tracing the pool surface line and not of any
physical phenomena.

For each parabolic fit of step 10, the point of intersection with the
scale straight line fr . step 8 is determined and the point used to
evaluate the distance along the outer edge of the downcomer by linear
interpolation between the nearest two scale points computed in step 9.
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FIG. 2-44. Parabolic fit to points defining each pool surface height, test 2.7.
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12. Since step 11 results in determining the relative distance along the
downcomer, this result is multiplied by cos 30° to obtain the vertical
height. The height obtained for the first frame, which represents the
initial pool surface level, is subtracted from all of the others to
obtain relative height above the initial pool surface.

13. Since the zero time mark on the film strip corresponds to the zero time
mark for the other recorded data from transducers, it is necessary only
to count the timing marks from zero time to the selected frame ‘o
determine the time associated with that frame,

Figure 2-45 shows the results of generatinj a natural cubic spline passing
through the eight computed points in test 2.7. The fit includes both end
points; the inner points are designated by a "ZI" patterned interruption of the
fit and are located precisely at the intersection of the center of the pattern
and the imaginary continuous spline.

2.5.2.4 Results

Figures 2-46 through 2-48 show the pool surface line parabolic fits for tests
2.9, 2.10, and 2.11, respectively. Figures 2-49 through 2-51 are the pool
height versus time for tests 2.9, 2.10, and 2.11, respectively. In addition,
the following tabulations of pool height versus time are given for the
calculated points: ‘

TEST 2.7 TEST 2.9
height(meters) t ime(seconds) 0. 1.2975
0. 3.2515 0.5514e-03 1.3713
.43167e-03 3.3010 5.9045e-03 1.445]
.76368¢-03 3.3490 31.599e-03 1.4795
13.521e-03 3.3980 90,390e-03 1.5090
40.063e-03 3.4217 167.62e-03 1.2336
77.491e-03 3.4355 231.61e-03 1.5482
118.70e-03 3.4503
167.38e-03 3.4650
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FIG., 2-45. Pool surface elevation along linear scale, test 2.7.
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TEST 2.10 TEST 2.11

height(meters) time(seconds) 0 1.4163
0. 2.7514 v.0509e-03 1.4654
4,7198e-03 2.8007 4.6262e-03 1.5145
22.291e-03 2.8498 30.188e-03 1.5636
91.813e-03 2.8841 96.357e-03 1.5932
168.95e-03 2.8990 153.34e-03 1.6079
230.74e-03 2.9088 213.78e-03 1.6187

Note that in Figs. 2-45 and 2-49 through 2-51 there is a horizontal line near

the upper right end of the curve indicating the approximate height of the ring
header bottom, and a vertical line designating the time the first splash from
pool surface-ring header impact is seen. Because this latter time is taken

from the same film as used for the pool surface meusurements, the maximum time
error is only 1 percent of the time interval between pool surface-ring

header impact and the time being compared at a point on the curve.* For

example, the time interval to splash from the first frame digitized in test

2.7 is 0.199 s ¢ 0.002 s.

Comparison of times of events which depend upon cross-timing and the zero time
mark of the film is much more difficult. Figure 2-52 is a plot of all four

test pool surface history curves. Because the test films are independently
timed, each has an independent error. Thus, e.g., the maximum error in time
correlation between tests 2.7 and 2.11 is measured by the total time,

(3.5 + 2.8) x 0.01 = 0.063s rather than the differerce (3.5 - 2.8) x 0.01 = 0.007s.
This lack of close correlation makes it possible to determine the coincidence of
header strut load cell and pnol height or splash observation only in a very rough
sense.

Figure 2-53 can be used to compare pool surface motion shapes; offsets in both time
anc height have been introduced to bring the plots into proximity without
overplotting.

'Recall that the timing error based on frame counting develops at a rate of
approximately 1 percent.
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FIG. 2-46., Parabolic fit to points defining each pool surface height, test 2.9.
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FIG. 2-47. Parabclic fit to points defining each pool surface height, test 2.10.
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FIG. 2-48, Parabolic fit to points defining each pool surface height, test 2.11.
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Figures 2-54 and 2-55 are pool surface history curves showing the time relative
to the start of drywell pressurization. Vertical offsets of 0.1 m are used for
clarity in Fig. 2-54. Again, time is established through use of zero mark
cross-timing and large time errors are likely associated with these curves.

2.5.3 POOL SURFACE VELOCITY

Figures 2-56 through 2-59 are time derivatives (in units of m/s) of Figs.
2-45, 2-49, 2-50 and 2-51 respectively. If the pool surface were absolutely
level, these figures would represent vertical pool surface velocity, but this
is not the case. These figures represent the vertical rate of rise at the
point where pool surface and downcomer outer edge intersect. Since both a
horizontal velocity component and a surface inclination may contribute to this
rise, it is not recommended that the derivative information be used directly
to compare one test with another, nor with data acquired from other
experimental installations. Comparisons of these tests should be confined to
pool history along a line comparable to the outer downcomer edge.

The following procedure is used to provide an estimate of vertical velocity
histories on the torus centerline beneath the center of the ring header; the
results should only be used with the above cautions in mind. When pool
surface ring-header impact splash is first observed, the height of the pool
surface at the downcomer line is read from the pool surface history plots. As
shown schematically in Fig. 2-60, a parabolic curve is generated through the

two points, the impact peint <0,Y. > and the height on the downcomer line

imp
<zL.yL>. by evaluating a and b in the expression,

y=a’+b . (2-36)

It is assumed that the shape of the pool surface does not deviate
significantly from this parabola during pool swell. Therefore, the plane 4
pool swell velocity history may be represented by,

B (az® + b) U(t) (2-37)

where U(t) is a function of time. For each of the calculated pool heights
versus time, the value of U(t) is computed from the quantity bU(t), which
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FIG. 2-56. Rate of increase in pool height along downcomer, test 2.7.
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FIG. 2-60. Schematic diagram of ring header/downcomer cross-section for pool
swell velocity calculation.
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represents the estimated pool surface height along the torus vertical
centerline. Figures 2-61 through 2-64 are plots of these heights with a
natural cubic spline fitted through them. Figures 2-65 through 2-68 are plots
of the derivatives of these splines, and can be considered estimated vertiral
velocities of the pool surface along the torus vertical centerline.

Results of the vertical pool surface motion evaluations, both along the
downcomer and the torus centerline are tabulatecd for the time of ring header
impact .~ Table 2-23. These data are correlated to the drywell pressurization
rate (bdw) in Figs. 2-69. As shown in Fig. 2-69a tunere appears to be a

strong linear correlation between the time interval to header impact and

bdw‘ Such uniform results are not, however, evidenced by the motion plots

of Fig. 2-69b. The vertical motion estimates, both from along-downcomer
evaluation as well as along torus centerline, evidence an unexplained minima
from the data of test 2.7; omission of that point suggests a more reasonable
linear relationship as observed in the time-to-impact correlation.
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FIG. 2-65. Estimated pool surface velocity
along torus vertical centerline, test 2.7.
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TABLE 2-23. Estimated vertical pool surface motion at time of ring header impact.

d c =
Test timg, vimp vimp pPdw t
sec m/s m/s psi/s sec
2.7 3.455 3.22 3.00 23.566 3.2518
2.9 1.542 4.45 5.14 15.136 1.3076
2.10 2.912 6.45 9.12 27.851 2.7266
2.11 1.616 5.84 7.00 29.933 1.4312
timp = time of vent header impact.
V?mp = vertical velocity of pool surface measured along downcomer.
V?m = vertical impact velocity of pool surface measured along vertical
P centerline.

bdw = drywell pressurization rate,

to = time of start of drywell pressurization.
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2.6 SUMMARY

2.6.1 RESULTS OF THE PSE EXTENDED ANALYSES

The best estimate analysis of the hydrodynamic vertical load function has
been completed and standard deviation estimates for the peak forces have
been determined. The accumulated HVLF errors are small, as expected from
previous study of highly accurate data acquired from some 70 pressure
transducers.4 The standard error on peak down forces ranges from

0.5 percent to 1.4 percent; the corresponding error un peak up forces ranges
from 3.2 percent to 5.8 percent.

From the development of the best-estimate HVLF discussed in Part I of this
report, it was concluded that the 2-D (7.5°) torus sector provides a useful
test facility for prediction of peak down force; 3-D to 2-D down force ratios
are n2arly unity for all test conditions. This is not the case for prediction
of peak upload. In only a limited number of cases, and in none of the nominal
condition tests, does that ratio approach unity. These data indicate that
while the 2-D facility provides a valid geometrical average cell, it does not
represent a fluid dynamical average system. The following review of the
overall results of the extended analyses supports this basic conclusion.

2.6.1.1 Force Sensitivity

For "perfect" comparison between 3-D and 2-D data we would expect the ratio of

0 0
the sensitivities (ags and u;'s ) to be in the ratio of € to 1. As shown in

Table 2-7, the -atios meet this expectation fairly closely for all cases
considered except for the case of up force sensitivity with standard
downcomers, where the slope ratios are nearly twice the expected value. As
compared to the earlier sensitivity analysis based on error-free regression
analyses (Table 2-3), the slope ratios now better represent the trends in the
data. These ratios again point out that down forces are well defined by both
3-D and 2-D facilities, but that up forces, particularly for nominal downcomer
lengths, are nonconservatively defined by 2-D experiments.
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2.6.1.2 HVLF Impulse

Integration of the hydrodynamic vertical load function (.det) for
determination of the negative impulse (down force region) and positive impulse
(up force region) has shown that the 2-D facility produces peak down forces
consistent with those observed in the 3-D facility. The event times,
particularly the time of transition from down force to up force is highly
consistent in data from both facilities. The time of up force is, however,
always somewhat longer in the 2-D facility than in the 3-D sector. The effect
of this observable was studied by comparison of the total impulse ratio
Ipos/!neg from each torus sector. It was found that the ratio decreases

with increasing pressurization rate in the 3-D facility while increasing in
the 2-D facility. Study of the components of the ratios shows that in the 3-D
case the positive impulse (numerator) is little affected by a change in bdw
while the negative impulse (denominator) shows uniform increase with pdw
increase. The 2-D case exhibits negative impulse behavior similar to the 3-D
case; however, the positive impulse exhibits a strong dependence on bdw S0
that as bdw increases, the ratio of (Ipos/Ineg)Z-D increases.
The ratio of 3-D impulse to 2-D impulse was also studied. The ratios of
negative impulse are essentially independent of pressurization rate and are
near unity. This suggests that the 2-D geometrical model is capable of
predicting behavior of the 3-D system, as has been previously confirmed by
study of peak downloads from the HVLFs. The decreasing ratios of positive
impulse in this comparison of 3-D to 2-D impulse, by tending further and
further from unity with increasing bdw’ provide further evidence that there
apparently is a substantial difference in pool swell behavior between 2-D and
3-D systems.

Similar studies were made to quantify the effects of drywell overpressure on

1mpglse. Fgrsgoth o-. and 2-D sectors, the impulse ratios (Ipos neg and
/(6 )) are only a weak “urction of Apdw Again, however, the effect

of constrained pool swell in the 7.5° torus sector is pronounced, causing

the positive impulse effects in 2-D to diverge from those observed in the

45% torus sector. The negative impulse, however, remains well represented
by both the 2-D and 3-D sectors.
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2.6.1.3 Structural Aspects of the PSE Experimental Facility

tructural analysis results show that the SAP4 znalytical model developed for
facility design by Arthur9 accurately predicts the measured modal content of
the structural system. However, the peak load cell forces are underpredicted
by the SAP4 model in all cases except for the simulated load cell 5 which
overpredicts the maximum load. From these results we conclude that the
simplified model used was adequate to demonstrate that the measured modal
content of the experimental facility was correct. The high degree of
consistency in the results leads us to conclude that overall, the facility is
suitably designed for the intended hydrodynamic measurements and that these
measurements are not compromised by structurally induced forces.

2.6.1.4 Enthalpy Flux

The total enthalpy results for the 3-D sector indicate near equality between
the total energy flow in the left and right vent pipes, although a slight
(typically split 51 percent-49 percent) preferential flow through the left
vent pipe is consistently indicated. The total energy flow into the 2-D
sector is typically in the order of one-sixth that of each 45° sector, which
implies comparable energy input per downcomer for both 2-D and 3-D test
sections. Not surprisingly, considering the dominant influence of mass flow
on enthalpy flux, this result is consistent with the mass flows per downcomer
calculated by Pitts.11

Calculations of inferred enthalpy flux at locations other than the vent pipes
indicate (for the 3-D test sectors) that the distribution of enthalpy flux
between the left and right sides of the ring header was very nearly equal,
with a slight preferential flow to the left side in almost every case. As
with test 1.3.1, this is consistent with the results of the vent pige enthalpy
flux calculations. The distribution of enthalpy flux among the four
downcomers in planes 11 and 20 is typically uniform within a few percent.

No definite flow preference was indicated by the results of calculations for

the 7.5° sector. For all cases, the distribution of enthalpy flux between
downcomers was within 5 percent of being evenly split.
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The results of the inferred enthalpy flux calculations therefore indicate the
validity of tne assump*tion of uniform distribution among downcomers implicit
in the corsarison of 2-0 and 3-D for both mass flow per dowmcomer and enthalpy
flux per downcomer.

2.6.1.5 Pool Swell

Using available photographic data, an estimate vertical pool motion was
developed for the extended downcomer test series. Results correlated to
drywell pressurization rate (bdw) indicate that the time to ring header

impact is nearly linearly dependent on the pressurization rate. The estimates
of the vertical pool swell velocity at the torus center, however, exhibit an
anomalous strong minima in an otherwise linear increase with bdw' Due to

the lack of an alternative basis for pool swell velocity evaluation it is
conjectured that this effect is due either to unsuspected inaccuracies in the
evaluations or possibly to a significant change in pool curvature which
invalidates the simple assumption of a uniform parabolic pooi surface shape.
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DRYWELL AND TORUS VOLUMES AND POOL AREAS

This appendix tabulates drywell and torus volumes along with the torus pool
areas. These parameters are established by the particular pool level position
and downcomer type (normal or extended) used for each test.1 With the
exception of three air transient tests the pool level was maintained at its
nominal level below the torus center line (H = 2.4 in. and H7 Ry &1 n. ).
The reader is reminded that due to a manufacturing error, the 7. 59 torus
sector header/downcomer assembly was located 0.3 in. higher than intended so
that all pool levels in that sector were 0.3 in. higher than in the 90°

torus sector.

In test 2.5, the torus water level was raised above the horizontal center
line. 1In tests 2.6 and 2.8, the water level was lowered below the nominal
position. Tables A-1 and A-2 provide both a summary of all tests of pool
level and downcomer submergence information for the 90° sector and 7.5°
sector, respectively. Included is the vertical distance (D) from the torus
sector horizontal center line to the downcomer exit. Figure A-1 provides a
geometrical summary of downcomer placement in the two torus sectors.

From the data of Tables A-1 and A-2, the torus pool volume (VP) and ullage
volume (VU) were calculated along with other such relevant parameters as pool
volume per downcomer (VP/VU), pool area (AP), and pool area per downcomer
(AP/DC). These data are listed for all tests in Table A-3 for the 90°

sector and in Table A-4 for the 7.5% sector; corresponding drywell volumes
are also indicated.



TABLE A-1.

Pool level and downcomer submergence

(90° torus sector).
Test no. H-in, 2 D-in.> Subm. - in.
DC-type
1.1 2.4 12.0 9.6 std
1.3 2.4 12.0 9.6 std
1.3.1 2.4 12.0 9.6 std
1.4 2.4 12.0 9.6 std
1.5 2.4 12.0 9.6 std
1.6 2.4 12.¢ 9.6 std
2.1 2.4 12.( 9.6 std
2.2 2.4 12.0 9.6 std
2.3 2.4 12.0 9.6 std
2.4 2.4 12.0 9.6 std
2.5 -1.4 12.0 13.4 std
2.6 6.2 12.0 5.8 std
2.7 2.4 14.4 12.0 ext
2.8 4.8 14.4 9.6 ext
2.9 2.4 14.4 12.0 ext
2.10 2.4 14.4 12.0 ext
2.11 2.4 14.4 12.0 ext
3.1 2.4 12.0 9.6 std
3.2 2.4 12.0 9.6 std
3.3A 2.4 12.0 3.6 std
3.38 2.4 12.0 9.6 std
3.4A 2.4 12.0 9.6 std
3.48 2.4 12.0 9.6 std
3.5 2.4 12.0 9.6 std

ay

below
b

Vertical distance, torus center to pool surface;

center is positive,

A-3

D = Vertical distance, torus center to downcomer exit.




TABLE A-2. Pool level and downcomer submergence
(7.5° torus sector).

Test no. H-in.? D-in.b Subm.-in.
DC-type
1.1 2.1 11.7 9.6 std
1.3 2.1 11.7 9.6 std
1.3.1 2.1 11.7 9.6 std
1.4 2.1 11.7 9.6 std
1.8 2.1 11.7 9.6 std
1.6 2.1 11.7 9.6 std
2.1 21 11.7 9.6 std
2.2 2.1 11.7 9.6 std
2y % | 11.7 9.6 std
2.4 2.1 1.7 9.6 std
2.5 -1.7 11.7 13.4 std
2.6 5.9 11.7 5.8 std
2.7 2.1 14.1 12.0 ext
2.8 4.2 14.1 9.9 ext
2.9 - | 14.1 12.0 ext
2.10 2.1 14.1 12.0 ext
e.11 2.1 14.1 12.0 ext
3.1 2.1 11.7 9.6 std
3.2 2.1 11.7 9.6 std
3.3A 2.1 11.7 9.6 std
3.38 8 | 11.7 9.6 std
3.4A 2.1 11.7 9.6 std
2.48 2.1 11.7 9.6 std
3.5 2.1 11.7 9.6 std

3 = vertical distance, torus center to pool surface;

below center is positive.

bD = Vertical distance, torus center to downcomer exit.
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FIG. A-1. As-built ring header/downcomer geometry
(1/5-scale MK I BWR-Peach Bottom).
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TABLE A-3. DOrywell and torus volumes and pool areas (90°

torus sector).

Volume-ft3 Area-ft?

Test no. Pool-VP VP/DC  Ullage-VU  VP/WU Pool-AP  AP/DC
1.1 2.459£+02 1.024E+01 2.898E+02 8.483E-01  1.098E+02 4.574E+00
1.3 2.450E402 1.024E+01 2.898E+02 8.483E-01 1.098E+02 4.574E+00
1.3.12 2.459£402 1.024+01 2.898E+02 8.483E-01  1.098E+02 4.574E+00
1.42  2.450E402 1.024E+01 2.898E+02 8.483E-01 1.098E+02 4.574E+00
1.52  2.450E+02 1.024E401 2.898E+02 8.483E-01  1.098E+02 4.574E+00
1.62  2.4596402 1.024E+01 2.898E+02 8.483E-01  1.098E+02 4.574E+00
512 2.859E402 1.024E+01 2.898E+02 8.483E-01 1.098E+02 4.574E+00
222 2.450E+02 1.024E+01 2.898E+02 8.483E-01 1.098E+02 4.574E+00
533 2.450E+02 1.024E+01 2.898E+02 8.483E-01 1.098E+02 4.574E+00
5 43 2.450E402 1.024E+01 2.898E+02 8.483E-01 1.098E+02 4.574E+00
563 2.8076+02 1.169E+01  2.550E402 1.101E+00 1.099E+02 4.580E+00
263 2.1136402 8.803E+00 3.244E402 6.512E-01 1.085E+02 4.519E+00
2.7 2.459E402 1.024E+01 2.898E+02 8.483E-01  1.098E+02 4.574E+00
2.8 2.200E402 9.3326400 3.117E+02 7.1856-01 1.091E+02 4.545E+00
2.9 2.450F+02 1.024E+01 2.898E+02 8.483E-01 1,098E+02 4.574E+00
510  2.450E+02 1.024E+01 2.898E+02 8.483E-01 1.098E+02 4.574E+00
2.11  2.459E+02 1.024E+01 2.898E+02 8.483E-01 1.098E+02 4.574E+00
3.17  2.450E+402 1.024E+01 2.898E+02 8.483E-01 1.098E+02 4.574E+00
3.2 2.459E+02 1.024E+01 2.898E+02 8.483E-01  1.098E+02 4.574E+00
3.3A  2.450E402 1.024E+01 2.898E+02 8.483E-01 1.098E+02 4.574E+00
3.3 2.450E+02 1.024E+01 2.898E+02 8.4836-01 1.098E+02 4.574E+00
3.4A  2.450E+02 1.024E+01 2.898E+02 8.4836-01 1.098E+02 4.574E+00
3.48  2.459E+02 1.024E+01 2.898E+02 8.483E-01  1.098E+02 4.574E+00
3.5 2.450E402 1.024E+01 2.898E+02 8.483E-01 1.098E+02 4.574E+00

°Drywell volume = 296 ft3, all other tests had a drywell volume = 348.6 ft~.
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TABLE A-4. Drywell and torus volumes and pool areas (7.5 torus sector).

Volume-ft3 Area-ft?

Test no. Pool-VP VP/DC Ullage-VU VP-VU Poo1-AP AP/DC
1.1 2.062E+01  1.031E+01 2.381E+01 8.660E-01 9.110E+00 4.555E+00
1.3 2.062E+01  1.031E+01 2.381E+01 8.660E-01 9.110E+00 ~.555E+00
1.3.1% 2.0626+01 1.031E+01  2.381E+01 8.660E-01 9.110E+00 4.555E+00
1.42 2.062E+01  1.031E+401 2.381E+401 8.660E-01 9.110E+00 4.555E+00
1.52 2.062E+01  1.031E+01 2.381E+01 8.660E-01 9.110E+00 4.555E+00
1.62 2.062E401  1.031E+401 2.381E+01 8.660E-01 9.110E+00 4.555F+00
2.1* 2.062E+01  1.031E+01 2.381E+01 8.660E-01 9.110E+00 4.555€+00
2.22 2.062E+01  1.031E+01 2.381E+01 8.660E-01 9.110E+00 4.555E+00
2,12 2.062E+01  1.031E+01 2.381E+01 8.660E-01 9.110E+00 4.555E+00
2.48 2.062E401  1.031E+01 2.381E+01 8.660E-01 9.110E+00 4.555E+00
2.5% 2.351E+01  1.175E+01 2.092E+01 1.124E+00 9.115E+00 4.557E+00
2.62 1.775E+01  8.874E+00 2.668E+01 6.652E-01 9.009E+00 4.504E+00
2.7 2.062E+01  1.031E+01 2.381£+01 B8.660E-01 9.110E+00 4.555E+00
2.8 1.903E+01  9.514E+00 2.540E+01 7.491E-01 9.066E+00 4.533E+00
2.9 2.062E+01 1.031E+01 2.381E+01 8.660E-01 9.110E+00 4.555E+00
2.10 2.062E+01  1.031E+01 2.381E+401 8.660E-01 9.110E+00 4.555€+00
2.11 2.062E+01  1.031E+01 2.381E+01 8.660E-01 9.110E+00 4.555E+00
51" 2.062E+01  1.031E+01 2.381E+01 8.660E-01 9.110E+00 4.555E+00
3.2 2.062E+01  1.031E+01 2.381E+01 8.660E-01 9.110E+00 4.555E+00
3.3A 2.062E+01  1.031E+01 2.381E+01 8.660E-01 9.110E+00 4.555E+00
3.38 2.062E+01  1.031E401 2.381E+01 8.660E-01 9.110E+00 4.555E+00
3.4A 2.062E+01  1.031E+01 2.381E+01 8.660E-01 9.110E+00 4.555E+00
3.4B 2.062E+01  1.031E+401 2.381E+01 8.660E-01 9.110E+00 4.555E+00
3.5 2.062E+01  1.031E+01 2.381E+01 8.660E-01 9.110E+00 4.555E+00

3rywell volume = 296 ft3, all other tests

had a drywell volume = 348.6 ft3.



APPENDIX B

PRESSURE TRANSDUCER LOCATION DIMENSIONS
(Ax and Az)

B.1 DXDZ2.7 (nominal pool level)
B.2 DXDZ2.5 (pool level raised)
B.3 DXDZ2.6 (pool level lowered)
B.4 DXDZ2.8 (pool level lowered)
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B.1 DXDZ2.7 (nominal pool level)



NRC 1EST 2.7 HS0 = 2.40 H?7 5= 2.10
PLANE. AND AXIAL LOCATIONS
HETA xT DELZT
PLANZ = 1
TOTAL ULLAGI WIDTH = 7.4245E+0!
TOTAL POOL WIDTH = 7.4245E+01

“5.0000 1.081BE+01 5.6250E+00
2.0.J0 2.938BE+0I 5.6250E+00
348.0000 4.4857€E+01 5.6250E+00
3.5.0000 6.3427E+01 5.6250E+00
270.0000 7.4245E+01 . 5.6250E+00
128.0000 7.80B85E+00 5.6250E+00
140.0000 1.3211E+01 5.6250E+00
155.0000 2.1401E+01 5.6250F+00
160.0000 2.4399€+01 5.6250E+00
165.0000 2.7494E+01 5.6250E+00
1130.0000 3.7122€E+01 5.6250E+00
135.0000 4.B6751E+01 5.6250€E+00
2)0.0000 4.9846E+01 5.6250E+00
215.0000 5.2844E+0! 5.6250E+00
220.0000 6.1034E+0! 5.6250E+00
235.0000 ©.7595€+01 5.6250E+00
259.0000 7.4245E+01 5.6250E+00
0. 0. 0.
PLANE = 3
TOTAL ULLAGE WIDTH = 7.4413E+01
TOTAL POOL WIDTH = 7.461BE+01
'+5.0000 1.0818E+01 1.4000E+0!
12.0000 2.9388E+0! 1.4000E+01
348.0000 4.4B57E+01 1.4000E+0!
315.0000 6.3594E+01 1.2750E+01
270.0000 7.4413E+01 1.1500€E+01
128.0000 7.808SE+00 1.%000E+0!
140.0000C 1.3211E+01 . .4000E+0!
155.000C 2.1401E+01 1.4000E+0!
160.0000 2.4399E+01 1.4000E+0!
155.0000 2.7494E+01 1.4000E+D1
130.0000 3.7122E+01 1.4000E+01
135.0000 4.6751E+01 1.4000E+0!
230.0000 4.984BE+0I 1.4000E+01
2)5.0000 S.2B844E+01 1.4000E+0!
220.0000 6.1407E+01 1.2750E+01
235.0000 6.7968E+01 1.1500E+01
259.0000 7.4618E+01 1. 1500E+01
0. 0. 0.
PLANE = 4
TOTAL ULLAGI WIDTH = 7.5700E+01
TOTAL POOL AIDTH = 7.5700E+01
+5.0000 1.1030E+0! 1.7631E+01
12.0000 2.9964E+0! 1.4708E+01
348.0000 4.5736E+0! 1.1323E+01
315.0000 6.4669E+01 9.1875€+00
270.0090 7.5700E+01 7.S147E+00
128.0000 7.9615E+00 1.7930E+01
140.0000 1.3470E+01 1.6616E+01
155.0000 2.1820E+01 1.5265E+01
160.0000 2.4B77E+01 1.4152€E+01
165.0000 2.8033E+01 1.3546E+01
180.0000 3.7850E+01 1.2280E+0!
195.0000 4.7666E+01 1.0365€+01
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230
eJ)s
220
235
259

.000U
.0000
.0000
.0000
.0000

0.

OLANE = WA

TOTAL YJLLAGE WIDTH
TOTAIL POOL WIDTH

+5
12

348.
319,
270.
128.
140.
155.
160.
1€5.
1€0.
185.
200.
205.
e23.
235.

269

.0000
.0co0
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
.0000

c.

PLANE = S

TOTAL ULLAGE WIDTH
TOTAL POOL WIDTH

269.

PLANE = 6

.0000
.0000
.0000
.000G0
.0000
.0000
.0000
.0000
.0020
.0000
.0000
.0o00
.0000
.0000
.0000
.0000
2000

TOTAL ULLAGE WIDTH
TOTAL PCOL WIDTH

45.

18.
348.
3i5.
270.
128.
140.
155.
160.

0000
0000
0000
0000
0000
0000
0030
0000
0000

5.0822E+0! 9.0998E +00
5.3879E+01 8.49381°+00
6.2230E+01 8.6311E+00
6.8919E+01 8.4140E+00
7.5700E+01 7.1001E+00
0. 0.
= 7.4245€+01
7.4245E+01
1.0818E+01 1.9589E+01
2.938BE+01 1.6666E+01
4.4857E+01 1.3281E+0]
6.3427E+01 9.895BE+00
7.4245E+01 6.9729E+00
7.8085E +00 1.9889E+01
1.3211E+01 1.8575€+01
2.1401E+01 1.7223E+01
2.4399E+01 1.6110E+0Q1
2.74894E+01 1.5504E+01
3.7122E+01 1.4239E+01
4.67/S1E+01 1.2324E+01
4.9846E+01 1.1053E+01
5.2844E+01 1.0452E+01
6.1034E+01 9.3394E+00
6.7595E+01 7.8723E+00
7.4245E+01 6.5584E+00
0. C.
= 7.%245E+01
7.4245E+01
1.0818E+01 9.0000E+00
2.938BE+01 9.0000E+00
4.4857€+01 9.0000E+00
6.3427E+01 9.0000E+00
7.4245€+01 9.0000E+00
7.8085E+00 9.0000E+00
1.3211E+01 9.0000E+00
2.140!E+01 9 0000E+00
2.43S9E+01 9.0000E+00
2.7494E+01 9.0000E+00
3.7122€E+01 9.0000E+00
4.6751E+01 9.0000E+00
4.9846E+N| 9.0000E+00
5.2844E+01 9.0000E+00
6.1034E+01 9.0000E+00
6.7595€E+01 9 0000E+CO
7.4245E+01 9.0000E+00
0. 0.
= 7.4245E+01
7.4245E+01
1.081BE+0! 9.C000E+0CO
2.9388E+01 9.0000E+00
4.4857E+01 9.0000E+00
6.3427E+01 9.0000E+00
7.4245E+01 9.0000E+00
7.8085.+00 9.0000E+00
1.3211E+01 9.C000E+00
2.1401E+01 9.0000E+00
2.4399E+01 9.0000€E+00
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1865.
180.
195.
200.
205.
220.
235.
269.

0000
0000
0000
0000
0000
0000
00900
0000

0.

PLANE = 8

TOTAL ULLAGE WIDTH
TOTAL POOL WIDTH

45

12
348
315
270
128
140
155
160
165
180
195
200
205
ee0
235
269

.0000
.0000
. 0001
.ooocL
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.Gooo
.0000
.0000
.J000
.0000
.0000

0.

PLANE = 9

TOTAL ULLAGE WIDTH
TOTAL POOL WIDTH

45
1e

348.
315.
270.
128.

e~
.

.000C
.0000
o000
0000
0000
0000

VNS, uloo
155.
160.
165.
180.
195.
200.
205.
220.
23%.
269.

anoo
0000
0300
0000
0000
c000
000
co00
0000
0000

PLANE = 11

TOTAL ULLAGE WIDTH
TOTAL POOL WIDTH

45
12
348
315
270
128

.C000
.0000
.2000
.J000
.0000
.0000

. TYS4E+0!
.T122E+01
.B7S1E+0!
.984BE+01
.2BY4%E+0]
. 1034E+01
. 7595E+0!
.4245E+01

OO E FWN

7.5700E+01
7.5700E+01
.1030E+0!
.99B%E+01
.5736E+01
MB6SE+0!
.5700E+01
.9615E+00
.34T70E+01
.1820E+01
.4B877E+01
.B033E+0!
. 71850k +01
.7666E+01
.0822E+01
.3879E+01
.2230E+0!
.B919E+01
.5700E+01

OdOONNFWNUVN—~ JIIDE N~

T.94]13E+01
7.461BE+01
.0BI1BE+C]
.9388E+0!
4B85TE+D!
. 3594E+01
L4413E+0!
.B08SE+00
.3211E+01
.1401E+0!
.4398E+01
CTHSNE+O!
.7122E+01
L.ETSI1E+01
.984BE+0!
L2B4NE+D!
.1407E+0C1
.796BE+01
.MB1BE+0D!

ONOONFFLWNNUNN~JIIONFN -~

7.4245E+01

7.4245E+01
1.081BE+0!
2.9388F +01
4.4857E+01
6.3427E+0!
7.4245E+01
7.8085E+00

B-5

OCVVWLVLVLVWWLW

OO J D = = o e ot e e Q) (D = o e

.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.CO00E+0Q0

.9588E+01
.B666E+01
.3281E+01
.BS58E+00
.9729€+00
.89889E+0!
.BST7SE+01
.7223E+~01
.B110E+01
.5S04E+01
.4238E+01
.E€324E+0!
.1058E+01
.O0452E+0!
. 3394E+00
.B723E+00
.5584E+00

.7631E+01
.470BE+D!
. 1323E+0C1
. 1875E+00
.SI47E+00
.T793CE+C1
.6616E+0!
.5265E+01
.4152E+01
.3546E+01
.2280E+01
.036SE+01
.0998E+00
.4938E+00
.6311E+00
.4140E+00
.1001E+00

.4000E+0!
.4000E+0!
.4000E+0!
.2750E+01
. 1500E+0!
.4000E+01



140.
155.
160.
165.
180.
195.
c00.
c08.

<20

235.
269.

0000
0000
0000
0000
0000
0000
0000
0000
.0000
0000
0000

PLANE = D

TOTAL ULLAGE WIDTH
TOTAL POOL WIDTH

45
12
348
315

270.
128.
140.
155,
160.
65.
180.
185.

200.

205

220.
23%.
269.

-7

.0000
.0000
.0000
.0000
ooo0
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
.5000

NOONEFFWNNN—~ IO &Y~

UNCLASSIFIED

.3211E+0!
. 1401E+01
.4399E+01
. TYS4E+0!
.7i22€+01
.6751E+01
.984BE+0!
.2BY4E+DI
.1034%E+01
. 7595E+01
L TYSE+0!

OdOOWNMSE FWRNN -~

.0836E+01
.S406E+01
.4B7SE+0!
. 344SE+C1
.4281E+01
.B2BTE+00
.3229E+01
.1418E+01
.44 1BE+01
.7513E+0!
LTI%1E+0!
.B768E+01
.986%E+01
.2862E+01
. 1052€E+01
.7613E+01
.42B1E+ 01

7.4281E+01
7.4281E+01

- ——

R L Ay S p——————

.4000E+0!
.4000E+0!
.4000E+0!
.4000E+0!
.4000E+0!
.4000E+0!
.4000E+0!
.%000E+0!
.2750E+01
. 1S00E+0!
. 1S00E+01

.7660E+D1
.7660E+01
.7660E+01
.7660E+01
.T66rE+01
.T66UE+01
.7660E+01
.7660E+0!
.7660E+01
.7660E+01
. 7660E+C1
.7660E+01
.7660E+01
.7660E+01!
.7660E+01
.7660E+01
.7660E+01

FILM ONLY

10:42

11721/79R



B.2 DXDZ2.5 (pool level raised)

B-7



NRC TEST 2.8 KIS0 = 1.%0 H7.5 = 1.70
PLANE AND AXIAL LOCAT[ONS

THETA xT DELZT
PLANE = i
TOTAL ULLAGE WIDTH = 7.4347€+0!
TOTAL POO. WIDTH = 7.4347€+01

45.0000 1.0869€E+01 5.6250E+00
12.0000 2.9439€+0! 5.6250E+00
348.0000 4.4908E+0! 5.62S0E+00
315.0000 6.3478BE+01 5.6250E+00
270.0000 T.4347E+01 5.6250E+00
128.0000 7.8596E+00 S5.6250E+00
140.000C 1.3262E+01 5.6250E+00
155.000C 2.1452E+01 5.6250E+00
160.0000 2.415S0E+0! 5.6250E+00
165.0000 2.7546E+01 5.6250E+00
180.0000 3.7174E+01 5.6250E+00
195.0000 4.6B02E+0! 5.6250E+00
200.0000 +.9897E+0! 5.6250E+00
205.0000 S.2895E+01 5.6250E+00
220.0000 6.1085E+01 5.6250E+00
235.0000 S5.7646E+0! 5.6250E+00
269.0000C T.434TE+0! 5.6250E+00
0. 0. 0.
PLANE = 3
TOTAL ULLAGE WIDTH = 7.4515€E+01
TOTAL POOL WIDTH = 7.4720£+01
45.0000 1.0869E+01 1.4000E+01
12.0000 2.9439E+01 1.4000E+0!
348.0000 4.4908E+01 1 .4000E+0!
315.0000 6.3E46E+0! 1.2750E+0!
270.0000 7.4515E+01 1.1500E+0!
128.0000 7.8596E+00 1.4000E+D |
140.0000 1.3262E+01 1.%000E+0!
155.0000 2.14S2E+0! 1.4000E+01
160.0000 2.%45S0E+0! 1.%4000E+01
165.0000 2.7546E+01 1.4000E+01
180.0000 3.7174E+01 1.4000E+0!
195.0000 “.6892€+0! 1.4000E+0!
200.0000 4.9897E+01 1.4000C+0!
205.0000 S.2895E+0! 1.4000E+0!
220.0000 6.1458E+0! 1.2750E+01
235.0000 6.8013€E+0! 1.1500E+01
269.0000 7.4720E+01 1.1500E+01
0. 0. 0.
PLANE = “
TOTAL ULLAGE WIDTH = 7.5SB04E+0!
TOTAL POOL WIDTH = 7.5804E+01
45.0000 1.1082€£+01 1.7636E+01
12.0000 3.0016E+0! 1.4708E+0!
348.0000 “.578BE+0! 1.1323E+01
315.0000 6.4722€+01 9.1926E+00
270.0000 7.5804E+0! 7.5197€E+00
128.0000 B8.0136E+00 1.7935€+01
140.0000 1.3522€+01 1.6616E+01
155.0000 2.1873E+01 1.5265€+01
160.0000 2.4930E+01 1.4152€+01
165.0000 2.8085€E+0! 1.3546E+01
180.27%00 3.7902€+0! 1.2280E+0!
195.0000 %.77:19€+01 1.0365E+0!



200.
205.
220.
235.
269.
0.
PLANE = 4A

0000
0000
0000
0000
0000

TOTAL LLLAGE WIDTH
TOTAL FOOL WIDTH

45,
12.
348.
315.
270.
128.
140.
155.
160.
165.
180.
195.
200.
e0s.
220.
235.
269.
0.
PLANE = 5
TOTAL LLLAGE ¥

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000

.DTH

TOTAL FOOL WIDTH

LB
18.
348.
315.
270.
128.
140.
155.
160.
165.
180.
195.
200.
205.
220.
235.
269.

0.

PLANE = 6

0000
0coo
0000
0000
0000
0000
0070
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000

TOTAL ULLAGE WIDTH
TOTAL FOOL WIDTH

45.

12.
348.
315.
270.
128.
140.
155.
160.

0000
0000
0000
0000
0000
0000
0000
0000
0000

5.0874E+01 5.0998E+00
5.3931E+01 8.4938E+00
6.2282E+01 8.6362E+00
6.8871F+01 8.4242E+00
7.583C4F+01 7.1052€+00
0. 0.
= 7.4347€+01
7.4347c¢+01
1.0869E+01 1.9594E+01
2.9439E+01 1 .6666E+01
4.4908E+01 1.3281E+01
6.347BE+01 9.8958E+N0
7.4347E+01 6.9678E+0"
7.8596K+00 1.9894E"
.3262E+01 1.8575 i
2.1452E+01 1.7223E+01
2.445GE+01 1.6110E+0!
2.7546E+01 1.5504E+01
3.7174E+0I 1.4239E+01
4.6802E+01 1.2324E+0!
4.8897E+01 1.1058E+01
5.2695€E+01 1.0452E+01
6.1085€E+01 9., 3394E£+00
6.7646E+01 7.8723E+00
7.4347€E+01 6.5523E+00
0. 0.
= T.4347E+01
7.4347E+01
1.0869€E+01 9.0000E+00
2.94339E+0! 9.0000E+00
4.4908BE+01 9.0000E+00
6.3478E+01 S.0000E+00
7.4347€E+01 9.0000E+00
7.8596E+00 9.000GE+00
1.3262E+01 9.C000E+00
2.1452E+0! 9.0000E+00
2.4450E+01 9.0000E+00
2.7546E+01 9.0000E+0D
3.7174E+01 9.0000E+00
4.6802E+01 9.0000E+00
4.9897E+01 9.0000E+00
5.2895€E+01 9.0000E+00
6.1085E+01 9.0000E+00
6.7646E+01 9.0000E+00
7.4347E+01 9.0000E+00
0. 0.
= 7.4347€E+01
7.4347E+0!
1.0869E+01 9.0000E+00
2.943%E+01 9.0000E+00
4.490BE+0I 9.0000E+00
6.347BE+0! 9.0000E+00
7.4347E+0! 9.0000E+00
7.8596E+00 9.0000E+00
1.3262E+01 S.0000E+00
2.1452E+01 S.0000E+00
2.4450E+0! 9.0000E+00



185
180
195
200
205
220
235
269

.0000
.0000
.00C0
.0000
.00G0
.0000
.0000
.0000

0.

PLANE = 8

TOTAL LLLAGE WIDTH
TOTAL FOOL WIDTH

45.

12.
348.
315.
270.
128.
140.
155.
160.
165.
180.
195.
200.
20s.
220.
235.
269.

0000
0000
0000
0000
0000
0000
0600
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000

0.

TOTAL ULLAGE WIDTH
TOTAL POJL WIDTH

PLANE = 9

45
e

248.
315.
270.
128.
140.
155.
160.
165.
180.
195.
200.
20S.
220.
235.
269.

.0000
.0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0coo
0000
0000

PLANE = 1)

TOTAL JLLAGE WIDTH

TOTAL 200L WIDTH

45
12

348.0000

315
270
128

.0000
.0000

.0000
.0000
.0000

-

.
I
4
Y
6
?
i .

LT1T74E+01
.6802€+01
.9897E+01

ONOOMSF FwN

.0016E+01

.S80%E+01
.3522€+01
.4330F+01

.B0BSE+0!
. 7902E+01

.22B2E+0!
.B8971E+01

p-datlucn:unNNJN-O~Jeru-—

L4515€E+01

ONOONELFWNRN—-JIION &N -

. 7S46E+01

.2895€+0!
108SE+01
TE46E+0!
M3YTE~OI

7.5804E+01
7.5804E+0!
. 1082E+01

.5788C+C1
.4T722E+01

.0136E+00
.1873E+01

.TT719€E+01
.0B74E+0!
.J931E+01

.SBO%E+01

7.4515€+01
7.4720E+01
.0B6SE+01
.94 39E+01
.480BE~01
.3646E+01

.8596E+00
.3262E+01
. 1452E+0)
.Y4S0E+01
. TS46E+01
.T1T4E+01
.6802E+01
.9897E+01
.2895E+01
. 145S8E+01
.BO19E+0D!
.4720E+01

T.4347E+01

T7.4347€+01
.0869E+01
.9439€+01
.490BE+0!
.34TBE+0!
J434TE+01
.8596E+00

8-10

SCovLoVwLwOw

O M AW = == o = o e e e ) (D o= o

O JdDDMDMEP = == == v e v v J (D = = e

.0000E~00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00C

.9S94E+01
.BBBHE+D1
.3281E+01
.B9SBE+00
.9678E+00
L9894E+01
.BSTSE+01
.T223E+01
.6110E+01
.S504E+01
.4239E+01
.2324E+01
.1058E+01
.04S2E 01
.339%E+00
.8723E+0C

SS33E+00

.7636E+01
.4T708E+0!
.1323E+01
. 1926E+00
.51897€+00
.T935€E+01!
.B616E+0!
.5265E+01
.4152E+01
.3548E+01
.2280E+01
.0365€E+01
.0998E+00
.4938BE+00
.6362£+00
.N2Y2E+00
.1052€E+00

.4000E+01
.4000E+0!
.4000€E+0!
.2750F+01!
.1500E+01
.4000E+0!



140.
155.
160.
165.
180.
195.
200.
205.
220.
235.
269

0.

PLANE = @20

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000

.0000

TOTAL ULLAGE WIDTH
TOTAL POOL WIDTH

205.
2e0.
235.
269.

7.

.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000

0000
0000
0000
0000
5000

=

NOONMEFWNUNN—-IIDEFN~—

UNCLASSIFIED

. 3262E+01
. 1452€+01
LW450E+01
. T546E+01
L TIT4E+01
.6802E+01
.9897E+01

.1085E+01
.TB4BE+01
L43WTE+O!

OdOONF FWUNN -

.0BS7E+01
.9427€+01
L4895E+01
.3466E+01
.4322E+01
.B4T1E+00
.3249E+01
. 1440E+01
L443BE+0!
.7533E+01
.T7161E+01
.B6789E+01
.9884E+01
.2883E+01
.1073E+01
LT7634E+01
.4322E+01

2895E+01

7.4322E+01
7.4322E+01

PR ———

O == o= s vun . - —————

.“000E+0!
.4000E+0!
.4000E+01
.4000E+0D1
.4000E+D!
.4000E+01
.4000E+01
.%000E+0!
.2750E+01
. 1500E+01
. 1500E+01

.7660E+01
.7660E+01
.7660E+01
.7660E+01
.7660E+01
.7660E+01!
.7660E+01
.7660E+01
.7660E+01
.7560E+01
.T660E+01
.7660E+0!
.7660E+01
. 7660E+01
.7660E+01
.7660E+01
.7660E+01

B-11

FILM ONLY

i0:43

11721779
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NRC TEST 2.6

PLANE AND AXTAL LOCATIONS

THE
PLANE = 1
TOTAL ULLAGE W
TOTAL POOL WID
“5.
12.
348.
315.
270.
1€8.
140.
155.
160.
165
180.
195.
200.
205.
220
235.
269.
0.
PLANE = 3
TOTAL ULLAGE W
TOTAL POOL WID
5.
12.
348.
18-
270.
128.
140.
155.
160.
165.
180.
195.
200.
205.
220.
235.
269.
0.
PLANE = 4
TOTAL ULLAGE W
TOTAL POOL WID
45,
18.
348.
315.
270.
128.
140.
155.
160.
165.
180.
195.

B-13

H90 = 6.20 H7.5 = S5.90

TA XT DELZT
IDTH = 7.3359€+01
TH = 7.3350E+01
0000 1.0375E+01 5.6250E+00
0000 2.B945E+01 5.6250E+00
0000  4.4414E+01 5.6250E+00
0000 E.29B4E -0l 5.6250E+00
0000 7.3359E+0! 5.6250E+00
0000 7.3657E+00 5.6250E+00
0000 1.2768E+01 5.6250E+00
0000 2.09SBE+0! 5.6250E+00
0000 2.3957E+01 5.6250E+00
0000 2.7052E+01 5.6250E+00
2000 3.6680E+01 5.6250E+00
0000 4.630BE+01 5.6250E+00
0000 4.9403E+01 5.6250E+00
0000 S5.2401E+01 5.6250E+00
.0000 6.0591E+01 5.6250E+00
0000 6.7152E+0! 5.6250E+00
0000  7.3359E+01 S.5250E+00

J. 0.
IDTH -~ 7.3527E+01
TH = 7.3732E+01
0000 1.0375E+01 1.4000E+01
0000 2.8945E+0! 1 .4000E+0!
0000  4.4414E+01 1.4000€E+01
0000 6.3152E+01 1.2750E+01
0000 7.3527E+01 1.1500E+01
0000 7.3657E+00 1.4000E+01
0000 1.2768E+01 1.4000E+01
0000 2.095BE+0! 1.4000E+0!
0000 2.3957E+01 1.4000E+01
0000 2.7052E+01 1.4000E+01
0000 3.66B0E+0! 1.4000E+01
0000 4.630BE+0! 1.4000E+0!
0000 4.9403E+0! 1 .4000E+01
0000 5.2401E+0! 1.4000E+0)
0000 6.0964E+0! 1.2750€+01
0000 6.7525E+01 1.150CE+0!
0000 7.3732E+01 1.1500E+01

0. 0.
IDTH = 7.4797€+01
TH = 7.4797€+01
0000 1.0579E+01 1.7587€E+01
0000 2.9512E+0! 1.4708E+01
0000 4.5284E+0! 1.1323€E+01
0000 6.42!BE+0! 9.1434E+00
0000  7.4797E+01 7.4706E+00
0000 7.5100E+00 1.7886E+01
0000 1.30'8E+0! 1.6616E+01
0000 2.1359E+01 1.5255E+01
0000 2.4426E+0! 1.4152E+0!
0000 2.7582E+01 1.3546E+01
0000 3.739BE+0! 1.2280E+0!
0000 4.72!SE+0! 1.0365€E+01



270
20%
220
23s
269

.0000
.0000
.0000
.0000
.0000

PLANE = YA

TOTAL ULLAGE WIDTH
TOTAL POCL WIDTH

“5
12

348.
315.
270.
128.
140.
155.
160.
165.
180.
195.
200.
205.
220.
23s.
269.

.000%
. 0000
0000
0000
0000
0000
0000
ocoo
3000
0000
0000
0000
0000
0000
cnoo
0000
0000

0.

PLANE = §

TOTAL ULLAGE WIDTH
TOTAL POOL WIDTH

“s

12.
348.
315.
270.
128.
140.
155.
160.
165.
180.
195.
200.
205.
220.
23s.
269.

.0000
0000
0000
0000
0000
0000
0000
0000
n000
3000
1000
0000
0000
0000
0000
0000
0000

PLINE = 6

TOTAL ULLAGE WIDTH
TOTAL POOL WIDTH

“5

12
348
315
270
128
140

.0000
.0000
.0000
.0009
.0000
.0000
.0000

5.0371E+01 9.0998E+00
S5.3428E+01 8.4938E+00
6.1778E+01 8.5870£+00
6.8468E+01 8.32539€E+0n0
7.4797€+01 7.0561E+00
0. 0.
= 7.3359€+01
= 7.3359€+01
1.037€+01 1.9545E+01
2.89%7E+0! 1.6666E+01
4. 4% I%E-OI 1.3281E+01
6.2984€+0! 9.8958E+00
7.3359€+01 7.0170E+00
7.3657€+00 1.9845E+01
1.2768E+01 1.857SE+01
2.0958E+01 1.7223E+0!
2.3957€+01 1.6110E+01
2.7052€+01 1.5504E+01
3.6680E+01 1.4239€+01
%.6308E+01 1.23e%E+01
“4.9%03E+01 1.1058E+01
S.2401€E+01 1.0452€E+01
6.0591E+01 9.3394£+00
6.7152E+01 7.8723E+00
7.3359€+01 6.6024E+00
0. 0.
= 7.3359€+01
- 7.3339€+01
1.0375€+01 9.0000E+00
2.8945E+01 9.0000E+00
Y. 44 14E+01 9.0000E+00
6.2984%E+01 9.0000E+00
7.3359€+01 9.0000E+00
7.3657€+00 9.0000E+00
1.2768E+01 9.0090E+00
2.0958E+01 9.0000E+00
2.3957€+01 9.0000€E+00
2.7052€+01 9.0000E+02
3.6680€+01 9.0000E+00
4.6308E+0! 9.0000€E+00
4.9%03E+0! S.0000E+00
S5.2401E+01 9.0000€E+00
6.059'E+01 9.0000E+00
6.715:€+01 S.0C00E+00
7.3359E+01 9.0000E+00
0. 0.
= 7.3359€+01
= 7.33%9€+01
1.0375E+01 9.0000€E+00
2.8945€+01 9.0000€E+0N
4.4 14E+01 9.0000€+00
6.29684E+01 9.0000E+00
7.3352C+01 9.0000€E+00
7.3657E+00 9.0000E+00
1.2768E+01 9.0000E+00
2.0958E+01 9.0000E+00
2.3957€+01 9.0000E+00

8-14



165.
180.
195.
200.
205.
220.
235.
269.

0.
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L095BE+01
.3957€E+01
.7052E+01
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.630BE+01
.94 03E+01
.2401E+01
.0591E+01
L7152€+01
.3359E+01

7.345BE+01

7.345BE+01

.O425E+01
.B995E+01
LMNB3E+01
.3034E+01
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M41S51E+0C0
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. 100BE+01
.Y006E+01
.7T101E+01
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L0B41E+01
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NRC TEST .8 HS0 = 4.80
PLANE AND AXIAL LOCATIONS
THETA XT
PLANE = 1
TOTAL ULLAGE WIDTH = 7.3778BE+01
TOTAL POOL WIDTH = 7.3778E+01
4+5.0000 .05S85E+01
12.0000 .9155E+01
348.0000 .4623E+01
315.0000 .3133E+0!
270.0000 .3776E+01
128.0000 .5750E+00
140.0000 .€977E+01
155.0000 .1168E+01]
160.0000 .4166E+01
165.0000 .7261E+01
180.0000 .6BB9E+01
195.0CC0 .6517E+01
200.0000 .9612E+01
205.0000 .2610E+0!
220.00002 .0B01E+01
235.0000 .7361E+01
269.0000 .377BE+01
0
PLANE = 3
TOTAL ULLAGE WIDTK = 7.3946E+01
TOTAL POOL WIDTH = 7.41S1E+01
45.0000 .0585E+01 ' .4000E+0!
12.0000 .9155E+01 .4000E+01
348.0000 .4623E+01 .4000E+0!
315.0000 .3361E+01 .2750E+01
270.0000 .3946E+01 . 1S00E+01
128.0000 5750E+00 .4000E+0!
140.0000 .2977E+01 .4000E+01
155.0000 .116BE+01 .4000E+0!
160.0000 .4166E+01 .4000E+0!
165.0000 .T261E+01 .4000E+01
186.0000 .6889E+01 .4000E+01
195.0000 .6517€E+01 .4000E+01
200.0000 .9612E+01 .4000E+0!
205.0000 .2610E+01 .4000E+0!
220.0000 . 11T74E+01 .2750E+01
235.0000 .T735E+01 . 1500E+01
269.0000 L4151E+01 . 1S500E+01
0.
PLANE = 4
TOTAL ULLAGE WIDTH = 7.5223E+01
TOTAL POOL WIDTH = 7.5223E+01
45.0000 .0792€E+01
12.0000 .9726E+01
348.0000 .S49BE+01
315.0000 LM43IE+0D!
270.0000 .5223E+01
128.0000 . T234E+00
140.0000 .3232E+01
155.0000 . 1582E+01
160.0000 .M639€E+01
165.0000 . TT95E+01
180.0000 .T612€E+01
195.0000 .T42BE+0D!

.6250E+00
.6250E+00
.6250E+00
.6250E+00
.6250E+00
.6250E+00
.6250E+00
.6250E+00
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.6250E+00
.6250E+00
.6250E+00
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.6250€E+00
.6250E+00
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.1323E+01
. 1642E+00
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.5265E+01
H152E+01
. 3S46E+0!
.2280E+01
.0365E+01
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200
205
220
235
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.0000
.0000
.0000
.0000
.0000

0.

PLANE = UA

TOTAL ULLAGE WIDTH
TOTAL POOL WIDTH
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140.
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165.
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220.
235.
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0000
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PLANE = 5

TOTAL ULLAGE WIDTH
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220.
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PLANE = 6
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348
315
270
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140
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160

.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
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5.0584E+01 9.0988E+00
5.3641E+01 8.4938E+00C
6.1992E+01 B8.6078E+00
6.8681E+01 8.3676E+00
7.5223E+01 7.0768E+00
0. 0.
= 7.3778E+01
7.3778E+01
1.0585E+01 1.9566E+01
2.9155E+01 1.6666E+01
4.4623E+01 1.3281E+01
6.3133E+01 9.895BE+00
7.3778E+01 6.9962E+00
7.5750E+00 1.9865E+01
1.2977E+01 1.8575E+01
2.1168BE+01 1.7223E+01
2.4166E+01 1.6110E+01
2.7261E+01 1.5524E+01
3.6889E+01 1.4238E+01
4.B6517E+01 ) .2324E+01
4.9612E+01 i.1058E+01
5.2610E+01 1.0452E+01
6.0801E+01 9.3394E+00
6.7361E+01 7.8723E+00
7.3778BE+01 6.5816E+00
0. 0.
= 7.3778E+01
7.3778E+01
1.0585E+01 S.0000E+00
2.9155€E+01 9.0000E+00
4.4623E+01 9.0000E+00
6.3193E+01 9.0000E+00
7.3778BE+01 S.0000E+00
7.5750E+00 9.0000E+00
1.2977€+01 9.0000E+00
2.1168E+01 9.0000E+00
2.4166E+01 9.0000E+00
2.7261E+01 9.0000E+00
3.888SE+01 9.0000E+00
4.6517E+01 9.0000E+00
4.9612E+01 S.0000E+00
5.26.0E+01 9.0000E+00
6.0801E+01 9.0000E+00
6.7361E+0! 9.0000E+00
7.3778BE+01 9.0000E+00
0. 0.
- 7.3778E+01
7.3778E+01
1.058SE+01 9 0000E+00
2.9155€E+01 9.0000E+00
4.4623E+01 9.0000E+00
6.3193E+01 9.00C0E+00
7.3778E+01 9.0000E+00
7.57S0E+00 9.0000E+00
1.2977€+01 9.0000E+00
2.1168E+01 9.0000E+00
2.4166E+01 9.0000E+00
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180.
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270.
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3.
4.
‘.
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6
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.4623E+01
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.3946E+01
.5750E+00
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.1168E+01
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.T261E+01
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.9612E+01
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.7261E+01
.BBBYE+0!
.B517€+01
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7.3924E+01
7.3924E+01
.0658E+01
.9228E+01
.4696E+01
.3267E+01
. 3924E+01
.B4BI1E+0D
.3050E+01
124 1E+0!
.4239E+01
L.7334E+0!
.B962E+u!
.6590E+0!
.8968%E+01
.eBBYE+0D1
.0874E+0I
. TN35E+01
.3924E+0:

NOONFFUWNNUNNUN~IJODF N~

B-21

1
i
!
1
1
1
.9612E+01 i,
1
1
1
1
0

-4000E+01
.4000E+01
.4000E+0!
-4000E+01
.4000E+0!
.4000E+01

4000E+01

.4000E+01
.27S0E+01
. 1500E+01
. 1500E+01

.7660E+01
.7660E+01
.7660E+01
. 7660E+0C1
. 7660E+01
.7660E+01
. 7660E+01
. 7660E+01
. 7660E+C1
.7660E+01
.7660E+01
.7660E+01
. 7660E+01
.7660E+01
.7660E+01
.7660E+01
. 7660E+01



APPENDIX C

DATA MANAGEMENT METHODS

c-1



DATA MANAGEMENT METHODS

INTRODUCTION

Proceeding from raw pressure data to the final 3-D and 2-D hydrodynamic
vertical load functions is implemented in four basic steps:

(1) Management of data records and retrieval of PSE data from archival
storage.

(2) Correction of the pressure data to account for systematic transducer
error and static head.

(3) Calculation of the HVLF and associated standard deviation using the
corrected pressure data.

(4) Postprocessing of computational results to obtain required output.

Because the hydrodynamic vertical load function (HVLF) calculation requires
the systematic manipulation of up to 66 individual data files for each of 24
texts, computer-aided methods of processing the PSE data on a production basis
were developed to automate the calculation procedure as much as possible.

PSE data is processed by four independent computer routines (controllees)
which were developed specifically for the HVLF calculation. These routines
are as follows:

PSEPREP--performs general record management for the PSE data bases,
including extraction of all applicable pressure data files
from archival storage.

PRESLOC--calculates pool geometry and static head based on the
elevation of the pool surface.

INTERPP--corrects the PSE pressure data for systematic and random error
and, where applicable, for static head.

TORIS --calculates the HVLF and error based on the corrected pressure
data.

Postprocessing of the HVLF results is executed using SOCKITTOME,7 a general
graphics postprocessor currently available and in use by Lawrence Livermore
Laboratory's L-Division (computational physics).
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The basic logic flow of the HVLF calculation is shown schematically in

Fig. C-1. At present, execution of the three controllees required to perform
all data processing through preparation of the corrected PSE data is
interfaced with PSEHVLF, an ORDER]6 control routine. A similar control
routine, PSEPLOT, was developed earlier to generate time plots of the complete
PSE data base and proved to be very successful in an application where a large
number of data files had to be processed in a systematic manner‘.]7 Each
subsidiary controllee within the control routine has a specific function,
similar to a subroutine in an integrated routine, yet can be executed
independently of the others if necessary. This multiple-controllee approach
also provides considerable flexibility with regard to the execution of various
public utility routines used to interface the execution of the HVLF
controllees.

Output from the PSEHVLF controller are files contsining the spatial data
(DXDZ) and the corrected pressure histories | *™™7.R1). .sing these files as
input, the fourth HVLF controllee, TORIS, is executed "stand-alone" to produce
the extensive files for postprocessing.

RECORD MANAGEMENT AND DATA RETRIEVAL

Data retrieval from archival storage is performed by the controllee PSEPREP, a
general record management routine developed specifically for the PSE data
base. PSEPREP accepts as input a list of transducers or a defined transducer
subset, then uses PSE library conventions (see Ref. 17 for details) to
generate the names and archival directory locations of the particular files
containing PSE data from a specified test. Thijs is achieved through extensive
internal indexing that correlates each transducer designator (commonly
referred to as the "P-number") with the physical location and LOFAU (Low
Frequency Acquisition Unit) connection of the corresponding transducer. Using
this information combined with the PSE test number, the names of the
engineering files storing data from the specified transducers are generated
according to the conventions of the PSE data base. Library files containing
the individual transducer data files are copied from archival storage to disk,
then are unpacked to obtain the data files for transducers available during
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the specified test.1 After execution is complete, an output file OUTPREP is
left on disk 1isting the available transducers together with the corresponding
physical locations and data file names. This output file also contains a
specified time window which has no function for the file management

operations, but is subsequently used in actual analysis of the transducer data.

PREPARATION OF TORIS INPUT

Preparation of input for the TORIS code is the function of two routines,
PRESLOC and INTERPP. PRESLOC calculates the pool geometry based on the
elevation of the pool surface relative to the shell horizontal centerline for
both the 7.5% and 45° test sections (see Appendix A). The wetted (pool)

and unwetted (u'lage) distances across the shell in each instrumentation plane
and along the circumference or the torus at each instrumentation angle are
written to a disk file (DXDZ) that is later used as input to TORIS. PRESLOC
also calculates .ne static head correction to be appiied to data from pool
transducers '-cated at angles between 128 and 235 degrees. The static head
correction factors are written to a disk file INHCOR that is subsequently used
by INTERPP as part of the data correction process.

INTERPP serves three functions: (1) to correct PSE data to reflect systematic
errors and static head; (2) to calculate the standard deviation of the data;
and (3) to assign virtual locations for existing data for use in the HVLF
calculations. For each PSE test analyzed, INTERPP accepts input data from
three disk files:

OUTPREP--time window, 1ist of available transducers with corresponding
physical locations and data file names;

INHCOR--static head correction data;

MATRIX--transducer assignment map.

Systematic end-to-end (ETE) error data and standard deviation data obtained
during in-situ calibration of each pressure transducer4 are independent of

the particular PSE test considered and therefore have been data-loaded into
the INTERPP code to reduce program execution time requirements. The basic

logic flow for INTERPP is shown schematically in Fig. C-2. INTERPP begins

execution by buffer-loading the analytic time window, the transducer list
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with file names and the transducer assignment map. The physical files INTORI
and OINTORI are then created. INTORI becomes the primary input file for
TORIS, containing the corrected pressure data for the specified time window,
while OINTORI is simply a regurgitation of the corresponding uncorrected data
which is retained as a check on code execution, After the initial setup phase
is complete, INTERPP loops through the list of available transducers as
follows:

(1) An engineering file is opened. The header informat ion about the
subject transducer is read and copied to each output file.

(2) Head correction data fcr the angular location of the transducer is
read from INHCOR. No correction is applied if the angle of the
transducer is less than 128 degrees or greater than 235 degrees.

(3) ETE error data and standard deviation data for the transducer is
loaded into two temporary error buffers.

(4) The uncorrected pressure data bounded by the specified time window is
read from the engineering file and loaded into an appropriate buffer.

(5) For each pressure point, the systematic error and the standard
deviation are determined through interpolation of the appropriate
error buffer. If the pressure is outside the bounds of the available
data, the nearest endpoint values of error or standard deviation are
used. The systematic error and static head correction (if any) are
then applied to the pressure point and the result stored in a new
temporary buffer. The corresponding value of standard deviation is
similarly stored.

(6) The location mctrix is then searched for the specified transducer.
The absolute location of the transducer, followed by any virtual
location assignments, are written to INTORI. The list of absolute
and virtual locations is then terminated by an end-of-record sentinel.

If the specified transducer is not included at its absolute location (according
to the data in OUTPREP), it is assigned to an imaginary plane ("plane zero")
at 0 degrees. This instrumentation plane is transparent to the TORIS code and
simple allows the option of assigning data from the specified transducer to
virtual locations without necessarily using the transducer data at its absolute
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location. In either case, an absolute location is always written to INTORI as
follows:

L] The buffers containing the corrected pressures and the corresponding
standard deviations are emptied to INTORI.
» The buffer containing the uncorrected pressures is emptied to OINTORI.

A1l temporary buffers are then cleared and the process repeated until all of

the transducers have been processed, at which time the output files are closed
and execution of INTERPP is terminated.
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APPENDIX D

HVLF CHARACTERIZATION DATA
Test 1.3.1

Section D.1 contains results of
trapezoidal interpolation

Section D.2 contains results of
parabolic interpolation
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D.1. HVLF CHARACTERIZATION DATA

(Trapezoidal Interpolation)
Test 1.3.1
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NRC AIR TEST NO. 1.3.1

FORCE SUMMARY (MEAN

45 DEGREE SECTOR - 3D
Ti

TIME,SECONDS  3.1126E+00

POOL -40093. 101.%
ULLAGE 23698. 69.6
NET -16396. !23.0

7.5 DEGREE SECTOR - 20

Ti
TIME ,SECONDS  3.1069E+00
POOL -6608. 12.9
ULLAGE 3935. 1.4
NET -2673. 17.2
NET FORCE RATIOS
3D/20 1.022 0.010

T2
3.1269€E+00

-34562. 100.9

24200. 80.1

-10361. 128.8

T2
3.1212€E+0C

-5367. 12.8

4Youl. 11.5

=1589. 17.2

1.132 0.019

STANDARD DEVIATION)

3
3.1470E+00

-38634. 96.4

e553s. 101.7

-13039. 140.1

T3
3.1327€+00

-6283. 12.9

4i21. 11.6

-2162. 17.3

1.005 0.013

TRAPEZOIDAL

T

3.2472E+00

-32451. 42.0

40235. 356.5

7785. 359.0
™
3.2329E+00
-5386. 12.5
6508. 12.6
112e. 17.8
1.156 0.056
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D.2 HVLF CHARACTERIZATION DATA

(Parabolic Interpolation)
Test 1.3.1
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NRC AIR TEST NO. 1.3.1

FORCE SUMMARY (MEAN

45 DEGREE SECTOR - 3D

TIME ,SECONDS

POOL

ULLAGE

T1
3.1126E+00

-40773. 111.%

23892. 63.7

-16882. 131.5

7.5 DEGREE SECTOR - 20

TIME , SECONDS

POOL

ULLAGE

Tl
3.1069€E+00

-6663. 15.0

393S. 11.%

-27e8. 18.8

NET FORCE RATIOS

3D/20

1.031 0.011

T2
3.1268E+00

-35048. 109.6

24401. 81.9

-10647. 136.8
Te
3.1212€+00
-5592. 1+.8
4041 1.9
-31951. 18.8
1.1%% 0.020

STANDARD DEVIATION?

T3
3.1470E+00

-39261. 103.0

25808. 106.9

13454, 148.4%

T3
3.1327€+00

-6329. 15.0

wi2l. 11.6

-2208. 19.0

1.016 0.01%

SECOND ORDER

T™

3.2472€+00

-32387. 19.3

40617. %01.8

8230. wo02.2

T

3.2358E+00

-35397. 14.5

6562. 12.7

116%. 19.3

1.178 0.061
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APPENDIX E

EXTENDED ANALYSIS MICROF ICHE

E-1



TABLE E-1. Summary of microfiche descriptions.
Appendix Microfiche Included Number of
section group Description of contents air tests microfiche
Rl 1 HVLF characterization data 1.1 - 3.58 7
(parabolic fit)
2 HVLF force summary tables 1.1 - 3.8% 1
(trapezoidal fit)
E.2 3 HVLF impulse plots for: 1.1 - 3.5° 1
)
0, T 45
457; to <8< tpos
0
0, b 7.5
7.5 t,its tpos
0, T 45°
e 3 to <t< tpos
€3 4 Computed load cell and RVL 1eded
force time-history plots for
structural inertial effects 1
load cases .+, .-, .2, and .3
5 Frequency analysis plots for 3:3.1
measured and computed (case .0)
force time-histories
E.4 6 Vent pipe enthalpy flux 1.1 - 3.5°% 1
time-history plots
7 Vent pipe mass flow and temper- 1.1 - 3.5° 1
ature time-history plots
8 Summary sheets for inferred 1.1 - 3.5% 1

enthalpy flux at downcomers

aExcept for air test 1.2.
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