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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.
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BACKGROUNDj

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 rapid
and stable condensation 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

investigatica- 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 inve',tigations 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 development and

validation.

In order to obtain experimental data leading to a verifiable analysis of the
f dynamic loading on the Mark I pressure suppression system, a three-part

program was initiated consisting of: (1) the deeign and construction of a
1/5-scale BWR Mark I facility, (2) benchtop experimental studies to establish

{ scaling laws and phenomena, and (3) a comprehensive series of air transient

| pressure suppression tests. Each part of the program is described below.
2(1) 1/5-Scale BWR Mark I Facility

A 1/5-scale BWR Mark I experimental facility (Figs. 1, 2, and 3) was
designed and built for simulating the three-dimensional transient
conditions that 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

l xiv
!
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(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).

3(2) Scaling Relationship Studies
UExperimental 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 to full-scale systems. Extensive scaling.
law and phenomenology experiments were also conducted through a

series of simple benchmark tests utilizing flasks to simulate
portions of the toroidal wetwell.

(3) Pressure Suppression Tests ,4,5,61

An experimental program conducted 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 (N ) to purge

2
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
Conunission (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.

|

I
PURPOSE OF THE PRESENT STUDY

1Because of time constraints, the PSE final air test results report presented
complete test results without critical analysis of the data. In particular,
the hydrodynamic vertical load function (HVLF) was computed by a simplified

| method without determination of error bound.
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The purpose of the current study, therefore, is twofold. The first section of
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:

e parametric sensitivity of peak upload and peak download
a total impulse of the HVLF

0e structural analysis of the 90 torus sector, including modeling of
the response vertical load function

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

In total, then, these extended analyses provide an impor ani, 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.

xxi
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' PAR 7 I. 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 length.
The HVL may be expressed

fpdA*I, (1-1)HVL =

whereJisaunitvectorintheverticaldirection. 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. The net dynamic forca is expressed as the difference in the
ullage and pool forces

pool)dA * j(p llageHVL = -Eu

pogj $ * I . (1-2)p llage dA*J- p=
u

By breaking down the area of integration, the equation for the HVL in each

sector can be written:

HVL=[L
'

rw
-

(L 'p '

pgg) dx dz , (1-3)dx dz-j pp llageu

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

1-1
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l.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 used to
compare the 2-D HVLF to the HVLF computed in the 45 (3-D) torus sector.
The subareas of integration across the pool (x direction) and axially (z
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) i ths for planes 4 and 9 (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 (0) 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 (lP to 12P) and 4 ullage transducer positions defining b
sectors (1U to SU).

. All pool and ullage transducers used in both the 2-D and the 3-D test sections
l'

are Senso-Metrics, Inc., Model No. 601087. A complete discussion 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

| l-2
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FIG. 1-3. Angular location of torus wall pressure transducers.
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used at 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 11P) or extrapolation (sectors
IP and 12P).

In example, in Fig. 1-4, virtual transducers and actual transducers are
identified by circles with or without center dots, respectively. Pool
positions where interpolated or extrapolated data are used are indicated Dy
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 METHOD

In the procedure for the in-plane integration, at each time step and for each

ofthe5instrumentationplanes(4,6,9,11,and2-D),thefg*pdxis
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 270~, 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

0used in the ullage (at 12 and 348 ) and four interpolated pool pressure
0 0 0 0histories 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 u11 age sectors and the 12 pool sectors are carried out,
i so that, for a.given plane
i

j SU

pdx = { [ pdx
' '

; u11 age (1-4a)
s o i=1U

12P
I" pdx={ pdx . ; pool (1-4b).

W 0 i=1P

1-6
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In this way we define a force per uri:c length (Filti for each sector of the
plane. A typical example fre the 45 torus sector' is shown in Fig. 1-5
for the time of peak down w d. 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 symmetry planes in
context with the additional pressure transducers located at pool bottom
(180 ) 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,i

Pl(t)1800/P11(t)1800, that is:

FUL(plane 1) =FUL(plane 11)x(h)1800 (1-Sa)

similarly, for plane 3,

FUL(plane 3) =FUL(plane 9)x(h)180 (1-Sb)

and for plane 5,

FUL(plane 5) =FUL(plane 6)x(h)180 (1-Sc)

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-Se).

i
I

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

FUL(plane 1) = FUL(plane 11) x ( 1)45 (1-6 a?,

*
UUsing 4P(160 ), SP(165 ), and 6P(180 ) for angular sectors.

I
: For these tests where the plane 1-180 transducer was not available,

| the plane 1-195 transducer was used.0

!

| 1-8
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FUL(plane 3) = FUL(plane 9) x (kg)45 (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 1
0and 3, at an angle of 0 = 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 projection
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, symetry is invoked so the slope of
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 30 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

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

Finally, the HVL becomes

HVLnet = HVLullage - HVLpgg), (1-7a)

where
! 5 cl

{ F (z)dz (1-7b)HVL
ullage = i=1J j

0

and

12 rLI
F (z)dz (1-7c)HVL =

pggj $
,

where L equals the effective torus length for sector i. An example of the
9

results of this procedure at the time of peak download is depicted in Fig. 1-8.

1-10
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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-D hydrodynamic vertical load function. These steps are as follows:

management of data records and retrieval of PSE pressure transducero

data from archival storage,
correction of the pressure data to account for systematic transducere

error and static head,

calculation of the HVLF and associated standard deviation using thee

corrected pressure data,
postprocessing of computationa! results to obtain required output.e

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:

i

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

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

e INTERPP--corrects the PSE pressure data for systematic and random

|
error and, where applicable, for static head.

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

A controller named PSEHVLF executes the PSEPREP, PhESLOC, and INTERPP routines

to produce the input files required by the stand-alone TORIS code.
|

. 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).

1-14
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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 pressura
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 usi'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 called the MATRIX for ACTUAL + VIRTUAL HVLF TRANSDUCERS.
*

Examples of these matrices for test 2.7 are incibha here as Table 1-1 and
Table 1-2, respectively. 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 eliminated.
c) Virtual transducer assi nments are specified for the ullage (0 = 45i

0

0through 0 = 315 ). The assignments made for 0 = 90 and e = 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
(0 = 90+ and 0 = 270-); however these data are replaced by the
extrapolated ullage end points following 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 contents of the archival data record.
'
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TABLE 1 1. Matrix of available transducers for test 2.7.

LOCATIOf4 MATRIX FOR AVAILABLE HVLF TRANSOUCERS.

PSE TEST NUMBER: 2.7 DATE: Z 02/14/79

THETA I 2 3 9 5 6 7 9 11 16 20 20
...__ _____ ..... ........__ ____ ..... _____ __... _____ _____ _____ .__.

90

45 P-Il0 P-30 P-43 P-45 P-75

12 P-29 P-42 P-7 P-56 P-57
'

348

315 P-55 P-86

270

90

128 P-17 P-31 P-44 P-8 P-76

140 P-18 P-32

155 P-2 P-19 P-33 P-96 P-47- P-77

160 P-20 P-34- P-78 -

165 P-3 P-21 P-35 P-48- P-9 P-79

I 180 P-4 P-Ill P-22 P-13 P-36 P-l* P-49 P-10 P-80

195 P-5 P-23 P-37 P-50 P-Il P-81

200 P-38 P-82

205 P-25 P-39 P-52 P-51 P-83

220 P ~4 'P-40 P-84

235 ?-27 P-41 P-54 P-53 P-85-

270

4
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TABLE 1-2. Final transducer matrix for test 2.7.

LOCATION MATRIX FOR ACTUAL + VIRTUAL HVLF TRANSDUCERS

PSE TEST NUMBER: 2.7 DATE: Z 02/14/79

THCTA- 1 2 3 4 5 6 7 9 11 16 20 20
__.... _____ ...__ ____...-___ ..___ ..... ..__. __... _____ ..... _____ .....

90- P-30 P-39 P-43 P-45 P-75

45 P-il0 P-II0 P-110 P 30 P-30 P-43 P-45 P-75

12 P-29 P-29 P-42 P-7 P-75

398 P-29 P-29 P-42 P-7 P-86

315 P-30 P-30 P-55 P-45 P-06

2704- P-30 P-30 P-55 P-45 P-86
$

90* P-30 P-30 P-43 P-45 P-75

12G P-17 P-31 P-44 P-8 P-76

140 P-18 P-32

155 P-19 P-33 P-46 P-47 P-77

160- P-20 P-34 P-78

165 P-21 P-35 P-48 P-9 P-79

100 P-4 P-ill P-22 P-13 P-36 P-49 P-10 P-80

195 P-23 P-37 P-50 P-Il P-81

200 P-38 P-82

205 P-25 P-39 P-52 P-51 P-83

220 P-26 P-40 P-84

235 P-27 P-41 P-54 P-53 P-85
270- P-30 P-30 P-55 P-45 P-86
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During the air test series, separate experiments were conducted to establish
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 ata. Data 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 (N85)
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 anri 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 data 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

0-8)pC(t) = p bs(t) - h + ETE ; t = tstart , tend ,

o

where p is the corrected pressure at time t, p bs is the observedg o
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 ETE may be positive

: or negative. Typical values for 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
0is 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
INT 0RI. 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 TORIS 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 1-3. Typical static head corrections (test 2.7).-

PSE TE ST NUMBER: 2.7
90 DEC. PCOL ELEVATION (INCHES BELOW CENTERLINE 3: 2.90E+00
7.5 DE G POOL ELEVATION (INCHES BELOW CENTERLINE): 2.10E+00

CORRECTICN FACTORS FOR STATIC HEAD (PSIA)

1HETA HC90 HC7.5
.____ ____________ ____________

128 7.4037E-01 7.5121E-01
190 9.9239E-01 9.5322E-01
155 1.1300E+00 1.1416E+00
160 1.1757E+00 1.lB65E+00
165 1.2109E+00 1.2217E+00
100 1.2567E+00 1.2675E+00
195 1.2109E+00 1.2217E+00
200 1.1757E+00' l.1865E+00s

205 1.1308E+00 1.1916E+00
220 9.9239E-01 9.5322E-01
235 6.8384E-01 6.9467E-01

i

,

TABLE 1-4. Typical end-to-end corrections
,

(pressure transducer P-40, plane 6-220 ).0

Pressure, psia
Actual Apparent ETE, psi op, psi

2.98 2.9819 -0.0019 0.0143',

5.98 5.9500 +0.0300 0.0194,

8.94 8.9825 -0.0424 0.0155
11.89 11.9320 -0.0420 0.0125
14.37 14.3960 -0.0260 0.0148

L

4

.

4

>
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TORIS is taken to adjust the pressure data by one standard deviation, i.e.,

PC (t) = pC (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 not 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 (1-9a)
op = |F -F(+c)|p p

(1-9b)|Fe an , p k+ P)|o = u

FN"IP+F u

so that

2" ( ) +( ") (A-9d)0
N

( 3F 3Fp u

=a +c ,

where

F**"" = mean pool force

F (+o ) = pool force at p *P * "pp p c c

1 mean'

F = mean ullage force

*The four times chosen to characterize peak forces in the HVLF ara 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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F N ) = ullage force at p =p +8u p c c P

F = mean r.d force
N

= standard deviation of mean ullage force !ou

p = standard deviation of mean pool forcea

U = standard deviation of mean net force.N

These quantities are computed for both the 45 torus sector and the 7.50

torus sector at the four times of interest. The force ratio at a given time
of interest is

45p
NR= (1-10)

76 x F .5
N

so that

Y 45" )2 ,BR 7BR (y .5 )2 (1,113)
(ar4s)(g (er;st

o =

4
= (6F ) ("N ) + ("N ) II~IIDI-

' '

N o

|
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 Output

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
introduced 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 resulting 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 the sliding
parabolic method represents the physical r.onstraints 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 explicitly.

Two sets of interpolation coefficients are developed for each time point of
*

the experimental data. One set for the pressures in each plane along X,
and one for the force per unit length distribution along Z (FUL) in each

I 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 = 0 and at Z = Z along the torus.

max

1

,
*

|
This includes actual, virtual and interpolated pressures. (See Fig. 1-4.)

.
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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 Falls (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 pj where the
correspondence between i and angular position * is shown in the following

,

tabulation:

Pool Ullage
i e i e -

0 90+ 0 90-
le 1280 1 450
2 1400 2 120
3 1550 3 3480
4 1600 4 3150
5 1650 5 270+
6 1800
7 1950
8 2000
9 2050

10 2200
11 2350
12 270-

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 = UW).
Pressure interpolation using the trapezoidal interpolation function for each

interval (X , X ,1) is given by$ $

'

Aj+Bj (1-12a)X

*
See Figs. 1-1, 1-2, and 1-3.
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where Aj and Bj are such that

X (1-12b)Aj+By j=pj
(1-12c)Aj+Bj X ,1 = p ,14 j .

For sliding parabolic pressure interpolation, two sets of coefficients are

developed for each interval (X , X ,1), as follows:j j,

2X+C X (1-13a)Aj+By 3

A ,1 + B),1 X + C ,1 X (1-13b)j 3
,

~

where

3f-1"P-1X
A3 + B) X _1 + C i (1-13c)j

2
j = A ,1 + B),1 Xj = C ,1 X (1-13d)A3+B3 j+C3X X =p

j 3

X ,1 + C) ,1 Xf,1 (1-13e)X ,1 = p ,1 = A) ,1 + B ,1X ,1 + C3A3+B3 jj j 34

2

X +2 + C +1 X 51-13II= A ,1 + B ,1pi+2 i j 23 3 .

Over each such interval an angle, a, is associated with x by

M-X ) (y_14)j
" " 2(X ,1-X )

*

j j

The-interpolation function is then given by

2 22- 2 'A ,1 + B ,1X + C ,1X]Sina (1-15)
~

, 3 + B X + C X _Cos a +Ap= .

_j j 33 3

f For trapezoidal interpolation, the conditions imposed upon the ullage pressure
u

i atX=0andX=UWaregivenbypf=p"andpu , p , respectively, so that the
pressure is treated as constant over these end segments.

|

For sliding parabolic interpolation, each of the two ullage segments
_ (X ,X ) and (X ,X ) are represented by a single set of parabolic1 2 3 4

is the value arrived at by evaluating thecoefficients. The pressure P0
interpolation function for (X ,X ) at X = 0; py is similarly1 2
determined by evaluating the function for(X ,X ) at X = UW. The p03 4

1-24
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andpyvaluesaresimpleextrapolationsfromadjacentsegments;
therefore, segment (X ,X ) is represented by a single set of parabolic0 2
coefficients, as in(X ,X ). In theory, a minimum set of ullage pressure3 5
values, either[p , p2' P ] or[p , p3' P ] , must be assigned to the ullagey 4 y 4
before interpolation proceeds. If only a minimum set is assigned, then the
sliding parabolic interpolation scheme amounts to evaluating a single set of
parabolic coefficients. In practice, assignments were made for p throughy

p5 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, p0, is assigned the ullage value, p0, and the pool
pressure p 2, is assigned the ullage value py. 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 parabolic coefficients is determined for sliding parabolic interpolation
for segments,(X ,X ), and (X11,X12)*0 1

As has already been described, the interpolation function is 'ntegrated
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 symetrical positions occurs according to the conventions
described in Section 1.1.4. The FUL interpolation along the axis proceeds in
the manner described for ullage pressure; therefore, for trapazoidal

interpolation, FULO = FULplane 1 and FULZmax = FULplane 11*

The values of FULO and FULZ f r the sliding parabolic interpolation
max

are governed by a different constraint, namely, that the first derivative of the
interpolation shall be zero at Z a 0 and Z = Z These latter conditions'

max.
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 bath the pool and ullage angular sectors
are sunined and, finally, the pool '+ce 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'

A parabolic fitting procedures, which do not lend themselves to ease in checking
5 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 error for each of the air transient tests
consists of the following:

a) a force sumary table including 3-D and 2-D force ratios, with
*

associated errors, for each of four characteristic times,
0

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

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

d) plots of the analytically fitted in-plane pressure profiles at the
four c.haracteristic 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 0. 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 sumary 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.

iThe 2-D and 3-D mean forces with associated standard errors are also
included on the net force plot. See Fig. 1-11c.
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NRC AIR TEST NO. 1.3.1 SECOND ORDER

FORCE SUMMARY (MEAN STANDARD DEVIATION)

45 DEGREE SECTOR - 3D

Tl T2 T3 T4

TIME. SECONDS 3.ll26E+00 3.1269E+00 3.1970E+00 3.2472E+00

POOL -40773. 111.4 -35048. 109.6 -39261. 103.0 -32387. 19.3

ULLAGE 23892. 69.7 24401. 81.9 25808. 106.9 40617. 401.8

NET -16882. 131.5 -10647. 136.8 -13454. 148.4 8230. 402.2

7.5 DEGREE SECTOR - 2D

TI T2 T3 T4

TIME. SECONDS 3.1069E+00 3.1212E+00 3.1327E+00 3.2358E+00

POOL -6663. 15.0 -5592. 14.8 -6329. 15.0 -5397. 14.5

ULLAGE 3935. 11.4 4041. 11.5 4121. 11.6 6562. 12.'7

NET -2720. 18.8 -1551. 18.8 -2208. 19.0 1164. 19.3

NET FORCE RATIOS

30/20 1.031 0.011 1.144 0.020 1.016 0.014 1.170 0.061

FIG. 1-9. Parabolic fit force summary table, test 1.3.1.

|
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FIG. 1-10a. 3-D HVLF, tert 1.3.1.
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FIG. 1-10b. 2-D HVLF, test 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 T1 -
FILETS):T1.P131

*0.*

40.2 - !
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FIG. 1-11a. Force per unit length (FUL) versus axial position in 3-D pool at
time T , test 1.3.1.
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FUL IN ULLAGE AT T1 -NRC TEST NO. 131' SEC -ORDER FIT -

FILETS):T1.U131
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FIG. 1-11b., Force per unit length (FUL) versus axisi position in 3-D allage
at time T , test 1.3.1.
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NRC TEST No. 131 SEC. ORDER FIT' - NET 30 FUL AT Tl -
FILE (S):TI.N131
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0FIG. 1-11c. Net FUL versus axial position in the 45 sector at time T '
1test 1.3.1, with 3-D and 2-D mean force included.
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TEST 13 SEC. ORDER FIT PRESSURE PROFILE-PLv.NE4 TI, AT MAX DOWNLOAD

FILETS): POOL.MRK - ( A l'-ULL AGE . MRK
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FIG. 1-12. Pool and ullage pressure profiles in plane 4 at time T , test;
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| 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 load function is
complete, and standard deviation estimates have been provided for the peak
forces determined. A sunrnary of the' findings is provided in Table 1-5,
including 45 -sector peak force values, 2-D and 3-D peak force 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 anti uploads developed from this work indicates
1that the previ::'Js HVLF ' calculations conservatively overestimated the peak

downloads by ar, proximately 15 percent and the peak uploads by 9 percent. The
ratios of pea; forces have, however, remained re btively unchanged.r

In general, we conclude that the 2-D (7.5 ) toru! actor provides a useful
test facility for prediction of peak down force be ,ise 3-D to 2-D down force
ratios are. near unity for all test conditions. This K not the case for

prediction of peak upload, where this ratio approaches unity in ori7 i 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 down forces
ranges from 0.5 percent to 1.4 percent. The corresponding error on ieak up

| forces ranges from 3.2 percent to 5.8 percent.

|
|

|
:
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a

TABLE 1-5. Peak force results summary--hydrodynamic vertical load function (45 sector).
.

T T T T
g 2 3 4

f op, Ibf R 'R 4F, Ib . of, b 2 'R , Ib o , Ib 2 UI2 o 4F, Ib
f f R f p f g R Test conditionsf oF' IDf R g+F, IbTest no. s

1.1 25.0 14760 193 0.87 0.01 7890 147 n.d. - 10560 163 n.d. - 7650 369 1.18 0.06 Nceinal

1.3 26.0 16360 127 0.82 0.01 9700 133 n.d. - 12640 146' n.d. - 7470 414 1.29 0.08 Notinal

1.3.1 27.2 16880 132 1.03 0.01 10650 137 1.14 0.02 13450 148, 1.02 0.01 8230 402 1.18 0.06 Napinal

1.4 18.4 13450 134 1.08 0.01 6760 137 0.% 0.02 10100 150 1.07 0.02 6980 328 1.03 0.05 Dryst11 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 12'90 135 0.925 0.01 12790 141 1.08 0.02 15110 157 0.95 0.01 9110 491 1.23 0.07 Drywell p

2.1 28.7 n.c. - n.d. - n.d. - n.d. - 12530 134 1.03 0.02 7160 331 1.10 0.05 Drywell op

2.2 25.7 n.d. - n.d. - n.d. - n.d. - 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 140 1.14 0.02 6190 321 1.20 0.07 Drywell tp

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 n.d. - 11340 166 n.d. - 9050 489 0.93 0.05 Pool level raised

2.6 25.4 n.d. - n.d. - 9320 134 1.18 0.02 11490 136 1.14 0.02 5330 252 1.17 0.06 Pool 1*rel lowered

7 2.7 23.6 19580 132 1.06 0.01 8580 137 n.d. - 13360 149 n.d. - 9290 410 1.04 0.05 Downcomer extended

.d 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

2.9 16.1 14950 131 1.09 0.01 7230 137 1.15 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 0.06 Downcomer extended /pdw

2.11 29.9 22740 132 1.08 0.01 11780 138 1.13 0.02 17360 154 1.23 0.02 10840 518 1.12 0.06 Downconer extended /pdw

3.1 28.9 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 145 0.78 0.02 7740 153 0.61 0.01 8920 - 281 1.36 0.05 Left vent blocked

. 3.4A 25.0 16940 134 1.05 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' O.77 0.02 12260 164 1.04 0.02 8600 439 1.22 0.06 Nominal

5

Legend: Pdw - mean drywell pressurization rate.
1F - peak force (down).
4F - peak force (up).
o - standard deviation of force F.p
R - ratio of 3-0 force to six times 2-D force.
O - standard deviation of ratio R.
R

n.d. - not determined.



0TABLE 1-6. Peak force results summary--hydrodynamic vertical load function (7.5

. sector).

T T T T
1 2 3 4

Edw
Test psNs +F, lb

f op +F, lb
f op +F, lb

f of tF, lb o
f g

1.1 25.0 2829 19 n.d.a - n.d. 1076 19-

1.3 26.0 3305 19 n.d.a - 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 19 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.a - n.d." - 1494 19 894 19

2.3 26.6 n.d.a - n.d.a - 1429 19 862 19

2.4 24.3 2794 19 1436 19 1813 19 1069 19

2.5 27.1 3810 19 n.d.a n.d.a 1629 20- -

2.6 25.4 1659 19 1315 18 1685 19 761 18

2.7 23.6 3077 19 n.d.a n.d.a - 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

f 3.38 24.9 2503 19 1421 19 2111 19 1093 19

3.4A 25.0 2693 19 1305 19 2019 19 1296 20

3.4B 22.6 2670 19 1384 19 1985 19 1320 20

3.5 25.6 2599 19 1574 19 1955 19 1176 19~

aNot 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 earlier,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:

2
Q = E w$ x res (2-1).

4

The HVLF is assumed to be most sensitive to the drywell pressurization rate

(pdw). 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 t1e 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 noninal
27.4 psi /s. This normalization is carried out for both 3-D and 2-D data.

The peak force sensitivity to pdw, 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
,

4



2.1.2 REGRESSION OF PEAK FORCE ON ORYWELL PRESSURIZATION RATE

The peak forces (F) used here are taken from the best estimate analysis
1

results (Tables 1-5 and 1-6). In earlier work the F versus pdw data were
fitted to the line

y = ay + a2 x ; y + F and x + pdw (2-2)

with y and x (i.e., F and pdw, respectively) assumed to be free of all error
and all 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, pdw. As discussed below, these

weights are taken as a function of the reciprocal of the particular variance, that
2 2

is, w = 1/o and w = 1/o , in order to provide Q The results of themin.

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

2the estimated error for both al and a2 and the fitting coefficient, r .

2.1.3 MULTIVARIATE REGRESSION ANALYSIS METHOD

1

'

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=$ +2 X (2-3)|
1

*
A complete tabulation of test-correlated independent variables, and their

associated standard errors, are given in Table 2-1.

2-2'

._. . _.



,. -

A

: TABLE 2-1. Sumary of independent.. variables with standard errors.

Independent variable--standard deviation Downcomer submergence / pool depth - inches

Drywell - ost/s Ullage - psi dw * 'ull 45 sector '7.5' sectorO 0

D.C. Pool
.

D.C. Pool
ap, psi subm., depth, subm., depth,-

8e o
45' o 45' 45' y,$o , .5 (7,$o

5
Test dw ' 'pdw 'dw 'dw o o 'o (in.-HO) .o, 3 g a , Test8 P 2 3

1.1 24.948 0.630 3.01 0.1421 3.01 0.01201 3.01 0.01302 0. 0.1427 9.6 0.104 34.8 -- 0.1 9.6 0.104= 35.11 'O.1 1.1
'

1.3 25.962 0.322 2.934 0.0846 2.934 0.01491 2.934 0.01404 0. 0.0859 9.6 0.104 34.8 0.1 5.6 0.104 35.1 0.1i 1.3

.1.3.1 27.239 0.646 2.% 0.1611 2.% 0.01672 2.96 0.01480 0. 0.1619 9.6 0.104 34.8 0.1 9.6 0.104 - 35.1 0.1 1.3.1
1.4 -18.400 0.156 2.94 n.1385 2.94 0.01600 2.94 0.01352 0. 0.1394 9.6 0.104 34.8 - 0.1 - 9.6 0.104 35.1. | 0.1- 1.4

1.5 29. % 4 0.110 2.94 0.1576 2.94 0.0200 2.94 0.01215 0. 0.1585 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' O.1560 2.95 0.01470 2.95' O.01520 0. 0.1568 9.6 0.104 34.8 'O.1 9.6 0.104 35.1- 0.1 . 1.6
2.1 28.690 1.779 3.130 0.1636 2.96 0.01554 2.% 0.01065 0.170 0.1642 9.6 0.104 34.8 0.1 9.6 0.104 '35.1 0.1 . 2.1-

-(4.704)
2-.2 25.692 1.131 3.200- 0.1520 2.94 0.0138f 2.94. 0.0'.480 0.26 0.1528 9.6 0.104' 34.8 0.1 ' 9.6 0.104 35.1 0.1 2.2

fu (7.195)
[.a 2.3 26.586 0.917 3.190 0.1459 2.93 0.01405 2.93 0.01563 0.26 0.1466 9.6 ' O.104 34.8 0.1 9.6 .0.104 35.1 0.1 2.3

(7.195)
2.4 24.308 1.208 2.96 s.0938P 2.96 0.01127 2.% 0.01525 0, 0.09475 9.6 0.104 34.8 0.1 9.6 0.104 35.1' O.1 - 2.4 -
2.5 27.095 1.044 2.% 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 2.96 0.08751 2.96 . 0.01155 2.96 .-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 0.09106 2.94 0.01318 2.94 0.01173 0. 0.09191 12.0 0.104 34.8 0.1 . 12.0 0.!04 35.1 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 ' O.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 0. 0.0882/ 12.0 0.104 34.8 ' O.1 ' 12.0 0.104 35.1 ' O.1 ' 2.9
2.10 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- 35.1' O.1 2.10-

2.11 29.933 1.625 2.94 0.09197 2.94 f.v.167 2.94 0.01302 0. .0.09280 12.0 0.104 '34.8 0.1 12.0 0.104 35.1 0.1 2.11
3.1 28.905 0.398 2.94 .0.09482 2.94 . 01441 2.94 0.01360 - 0. 0.09585 9.6 0.104 34.8 0.1 9.6 0.104 35.1- 0.1 ' 3.1
3.2 25.728 0.379 2.97 0.09801 2.97 0.01395 2.97 0.01249 0. 0.09902 9.6 0.104 '34.8 0.1 .9.6 0.104 35.1 0.1 3.2
3.3A 24.898 0.551 2.92 0.03245 2.92 0.01347- 2.92 0.01615 0. 0.08379 9.6 0.104 34.8 0.1 9.0 0.104' 35.1 - 0.1 3.3A
3.38 24.898 0.343 2.94 0.10253 2.94 0.01347 2.94 0.01010 . 0. ' O.10322 9.6 0.104 34.8 0.1 9.6 0.104 135.1 0.1 3.38
3.4A 25.004 0.494 2.94 0.tS790 2.94 0.02360 2.94 0.01548 :0. 0.09013 9.6 0.104 34.8' O.1 9.6 ' O.104 ' 35.1 0.1 3.4A
3.48 ??.608' I.041' 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 0.104 35.1 0.1 23.48
3.5 2S.628 0.438 2.96 0.10191 2.96 0.01314' 2.% 0.01637' O. 0.10298 ~ 9.6 0.104 34.8 0.1 9.6 ' O.104 '35.1 0.1 3.5

. _ _ _ _ _ _ _ _ _ _ _ = _ _ _ _ .
_ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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TABLE 2-2._Leastsquaresparameters--peakforcesensitivitytodrywellpressurizationrate,ia
dw'

Standard downcomer length Extended downcomer length.
0 0

45 sector' 7.5 sector 45 sector 7.5 sector.
_

Down Up Down Up Down . Up Down- Up'

force force force force force. force force . force

Intercept, o (1b ) 6297.43 4671.50 621.09 856.82 6162.62 .5142.93 836.52 745.58
g g

411.68 .839.38. 65.72 43.73 766.04 1012.79 '123.12 61.60y StandardLerror,o
1 (Ib )7y

m-

Slope, n (Ib / psi /s) '390.54 130.13 83.65' 10.87- 546.04 '104.62 89.67, 29.62
2 f

a (1b / psi /s) 15.95 32.46 '2.55 1.65' 35.32 43.53 5.70' 2.70-
Standard error, c

-

g

2'Fit coefficient, r O.934 0.729 0.778 0.243 0.996 0.984 0.994 0 989

p , ,} ,- 2 Pdw, where.the data set (F, pdw t are associated with ordinate and abscissa errora I

(o'"hi,".respectively,IF-

a

T '-) 7.- E



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

;

x=X+6 (2-4)
y=Y+c (2-5),

where e, 6 are random variables that

(a) have zero mean, i.e., p = p6 = 0,g
2 andofwhicharenotnecessarilyconstant(b) have variances 0

over all conditions, and are known,
(c) are uncorrelated, i.e., oc6, = 0.

.

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 = a Ax (2-6)2 ,

where a2 is an estimate of the slope, $ , and Ax = x - 27.4 is the2
deviation of the observed pressure rate, x, from the coninon pressure rate 27.4
psi /sec. Theadjustedpeakforce,7,is7=y+Aywhereyistheobserved
peak force.

The estimate, a , of the slope is based on a weighted least squares procedure
2

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

Y = $ + $ * + (C ~ 2), (2-7)6
1 2

where the bracketed term in equation (2-7) is a random variable with '

(a) mean, p = 0

(b) variance, o2 + $2 2o ,

g

1

f2-7
I

l
|

_ - .-
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When treating the observed pressure rates xj as fixed constants, equation
(2-7) is the usual regression model, except that the variance involves the
unknown value of $ . The estimation procedure was based on minimizing the

2

weightedsumofsquares,SSR($'2),where1

SSR($,$)"N "i(Y -" 1- "2*i) I2-0)'*

1 2 ii=1

The weights, wj, are assumed known and are

2 2 )-1 (2-9)wj = (o +a g ,g

where a2, is an approximate value of a2-

Based on this analysis, the estimates of $ , and $ are1 2

a1 = i - a *w (2-10)
g 2

and

N N

W (*1 - w)(Yi - E )/ E "i(*1 - E ) (2-11)a * i w w2 i=1 i=1 .

|
i

where

f
'

N N N N

mj j/ E w, .and 7,= [1= [1 uj 4x/ wg yx
g i= i=1i= i=

An approximation to the variance of a2 is given by

'o (x, - x )2 (2-12)a = 1/ .
g g

2 i=1

2-8
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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 $ , the estimation scheme was made iterative with

2
successively improved approximations being used. Iteration continued until
successive estimates of a were within 1 percent of each other.>

2

2.1.4 COMPARIS0N TO EARLIER RESULTS

Table 2-3, reported in SI units, provides a comparison with the earlier
work.I 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 thfe 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, a ) ofy

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

j clear. With tne standard downcomer length, the ratio of a 's (down to up
i

' 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

Uto 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
4

In order to provide a data base to determine the seconoary parametric
! sensitivities (drywell overpressure and downcomer submergence) we used the

slopes a2 to normalize the relevant peak forces to the nominal
pressurization rate of 27.4 psi /s

2-9
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b
TABLE 2-3. Comparison of least squares parametersa (simple regression on d:ywell
pressurization rate).

Standard downcomer length

90 sector 7.5 sector

c c c c
Down up Down up

Item force change force change force change force change

Intercept, a (kN) 68.37 +2.7 43.18 -5.5 4.11 -0.77 3.75 -4.3
g

Slope, a (kN/kPa/s) 0.43 -26.6 0.16 -9.1 0.047 -5.9 0.0072 +29.1
y

2
g Fit _ coefficient, r 0.83 - 5.5 0.69 -9.2 0.69 -7.3 0.27 +74.5

Extended downcomer length

Intercept, a (kN) 55.38 -10.0 44.81 -15.2 3.95 -2.2 3.46 +2.8
g

; Slope, a (kN/kPa/s) 0.71 -13.5 0.24 +1.0 '0.057 -1.6 0.0183' O.0
l

2
Fit coefficient, r 0.99' +1.7 -0.98 +4.5 0.98 -1.0 0.97 -1.0

aReference 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.

. - - - _ .



F = Fobs +"2(h -bobs) (2-13)nom nom

where

Fobs observed peak force, lbf=

p bs observed drywell pressurization rate, psi /s=
o

n minal-drywell pressurization rate of 27.4 psi /sp =
nom

F peak force adjusted to the nominal pressurization rate.=
nom

Associated with each adjusted peak force is the variance

2 2 ,[g _gbs) +a (2-14)0 ,g
F f nom ,

nom obs a2 Pobs

where

o = standard error in Fp obs

bs = standard error in a2a
2

ogbs = standard error in p bs*o
o

Applying both of these equations and the pertinent data from Tables 1-5, 1-6,
2-1, and 2-2 yields the desired nonnalized forces. The results of this

0 0treatment 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

0and 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.

2-11
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' TABLE-2-4a. ' Tabulation of observed and normalized peak forces with standard

[ errors--450 sector.

0HVLF--45 sector'

Unnormalized Normalized
5

j

Air test Pdw . Down a Up a Down a_ Up o
*

'#
no. . psi /s Jdw 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
4

1.4 18.400 0.156 13451 134 6978 ~ 328- --- -- -- ~--

I 1.5 29.964 ~0.110 -18236 135 8630 '425 -- -- -- --

l' 1.6 34.876 0.953 18789 135 9109 491 -- --- -- --

2.1 28.690 1.779. 12526 133 7160- 331 12022 708 6992 406
,

' 2.2 25.692. 1.310 % 67 134 6335 -299 ~ 10334 530 6557- 349

2.3 26.586 'O.917 9804- 140 6193: 321 '10122 385- 6299 343
;

2.4 24.308- 1.208 -16596 136 8374 -335 17804- L493 8776 437

'2.5 27.095 1.044 24761' 128' 9053 489 '24880 '427 9093- 508
,

! 2.6 25.432 0.563' 11489 136 5330 252 12258 -260 5586 =270

2.7 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
j

'

'

2.9 16.136~ -0.422 14948 131 8186 380 -- -- -- --

I 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 519 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 281 16U15 195 9244' 2961

3.4A- 25.004 0.494 16938 134 7754 448 17874 .238 8066 459

-3.48 22.608 1.041 15578 134 8092 435 17449 435 8716 481

3.5 25.628 0.438 16919 137 8599 439 17611 221 8830 '446~

i

!

['
2-12
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TABLE 2-4b. Tabulation of observed and normalized peak forces with standard errors--7.bo sector.
_

0HVLF--7.5 sector
0Unnormalized Normalized Normalized compared to 45 -

Air test Pdw Down a Up Down a Up Down .o Up

no. psi /s dw force down force c force down force c force down force Cup up up

1.1 24.948 0.630 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
1.3.1 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 - - - - - - - -

1.5 29.964 0.110 3037 19 1294 19 - - - - - - - -

1.6 34.876 0.953 3384 19 1236 20 - - - - - - - -

2.1 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
2.7 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 - - - - - - - -

2.11 29.933 1.625 3521 19 1607 20 - - - - - - - -

3.1 28.905 0.398 2571 19 1126 20 2445 39 1110 21 14671 231 6658 124
3.2 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
3.4B 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
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TABLE 2-5. Least squares parameters --peak force sensitivity to drywell

overpressure..
.

0
45 sector 7.5 -sector

Down. Up Down Up

force force force- force

Intercept,ay(Ib) 17147.32 8293.01 3068.40 1095.5:
f

Standard error, o,(Ib ) 1316.66 404.49 315.36- 34.66
f

Sl' ope, a2(ID /in.-H 0) -981.36 -262.39 -235.49 -24.85''

f 2

1

Standard error, og (lb'/in.-H 0) 420.09 119.88 100.63 '10.87
2

2
Fit coefficient, r 0.956 0.754 0.877 0.455

f

ap*" + "2d where the data set (F,d)g is associated with ordinate and
abscissa error (o , a )i, respectively. In this~ regression analysis, the' peak

p d

forces F$ (from tests- 1.1,1.3,1.3.1,2.1,2.2,2.3,2.4,'and3.5),are
normalized to the reominal p = 27.4 psi /s.

dw

i

!

1

!

|
|

t

I

.
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20 _9 E Test 2.1
d G G Test 2.2

_

) 0 0 Test 2.3

15
,

_ _

4 2F = 17,147.3 - 981.36d; r = 0.754n

c..-. 10 _ _

$ E-
9 xn m

~

5 _ _

2p45 = 8293.01 - 262.39d; r = 0.956
up

0 I | | | | 1

0 2 4 6 8 10 12

Drywell overpressure -inches H O
2

4
I I I I I I

i
"o 3 _

l
e

j g Fj 5 = 3068.40 - 235.49d; r2 = 0.P7n
., _

/
_

8 Oa.

In.
D 1 :; O ._q
a m ,

F '6 = 1095.53 - 24.85d; r = 0.4557 2
up

0 l l I I I I

O 2 4 6 8 10 12

Drywell overpressure - inches H O
2

|
FIG. 2-3. Effect of drywell overpressure on normalized peak force

(py, = 27.4 psi /s).
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1

'2.1.7 SENSITIVITY OF PEAK FORCE TO DOWNCOMER SUBMERGENCE'

i

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

I- downcomer submergence. The sensitivities evidenced by the 45 torus sector
~and 7.5 torus sector data were computed using multivariate regression with4

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. Inaperfectcomparisonbgtween3-Dand2-Ddata,wewould. expectg

theratioofthesensitivities(af5 and a ) to be in the ratio of2,

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
I 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 forces 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.'

i

1

.
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aTABLE 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,ay(1b) 2468.93 2449.58 380.66 56.91f

Standard error, o, (1b ) 628.06 588.81 120.94 42.49f

Slope, a (1b /in.) 1554.59 600.42 272.40 115.852 f

Standard error, o, (1b /in.) 65.92 62.76 12.66 4.35f

2
Fit coefficient, r 0.904 0.788 0.755 0.809

a
f = ay + a s, where the data set (F, s), are associated with ordinate and2

abscissa error (o , a )i, respectively. In this regression analysis,p s

the peak forces, F9 (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 pdw = 27.4 psi /s.

i
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0 0 45TABLE 2-7. Comparison of the 45 sector and 7.5 sector force sensitivities (a j ,7.5 ),

Standard Extended Mix
Downcomers Downcomers Downcomers

; Down Up Down Up Down Up

Parameter Force Force Force Force Force Force

'? Drywell pressurization 4.67 11.97 6.09 6.22 -- --

-
, *
i rate, pdw

Drywell overpressure, 4.17 10.56 -- -- --- --

Ap(d)

Downcomer submergence, s 5.71 5.18-- -- -- --

,

, - - --
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2.2 IMPULSE CHARACTERIZ_ATION OF THE HYUR0 DYNAMIC 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 associated
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 , and ends at the time of the second zero-crossing of

g

The negative impulse, I eg, is defined at the Fdtthe HVLF, tpos. n

between t and the time of first zero crossing t I is similarly*

g neg pos
defined by the impulse integral between t and t

neg pos'

Typical results of the impulse calculations (from test 1.3.1) are shown in
0Figs. 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

neg) are identical or nearly so.corresponding integration limits (t to tg
There are significant differences, however, between the 2-D and 3-D positive
impulse results. In particular, the time of positive force is longer for tne

07.5 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,0 provide'some insight into the differences between the 2-D and 3-D

*
See Table 6 in Ref. 1.
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positive impulse results. In this experimental study (approximately
1/40-scale), a pair of downcomers was immersed in a rectangular tank
containing watcr; spacing, imersion 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 tpg3 (2-0) may be greater than the

2-22
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0
corresponding tpos (3-D), simply because slug flow behavior in the 7.5,

torus sector delays comunication 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
ap m ent in a comparison of the 3-D (45 ) and 2-D (7.5 ) impulses.

,

To provide an unbiased basis of comparison between the 3-D and 2-0 impulses,
Uthe 7.5 torus sector HVLF impuise was also evaluated for all tests using

the t determined from the-corresponding 45 HVLF integration. An
pos

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).
are listed for each test.The Ineg, tneg' Ipos, and tpos

*

In addition, the following computations were made:

a. The ratio of I to I f r the 45 torus sector
pg3 ne

0(3-D) and 7.5 sector (2 D) HVLFs were computed, as was the
'

ratio of I to I for the 2-D sector, using the
pos neg

shorter t of the 3-D sector HVLF.
1 -D (6 x 1 -D) was computed for both3 2

b. The ratio /

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).

,

o Graphical results (Figs. 2-9 through 2-11).
a. The data of la and Ib 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 (7.5 torus
sector) HVLF. The latter is provided for both tpos (2-D) and
pos (3-D). This information is given in the microfiche (groupt

2) in Appendix E. The values of Ineg'
t eg I os, and t os are listed as part of the headingn p p

of each plot along with the test start time, t .g

2-23

. - _ _ .



g M M mDeFOR teC TE$f NO. l.3.8 U 04/10/ 20:39:06

I M SC FROR: TOTAI. 20 KCTOR. FORCC
isage-l .%e3BE *02 IPOS * 2.ltitM*02

70* 2.95ent*00 TE G 3.192E e00 T N * 3.53 M * H

E.2
/

)
2.0

i.e

p
i .e j
..,

j
i.e j
l.0 f

)
0.e

0.e

0.=o 1
m I
g 0.a

V 0.0 3
-$ -0.e

-0.4

-0.6

-0.0 1

1

-s.O

-l.2

\
-i.4

3

-1 e . . . . - ~ ~ , . . n . . .
ag & a 4 a a a a a a a a a a ;

- .
i cu ; ;

| 0

flE - SEC
l
,

FIG. 2-8. HVLF impulse for 7.5 torus sector (test 1.3.1).
;
i

1

2-24
i



TABLE 2-8. Impulse data summary (Tests 1.1,1.3,2.4,and3.5).

0
45 ) [ 45 )[ 1 7

I I pos I
pos

t --s I 0 * I .5 0 * I .57 7Test neg
t --st --sno. Sector o (lb-s) neg (lb-s) pos neg neg pos

45 -824.23 2.2021 1144.3 2.5743 1.388 -- --

1.1 7.5 1.9976 -125.94 2.2135 231.50 2.6316 1.838 1.091 0.824
07.5 -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 -- --

0
)' 1.3 7.5 2.6466 -140.23 2.8721 214.17 3.3274 1.527 1.116 0.769

07.5 -140.23 2.8721 188.48 3.2071 1.344 1.'L16 0.874m

bi
45 -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 -- --

0 '

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

i

_ __ _.____.__ _ _ _ _ _ _ _ . _ _
- - .- _ _ _ _ _ _ _ _ _
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TABLE 2-9. Impulse data suninary (Tests 1.3.1, 1.4, 1.5, and 1.6).

,

[ 45 ) [ 45 h-g 1

ps 6x15) 6_ x 1 5 jTest 7 7t --s "*9 t --s t --sno. Sector o (lb-s) neg (1b-s) pos neg neg pos

45 -950.8 3.201 982.0 3.534 1.033 -- --

01.3.1 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 -- --

m

h 1.4 7.5 1.645 -120.3 1.873 184.5 2.231 '1.533 1.041' O.874
0

7.5 -120.3 11873 182.8 2.211 1.520 1.041 0.882

45 -1015.9 2.843 1110.0 3.173 1.093 -- --

1.5 7.5 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 -- --

1.6 7.5 1.500 -171.3 1.698 305.5 2.279 1.783 1.035 0.53
U7.5 -171.3 1.698 239.7 2.019 1.399 1.035 0.67

_ _ . - _ _ _ _ _
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TABLE 2-10. Impulse data summary (Tests 2.1, 2.2, 2.3, and 3.1).

00 45 )45 ) [ g[ 1

I I sI 0 '

pos I 0 * I .5 kb*I.57 7Test neg
t --st --s

no. Sector g (1b-s) neg (lb-s) *pos--s neg neg pos

0
45 -747.67 3.0238 818.41 3.3531 1.095 -- --

02.1 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 -- --

m
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 0.7810

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' O.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 3.7158 1.684 1.042 0.7590

.
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TABLE 2-11'. Impulse data sumary (Tests 2.5,.2.6,2.8,and3.2).

45 ) ( 45 )[ 1 g.,

I I pos LTest \6xI.5/neg 6 x I .57 7t --s
neg

t --s t --s I
pos

/posno. Sector o (1b-s) neg (lb-s) pos neg

45 -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

45"' -561.89 3.4076 680.93 3.7799 1.212 -- --y

h 2.6 7.5 3.2446 -84.30 3.4047 151.61 3.8199 1.798 1.111 0.748
0

07.5 -84.30 3.4047 143.32 3.7799 1.700 1.111 0.792

45 -985.78 3.3790 1128.2 3.7598 1.144 -- --

02.8 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

45 -1019.3 3.1413 1601.5 3.5565 1.571 -- --

U3.2 7.5 2.9030 - C .13 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 sumary (Tests 2.7, 2.9, 2.10, and 2.11).

0[ 45 \ ( 7

U 45 h-g

I I S
7 7pos

t --s I 0 * I .5 6 * I .5Test neg
t --St --s

no. Sector g (lb-s) neg (lb-s) pos neg neg 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 -- --

m

h 2.9 7.5 1.3076 -130.97 1.5721 242.62 1.9902 1.852 1.183 0.8180

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 -- --

02.10 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 -- --

2.11 7.5 1.4312 -190.75 1.6580 371.35 2.2765 1.947 1.150 0.717
07.5 -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, 3.38, 3.4A, and 3.4B).

[ 45 ) [1 )0 045
7

posTest "*9 t --s 6x15 6xI.5)pos7 7t --s PS t --sno. Sector o (1b-s) neg (lb-s) pos neg neg
0

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 -- --m

b 3.38 7.5 2.9123 -140.33 3.1212 287.52 3.7340 2.049. 0.800 0.361
0

,

'

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 -- --

U3.4A 7.5 2.7964 -167.24 3.0181 336.14 3.6395 2.010 1.032 0.610 ;

7.5 -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 . - - --

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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TABi.E 2-14. Impulse data sumary (average for- blocked vent Tests 3.3 and 3.4).

..

0 0^ ^45 ^45I I IA A pos
I a I a 0'

Test b neg ,, b pos ,, b I 6x15 6x157 7
t --sno. Sector o (lb-s) neg (lb-s) pos .neg neg pos

45 0 -711.60 0.203 to 0.210 774.65 0.129 to 0.364 '1.089 -- --

3.3 7.5 0 -140.66 0.209 to 0.211 295.14 0.613 to 0.621 2.098 0.843 0.437
0(Avg) 7.5 0 -140.66 0.209 to 0.211 166.94 0.123 to 0.364 1.187. 0.843 0.773

|a
0

45 0 -964.50 0.229 to 0.233 1190.10 0.346 to 0.361 1.234 -- --

3.4 7.5 0 -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.%1 0.702

al 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.

1
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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 2-0 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 7.50 HVLF impulse evaluation, wherein the positiveg

integration was stcpped at t s'

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 increase with
increasing pressurization rate. A 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 pdw, while the negative impulse (denominator) shows a uniform
increase with the pdw 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 pdw so that as pdw increases, the

ratio of (Ipos /Ineg)2D 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
pressurization 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 the4

previous study of peak downloads from the HVLFs. Because the decreasing

ratios of positive impulse move further and further from unity with increasing

( pdw, however, it seems evident that there is a substantial difference in
pool swell behavior between 2-0 and 3-D systems.

|

| TheplotsinFig.2-11showtheeffectsofdrywelloverpressureon[mpulse. g

| For both 3-0 and 2-D sectors, the impulse ratios (Ipos /Ineg 45 (6 x
7

/ 1 5 ))and 1

( are only a weak function of Apdw. 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.

!
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'
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0 2-D - 7.5 sector full O O
1.0 - 0 2-D - 7.5 sector limited _

I I I I I I0.9
1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4

2Drywell pressurization rate- kPa/sec X 10

l'2
I | | | | |

1.1 - O -

m

1.0 -
O 4)

-

Positive - limited
.- 0.9 - m e -

k 0
x 0.8 - -

E G
0.7 -

, ,=

_

0.6 -

O Negative impulse
-

0.5 - O Positive impulse - full Positive - full _)
O Positive impulse - limited

0.4 - -

0.3 I I I I I I

1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4
2Drywell pressurization rate - kPa/sec X 10

FIG. 2-9. Effect of drywell pressurization rate on HVLF impulse ratios.
(standard length downcomer)
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2.0 g g | g | | j

2-D sector - fuH range Air tats 2.7,2.9,2.10, & 2.11
1.9

(Extended downcomer)
1.8 - -

0 0
1.7 - 0 -

[ 1.6 - -

x-

_k 1.5 - 2-D sector - limited range -

14 -

3-D sector
-

1.3 - c -

.
1.2 - O "

l I I I I I I
l'l

16 18 20 22 24 26 28 30
Drywell pressurization rate - psi /s

1.2
i ; j i , i

Negative O

1.1 - -

O

C 1.0 - -

^_
X

e
%_ 0.9 -

Positive - limited range
-

3 -

0.8 - *
-

Positive - full range
I I I I I I I0.7

16 18 20 22 24 26 28 30
Drywell pressurization rate - psi /s

FIG. 2-10. Effect of drywell pressurization rate on HVLF impulse ratios.
(extended length downcomer)
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1.2 | | | | | |

(k Negative W
1.0 - -

^

m
'i.
X

0.8 - Positive - limited range pe ,
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-

0.4 I I I I I '
;
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FIG. 2-11. Effect of drywell overpressure on HYLF impulse ratios.
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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.* 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
0applied to a finite element model of the 90 torus sector using the linear

.I SAP 4 finite-element code. This model,9 makes use of beam elements which

characterize the torsional and longitudinal stiffness of the torus shell.
Three external torus sector 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 midplanet (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 k . The dual midplane support trunnions and their loadg

cells are represented by the combination of a single vertical spring of
stiffness k and a clock spring of stiffness k *

2 3

The overall 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 ene' 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.
r

e LC-2--25 percent at node 1; 75 percent at node 2.
;

I o LC-3--75 percent at node 3; 25 percent at node 4.

| e LC-6--25 percent at node 4; 75 percent at node 5.
e 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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-11 1/4 r- $ 111/4' -*- Element node
-15* k 15* -0- Strut loadi

-33 3/4 -30' b N 30 333/4' cell (ref.)
c w 44 A

-45* * 4- o'
'

45'
9 2 6 "

Node 1 7

k3

ffN
.N*ki k

2

iIiiii

NMe1 NMe4
_ _

6Beam elements: E = 29 X 10 psi, p = 0.27y
l = 1.25 X 105 in.4b

J = 2.50 X 105 in.4

A, = 177.06 in?
Cross section, circumference = 74.4" i.d.; t = 0.75 in.

Weight: Structure - 15,212 lb (W,)
End plate - 4,594 lb(W,)
Water - 15,340 lb (W,)

[W W Ib-s2
Lumped mass: At nodes 1 and 7, m = i 1 , +

w+ W*)l = 18.5 --g(12 12 in.

[ W, + W hI = 13.2 -slb 2At nodes 2 through 6, m = -| | w
-

g( 6 6) in.

6Springs: k = 1.88 X 10 lb/in.j
7k = 1.54 X 10 lb/in.2

k = 3.26 X 1010 in.-lb/ rad.3

FIG. 2-12. Finite element model of 90 torus.
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The HYLF 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

by a uniform 20 percent. Case 1.3.1.- decreased thek , k , and k3g 2
spring constants by 20 percent. Case 1.3.1.2 modified the base case by
ir. creasing the water mass by 20 percent. The final case (1.3.1.3) increased
the water mass by 30 percent. These conditions are listed in Table 2-15.

torus structure was experimentally studied earlier by M. Posehn,10 who0The 90
determined the natural frequencies of the water containing structure. A
comparison of the measured response with the system modal content computed by

the SAP 4 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 SAP 4 code provide a vertical force history at
node 1 and at node 4, as well as a moment history at node 4. The node I 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 thoset

measured during test 1.3.1. The measured force histories for LC-1, LC-4A,
*

LC-58, 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.

2-38

.-



|

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 SAP 4 load histories, are orovided on microfiche in Appendix E.3.
Figure 2-28 shows a typical result of the frequency analysis.

In all cases, the SAP 4 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 SAP 4 model in
all cases, except in the case of the simulated load cell 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.

t

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 measurements are not compromised by
structurally irduced forces.
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FIG. 2-13. Applied force history, load cell LC-2.
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FIG. 2-14. Applied force history, load cell LC-3. j
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' FIG. 2-15. Applied force history, load cell LC-6.
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TABLE 2-15. Basic problem conditions.

Spring constants
Problem k k k Water massy 2 3

2number- (lb/in.) (lb./in) (in.-lb/ rad) (lb-s /in.)

6 7 101.3.1.0 1.88 x 10 1.54 x 10 3.26 x 10 39.75
6 7 101.3.1.+ 2.256 x 10 1.848 x 10 3.912 x 10 39.75
6 7 101.3.1.- 1.504 x 10 1.232 x 10 2.608 x 10 39.75

6 101.3.1.2 1.88 x 10 1.54 x 10 3.26 x 10 47.70
6 7 101.3.1.3 1.88 x 10 1.54 x 10 3.26 x 10 51.68

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

,

SAP 4 analytical model--Hz

: Hammer blow

testr--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--

,

-

|

I

I
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_

b /7277

Mode 2 (55.8 Hz)

___________________
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/7??7

Mode 3 (135.8 Hz)

FIG. 2-18. Mode shapes of lowest three modes of vertical vibration.
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Node 4

PLAN . VIEW
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FIG. 2-19. Transformation of analytical model force and moment to load cell
forces.
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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
a

RVLF -42000 19530 -34280 16080 -33200 16920 -35540 14490 -34710 15610 -34900 15370m
g (sum)

aTimes 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.
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PRPLoT RUN R 09/27/79 14:12:56
FLCIXT131X VMIN=-7.9400E+03 VMAX= 8.6217E+03

MUL TMIN= 3.1957E+00 TMAX= 3.1355E+00
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FIG. 2-20. Measured force history, load cell LC-1.
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PRPLOT RUN R 09/27/79 14: 14:21
FLC4AT131X VMIN=-l.6117E+09 VMAX= 6.5821E+03

f!VL TMIN= 3.I155E+00 TMAX= 3.2558E+00
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| FIG. 2-21. Measured force history, load cell LC-4A.
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PRPLoT RUN R 09/27/79 19: 15:21
FLC58T131X VMIN=-2.9250E+09 VMAX= 1.1951E+09

MUL TMIN= 3.1527E+00 TMAX= 3.2529E+00
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FIG. 2-22. Measured force history, load cell LC-58.
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PRPLOT RUN R 04/27/79 14: 16:27
FLCAST131X VMIN=-4.2001E+04 VMAX= 1.9530E+04

MUL TMIN= 3.Il84E+00 TMAX= 3.2529E+00
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FIG. 2-23. Measured response vertical load function (RVLF).
,
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PRPLoT RUN U 04/26/79 11:10:52
LSAPLCIXX.0 VMIN=-5.7920E+03 VMAX= 5.4020E+03

MUL TMIN= 4.8900E-01 TMAX= 5.Il00E-01
1.000E+00
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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 1I:11:51

M.SAPLC9XX.0 VMIN=-1.1636E+09 VMAX= 5.5293E+03
MUL TMIN= 4.1650E-01 TMAX= 5.3100E-01
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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= 1.4497E+04 -

NUL TMIN= 4.1950E-01 TMAX= 5.2950E-01
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FIG. 2-26. Computed force history, case 1.3.1.0, load cell LC-5.
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PRPLOT RUN U 09/26/79 11:14:08
WLSAPRVLFX.0 VMIN=-3.9279E+09 VMAX= 1.6079E+04

NUL TMIN= 4.1600E-01 TMAX= 5.3000E-01
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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 FOLJERVL
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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'

inh = inc T (2-15)p

where c denotes the constant pressure specific heat of the working fluid. '

p

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
IIPitts 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
11plots 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.

e Regeneration of the mass flows from the original PSE raw data tapes.
e " Hand" digitization of the hardcopy mass flow plots, based on

available hard- and software techniques in use at LLL.
e 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 viewed2

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 PPLOT,12,13 a computer routine that interfaces a mechanical stylus
with the CDC 7600 computer, but fhis effort proved to be too time consuming
and tedious for practical production purposes. Therefore, the necessary

I4computer software was developed by Blair to extract coordinate information
directly from the availab?e graphics computer files. As indicated by
Figs. 2-29 and 2-M excellent replication of the original mass flow data was
achieved. Details incut the recovery of mass flow data can be found ir.

Ref. 15.

2.4.2 CALOULATION 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. All final
enthalpy flux calculations were calculated, therefore, using unfiltered
temperature data.

4

*
Enthalpy fluxes calculated for all tests are included in Appendix E.5.
Corresponding mass flow and te.mperature 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

- 0.2 s) and the calculated time tpos, which(i.e.,tstart " o
represents the time of second zero crossing of the positive 3-D HVLF as

*
Enthalpy fluxes for test 1.2 are not included because no corresponding HVLF

has been calculated.
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PSE TEST No. 1.3.1 DATE: R O'+/26/79 TIME: 10:35 58

FITTED Omfa. Ollh TMIN: 2.063E-03 YMAx 3.g73st.00

UM00 Fit VUI510N: 0%i M/79R PRIN: -g.7]DK -01 PPAX: 1. 001 E *0 5
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FIG. 2-30. Data recovered from Fig. 2-29 and fit using standard uniform PSE
time step (2.8635 ms).
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PSE TEST NO. 1.3.1 DATE: R 05/21/79' TIME: 13:97:11
LAFIL7EED OATA. FILE: R700Tl313 TMIN: 2.v9 M *00 TMAX: 3.533aE*00
EwtUM VER$ims: 05/86/79t VMIN: +1. N -01 YMax: 1.00lM *01
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G. 2-31. Recovered mass flow data, test 1.3.1 (left 3-D vent pipe),

f

2-62

-- -_ .



|

I
i

PSE TEST NO. 1.3.1 DATE: R 05/21/79 TIME: 13:47:11

W ILTE K O DATA. FILE: R1313313 TMINI 2. p C.00 TMAX: 3.S33EC+00
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FIG. 2-32. Unfiltered temperature data, test 1.3.1 (left 3-D veut pipe).
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PSE TEST NO. 1.3.1 DATE: R 05/21/79 TINE: 13:47:11
LMILTEKO DATA TMIN: 2.69 ht<00 TMAX: 3.S33EE*00
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FIG. 2-33. Enthalpy flux calculated using data in Fig. 2-31 and Fig. 2-32.
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PSE TEST NO. 1.3.1 DATE: R 05/21/79 TIME: 15:37:53
FILTEflED DATA. rK Q: Ih.64 HZ TMIN: 2.60ht+00 TMax: 3.S33EE+00
EWLUM VEN51(per OS/IEtM YMI %$02E YMAX: 8.6990E*01
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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: 15:37:53'

FIL?tNO DATA. FREOs lh.61 HZ TMIN: 2.697%E*00 TMAx: 3.S338t*00
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FIG. 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 t c riih d ge .start yrn m
Test. Sector second second second Btu /second Btu

1.1 2D 1.7 1.7976 2.5743 270.9 115.3:
45R 1683.1 717.4
45L 1731.0 737.1

1.3 2D 2.4 2.4466 3.2071 229.9. 92.06
45R 1420.9 594.4
45L 1466.9 603.0

,

1.3.1 2D 2.7 2.7886 3.5335 262.5 104.7'

45R 1479.4 606.8
45L 1485.8 615.0

1.4 2D 1.4 1.4452 2.2106 206.9 83.20
45R 1024.7 411.5
45L 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
d5L 1781.0 686.5

2.1 20 2.5 2.6602 3.3531 249.1 92.87-
45Rf 1427.6 527.1

! 45L 1465.4 549.8

2.2 2D 2.3 2.3814 3.0554 191.6 52.63
; 45Rf 1408.0 487.1

45L 1420.8 506.0

2.3 20 2.7 2.8188 3.4906 241.6 88.64
45Rf 1349.8 501.9
45L 1377.1 520.2

2.4 20 2.5 2.6159 3.4104 251.1 111.1
45R 1561.5 657.6
45L 1571.9 667.0

2.5 20 2.5 2.5221 3.3159 253.3 108.9
45R 1507.4 '628.6
45L 1542.8 657.5

2.6 2D 2.9 3.0446 3.7799 252.1 101.3
45R 1492.5 586.4
45L 1505.4 - 597.1

2.7 2D 3.0 3.0518 3.8715 247.4 109.7
45R 1470.8 659.2
45L 1501.3 681.2

2.8 2D 2.9 2.9622 3.7598 233.6 104.4
45R 1433.8 630.0
45L 1433.4 643.3
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TABLE 2-18. (Continued).

Test Sector e sc s Bt / nd

2.9 2D 1.0 1.1076 1.9615 173.3 77.48
45R 1054.4 483.0
45L 1075.4 490.2

2.10 2D 2.4 2.5266 3.3503 254.5 116.5
45R 1582.7 703.0
45L 1604.6 731.7

2.11 2D 1.1 1.2312 2.0503 283.1 129.6
45R 1740.1 777.4
45L 1756.0 802.4

3.1 ?O 2.8 2.9348 3.7168 278.0 119.2
45R 1527.3 665.8
45L 1555.3 694.4

3.2 2D 2.6 2.7030 3.5565 240.2 107.1
45R 1452.7 687.5
45L 2140.5 1152.7

3.3A 2D 2.5 2.5786 3.3531 287.6 117.0
45R 9 9
45L 2264.2 867.3

3.38 20 2.6 2.7123 3.2444 270.8 50.47
45R 1775.3 346.6
45L g 9

3.4A 20 2.5 2.5964 3.3903 288.9 112.5
45R g g
45L 2449.6 1100.0

3.4B 20 1.9 2.0224 2.7976 287.4 111.1
45R 1878.7 776.8
45L g g

3.5 2D 2.2 2.3168 3.1155 231.8 104.1
45R 1394.2 612.1
45L 1478.4 653.1

a75--point -(1.5 s time window) HVLF start time. l

b est zero time (t ) less 0.2 s.T o
cPositive impulse time of last zero crossing from impulse calculations for 3-D I

sector.
dMaximum calculated enthalpy flux.

; eTotal enthalpy input over the time interval tzero to tpos-
fused T-39 temperature data (left vent header) for the right vent header becausei

1

temperature transducer T-38 was unavailable. j
9 Vent line blocked.
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I

determined by the impulse analyses described in Section 2.2. The 0.2 s i

precursor on t was used to_ account for early (t<I ) mass flux which is |g g
an artifact of the noninstantaneous start of drywell pressurization. The

choice of 0.2 s was ebitrary 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 t .

|g
i

|

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 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 sunrnation of each local parameter is used. This
summation is calculated by a simple trapezoidal integration similar to that
used for the total 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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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 ino

Fig. 2-36) is checked by comparing integral p-T products at 0 .0

Ring header synnetry is recalculated using integral pressure datae

alone as a check on the feasibility of using pressure data alone to
infer enthalpy flux.

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

-(section 5),

Integral pressure data are compared between downcomers in plane 11 ande '

are then used to infer local enthalpy flux weighting.
Integral pressure data are compared between downcomers in plane 20 ande

are then used to infer local enthalpy flux weighting.
e Integral pressure data are compared among the four downcomers in

planes 11 and 20.

Integral pressure data for the downcomers in planes 11 and 20 aree

weighted by the calculated ring header distribution ar.d are then
compared.

Weighted pressure data are used to calculate the final enthalpy fluxe

distribution among the downcomers in planes 11 and 20.
1

Calculations for the 7.5 sectcr are performed as follows:

Integral p-T products are compared between downcomers (see Fig. 2-37).e

-e 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 (wPT andw[T,respectively)are
defined by:

PT. bPTLL
L (2-16)w

= { p T( + {pTRRl

PT- EPTRR
(2-17)"R {pTgL+EPTRR

*
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Torus' '

_' Torus Type of3'
'

TLg' f
o

Location XDCR Transducer No.' '

-

.'' 0* P

s Ringheader T
*

1 PS*
,

[_ gB 37 PS 9 a+- t
45* P 75F---.

90 o + o 270 - --- 85* T-.__.

90* P-

~-~128 * P 76
Left _j Right

, L- Strut
Oowncomer 140 P

3 -

A 155' P 77,

,

160 * P 78'
'

180
/,, ,.' 165 * P 79'

, ,,

175 * T 30 $,,

,

180 P 80 y' '
* '

.. ,,

195 P 81
200" P 82
205 * P 83

P 84
Downcomer p 5o

Type of 270 P

Location XDCR Transducer No. 315 * P 86
323* PS 10 &

P 89 <
342 PS

Left 3 355 T 202
B

1 5A
P 90

Right Ringheader
SB

SA Type of
Location XDCR Transducer No.

Strut P 87
SB

T 31
SA 19 oo

SB 16
A

P = Pressure p 86
T = Thermocouple T 32
PS = Pool swell 180

SB
SA = Strain, axial AS = Strain, bendingg

FIG. 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:

(2-18)W
"{ {pR

P EPR
"R " { pL + EPR

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

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

IIbP (2-20)"H*1/{pL*EI/EP
L

L
R

1/{pR-

" " 1/{pL + I/EPR

where(andwk'arethenormalized"left"and"right"enthalpyfluxes
respectively. Distribution of electric current between parallel resistors

provides a useful analog here. For data pairs it can be shown that

R (2-22)"W

(2-23)WR=W -

If more than two locations are considered, for example, comparison among all j

downcomers in both sections 5 and 8 (planes 11 and 20), then the individual
|

weights of integral pressures are given by: |

P EPSL p,gw
SL , { p5L + E PSR * EP8L + EP8R

,

P EPSR
"5R " { p5L + E PSR + EP8L + EP8R
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P bE8L
8L " { p5L * E P5R + EP8L + EP8R

#

P EP8R
"8R * {p5L + EP5R+EP8L + EP8R

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

I/EPSL
"H5L"1/{p5L*I/EP5R*I/EP8L + I/EP8R

I/EPSR
"H5R * 1/{p5L + l/EP5R+1/[p8L*l/EP8R

1/EP8L
"H8L"1/{p5L+l/EP5R+1/{p8L+l/EP8R

"H
1/[p8R

8R*1/{p5L+IIEP5R+l/EP8L + l/EP8R

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 the 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:

H (2-32)(w"t)' = w"t - (w )rnghdr/0.50

(w"g)'=w$a-(w!)rnghdr/0.50 (2-33)
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I 8L)' * "8L ' I" Irnghdr/0.50 (2-34)

(yg)'=w"g-(w)rnghdr/0.50 (2-35)3 g

where (v.f) rnghdrand (w ) rnghdr represent the inferred enthalpy flux
'

8
. we'ighting 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 results of these calculations,
outlined in Figs. 2-38a through 2-38g, indicate the following:

Enthalpy flux distributions inferred by comparing integral pressurese

are essentially identical to those inferred by integral
pressure-temperature products, both between planes 11 and 20 in '.n2
ring header and between downcomers in plane 11. It is therefore
implied that the substitution of pressure alone for pressure-
temperature products is valid for the enthalpy flux calculation.

Enthalpy flux is almost equalV split between the left (plane 11) ande /

right (plane 20) sides of the ring header, with a slight preferential
flow to the left side. This result is consistent with that calculated
for the left and right vent pipes. -

Enthalpy flux is distributed essentially evenly between the right ande

left (inboard and outboard, respectively) downcomers in both plane 11
and plane 20.

Calculation of inferred enthalpy flux was also performed for the 7.5U 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
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I
RING NEADER SYMMETRY BASCO ON PT PRODUCTS

INPUT FILE: WL1312411
PRESSURE. PSIA (P-65) RNGHOR. 5-0 DEG.

INPUT FILE: WLl312501
PM SSURE. FStA IP-708 RNGHOR. 8-0 DEG.

INPUT FILE: WLl313207
TEMPERATURE. DEG F (?-201. RNGHOR. 5-0 DEG.

INPUT FILE: WLl3132tl
TEMPERATURE. OEG. F sf-25). RNvHOR,8*0 DEG.

INTEGRAL SUMS

SECTION 5 IPLAT 188: 2.03%75E.03
SEC TION 8 (PLANE 208: 2.05920E.03

TOTALS 4.09395C.03

NORMALIZED INTEGRAL S M
i
! $[CilON 5 (PLANE list 4.97015C-01

SECI!ON 8 (PL ANE 20 0: 5.L2985E-Ol

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

I
RING f(ACER SYMMETRY SASED ON PRESSURE 0%Y

INPUT FILE: WLl312%Il
PRES $URE. PSIA (P-650 A W . 5-0 DEG.

INPUT FILE: WL13I2508
PRESSURE. PSta tP-701 RNGHOR. 8-0 DEG.

INTEGRAL SUMS

SECTION 5 (PLANE lits 3.81943E+00
SECTION 8 (PLANE 201: 3.80033E+00

TOfAL: 7.69876E.00

NORMALIZED INTEGRAL SUMS

SECTION 5 (PLANE lits %.95990E-01
SECilON 8 (PLANE 208: 5.04020E-08

INFERRED ENTHALPY FLUM 8ASEO ON
INTEGRAL SUMS OF PRESSURE

SECTION 5 (PLANE III: 5.04020E-01
SECTION 8 (PLANE 208: %.95990E-01

FIG. 2-38b. Ring header symetry based on integral pressure only (test 1.3.1).
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SECil0N 5 (PLANE li a 00MNCOMER S'MMETRY BASLO ON PT PRODUCTS

INPUT FILE: WLl 3 t hl 3
PRESSUAE. PSIA (P-673 00WNCOMER LEFT. 5

$NPUT FILE: WLl312%I4
PRESSU9E. PSIA (P-688 00HNCOMER RIGHT. 5

INPUT FILE: WLl313209
TEtrERATURE. 000. F 17-22), 03WNCOMER LEFT. 5

INPUT FILE: WL1333280
TEMPERATURE. OEG. F 61-231. 00.deCOMER RIGHT. 5

INTEGRAL SUMS

LEFT.5: I.99869E+03
RIGHT 5: 2.03727E+03

TOTAL: 4.08596E+03

NORMALIZED INTEGRAL SUMS

LEFT.5: 4.9768eE-01
RIGHT.5: 5.0231%E-01

FIG. 2-38c. Plane 11 downcomer symmetry . 3d on '-T products (test 1.3.1).

I
SECil0N 5 (PLANE Ill 00WNCOMER SYMMETRY BASED ON PRESSURE ONLY

INPUT FILE: WL13129 8 3
PRESSURE. PSIA IP-678 00HNCOMER LEFT. 5

l W T FILE: WLl382%l4
PRESSURE. PSIA .P-68) 00WNCOMER RIGHT. 5

INTEGRAL SUMS

LEFT 5: 3.751%IE+00
R10HT.5: 3.78507E+00

TOTAL: 7.536%8C+00

NORMALIZED INTEGRAL SUMS

LEFT.5: 4.97767E-Ol
RIGHT.5: 5.02233E-01

INFERRED ENTHALPY FLUX BASED ON
INTEGRAL SUMS OF PRESSURE

LEFT.5: 5.02233E-On
RIGHT.5: %.97767E-01 >,

FIG. 2-38d. Plane 11 downcomer symetry based on integral pressures only

(test-1.3.1).

;
.

_m

]
'

i
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SECTION 8 8 PLANE 200 DOWNCOMER STMPETRY BASCO ON PRESSURE ONLY

INPUT FILE: WLl382502
PRESSURE. PSIA IP-711 DOWNCOMER LEF T. 8

INPUT FILE: WLl312%IS
PRESSURE. PSla IP-72). COWNCOMER RT. 9

INTEGRAL SUMS

LEFT.8: 3.792SSE+00
RIGHT.8: 3.75419E+00

TOTAL: 7.53676t+00

NORMALilED INTEGRAL SUMS

LEFT.9: 5.0lS03C-01
RIGNY.0: 4.90ll7E-08

INrERRED ENTHALPY FLUX BASED ON
INTEGRAL SUMS OF PRESSURE

LEFT.9 4.90!I7E-Ol
RIGNY.8 S.01803E-Da

FIG. 2-38e. Plane 20 downcomer symmetry based on integral pressures only

(test 1.3.1).

I
SECil0NS 5 & 9 IPLANES II & 208 WEIGHilNO SASED CN PRESSURE ONLY

INPUT FILE: WLl312%I3
PRESSURE. PSIA IP-679 DOWNCOMER LEFT. S

INPUT FILE: WLl312%lk
PRESSURE. PSI A 4P-68 DOWNCOMER R1GMT. 5

INPUT FILE: WLl312502
PRESSURE PSIA IP-718 DOWNCOMER LEFT. 9

INPUT FILE: WLl312%IS
PRESSURE. PSIA (P-72 D . DOWNCC 4.R RT. 9

INE'EGRAL SUMS

LErf S 3.751%IE+00
RIGHT.S 3.79507E+00

LErf.0: 3.70250E+00
RIGNY.9: 3.75%I9E+00

TOTAL: 1.50732E+0!

NORMALIZED INTEGRAL SUMS

LEFT.5: 2.40079E-01
RIGNT 5: 2.Slll2E-01

LEFT g: 2.SO944E-01
plGNT.9: 2.%9063E-01

FIG. 2-38f. Inferred downcomer symetry, planes 11 and 20, no allowance
for ring header flux distribution (test 1.3.1).
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SECil0NS S S e IPLAE S 11 S 208 WEIGHilNG SASED ON PRESSURE
WEIGHTED ST CALCULATED WENT HEADER WEIGHTING

|NPUT FILE: Wil382%13
PRESSURE. P$la IP-67) 00WNCOMER LEFT. S

INPUT FILER WLl312%B4
PRESSURE. PSIA IP-689 DOWNCOMER RIGHT. S

,

INPUT FILE: WLl312$02
PRESSURE. PSIA (P-713 DOWNCOMER LEFT. s

INPUT FILE: WLl312%IS
PRESSURE. PSIA IP-72I. DOWNCOMER RT. 8

INTEORAL SUMS

LEFT.Si 3.751%IE*00
RIGHT.S 3.79507E+00

LEFT.8: 3.70259E*00
RIGHT.0: 3.75%IPE+00

TOTAL: 1.50732E+08

NORMall2ED INTEORAL SUMS

LEFt.Si 2.%6870E-Ol
RIGHi.S: 2.%9093C-01

*

LErf.92 2.5296%E-01
RIGHT,9 2.5100SE-O'

INFERRED ENTHALPY FLUM SASED ON
INTEGRAL SUMS OF PRESSUIE

LEFf.5: 2.53535E-01
RIGHT.5: 2.50004E-01

LEFT.9: 2.47090E-01
RIGHT.Si 2.4092%E-01

FIG. 2-389 Inferred enthalpy flux distribution, planes 11 and 20, including
allowance for ring header distribution (test 1.3.1).
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I
20 SECTOR DimpeCOMER SYMMETRY E ASED ON PT PRODUCTS

INPUT FILE: WLl312307
PRESSURE. PSIA (P-89) DOWNCOMER LEFT 7.5 DEG.

INPUT F ILEt tell 312300
PRESSURE. PSIA (P-90) DOWNCOMER RIGHT 7.5 DEG.

INPUT F ILE: WLl3!3307
TEMFERATURE. DEG. F .IT-333 DOWNCCPER .LEFT. 7.5 DEG.

INPUT FILE: WL1383300
TEMPERATURE. CEO. F (T-349. DGWNCOMER RIGHT. 7.5 DEG,

INTEGRAL SUMS

LEFT.20: 1.92%7eEe03
RIGHT.20: 2.04766E+03

TOTAL: 3.972%%E+03

NORMALilED INTEGRAL M#tS

LEFT.20: 4.99534E-01
RIGHT.20: 5.15%66E-01

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

I
23 SECTOR D0WNCOMER SYMMETRY BASED ON PRESSURE ONLY

INPUT FILE: WLl312107
PRES $URE. PSIA (P-89) DOWNCOMER LEFT 7.5 DEG.

INPUT FILE: WLl312308
PRESSURE. PSIA IP-90) DOWNCOMER RIGHT 7.5 DEG.

INTEGRAL SUMS

LEFT.20: 3.60905E+C0
RIGHI.20: 3.83947E*C0

TOTAL: 7.4%952E+C0

NORMALIZED lNTEGRAL SUMS

LErf.2D4 %.9%532C-Cl
RIGHT.20: 5.15%68E-OL

INFERRED ENTHALPY FLUX SASED ON
INTEGRAL SUMS OF PRESSURE

LEFT 20: 5.l5%68E-On
RIGHT.20: 4.8%532E-01

0FIG. 2-39b. Inferred enthalpy flux distribution, 7.5 sector (test 1.3.1).
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.. TABLE 2-19. Inferred enthalpy flux in 90" sector ring header and at individual downc0mers.

8 a b b90 ring header Plane 11 Plane 20 7,$o sector

' Test Left vent Right vent Left Right Left Right Left Right

1.1 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 0.2511 0.2462 0.5315 0.4685

1.5 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 1.2511 0.2476 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 0.2493 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 0.5011 0.4983 0.24 % 0.2521 0.2451 0.2533 0.5032 0.4168

2.5 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
" 2.7 0.505J 0.4947 0.2513 0.2540 0.217: 6.30 3.5359 0.4941

2.8 0.5014 0.496t, 0.2509 0.2505 0.2501 0.2485 0.5096 0.4904

2.9 0.5018 0.4982 'O.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 0.49 % 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 0.5053 0.2468 0.2478 0.2581 0.2473 0.5108 0.4892

4.38 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

3.4B 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

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

b"Right" 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 2.0 is typically uniform within a few percent.

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

'f 2 2 ' I|E
%h i % )i (oT )I+j ( ~ 0)thh " A m / f) ,

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 orifice 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

L pressure differentials.

,

| Error due to integer arithmetic roundoff in the recovery of mass flow datar

|
from the computer graphics files is approximately two orders of magnitude less

( than the relative standard deviation in the mass flow 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 an the wetwell airspace
an'd subpool,5 were used during the LOCA tests to prov',de a visual record of

events corresponding to transducer signal characteristics. Although it 1.,

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 record, 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 j
* Iat the beginnfng 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 mL ' 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.

Timiny 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 framt. 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].
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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

,

d

:

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

Test

Transducer Plane 2.7 2.9 2.10 2.11

'
LC-2 2 3.4677 1.5492 2.9294 1.6265

LC-3 3 3.4648 1.5434 2.9236 1.6236

Film 4 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 2.9205 1.6236

Pressurization
rate (psi /s) 23.6 16.1 27.9 29.9

2-85



PRPLOT RLN R 09/25/79 11:20:24
FLC2XT2.7X VMIN=-9.8329E+02 VMAX= 2.3072E+03

MUL TMIN= 3.5221E+0E TMAX= 3.967'7E+00
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.

e.%

a.e

2.o

i.e

1.6

.*

i.a .

1.o

S
1 o.8

0
O o.6

o.%
'

h
i J l M 1-o.e

N1 { \o.c wW -
i - Jh

. , ,

1
l -o.2

-o.%

|

c.'!'*9 -
af m i e a n. e e 9, ; , ; ; ; ;

~ m , .-
o "g m m m m m m m m e

a

| 'IME - SEC

FIG. 2-40. Force history, h ad cell 2 (test 2.7).
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' TABLE 2-22. Comparison of relative event times-(in seconds).

Test

Transducer Plane 2. 7. 2.9 2.10 2.11

LC-2 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

Prest"~ization-
rate (psi /s) '23.6 16.1 27.9 29.9

!

,
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l

2.5.2 P0OL SURFACE MOTION

i

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 line 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 d m comer 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:

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

e The camera view is through a 1-inch-thick quartz port, which results
in considerable distortion.

In principle, measurement of the pool surface line in a selected set of frames
should provide sufficient data for determining the poc1 surface history. j

However, the stenciled lines provided significant ambiguity. To resolve this
problem of measuring the pool position accurately, a scale marked in l

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 easily !

read on the film and resulted in more accurate readings.

,

*
See Fig. A-1, Appendix A.

,
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Although the camera frame rate is fairly 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 cross-timing with the load cell and other transducer recordings.

2.5.2.2 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,
evining 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
extret'e lower left corner of the mark. A frame of the film strip showing the
scale n.Trked 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 scale-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 com9ensate for this problem. This consisted of the
first two steps in the fallowing 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.

'2-90
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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

1 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. 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.

; 2. A vertical offset correction factor is defined for each frame by
'

adjusting each frame in the vertical (y) direction so that the mean'

square 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 framesi

analyzed for a given test. The scale attached to the side of the downcomer is ,

then mapped onto the downcomer stencil marks as follows:

3. 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
4

squares sense.>

4. 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.

3

| 5. The scale-frame is-then translated in the horizontal (x) direction so
| that the straight lines computed in steps 3 and 4 coincide. Since, in

general, the slopes of these lines are different, the scale line is
rotated as necessary to establish coincidence. !

| 6. The <x,y> coordinate pairs defining the-entire lower edge of each-
i stencil mark in each~ film frame are determined. These coordinate pairs
'

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.

2-91-
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7. 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 the <x,y> coordinate pairs used in 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
trrnslated 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 minimtra with respect to the fixed
"5: frare parabolas from step 6.

8. 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.

9. The final <x,y> coordinate pairs, against which the pool surf ace height
is measured, are then established for each division of the scale frca the

| straight line computed in step 8. The points of this scale cover the

full range of pool surface height; typical points co puted for test 2.7
are shown in Fig. 2-42.

|

| This last step completes the mapping of the accurate scale (which is divided

( into 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 detemined as follows:

10. 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 all eight pool surface
lines for test 2.7; Fig. 2-44 shows the corresponding parabolic fits.
Note in Fig. 2-44 that the fit for the initial pool surface line is
displayed as a dotted ,rve to distinguish it from the others and also
that portions of the line 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.

11. For ea:h parabolic fit of step 10, the point of intersection with the

scale straight line fr:; step 3 is detemined and the point used to
evaluate the distance along the outer edge of the downconer by linear
interpolation between the nearest two scale points computed in step 9.

I
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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 to
determine the time associated with that frame.

Figure 2-45 shows the results of generating 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 "Z" 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) time (seconds) 0. 1.2975

0. 3.2515 0.5514e-03 1.3713

.43167e-03 3.3010 5.9045e-03 1.4451

.76368e-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 1.6336

77.491e-03 3.4355 231.61e-03 1.5482

118.70e-03 3.4503

167.38e-03 3.4650
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I

TEST 2.10 TEST 2.11

height (meters) time (seconds) 0, 1.4163

0. 2.7514 u.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 measurements, 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 poi it 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 differer.ce (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 pool 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
and 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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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 P0OL 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 recomended 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 point <0,Y ,p> and the height on the downcomer line
$

<z 'Y >, by evaluating a and b in the expression,
L L

2+b (2-36)y = az .

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,

f

y = (az2 + 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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represents the estimated pool surface height along the torus vertical j

centerline. Figures 2-61 th' rough 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 vertical
velocities of the pool surface along the torus vertical centerline.

Results of the vertical pool surf ace motion evaluations, both along the
downcomer and the torus centerline are tabulated for the time of ring header
impact L' Table 2-23. These data are correlated to the drywell pressurization

rate (pdw) in Figs. 2-69. As shown in Fig. 2-69a there appears to be a
i strong linear correlation between the time interval to header impact and

pdw. 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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. TABLE 2-23. Estimated vertical pool surface motion at time of ring header impact.

d c _

t ,, V ,p V .tTest j 4 imp Fdw g
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

t ,p = time of vent header impact.j

Vf,p=verticalvelocityofpoolsurfacemeasuredalongdowncomer.
c

V = vertical impact velocity of pool surface measured along vertical
mp centerline.

[dw=drywellpressurizationrate.
t = time of' start of drywell pressurization.g

.

t
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2.6 SUMARY

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
i report, it was concluded that the 2-D (7.5 ) torus sector provides a useful0

test facility for prediction of peak down force; 3-D to 2-D down force ratios
are naarly 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
over0ll 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

the sensitivities (a2 and a ' ) to be in the ratio of E to 1. As shown in
2

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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1

2.6.1.2 HVLF Impulse

Integrationofthehydrodynamicverticalloadfunction([Fdt)for
'

d: termination 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,

1
'

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

from each torus sector. It was found that the ratio decreasesIpos /Ineg
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 pdw
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 exhibi,ts a strong dependence on pdw so

that as pdw increases, the ratio of (Ipos /Ineg}2-D ncreases.

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 pdw, pr vide 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

impglse. Forgoths. and 2-D sectors, the impulse ratios (Ipos /Ineg and

/(6 x 1 5 )) are only a weak 'erction of Apdw. Again, however, the effect745
1

0of 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

U45 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

Structural analysis' results show that the SAP 4 enalytical model developed for
9facility design by Arthur accurately predicts the measured modal content of

the structural system. However, the peak load cell forces are underpredicted
by the SAP 4 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) pr.eferential 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 flowi

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 pipe 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 assumption of uniform distribution among downcomers implicit
in the corparison 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 (pdw) 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 pdw. 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 pool surface shape.
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DRYWELL AND TORUS VOLUMES AND P0OL AREAS
,

This appendix tabulates drywell and torus volumes along with the torus pool
These parameters are established by the particular pool level positionareas.

and downcomer type.(normal or extended) used for each test.I With the

exception of three air transient tests the pool level was maintained at its

nominal level below the-torus center line (H90 = 2.4 in. and H7.5 = 2.1 in.).
The reader is reminded that due to a manufacturing error, the 7.5 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. In 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 sumary of downcomer placement in the two torus sectors.

From the data of Tables A-1 and A-2, the torus pool volume (VP) and ullage4

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

0
(AP/DC). These data are listed for all tests in Table A-3 for'the 90

0sector and in Table A-4-for the 7.5 sector; corresponding drywell volumes

are also indicated.
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TABLE A-1. Pool level and downcomer submergence

(90 torussector).

Test no. H-in.a D-in.b 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 12.0 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 9.6 std
3.3B 2.4 12.0 9.6 std
3.4A 2.4 12.0 9.6 std
3.4B 2.4 12.0 9.6 std
3.5 2.4 12.0 9.6 std

a ll = Vertical distance, torus center to pool surface;
below center is positive,

bD = Vertical distance, torus center to downcomer exit.

I
!
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TABLE A-2. Pool level and downcomer submergence
U

( 7'. 5 torus sect'or).

Test no. H-in.a 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

1.5 2.1 11.7 -9.6 std

1.6 2.1 11.7 9.6 std

2.1 2.1 11.7 9.6 std

2.2 2.1 11.7 9.6 std
'

2.3 2.1 11.7 9.6 std

2.4 2.1 11.7 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 2.1 14.1 12.0 ext

2.10 2.1 14.1 12.0 ext

2.11 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

3.3B 2.1 11.7 9.6 std

-3.4A 2.1 11.7 9.6 std

3.4B 2.1 11.7 9.6 std

3.5 2.1 11.7 9.6 std

aH = Vertical distance, torus center to pool surface;
below center is positive.

b0 = Vertical distance, torus center to downcomer exit.
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TABLE A-3. Drywell and torus volumes and pool areas (90 torussector).

3 2
Volume-ft Area-ft

'

Test no. Pool-VP VP/DC U11 age-VU VP/VU Pool-AP AP/DC

1.1 2.459E+02 1.024E+01 2.898E+02 8.483E-01 1.098E+02 4.574E+00

1.3 2.459E+02 1.024E+01 2.898E+02 8.483E-01 1.098E+02 4.574E+00

1.3.la 2.459E+02 1.024E+01 2.898E+02 8.483E-01 1.098E+02 4.574E+00

1.4a 2.459E+02 1.024E+01 2.898E+02 8.483E-01 1.098E+02 4.574E+00

1.5a 2.459E+02 1.024E+01 2.898E+02 8.483E-01 1.098E+02 4.574E+00

1.6a 2.459E+02 1.024E+01 2.898E+02 8.483E-01 1.098E+02 4.574E+00

2.la 2.459E+02 1.024E+01 2.898E+02 8.483E-01 1.098E+02 4.574E+00

2.2a 2.459E+02 1.024E+01 2.898E+02 8.483E-01 1.098E+02 4.574E+00

2.3a 2.459E+02 1.024E+01 2.898E+02 8.483E-01 1.098E+02 4.574E+00

2.4a 2.459E+02 1.024E+01 2.898E+02 8.483E-01 1.098E+02 4.574E+00
'

2.5a 2.807E+02 1.169E+01 2.550E+02 1.101E+00 1.099E+02 4.580E+00

2.6a 2.113E+02 8.803E+00 3.244E+02 6.512E-01 1.085E+02 4.519E+00

2.7 2.459E+02 1.024E+01 2.898E+02 8.483E-01 1.098E+02 4.574E+00

2.8 2.240E+02 9.332E+00 3.117E&O2 7.185E-01 1.091E+02 4.545E+00

2.9 2.459E+02 1.024E+01 2.898E+02 8.483E-01 1.098E+02 4.574E+00

2.10 2.459E+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.la 2.459E+02 1.024E+01 2.898E+02 8.483E-01 1.098E+02 4.574E+00-
i 3.2 2.459E+02 1.024E+01 2.898E+02 8.483E-01 1.098E+02 4.574E+00

3.3A 2.459E+02 1.024E+01 2.898E+02 8.483E-01 1.098E+02 4.574E+00

3.3B 2.459E+02 1.024E+01 2.898E+02 8.483E-01 1.098E+02 4.574E+00

3.4A 2.459E+02 1.024E+01' 2.898E+02 8.483E-01 1.098E+02 4.574E+00

3.4B 2.459E+02 1.024E+01 2.898E+02 8.483E-01 1.098E+02 4.574E+00

3.5 2.459E+02 1.024E+01 2.898E+02 8.483E-01 1.098E+02 4.574E+00

3 3a0rywell volume = 296 ft , all other tests had a drywell volume = 348.6 ft ,

A-6
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TABLE A-4. Drywell and torus volumes and pool areas (7.5 torussector). |
0

Volume-ft3 2Area-ft
Test no. Pool-VP VP/DC Ullage-VU VP-VU Pool-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.la 2.062E+01 1.031E+01 2.381E+01 8.660E-01 9.110E+00 4.555E+00
1.4a 2.062E+01 1.031E+01 2.381E+01 8.660E-01 9.110E+00 4.555E+00
1.5a 2.062E+01 1.031E+01 2.381E+01 8.660E-01 9.110E+00 4.555E+00
1.6a 2.062E+01 1.031E+01 2.381E+01 8.660E-01 9.110E+00 4.555E+00
2.la 2.062E+01 1.031E+01 2.381E+01 8.660E-01 9.110E+00 4.555E+00
2.2a 2.062E+01 1.031E+01 2.381E+01 8.660E-01 9.110E+00 4.555E+00

a
2.l 2.062E+01 1.031E+01 2.381E+01 8.660E-01 9.110E+00 4.555E+00
2.4a 2.062E+01 1.031E+01 2.381E+01 8.660E-01 9.110E+00 4.555E+00

a2.5 2.351E+01 1.175E+01 '2.092E+01 1.124E+00 9.115E+00 4.557E+00
2.6a 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 2.381E+01 8.660E-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+01 8.660E-01 9.110E+00 4.555E+00
2.11 2.062E+01 1.031E+01 2.381E+01 8.660E-01 9.110E+00 4.555E+00
3.la 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
3.3B 2.062E+01 1.031E+01 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+01 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

3 3aDrywell volume = 296 ft , all other tests had a drywell volume = 348.6 ft ,
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APPENDIX B

!
PRESSURE TRANSDUCER LOCATION DIMENSIONS,

| (Ax and Az)
I

i
1

B.1 DXDZ2.7 (nominal pool level)
8.2 DXDZ2.5 (pool level raised),

'

B.3 DXDZ2.6 (pool level lowered)
B.4 DXDZ2.8 (pool level- lowered)

:
,

1

!

.
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B.1 DXDZ2.7 (nominal pool level)

T

B-2
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NRC 1EST H.7 H90 = 2.40 H7 5 = 2.10 |
PLANE AND AXIAL LOCATIONS '

~HETA XT DELZT
PLANT = 1

TOTAL ULLAGi: WIDTH 7.4245E+01=

TOTAL POOL I41DTH 7.9245E+01=

95.0000 1.0818E+0! 5.6250E+00
.2.0.JO 2.9300E+01 5.6250E+00

398.0000 9.9857E+01 5.6250E+00
3;5.0000 6.3927E+01 5.6250E+00
270.0000 7.9295E+01 . 5.6250E+00
128.0000 7.8085E+00 5.6250E+00
190.0000 1.32tlE+0! 5.6250E+00
155.0000 2.1901E+01 5.6250E+00
160.0000 2.9399E+01 5.6250E+00
165.0000 2.7999E+01 5.6250E+00
100.0000 3.7122E+01 5.6250E+00
195.0000 9.6751E+0! 5.6250E+00
200.0000 9.9896E+01 5.6250E+00
205.0000 5.2899E+01 5.6250E+00
220.0000 6.1039E+01 5.6250E+00
2.55.0000 6.7595E+01 5.6250E+00
269.0000 7.9245E+01 5.6250E+00

0. O. O.
PLANE = 3
TOTAL ULLAGC WIDTH 7.9913E+0!=

TOTAL POOL I4!DTH 7.9618E+0!=

95.0000 1.0818E+01 1.9000E+01
12.0000 2.9300E+01 1.4000E+0!

398.0000 9.4857E+0! 1.9000E+0!
315.0000 6.3599E+01 1.2750E+01
270.0000 7.9913E+0! 1.1500E+01
128.0000 7.8085E+00 1.9000E+01
190.0000 1.32tlE+01 . 9000E+01
155.0000 2.1901E+0! 1.9000E+01
160.0000 2.9399E+0! 1.9000E+01
165.0000 2.7999E+0! 1.9000E+0!
180.0000 3.7122E+01 1.9000E+0!
135.0000 9.6751E+01 I.9000E+01
230.0000 9.9896E+0! 1.9000E+0i
235.0000 5.2899E+0! 1.9000E+01
220.0000 6.1907E+01 1.2750E+01
235.0000 6.7968E+01 1.1500E+0!
269.0000 7.9618E+0! 1.1500E+01

0. O. O.
PLANE = 9
TOTAL ULLAGE WlDTH 7.5700E+01=

TOTAL POOL 4IDTH 7.5700E+0!=

+5.0000 1.1030E+0! 1.7631E+0!
12.0000 2.9969E+01 1.9708E+01

348.0000 9.5736E+0! 1.1323E+01
315.0000 6.9669E+01 9.1875E+00
270.0000 7.5700E+0! 7.5197E+00
128.0000 7. 9615E + 00 1.7930E+01
190.0000 1.3970E+0! 1.6616E+01
155.0000 2.1820E+01 1.5265E+01
160.0000 2.9877E+01 1.9152E+01
165.0000 2.8033E+0! 1.3596E+0!
180.0000 3.7850E+01 1.2280E+0!
195.0000 9.7666E+01 1.0365E+01

|
|
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200.0000 5.0822E+0! 9.0998E+00
2J5.0000 5.3879E+0! 8.9938(:+00
220.0000 6.2230E+01 8.6311E+00
235.0000 6.8919E+0! 8.9190E+00
269.0000 7.5700E+01 7.100lE+00

0. O. O.
PLANE = 4A

7.9245E+01TOTAL VLLAGE WIDTH =

7.9245E+01TOTAL POOL WIDTH =

95.0000 1.0818E+0! 1.9589E+01
12.0000 2.9388E+01 1.6666E+01

398.0000 9.4857E+0! 1.3281E+0!
315.0000 6.3927E+0! 9.8958E+00
270.0000 7.4245E+0! 6.9729E+00

'128.0000 7.8085E*00 1.9889E+01
190.0000 1.3211E+01 1.8575E+0!
155.0000 2.1401E+01 1.7223E+01
160.0000 2.4399E+01 1.6110E+01
IES.0000 2.7999E+0! 1.5509E+01
1E0.0000 '3.7122E+01 1.4239E+0!
195.0000 9.6*iSIE+01 1.2324E+01
200.0000 9.9896E+01 1.1053E+0!
205.0000 5.2899E+01 1.0952E+01
22J.0000 6.1039E+0! 9.3399E+00
235.0000 6.7595E+01 7.8723E+00
269.0000 7.9295E+01 S.5589E+00

C. O. O.
PLANE = 5
TOTAL ULLAGE WIDTH 7.4295E+0!=

TOTAL POOL WIDTH 7.4295E+01=

95.0000 1.0818E+0! 9.0000E+00
12.0000 2.9388E+01 9.0000E+00

398.0000 9.4857E+01 9.0000E+00
315.0000 6.3927E+0! 9.0000E+00
270.0000 7.9245E+0! 9.0000E+00
128.0000 7.8085E+00 9.0000E+00
140.0000 1.321tE+0! 9.0000E+00
155.0000 2.1901E+0! 9.0000E+00
160.0030 2.9399E+01- 9.0000E+00
165.0000 2.7999E+01 9.0000E+00
180.0000 3.7122E+01 9.0000E+00
195.0000 9.6751E+0! 9.0000E+00
200.0000 9.9896E+0! 9.0000E+00
205.0000 5.2894E+0! 9.0000E+00
220.0000 6.1034E+01 9.0000E+00
235.0000 6.7595E+01 9 0000E+00
269.0000 7.4245E+01 9.0000E+00

0. O. O.
PLANE = 6
TOTAL ULLAGE WIDTH 7.4245E+01=

TOTAL POOL WIOTH 7.9295E+01=

95.0000 1.0818E+01 9.0000E+00
12.0000 2.9388E+01 9.0000E+00

398.0000 9.9857E+0! 9.0000E+00
315.0000 6.3927E+0! 9.0000E+00
270.0000 7.9295E+0! 9.0000E+00
128.0000 7.8085L+00 9.0000E+00
190.0000 1.321tE+01 9.0000E+00
155.0000 2.1901E+01 9.0000E+00
160.0000 2.9399E+01 9.0000E+00
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165.0000 2.7499E+0! 9.0000E+00
180.0000 3.7122E+01 9.0000E+00
195.0000 9.675|E+0! 9.0000E+00
200.0000 9.9896E+0! 9.0000E+00
205.0000- 5.2894E+0! 9.0000E+00
220.0000 6.1039E+0i 9.0000E+00
235.0000 6.7595E+01 9.0000E+00
269.0000 7.9295E+01 9.0000E+00

0. O. O.
PLANE = 8
TOTAL ULLAGE WIDTH 7.5700E+01=

TOTAL POOL WIDTH 7.5700E+0!=

45.0000 1.1030E+0! 1.9589E+01
12.0000 2.9964E+01 1.6666E+01

348.000fi 4.5736E+0! I.3201E+0! -

315.000L 6.4669E+01 9.8958E+00
270.0000 7.5700E+0i 6.9729E+00
128.0000 7.9615E+00 1.9889E+01
140.0000 1.3470E+0! 1.8575E+01
155.0000 2.1820E+01 1.7223E+01
160.0000 2.4877E+0! 1.6110E+0!
165.0000 2.8033E+01 1.5504E+0!
180.0000 3.7850E+01 1.4239E+0!
195.0000 9.7666E+01 1.2324E+0!
200.0000 5.0822E+01 1.1058E+01
205.0000 5.3879E+0! 1.0452E+0!
220.0000 6.2230E+0! 9.3399E+00
235.0000 6.8919E+01 7.8723E+00
269.0000 7.5700E+0! 6.5589E+00

0. O. D.
PLANE = 9
TOTAL ULLAGE WIDTH 7.4413E+01=

TOTAL POOL WIDTH 7.4618E+0!=

45.0000 1.0818E+01 1.7631E+01
12.0000 2.9388E+01 1.4708E+01

398.0000 4.4857E+01 1.1323E+01
315.0000 6.3599E*01 9.1875E+00
270.0000 7.9%I3E+01 7.5147E+00
128.0000 7.8085E+00 1.793GE+01
l':0.GOOO 1.321tE+01 1.6616E+01
155.0000 2.1401E+0! t.5265E+0!
160.0000 2.9399E+01 1.4152E+01
165.0000 2.7494E+01 1.3596E+01
180.0000 3.7122E+0! 1.2280E+01
195.0000 4.675|E+01 1.0365E+01
200.0000 9.9846E+01 9.0998E+00
205.0000 5.284%E+01 8.4938E+00
220.0000 6.1907E+0! 8.631tE+00
235.0000 6.796BE+01 8.4140E+00
269.0000 7.9618E+01 7.100lE+00

0. O. O.
PLANE = .It
TOTAL ULLAGE W10TH 7.9245E+01=

TOTAL POOL WlOTH 7.4295E+0!=

95.C000 1.0818E+01 1.9000E+01
12.0000 2.9388E+0! 1.4000E+01

398.0000 4.4857E+01 1.9000E+01
315.0000 6.3927E+0! 1.2750E+01
270.0000 7.4245E+01 1.1500E+01
128.0000 7.8G85E+00 1.4000E+01
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110.0000 1.321tE+0! 1.4000E+0!
155.0000 2.140lE+01 1.4000E+0!
160.0000 2.4399E+0! l.4000E+01
165.0000 2.7494E+0! 1.4000E+0!
180.0000 3.7:22E+0! 1.4000E+01
195.0000 4.675tE+0! 1.4000E+01
200.000C 4.9846E+01 1.4000E+0!
205.0000 5.2844E+01 1.4000E+01
220.0000 6.IO34E+0! 1.2750E+0i
235.0000 6.7595E+0i 1.1500E+0i
269.0000 7.u"45E+01 1.lS00E+01

0. O. O.
PLANE = ED

7.428tE+01-TOTAL ULLAGE WIDTH =

7.4281E+01TOTAL POOL WIDTH =

45.0000 1.0836E+0! 1.7660E+01
12.0000 2.9406E+0! 1.7660E+01

398.0000 4.4875E+01 1.7660E+0!
315.0000 6.3445E+0! 1.7660E+01
270.0000 7.4281E+01 1.766cE+01
128.0000- 7.8267E+00 1.7660E+01-
140.0000 1.3229E+01 1.7660E+01
155.0000 2.1419E+01 1.7660E+0!
160.0000 2.44tBE+01 I.7660E+0!
.65.0000 2.7513E+01 1.7660E+01
180.0000 3.7141E+0! l.7660E+01
195.0000 4.6769E+0! 1.7660E+01
200.0000 4.9964E+0! -1.7660E+01
205 0000 5.2862E+01 I.7660E+0!
220.0000 6.1052E+01 1.7660E+01
235.0000 6.7613E+01 I.7660E+01
269.0000 7.4281E*01 1.7660E+0!
-7.5000

UNCLASStrIED FILM ONLY 10:42 II/21/79R
2
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B.2 DXDZ2.5 (pool level raised)
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NRC TEST 2.5 H90 = 1.40 H7.5 = 1.70
PLANE AND AXIAL LOCATIONS

THETA XT DELZT
PLANE = I-

7.4347E+01TOTAL ULLAGE WIDTH =

7.4347E+01TOTAL POO WIDTH =

45.0000 1.0869E+0i 5.6250E+00
12.0000 2.9439E+0! 5.6250E+00

348.0000 4.4908E+01 5.6250E+00
315.0000 6.3478E+01 5.6250E+00
270.0000 7.4347E+01 5.6250E+00
120.0000 7.8596E+00 5.6250E+00
140.0000 1.3262E+0! 5.6250E+00
155.000C 2.1952E+0! 5.6250E+00
160.0000 2.4450E+01 5.6250E+00
165.0000 2.7546E+0! 5.6250E+00
180.0000 3.7174E+0! 5.6250E+00
195.0000 4.6802E+01 5.6250E+00
200.0000 %.9997E+0! 5.6250E+00
205.0000 5.2895E+0! 5.6250E+00
220.0000 6.1085E+0! 5.6250E+00
235.0000 S.7646E+0! 5.6250E+00
269.0000 7.4347E+0! 5.6250E+00

0. O, O.
PLANE = 3

7.4515E+01TOTAL ULLAGE WIDTH =

7.4720E+01TOTAL POOL WIDTH =

45.0000 1.0969E+01 1.4000E+01
12.0000 2.9439E+0! 1.4000E+01

348.0000 %.490BE+01 1.4000E+01
'315.0000 6.3696E+0! 1.2750E+01
270.0000 7.4515E*01 1.1500E+0!
128.0000 7.8596E+00 1.4000E+0i
140.0000 1.3262E+0! 1.4000E+0!
155.0000 2.1952E+01 1.4000E+01
160.0000 2.4450E+01 1.4000E+01
165.0000 2.75%SE+0! I.4000E+0!
800.0000 3.7174E+01 1.4000E+01
195.0000 9.6802E+0! 1.4000E+01
200.0000 %.9897E+01 1.4000E+01
205.0000 5.2995E+0i 1.4000E+01
220.0000 6.1458E+01 1.2750E+0!
235.0000 6.8019E+0! 1.1500E+01
269.0000 7.4720E+0! 1.1500E+01

0. O. O.
PLANE = 4 |

'TOTAL ULLAGE WIDTH 7.580%E+01=

TOTAL POOL WIDTH 7.580%E+0i=

45.0000 1.1082E+01 1.7636E+01
12.0000 3.0016E+01 1.4708E+01

3%8.0000 %.5788E+01 1.1323E+01
315.0000 6.4722E+0! 9.1926E+00
270.0000 7.500%E+0! 7.5197E+00
128.0000 8.0136E+00 1.7935E+0!
140.0000 1.3522E+01 1.6616E+0!
155.0000 2.lB73E+0! 1.5265E+0!
160.0000 2.4930E+0! 1.%I52E+01
165.0000 2.8085E+01 1.3546E+01
180.0100 3.7902E+01 1.2280E+01
195.0000 %.77 9E+0i 1.0365E+ 01
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200.0000 5.0879E+0! 9.0998E+00
205.0000 5.3931E+01 8.4938E+00
220.0000 6.2282E+01 8.6362E+00

'235.0000 6.897tE+01 8.4292E+00
| 269.0000 7.5009E+01 7.1052E+00
i 0. O. O.
| PLANE = 4A

7.4347E+0!| TOTAL LLLAGE WIDTH =

7.4347E+01TOTAL FOOL WIDTH =

95.0000 1.0869E+01 1.9599E+01
12.0000 2.9439E+01 1.6666E+01

398.0000 4.4908E+0! l.328tE+01
315.0000 6.3978E+01 9.8958E+00
270.0000 7.4397E+01 6.9678E+0c
120.0000 7.8596E+00 1.9899E' .

190.0000 . 3262E+0! 1.8575| st
155.0000 2.1452E+0! 1.7223E+0!
160.0000 2.495GE+01 1.6tl0E+0!
165.0000 2.7596E+0! 1.5509E+01
180.0000 3.7179E+01 1.4239E+0!
195.0000 4.6002E+01 1.2329E+01
200.0000 4.9897E+0! 1.1058E+0!
205.0000 5.2895E+01 1.0952E+0!
220.0000 6.1085E+01 9.3399E+00
235.0000 6.7696E+01 7.8723E+00
269.0000 7.4397E+01 6.5533E+00

0. O. O.
PLANE = 5

7.4397E+01TOTAL LLLAGE V.DTH =

7.4347E+0!TOTAL FOOL WIDTH =

45.0000 1.0869E+01 9.0000E+00
12.0000 2.9939E+0! 9.0000E+00

398.0000. 4.4900E+01 9.0000E+00
315.0000 6.3478E+01 9.0000E+00
270.0000 7.4397E+0! 9.0000E+00
128.0000 7.8596E+00 9.0000E+00
190.0000 1.3262E+01 9.0000E+00
155.0000 2.1952E+01 9.0000E+00
160.0000 2.4450E+0! 9.0000E+00
165.0000 2.7596E+01 9.0000E+00
180.0000 3.7179E+01 9.0000E+00
195.0000 9.6002E+01 9.0000E+00
200.0000 9.9897E+01 9.0000E+00
205.0000 5.2895E+01 9.0000E+00
220.0000 6.1085E+01 9.0000E+00
235.0000 6.7696E+01 9.0000E+00
269.0000 7.4397E+01 9.0000E+00

0. O. O.
PLANE = 6

7.4397E+01TOTAL LtLAGE WIDTH =

7.4347E+01TOTAL FOOL WIDTH =

45.0000 1.0869E+01 9.0000E+00
12.0000 2.9939E+01 9.0000E+00

398.0000 4.4908E+01 9.0000E+00
315.0000 6.397BE+0! 9.0000E+00
270.0000 7.4397E+01 9.0000E+00
128.0000 7.8596E+00 9.0000E+00
140.0000 1.3262E+01 9.0000E+00
155.0000 2.1952E+01 9.0000E+00
160.0000 2.4450E+01 9.0000E+00

B-9



!

165.0000 2.7596E+0! 9.0000E+00
100.0000 3.7179E+01 9.0000E+00
195.0000 4.6802E+0! 9.0000E+00
200.0000 9.9897E+01 9.0000E+00
205.0000 5.2895E+01 9.0000E+00
220.0000 6.1085E+01 9.0000E+00
235.0000 6.7646E+0! 9.0000E+00
269.0000 7.9347E+01 9.0000E+00

0. O. O.
PLANE = 8

7.5009E+01TOTAL LtLAGE WIDTH =

TOTAL F'OOL WIDTH 7.5809E+01=

45.0000 1.1082E+01 1.9599E+01
12.0000 3.0016E+0! 1.6666E+0!

398.0000 4.5788C+01 1.328tE+0!
315.0000 6.4722E+01 9.8958E+00
270.0000 7.5804E+0! 6.9678E+00
128.0000 8.0136E+00 1.9899E+01
190.0000 1.3522E+0! 1.8575E+01
155.0000 2.1873E+01 1.7223E+0!
160.0000 2.4930E+01 1.6110E+0!
165.0000 2.0085E+01 1.5509E+0!
180.0000 3.7902E+01 f.4239E+01
195.0000 4.7719E+01 1.2324E+01
200.0000 5.0879E+0! l.1058E+01
205.0000 5.3931E+01 1.0452E+0!
220.0000 6.2282E+01 9.3394E+00
235.0000 6.897tE+01 7.8723E+00
269.0000 7.5804E+01 6 5533E+00

0. O. O.
PLANE is 9
TOTAL IJLLAGE WIDTH 7.9515E+01=

TOTAL l'OOL WlDTH 7.4720E+0!=

95.0000 1.0869E+01 1.7636E+01
12.0000 2.9939E+0! 1.470BE+01

348.0000 9.490SE+01 1.1323E+01
315.0000 6.3646E+01 9.1926E+00
270.0000 7.4515E+0! 7.5197E+00
128.0000 7.8596E+00 1.7935E+0!
190.0000 1.3262E+0! 1.6616E+0!
155.0000 2.1452E+01 1.5265E*01

| 160.0000 2.4450E+01 l.4152E+0!
' 165.0000 2.7546E+01 1.3596E+0!

180.0000 3.7174E+01 1.2280E+01
195.0000 9.6802E+0! 1.0365E+01
200.0000 9.9897E+01 9.0998E+00
205.0000 5.2895E+01 8.4938E+00
220.0000 6.1458E+01 8.6362E+00
235.0000 6.8019E+0! 8.4292E+00
269.0000 7.4720E+0! 7.1052E+00

0. O. O.
PLANE = 11
TOTAL ',LLAGE WIDTH 7.4397E+0!=

TOTAL 2OOL WIDTH 7.4347E+01=

45.0000 1.0869E+0! :.9000E+01
12.0000 2.9439E+0! l.%000E+01

348.0000 4.490BE+0! l.4000E+01
315.0000 6.347BE+0i 1.2750F+0!
270.0000 7.43%7E+01 1.1500E+01
128.0000 7.8596E+00 1.4000E+0!
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140.0000 1.3262E+0! 1.4000E+0!
155.0000 2.1452E+01 1.4000E+01
160.0000 2.4450E+0! 1.9000E+01

|
165.0000 2.7546E+01 1.9000E+01

| 180.0000 3.7179E+01 1.4000E+0!
| 195.0000 9.6802E+01 1.4000E+01

| 200.0000 9.9897E+01 1.4000E+01
' 205.0000 5.2895E+0! 1.4000E+01

220.0000 6.1085E+01 1.2750E+01
235.0000 6.7646E+0! 1.1500E+01
269.0000 7.9397E+0! 1.1500E+01

0. O. O.

PLANE = 20
7.9322E+01TOTAL ULLAGE WIDTH =

7.4322E+01TOTAL POOL WIDTH =

45.0000 1.0857E+01 1.7660E+01
12.0000 2.9427E+01 1.7660E+0!

398.0000 9.4895E+01 1.7660E+01
315.0000 6.3466E+0! 1.7660E+0!
270.0000 7.4322E+01 1.7660E+01
128.0000 7.8471E+00 1.7660E+0!
140.0000 1.3299E+0! 1.7660E+01
155.0000 2.1940E+01 1.7660E+01
160.0000 2.4438E+01 1.7660E+01,

165.0000 2.7533E+01 1.7360E+01
100.0000 3.7161E+0! 1.7660E+01
195.0000 4.6789E+0! 1.7660E+0!
200.0000 %.988%E+01 1.7660E+01
205.0000 5.2883E+01 1.7660E+01
220.0000' 6.1073E+0i 1.7660E+01
235.0000 6.7639E+01 1.7660E+01
269.0000 7.4322E+01 1.7660E+01
-7.5000

UNCLASSIFIED FILM ONLY 10:43 II/21/79R
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NRC TEST 2.6 H90 = 6.20 H7.5 = 5.90
PLANE AND AXIAL LOCATIONS

THETA XT DELZT
PLANE = 1

7.3359E+0!TOTAL ULLAGE WIOTH =

7.3359E+01TOTAL POOL WIOTH =

95.0000 1.0375E+01 5.6250E+00
12.0000 2.8995E+01 5.6250E+00

398.0000 9.9919E+0! 5.6250E+00 i

315.0000 6.2989E 01 5.6250E+00 )
270.0000 7.3359E+0! 5.6250E+00
128.0000 7.3657E+00 5.6250E+00
190.0000 1.2768E+01 5.6250E+00
155.0000 2.0958E+01 5.6250E+00
160.0000 2.3957E+0! 5.6250E+00
165.0000 2.7052E+01 5.6250E+00
180.0000 3.6680E+01 5.6250E+00
195.0000 9.6300E+01 5.6250E+00
200.0000 9.9903E+01 5.6250E+00
205.0000 5.2901E+0! 5.6250E+00
220.0000 6.0591E+01 5.6250E+00
235.0000 6.7152E+01 5.6250E+00
269.0000 7.3359E+01 5.5250E+00

0. 3. O.
PLANE = 3

7.3527E+01TOTAL ULLAGE WIDTH a

7.3732E+01TOTAL POOL WIDTH =

95.0000 1.0375E+01 1.9000E+01
12.0000 2.8995E+0! 1.9000E+01

398.0000 9.9919E+0! 1.4000E+01
315.0000 6.3152E+01 1.2750E+01
270.0000 7.3527E+0! 1.1500E+01
128.0000 7.3657E+00 1.4000E+0!
190.0000 1.2768E+01 1.9000E+01
155.0000 2.0958E+0! 1.4000E+0!
160.0000 2.3957E+01 1.9000E+0!
165.0000 2.7052E+01 1.4000E+01
100.0000 3.6680E+01 1.4000E+01
195.0000 9.6308E+0! 1.9000E+01
200.0000 9.9903E+01 1.9000E+0!
205.0000 5.2401E+01 1.4000E+01
220.0000 6.0969E+01 1.2750E+0!
235.0000 6.7525E+01 1.1500E+01
269.0000 7.3732E+01 1.1500E+0!

0. O. O.
PLANE = 4

7.9797E+01TOTAL ULLAGE WIOTH =

TOTAL POOL WIDTH 7.4797E+0!=
,

; 95.0000 1.0579E+01 1.7587E+01
l 12.0000 2.9512E+01 1.4708E+0!

398.0000 9.5289E+01 1.1323E+0!
315.0000 6.4218E+01 9.1939E+00
270.0000 7.9797E+01 7.9706E+00
128.0000 7.5100E+00 1.7886E+01

'190.0000 1.30tBE+01 1.6616E+01
155.0000 2.13G9E+0! 1.5265E+01
160.0000 2.9926E+01 1.9152E+0!
165.0000 2.7582E+01 1.3596E+01
180.0000 3.7398E+0! 1.2280E+0!

| 195.0000 9.7215E+01 1.0365E+01
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230.0000 5.0371E+01 9.0990E+00
205.0000 5.342BE+01 8.4939E+00
220.0000 6.177BE+01 0.5870E+00

|235.0000 6.846BE+0! 8.3259E+00
269.0000 7.4797E+01 7.056tE+00 i

0. O. O.
PLANE = 4A
TOTAL ULLAGE WIDTH 7.3359E+0i=

TOTAL POCL WIDTH 7. 3359E + 01=

95.0000 1.037fE+01 1.9545E+0!
12.0000 2.8947E+01 1.6666E+0!

348.0000 %.%414E+01 1.328tE+01
315.0000 6.298%E*01 9.8958E+00
270.0000 7.3359E+ 0 ! 7.0170E+00
128.0000 7.3657E+00 1. 9895E + 01
140.0000 1.2768E+01 1.8575E+01
155.0000 2.0958E+0! I.7223E+0!
160.0000 2.3957E+0i 1.6tt0E+01
165.0000 2.7052E+01 1.550%E+0i
100.0000 3.6680E+01 1.4239E+01
195.0000 %.6309E+01 1.2324E+0!
200.0000 %.9903E+0i 1.105BE+01
205.0000 5.2401E+01 1.0452E+01
220.C000 6.0591E+0! 9.3394E+00
235.0000 6.7152E+01 7.8723E+00
269.0000 7.3359E+01 6.6029E+00

0. O. O.
PLANE = 5
TOTAL ULLAGE WIDTH 7.3359E+01=

TOTAL POOL WIOTH 1.3339E+0!=

45.0000 1.0375E+0! 9.0000E+00
12.0000 2.8995E+01 9.0000E+00

399.0000 4.441%E+0! 9.0000E+00
315.0000 6.2904E+01 9.0000E+00
270.0000 7.3359E*01 9.0000E+00
128.0000 7.3657E+00 9.0000E+00
140.0000 1.2768E+0i 9.0000E+00
155.0000 2.0959E+0! 9.0000E+00
160.0000 2.3957E+0! 9.0000E+00
165.0000 2.7052E+01 9.0000E+00
100.0000 3.6680E+01 9.0000E+00
195.0000 %.6300E+0i 9.0000E+00
200.0000 4.9903E+0! 9.0000E+00
205.0000 5.290lE+01 9.0000E+00
220.0000 6.0597E+01 9.0000E+00
235.0000 6.715ii+01 9.0000E+00
269.0000 7. 3359E * 01 9.0000E+00

0. O. O.
PLANE = 6
TOTAL ULLAGE WIDTH 7.3359E+01=

TOTAL POOL WIDTH 7.3359E+0!=

45.0000 1.0375E+01 9.0000E+00
12.0000 2.8945E+0! 9.0000E+00

348.0000 4.941%E*01 9.0000E+00
315.0003 6.290%E+01 9.0000E+00
270.0000 7.3359E+01 9.0000E*00
128.0000 7.3657E+00 9.0000E+00
140.0000 1.2768E+01 9.0000E+00
155.0000 2.0958E+01 9.0000E*00
160.0000 2.3957E+01 9.0000E+00
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165.0000 2.7052E+01 9.0000E+00
100.0000 3.6600E+0! 9.0000E+00
195.0000 9.6308E+01 9.0000E+00 |

200.0000 9.9903E+01 9.0000E+00
205.0000 5.2901E+01 9.0000E+00
220.0000 6.0591E+01 9.0000E+00
235.0000 6.7152E+0! 9.0000E+00
269.0000 7.3359E+01 9.0000E+00

0. D. O.
PLANE = 8

7.4797E+01TOTAL ULLAGE WIDTH =

7.4797E+01TOTAL POOL WIDTH =

95.0000 1.0579E+0! 1.9595E+0!
12.0000 2.9512E+01 1.6666E*01

398.0000 4.5289E+0! 1.3281E+01
315.0000 6.9218E+01 9.8958E+00
270.0000 7.4797E+01 7.0170E+00
128.0000 7.5100E+00 1.9895E+0!
140.0000 1.3018E+0! 1.8575E+0!
155.0000 2.1369E+01 1.7223E+01
160.0000 2.4926E+0! l.6tt0E+01
165.0000 2.7582E+0! 1.5509E+01
180.0000 3.7390E+01 1.9239E+0!
195.0000 4.7215E+01 1.2329E+0!
200.0000 5.0371E+0! 1.1058E+0i
205.0000 5.3920E+0! 1.0452E+01
220.0000 6.1778E+0! 9.3394E+00
235.0000 6.8968E+01 7.8723E+00
269.0000 7.4797E+01 6.6029E+00

0. O. O.
PLANE = 9

7.3527E+0!TOTAL ULLAGE WIDTH =

7.3732E+01TOTAL POOL WIDTH =

45.0000 1.0375E+01 1.7587E+01
12.0000 2.8995E+01 1.4700E+01

398.0000 9.4414E+0! 1.1323E+01
315.0000 6.3152E+01 9.1439E+00
270.0000 7.3527E+01 7.4706E+00
128.0000 7.3657E+00 1.7886E+01
190.0000 1.276BE+01 1.6616E+01
155.0000 2.0958E+01 1.5265E+0!
160.0000 2.3957E+0! l.4152E+01
165.0000 2.7052E+0! 1.3596E+01

l 180.0000 3.6680E+01 1.2280E+01

| 195.0000 9.6300E+01 1.0365E+01
200.0000 9.9903E+0! 9.0999E+00

| 205.0000 5.2901E+01 8.4936E+00
l 220.0000 6.0969E+01 0.5870E+00

235.0000 6.7525E+0! 8.3259E+00
269.0000 7.3732E+0! 7.0561E+00

l 0. O. O.
'

PLANE = 11
7.3359E+01TOTAL ULLAGE WIDTH =

7.3359E+01TOTAL POOL WIDTH =

| 95.0000 1.0375E+01 1.4000E+01
' 12.0000 2.8945E+01 1.9000E+01

348.0000 9.491%E+01 1.4000E+01
315.0000 6.2989E+01 1.2750E+01
270.0000 7.3359E+0! 1.1500E+0i
128.0000 7.3657E+00 1.9000E+01

!
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140.0000 .l.2768E+0! 1.4000E+0!
155.0000 2.0958E+01 1.4000E+0!
160.0000 2.3957E+01 1.4000Ev01
165.0000 2.7052E+01 1.4000E+01
180.0000 3.6680E+0! 1.4000E+01
195.0000 4.6308E+0! l.4000E+0!
200.0000 9.9403E+0! 1.4000L+0!
205.0000 5.2401E+0! 1.4000E+01
220.0000 6.059|E+01 1.2750E+0!
235.0000 6.7152E+01 1.1500E+01
269.0000 7.3359E+0! 1.1500E+01

0. O. O.
PLANE = 2D
TOTAL ULLAGE WIDTH 7.3458E+01=

TOTAL POOL WIDTH 7.3458E+01=

45.0000 1.0425E+01 1.?360E+01
12.0000 2.8995E+0! 1.7660E+01

348.0000 4.4463E+0! 1.7660E+0!
315.0000 6.3034E+01 1.7660E+0!
270.0000 7.3458E401 1.7660E+0!
128.0000 7.4151E+00 1.7660E+01
140.0000 1.2817E+0! 1.7660E+01
155.0000 2.1008E+0! 1.7660E+01
160.0000 2.4006E+0! I.7660E+0!
165.0000 2.710lE+0! 1.7660E+0!
180.0000 3.6729E*01 1.7660E+0!
195.0000 4.6357E+01 1.7660E+0!
200.0000 4.9452E+0! I.7660E+01
205.0000 5 "4 Lid +01 1.7660E+01
220.0000 3.0641E+0! 1.7660E+0!
235.000', 6.7202E+0! 1.7660E+01
269.00' 0 7.3458E+01 1.7660E+0!
-7.50s?

UNCLASSIFIED FILM ONLY 10:43 II/21/79R
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B.4 DXDZ2.8 (pool level lowered)
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NRC TEST 2.8 H90 = 4.80 H7.5 = 4.20
PLANE AND AXIAL LOCATIONS

THETA XT DELZT
PLANE = 1

TOTAL ULLAGE WIDTH 7.3778E+0!=

TOTAL POOL WIDTH 7.3778E+01=

45.0000 1.0585E+01 5.6250E+00
12.0000 2.9155E+0! 5.6250E+00

348.0000 9.4623E+01 5.6250E+00
315.0000 6.3193E+0! 5.6250E+00
270.0000 7.3778E+0! 5.6250E+00
128.0000 7.5750E+00 5.6250E+00
140.0000 1.2977E+01 5.6250E+00
155.0000 2.ll68E+01 5.6250E+00
160.0000 2.4166E+0! 5.6250E+00
165.0000 2.7261E+01 5.6250E+00
180.0000 3.6889E+0! 5.6250E+00
195.0C00 4.6517E+0! 5.6250E+00
200.0000 9.9612E+01 5.6250E+00
205.0000 5.2610E+01 5.6250E+00
220.0000 6.0801E+01 5.6250E+00
235.0000 6.7361E+01 5.6250E+00
269.0000 7.3778E+01 5.6250E+00

0. O. O.
PLANE = 3
TOTAL ULLAGE WIDTH 7.3946E+01=

TOTAL POOL WIDTH 7.415tE+01=

45.0000 1.0585E+01 !.4000E+0!
12.0000 2.9155E+01 1.4000E+01

348.0000 4.4623E+0! 1.4000E+01
315.0000 6.3361E+01 1.2750E+01
270.0000 7.3946E+01 1.1500E+0!
128.0000 7,5750E+00 1.4000E+01
140.0000 1.2977E+01 1.4000E+0!
155.0000 2.ll68E+01 1.4000E+01
160.0000 2.4166E+01 1.4000E+0!
165.0000 2.7261E+01 1.4000E+01
100.0000 3.6889E+01 1.4000E+01
195.0000 9.6517E+01 1.4000E+01
200.0000 4.9612E+01 1.4000E+01
205.0000 5.2610E+01 1.4000E+01
220.0000 6.ll74E+01 1.2750E+01
235.0000 6.7735E+01 1.1500E+01
269.0000 7.415tE+01 1.1500E+01

0. O. O.
PLANE = 4
TOTAL ULLAGE WIDTH 7.5223E+01=

TOTAL POOL WIDTH 7.5223E+0!=

45.0000 1.0792E+01 1.7608E+01
12.0000 2.9726E+0! 1.4708E+01

348.0000 4.5498E+01 1.1323E+01
315.0000 6.4431E+01 9.1642E+00
270.0000 7.5223E+0! 7.4914E+00
128.0000 7.7234E+00 1.7907E+01
140.0000 1.3232E+01 1.6616E+01
155.0000 2.1582E+01 1.5265E+01
160.0000 2.4639E+01 1.4152E+01
165.0000 2.7795E+0! 1.3546E+0!
180.0000 3.7612E+01 1.2280E+0!
195.0000 4.7428E+0! 1.0365E+01
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200.0000 5.0584E+0! 9.0998E+00
205.0000 5.3691E+0! 8.9938E+00

' 220.0000 6.1992E+01 8.6078E+00
235.0000 6.8681E+01 8.3676E+00
269.0000 7.5223E+0! 7.0769E+00

0. O. O.
PLANE = 4A

7.3778E+01TOTAL ULLAGE WIDTH =

TOTAL POOL WIDTH = 7.3778E+01
45.0000 1.0585E+01 1.9566E+01
12.0000 2.9155E+01 1.6666E+01

348.0000 4.4623E+01 1.32BIE+01
315.0000 6.3193E+01 9.8958E+00
270.0000 7.3778E+01 6.9962E+00
128.0000 7.5750E+00 1.9865E+0!
190.0000 1.2977E+01 ' t.8575E+01
155.0000 2.ll68E+01 1.7223E+01
160.0000 2.4166E+01 1.6110E+01
165.0000 2.726tE+01 1.550%E+01
180.0000 3.6889E+0! 1.9239E+01
195.0000 9.6517E+01 1.2329E+01
200.0000 9.9612E+01 1.1058E+01
205.00n0 5.2610E+01 1.0952E+01
220.0000 6.0801E+01 9.3394E+00
235.0000 S.736tE+01 7.8723E+00i

269.0000 7.3778E+0! 6.5816E+00
0. O. O.

PLANE = 5
7.377BE+0!TOTAL ULLAGE WIDTH =

7.3778E+01TOTAL POOL WIDTH =
,

! 45.0000 1.0585E+01 9.0000E+00
12.0000 2.9155E+01 9.0000E+00

348.0000 4.4623E+01 9.0000E+00
' 315.0000 6.3193E+01 9.0000E+00

270.0000 7.3778E+01 9.0000E+00 ,

'

128.0000 7.5750E+00 9.0000E+00
140.0000 1.2977E+01 9.0000E+00*

155.0000 2.ll68E+01 9.0000E+00
160.0000 2.4166E+0! 9.0000E+00 >

165.0000 2.7261E+0! 9.0000E+00
180.0000 3.6889E+01 9.0000E+00
195.0000 9.6517E+0! 9.0000E+00
200.0000 4.9612E+01- 9.0000E+00
205.0000 5.2610E+01 9.0000E+00

| 220.0000 6.0001E+01 9.0000E+00i

235.0000 6.7361E+01 9.0000E+00
269.0000 7.3778E+01 9.0000E+00

0. O. O.
PLANE = 6
TOTAL ULLAGE WIDTH 7.3778E+0i=

! TOTAL POOL WIDTH 7.3778E+01=

! 45.0000 1.0585E+0! 9.0000E+00
! 12.0000 2.9155E+0! 9.0000E+00
l 348.0000 4.4623E+01 9.0000E+00

315.0000 6.3193E+01 9.0000E+00
270.0000 7.3778E+01 9.0000E+00

, 128.0000 7.5750E+00 9.0000E+00
l 140.0000 1.2977E+0! 9.0000E+00
| 155.0000 2.ll68E+0! 9.0000E+00

160.0000 2.4166E+01 9.0000E+00
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165.0000 2.7261E+01 9.0000E+00
100.0000 3. 6809E + 01 9.0000E+00
195.0000 9.6517E+01 9.0000E+00
200.0000 4.9612E+01 9.0000E+00
205.0000 5.2610E+01 9.0000E+00
220.0000 6.0001E+01 9.0000E+00
235.0000 6.736tE+01 9.0000E+00
269.0000 7.3778E+01 9.0000E+00

0. O. O.
PLANE = 8
TOTAL ULLAGE WIDTH 7.5223E+01=

TOTAL POOL WIDTH 7.5223E+01=

45.0000 1.0792E+01 1.9566E+0!
12.0000 2.9726E+0! 1.6666E+0!

398.0000 9.5998E+0! 1.328tE+0!
315.0000 6.4431E+01 9.8958E+00
270.0000 7.5223E+01 6.9962E+00
128.0000 7.7239E+00 1.9865E+0!
190.0000 1.3232E+01 1.8575E+01
155.0000 2.1582E+01 1.7223E+01
160.0000 2.4639E+01 1.6110E+01
165.0000 2.7795E+01 1.5509E+01
180.0000 3.7612E+01 1.9239E+01
195.0000 9.7928E+01 1.2329E+01
200.0000 5.0589E+01 1.105BE+01
205.0000 5.3691E+01 1.0952E+0!
220.0000 6.1992E+01 9.3399E+00
235.0000 6.868tE+0! 7.8723E+00
269.0000 7.5223E+01 6.5816E+00

0. O. O.
PLANE = 9
TOTAL ULLAGE WIOTH 7.3996E+01=

TOTAL POOL WIDTH 7.4151E+01=

45.0000 1.0585E+01 1.7608E+0!
12.0000 2.9155E+0! 1.9708E+01

348.0000 4.4623E+0! 1.1323E+01
315.0000 6.3361E+01 9.1642E+00
270.0000 7.3946E+01 7.4919E+00
128.0000 7.5750E+00 1.7907E+01
140.0000 1.2977E+01 1.6616E+01
155.0000 2.Il68E+01 1.5265E+01
160.0000 2.4166E+0! 1.4152E+01

% 165.0000 2.7261E+01 1.3596E+01
180.0000 3.6889E+01 1.2200E+0!
195.0000 4.6517E+01 1.0365E+01
200.0000 4.9612E+01 9.0998E+00
205.0000 5.2610E+01 8.4938E+00
220.0000 6.ll74E+0! 8.6078E+00
235.0000 6.7735E+01 8.3676E+00
269.0000 7.4151E+0! 7.0769E+00

0. O. O.
PLANE = 11
TOTAL ULLAGE WIDTH 7.3778E+0!=

TOTAL POOL WIDTH 7.377BE+01=

45.0000 1.0585E+01 1.4000E+01
12.0000 2.9155E+0! 1.4000E+0!

348.0000 4.4623E+01 1.4000E+0!
315.0000 6.3193E+0! 1.2750E+01
270.0000 7.377BE+01 1.1500E+01
128.0000 7.5750E+00 1.4000E+01

8-20



|

140.0000 1.2977E+01 1.4000E+01
155.0000 2.ll68E+01 1.4000E+0!
160.0000 2.4166E+01 1.4000E+01
165.0000 2.7261E+01 1.4000E+0!
180.0000 3.6809E+01 1.4000E+01
195.0000 4.6517E+01 1.4000E+01
200.0000 4.9612E+01 1.4000E+01
205.0000 5.2610E+0! 1.4000E+01
220.0000 6.0001E+0! l.2750E+01
235.0000 6.7361E+0! 1.1500E+0!
269.0000 7.3778E+01 1.1500E+01

0. O. O.
PLANE = 20

7.3924E+01TOTAL ULLAGE WIDTH =

7.3924E+01TOTAL POOL WIOTH =

45.0000 1.0658E+0! 1.7660E+0!
12.0000 2.9228E+0! 1.7660E+01

348.0000 4.4696E+0! 1.7660E+01
315.0000 6.3267E+01 1.7660E+01
270.0000 7.3924E+01 1.7660E+0!
128.0000 7.648tE+00 1.7660E+01
140.0000 1.3050E+01 1.7660E+0!
155.0000 2.1241E+01 1.7660E+014

160.0000 2.4239E+01 1.7660E+01
165.0000 2.7334E+0! 1.7660E+01
180.0000 3.6962E+0! 1.7660E+01
195.0000 4.6590E+0! 1.7660E+01
200.0000 9.9685E+0! 1.7660E+01
205.0000 5.2684E+01 1.7660E+01.
220.0000 6.0874E+0! 1.7660E+01
235.0000 6.7435E+0! 1.7660E+01
269.0000 7.3924E+0i 1.7660E+0!
-7.5000

|
1

I!

| \
| |

I
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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).

C-2
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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

Minterfaced with PSEHVLF, an ORDER 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.I7 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 tne PSEHVLF controller are files contrining the spatial data
(DXDZ) and the corrected pressure histories ("!MI). 'ising 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. This 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

1
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BEGIN HYLF
CALCULATION

,

.

I I

i -N/ i N/
i

'l
I ASSIGN iI READ INPUT

l . 8 VIRTUAL iDATA g
1 TRANSDUCERI i I LOCATIONS .I i iI

hI \' I INTERPP
8' GENERATE- i i
I \!

FILE NAMES i
*

l PREPARE' k PSEPREP i CORRECTED
.

i i
I I PSE DATA ie
i \/ i

i i
I--- -l RETRIEVE

I LIBRARY :
1 FILES i \/

---

i
tI II
I CALCULATE

I q
HVLF ig

i \/- i
i i*

I-----8 COPY DATA
1 FILES TO i
I DISK i i

i N/'
I i

1-____ l POST- i_____

l PROCESS '< SOCKITTOME
1 HvLF l-g

i N/ i OUTPUT' ii
Ii CALCULATE , i
i_____i pg

l GEONETRY i \/i '
I ENDI
I 6 PRESLOC*

gg
i

I CALCULATE
1 STATIC HEAD i
8 CORRECTION i_
l FACTOR i .

I i
i-____

N/ )

FIG. C-1. Basic logic flow for the PSE HVLF Calculations.
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the specified test.1 After execution is complete, an output file OUTPREP is

left on disk listing 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 (ullage) 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 .he static head correction to be applied to data from pool
transducers h 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, list of available transducers with corresponding
physical locations and data file names;

INilCOR--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 transducer 4 are independent of
the particular PSE test considered and therefore have been data-loaded into
tha 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

C-5
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BEGIN FILL 'e ----s
INTERPP SYSTENATIC i INTERNAL - p

- - - - > ERROR AND E - - -TERROR DATAs
SIGMA P 1-. . ARRAYS s

8------. BUFFERS
p

~~ ~ ~ ~ ~ '

Ti -5/'
_-_I___# BUFFER
8 DISK FILE # PRES E

,'~ ~ ~l~ ~ ~
'0UTPREP' ;\/fPN R. #

BOUNDED BYiFILE NAME.p INPUT
TRANSDUCER ,,_____,I TIME WINOOWI PLANE. g

'

AND ANGLE g,_ _ _

AND FILEI
LISTi FOR EACH #

8 TRANSOUCER, h/
8-__p-- ______fn FIRST

I N/ ' DISK FILE ,
DATA POINT

I s . MATRIX' ;
INPUT ,~^~~~~

TRANSDUCER __,j ,
| ___ N

LOCATIONa ~h/
MATRIX

2 iNTERe0uTE
3

SYSTEMATIC
I

ERROR AND
8 y y

SIGMA P
1 IFIRST NEXT

ENGINEERING | ENGINEERING NEXT-
e

FILE DATA POINT
|FILE

1 v
__ O

| ADO HEAD'
,

8 ( g
CORRECT 10NI y

AND
8

READ SYSTEMATIC
a

HEADER ERROR

BLOCK:
|t

t \
I V ALL
I NO

INPUT HEAD PolNTS
I ~~~~~~~l 7CORRECTION

' OISK FILE 's* - - - - - - * OATA FOR (---
*lNHCOR* # YES

PLANE AND ,~~~~~~
ANGLE V

I = 1

FIG. C-2. Basic logic flow for INTERPP.
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/
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2
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/\
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i
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FILE

<
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FIG. C-2. (Continued) Basic 10gic f1Ow for INTERPP.
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with file names and the transducer assignment map. The physical files INTORI

and 0 INT 0RI are then created. INTORI becomes the primary input file for
^

TORIS, containing the corrected pressure data for the specified time window,
while OINT0RI 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 information 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

C-8



location. In either case, an absolute location is always written to INTORI as
follows:

The buffers containing the corrected pressures and the correspondingo

standard deviations are emptied to IhTORI.
e The buffer containing the uncorrected pressures is emptied to 0INTORI.

All temporary buffers are then cleared and the process repeated until all of1

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

I

i

i

I

i

C-9

y -. ,. --m- -- .y y,--, m, _ _ _ -



. . . ._. _ _ -

|

APPENDIX D-

i

HVLF CHARACTERIZATION DATA
.

Test 1.3.1
4

4

$

2 e Section D.1 contains results of
'

trapezoidal interpolation

i

e Section D.2 contains results of.
f

parabolic interpolation

l
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D.I. HVLF CHARACTERIZATION DATA

(Trapezoidal Interpolation)
Test 1.3.1

0-2
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l NRC AIR TEST NO. 1.3.1 TRAPEZOIDAL

FORCE SUMMARY (MEAN STANDARD DEVIATION)

45 DEGREE SECTOR - 30

TI T2 T3 T4

TIME. SECONDS 3.Il26E+00 3.1269E+00 3.1970E+00 3.2972E+00

POOL -40093. 101.4 -39562. 100.9 -38639. 96.4 -32951. 92.0

ULLAGE 23698. 69.6 2%200. 80.1 25595. 101.7 90235. 356.5

NET -16396. 123.0 -10361. 128.8 -13039. 140.1 7785. 359.0

?
w 7.5 DEGREE SECTOR - 2D

TI T2 T3 T4

TIME.SECONOS 3.1069E+00 3.1212E+00 3.1327E+00 3.2329E+00

POOL -6608. 12.9 -5567. 12.8 -6283. 12.9 -5386. 12.5

ULLAGE 3935. I1.4 404I. 1I.5 9121. 1I.6 6508. 12.6

NET -2673. 17.2 -1525. 17.2 -2162. 17.3 1122. 17.8
.

NET FORCE RATIOS

30/20 1.022 0.010 1.132 0.019 1.005 0.013 1.156 0.056

.al'
__ -_ _ _ _ _ _ _ _ _ _ ___ _ __ - __________________ ______________
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I NRC AIR TEST NO. l.3.1 SECONO ORDER

FORCE SUMMARY (MEAN STANDARD DEVIATION)

45 DEGREE SECTOR - 30

TI T2 T3 T4

TIME.SECONOS 3.Il26E+00 3.1269E+00 3.1470E+00 3.2472E+00

POOL -40773. III.4 -35048. 109.6 -39261. 103.0 -32387. 19.3

ULLAGE 23892. 69.7 24401. 81.9 25808. 106.9 40617. 401.8

NET -16882. 131.5 -10647. 136.8 -13454. 148.4 8230. 402.2

7
w
m 7.5 DEGREE SECTOR - 2D

TI T2 T3 T4

TIME.SECONOS 3.1069E+00 3.1212E+00 3.1327E+00 3.2358E+00

POOL -6663. 15.0 -5592. 14.8 -6329. 15.0 -5397. 14.5

ULLAGE 3935. 11.4 4041. 11.5 4121. 11.6 6562. 12.7

NET -2728. 18.8 -1551. 18.8 -2208. 19.0 1164. 19.3

NET FORCE RATIOS

30/20 1.031 0.011 1.144 0.020 1.016 0.014 1.178 0.061

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



_ _ _ _ - - - _ _ _______

.s oE4. wCtan

10 -
-

s -
-

o -- - g

-s - -

.,i o . -

t

7..is '. -

N
' se - -.

.as
t+es 9 9 *? 8 9 9 9

Gs M M M M .M p

firt - SEC W TC$t 3.3.3

.

7.C CEO. MCTOR
8

:
-

~

'

.

.g -
-

=0 - -

g
a
e

+3 - -

_w

9
t+03 -9 9 "! # 9 9' 9

80 M M M M M . a

flE - SEC NRC TEST 1.3.1

\

D-36

. _ _ _



a u.. ~--= _ =.- -.--, - - - .---_.u..~ . . - . - - , ~ . _ . . . , - - . a_, . . , . . - , , n. - -

] l

i

~ |
!

|
4

!

!

t

I

!

95 DEO. MCfm. 8 * 7.5 DEO. Mcfm sas ,
1

E ,

se - -

.

1

i

1

1 s . .

>
3

.

$
. . - .

s

,

., . _

'

*10 - -

3
e -19 - -

r

.
.a . .

1

1 n
en 3 - . =- - .- .. 3 g g g. ,

-

. a a a 4 4 4 4 -g g g
| TIME * MC ISC ftSt 8.3.8
i
|

|

1 4

!

,

9

D-37
> ..

i

a
r.-v - . . - .-*.%. m--, - . , , u.. , - - , . -- w -

- , y - +- n , - , - - . - - ~ - . - -



: e.C ttSt No.138 _ SEC. OmotR Fit - F4 188 POOL af 18 *
FILEllisti Pl38

.e .

.s e-

.e e-

'30-

We=

a.-

58-

me-

ne-
. no-
t
C 5

g ..e-
e ..-
3 we-

g .e.

..-,
5 . .e-
= ..-
Y

me-
g

. ...

.e-
-

Se-

30-
e e_ a e a a i e n - a

E e* e.
e e e e o e o e 9 t

. e e e e e e e d 5 3
m

AslaL Politt0N * IMD4

DWIC ftST No.131 SCC. ORotR Flf * F1 IN LA.LAGE At 11 *
FILE t ti s t a .U131

es e

no-
.

no-

an-

se e-

en-

f ev-
O
h me-
a
' me-
I

g ..-

.e-
5
g . .

g ..

- ..-

en- r~o-

e. .e , , , . . . . . . .

,- e o e e o e o e e o e
e . .6 = 4 e. e s d d 3 3

m

AMIAL PelltI90 * INDt

D-38

.

_ _ _ _ . _ _ _ _ _ _ _ _ _ ''



)

i

f

penC ft$f PC. 431 $tc. ORDER Fj' - DET 30 FLL AT T1 -
FILttlie fl.Nf 38

-is .

-es e-

-is e-

-e. e-

.m a-

-.

-n e-

e. e-

-es e-

i -es e-
?
g -es .
" ..-
e

z et e-
*-
t ..-
5 -se e-
s-

g -.-

. ...
t - , . .-

| - . . ..
b -t9 s-

-es .-
-e, e- %

0 I
* " ' , .a .a

e

.a
a

.a
a aa

a.. . . . .. o e e e e e e q :e

axl AL POSITION * INCH

D-39



, . . . , .

estC ft$f NO. 838 MC. OnDER Fif a FLA. IN POGl. Af ff *
Fitt t Si s F2.Pl38

.

m-
ma.

ma-

ma-

me-

me-

ma-

am t .

as e

a,
me-

." us e-

$ us-

e se a.

5 me-
f me.y

. se

$ ma.

[. "'-
,

me-
me-

*

m

ms.

me.
E ,*. n . , a n . . a n ,

%- 2 3 -3. 3 i y" ' " "

.

AltlaL POSifles * teCM

.

FLA. IN ULLAGE 47 ff *manc Ytti sno.131 MC. CIMft Fif a

FILciso ff.uisi

..-

..-

-

00 *

#3 sea

.9-

g SS .- 8

en e-

_s' #E'

~ ., -

5 ..-
,

g ...

f ..
5
- me- ,
5 ..- /

g.
- J
...

g. -

...e.

..-

....
'.

' '

.'
' ' ' " ; ,==,_
.. . . . .

. . ... . .
. ..

.

AnlaL P06tfl0B0 * BND0

D-40



I
i

I

MIC ft$f NO. 131 $EC. ORDER Fit * Ef 30 FLA af ff -
FILE t$1 ?2.Nt 31

4e

4e-

4

4e-

4.-

e.

ge-

4

2,
e.-

-. e-

g . . . .-
' -.e-
I

.
9
3 -.-

t ..-
5

..-a
Y .se s-

g ..

. ..-

-40 .-

..a .-

e.,,e,e .
- e o e e e e e e g 3

n a . . . , , . , .e e o e e o e e . . .*

.

ani AL POSITICN * |NCH

0-41



afEC fttf NO. 831 SEC. OnotR Fit =.FW 14 PCOL Af 13 -
F ILt t$s s f 3.P131

m:

an-

ma-

me.

me

as-

me-

ps

y re-

% p.
I
s p.-
0

g ps-

I. --
e

me-. m

h me

g m.-

g
..-

....

me-

se
e 4, , , , , , , , , , ,

"; - : .: : ; ; 2 : 3 3 3 i
,

AsiaL P05tilet * IMD4

, edIC 7557 84.131 SEC. OnotR Fif = FUL IN ELact af 73 *
'

FILEIS af 3.Ul31

sa

ae-

m.g-

ei-

am-

as-

ee-

. me-
E
- m. -

m..-
,

3 mn-
f
3 mn-

O am-
6-

ae-
-

m.as-

me -

..!k

mm-

me-
E'* , , , , , , . , . -

E#e" q e o e e e - d d d g y
e e e e 9

d . e e 4 4 4
"

1

As| AL POSIT 10N * ISCM

,
D-42-

/



I

l

|
I
|

|

e

NRC f(57 NO. 133 GEC. ORQ(R F |f . qi 30 ftL Af 13

FILEISpif 3 N131

+4 f f

-et e

-se e-

-is o-

-se e-

-69 3-

-se s

i -.-
%

g .e-

- . . . ..
I
f - . . ..
d

- . . ..

5 . , , ,
a
t . . . .-

| e-
u

-no e-

-em s-

e 6

-m e . .' .' .- .a .n
. . ..

: : ; ; .* - - - . . 2 3*

AMI AL P05tfl0N * INCH

0-43

-



s a , , , s , . . . . , .. . - ~ . . .. . . ~.

. -

t . .f
~ ~

<

a,
- >

- .'

4

s
, y,

t

,
'

MsC TEST NO.131 SEC OMA Fif '= FtL Im POOL Af tw -
.s.- : FILET $1:ig.P131 y

.

5^
s

p_e

' m.a-
1 .

30.0=
m

aE-

aG=

k * .

- g mm-

h ~~ I
1 '. . J . 3a.
+ 6

2
* me- ''

| /h4 - .... -

.t
- . 5 . . ,.

.. g

g -'.-
-

,
. . .

.e-
9

.
a e

a a a a . , , , ,

3-
1 'fe
i *

" 9 9 e = = = = e e ,

*- e e- e . 'e e n e ., e .g ;._

e.

t s' . .

80CMAMI AL POSITION a

t-
1

A

senC TEST too.131 SEC. OWN Fif - FUL IN ULLACE Af 74 - '
I FILEIShf4.Ul31 -

i

, mee

'
m.

1

4' me -

i

d

me-
,

I
,

ae-

.
es-

-

-- e..-

me. ,
,

2
g me-

.y.
.pe-

. ..

5 ..
s
t-

n.-

.. ..-

+

t a
' ' ' ' ' '

.' .' .- .ame . 9 * * e .
. e n e e. g g

e5 .
* * e = e. e
e

AMlal POSifleM - tsCH

D-44
.

f

L

'4--,



I

i 1
! |

1

l
i

I

l

PflC T[5T NO. 131 SEC. ORDER Fif 47 30 FUL af 74 -

FILE 851:14.N133

..

..-

..-

..-

...

...

- ..-

>
- ..-
e

x
g ...

5
...,

5 ...=
t

=.-,

$
. ,.-

..-

.
' ' ' ' ' " ' '

'.* * . ,
-

. . . ..
. . . . . ,
.

ANIAL POSITION * |NCH

D-45



, , ,, 1 ,
. . . . . - . _

e

7tSf:38 SCC CICER Fit PaESSAE PR0 RILE Plast, is, af sesir censL0a0

FILCISIPOOL.sent I Alma 0g pges .

es e

se s-

-en-

ee-

to-

so- * a
,

so-

ee-

53-
2, _-

.

ee-

.so-.

=t
es-

-s.e-

. .

-
|

.

. h h'. -

.

POOL PollficH tach.
.N

$

TElfl31 SEC. CIIDER Fif Psit$$AIE PeorILE PLaf46 f t, At naX DiasL0a0
FILET 53 :P00L, peut i AtwAct,pset

se :

e5-

es-

9e-

ee-
' aA aa

ee-

6

%G-

. _ - ,2
98-

-

ea-

t u-

h.-
E e.

7:i i-i i i i i i i i i i i i i.i ;

P00t m m 0 i,c .

D-46

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

.- .



r

I
.

l

|

l

YESTI38 KC mn FIT Putssung Pm0 FILE PLAsts Yt, At nax 00heL0a0
FILEIS3 : POOL.79k 1 A HA.LAGE.fWK

se -

se e-

es-

ss-

1.e.

OE- a a a a

r

ee-

e.e.

se- -

:- ;

es-

. ee-
t-
. ...

r .:e s.
.

. . .
P . . . . . . . . . . . . ..

'f * * * t 's i e i - n i. i i . i_ i. i i i i

POOL Posit:0N isut.

TEST 131 KC. ORDER FIf $MSSLM PROFILE PLAstil TI, Af max 00teL0a0
FILEIS1:POG-.PWK i A H.LLAGE.19W

as.-

se a-

es-

ee-

Te-

es-

so-

.s.

sa. :-
_

es.

GE-
-

E
es-.

4

.a .a- i

E s j.,
. .

. . . . . . . . . . . . . . .

t. * * t= 2 4 e a e- 3 i i e 3 e i e i

POOL POSlf10N INCH.

D-47

1
.

. :. _ . _ _ _ - _ . . . _ - . - _ . . . .__ . - _ . - ._,_ _ _ - , - . . - - .I



, , , ,,

. . .
. .

- - _ _ _ _ . _ .

\'
"

-

s
. -

L-

%

. ,

W

k ~'

s .

r '

s

>

4

.-.,- -.

' d; '.

. TESTl31 MC.' 014108 Fif F81E98WlE PIIHFILE Pulse 3D f t. AT W N0a0
'- FILEISS: Polk M ' tal-tALMIE M

+

' B4.^

te E.

L'.e '
<te-

S.5-

9.E=

*
a a a

9.E=

0.e-

50- i^ . i
^

E8=

' .E=t

t
- . . ...

II +4.E=

O

4_,-
. . . m - - * a a a a * - - a

a
, ., .

4 .- - .- . . . -: . . . . . . . . . . . . , .

P0lk P05tilte teCM.

f

- D-48'
' '

,

.

s < , . .



4 . .__ . _ _ _ _ _

!

t

TEST 131 SEC. ORDEle Flf PRESSURE PROFILE PLW% T2
FILEIS8 P00L.Pett ( Al-LALA0E.i4RK

e.:

es.

su.

te.

so-

es.

.s.

. . .-
,. . . ,

...

ee.

se.

se. 1, 1 ,1 -

es.

ee.

g se.

$ a.e.

eu.

g ...

. j., . , -

's S 8. I N i i I i I = i i 8
. . : . . .w . = w '!t. * * * N

P00. Pollfl0N INCH.

TEST 131 SEC, ORDER Fif PRESSURE PROFILE PLW6 T2

FILE tS hPOOL.Pett i Al-ULLACE.PWRC .

10

1s.

St.

e.e.

St.

S0.

99.

os-

$1.

go. ,0 s

et.

_ ee.

r
. ...

I ....

r ..
. . . . . . . . . . . . . . .. . , . .

9* s t .t S i n n i i i I II i i i

POOL Pollfl0N INCH.

D-49



, - .. .

l

I

s

+

|
7tsT838 KC. Cam Fif PRESSURE PROFILE PLAft9 72

. FILETS 6:P00L.MRK taf MLAOC Jett

e:

1.E-

,e-

ea-

. ea-

oe-

sa-
a R A A

,g, 1 I
w I a i a ,

..-

ae-

sa- 2" 2 - 2

ee-

ea-
, . -

4 E eu-
.

_ ae-

g e.-

. .
, ,e.,*-

. . S 3 3' 3 0 i S i W G
,

f. * * 2 e 3 8 A

POOL POSITICpt INDE.

s

TESTl31 KC. CER Fif PuES$URE PROFILE PLapEli 12

FILEISI: Pott.PWat t & ) MLAN .PWWE

er
|

i 93- !
1 |

..- )

...

ee-

a

su-

es.
A a a

se-

=s.,

se-
i

sa. 2" .

au-

en-
-

..-g

, .I.
es-

se-

-
I *

g, .a .i .a .a .a .n .a .t .n .a .e .a .m .a .n
,

,.. . .,

f * * 2 2 8 4- A S 3 3 3 0 8 . 0 W W 8
-.

Pelk POSITitus 140s.

D-50
;.

I

_ __ . _ . _. _ _ -_
l*



1
|

|
,

1

1

(

tcstni scc. accP rir PPcsu, mite am, ,,

FILEISI: POOL.4 t al-atag m

$!

10-

69-

S.4-

99-

Se-

e.g- 1 E I

ge-

It-

Se-
* . ,

3

39-

. 8.A-

$

I-
...

. ..-

84
;, . . . . . . . h [* * * =

g a s s .m .a , , ,
,

T *
-

POOL POllTION INCH.

D-51



..
.&,

J

TESilla SEC4 CROER Fit enESSuit PROFILE PLAf(4 T3 -
J FILEISI POOL. rett - ( A t -4JLL AGE .P5ht

a

s
?

ee-
I

ve-

. ve.

* e.e-

se-

se-
1

I,
A

,
' -

&#te- 5

f es-

f
sa.

se-
*

.
-

.
.

J ,,,

se-

F

I as-,

i
-

~

E es.

es.

ee-

.
.

.
.

,

. ..
,,* .

* 2 s i i i n 3 9 -- 'S I i i i- i- N''

, f. *
>

. POOL Pollfl0N IND4

+

-

t
' TElfill $EC. ORDER FIf PmES$umE PnorlLE Plasts T3 -
FILET $1: POOL. rent ( Al-4A.LAGE.pW4(

e:;-
I

$e-

tu-

9e-

Se-

Ge-

9e-

A.e- ,

.e-

4.s-

1
se-

'-
1̂

s.e-

1

I se.

Se-
.

,
le-

4 . .e.

* Se-

I O .

* _ , , * .a .n .m .e .a .ae . ,

.

f* * 2 i 8 8 i S' 9 9 N.i 8 I i i i

POOL POSifl01e IND4.

.,.

D-52
4

<

~- . - -. - , e- ., - ..a....,,--e, .. ,,- w - --- -- ,



- - . ,_ . . - . . . n . ~. , _4., ,_

[' -- |
4

.,

l

*
4

|
1

TESTI31 SEC. omotR Fit Pngsst#E PROFitt'PLAsts 73 '- I-

i

Filf t$l: POOL.FWWE . ( AHJLL AGE .fGEC
.

i

.s i

I

|
.

ee : I

I

_. e e.

.ee-

T. e-

se -

a a Aa a ,

e ..
ss-

oa-

.,,, 2^ ^

ea-

t '. ...-

.

'

ea-
- .

.

* *
. n - a , e a . . , a a n n n -, , .

' , . - -- . . . . . li . ,- ,- .: . . . , , .

Po0L P051780N INCH.

ftSfl38 SEC. OpetR Flf PRESSLsIE PROFILE PLAff j j 73
'

FILit SI: POOL.fgest ( Al-ULL AGE.Puutt

te T
..

es-

es-

1s-

es-
a a E a 1

5-._ r

.. e a-.

te-

.as-
l' --

--
^ ^

en-

ao

r. ..-

4

g ...

r . e.,. * . . . . . . . . . . . . . . . .

, . * * ' s -e ,e . i e s 3 i - d . d a # -n

Poot postfloN sescu.

.) .

~D-53

_

_



e
,

g z~ n ,s~....m . - = , - - - - . - n.,wn..-... .-.e- -. - - - . . . . ..n.. . . ...~~-.. -n.. > a .

d + ? ( A

i -

5:
'

*4.:
g

4
>

,
.

j .. '

y
, a

?

'

.a

d >
,

4
- 'z ,

V '# g ',/

s-

4
..

4
a m . .

4.
*

.

"g- -

r J

?

.s.
. g

t

:
4-.

.

f. 1 .- I

J

~lt
,

4

!. Test:31 SEC. OnoEn Fit PRESSWIC PROFILE Plasta013
-

h

,. - FILEISI POOL.fWWE ' - I Al-LA.L AGE.lWIK '
'

|
~

,

r

- .- .!

.. i,

,
....

,

?

e.-
,

. .... .,

T.E=
,r

_

en-

e.-

''- , _ . . . . - , -
-

a.
{-
t . . ..

f.
... -

w.e.
}'

,
si- |

,

4 ..
--

: .
.

4
...

-

9

*
ei.

,
't [
1,

.^
e...

d.
. C-

...1- -g.1
:- ...

,

d

- .... 3

!>
-

*

1

...
,+-

^ tt :. ._f
-

., ,

,-, * * s e i s.n i i y e.d i d -' W
.

j -f.*
. .

n

4
,t

i
Poot Position sacoe.a

i
a
*
4

, .

i

k

i
!
i
&

s
-

g '. ' 3 4

a

k. '

I

1
4

4

4I'
-

.

i

.I
.

4-
r

S
j --

r

- -.

4

'

$ D-5'4-
. .

kn

s4
+

5 t h
b

. ,-, -6---..I, -- ...-.m_m,..__ ..,,,_y . . , . , , , , , , , , , , . #, , , , , . , , , , ,, ._ . . - p. .,, , ., _ _ ,



;..
.- r - -. - . - -

-

a.

I

I
i

|
,

r

F
,

TES1831 KC. ORDER Flf MSSURE PROFILE PLAsE4 T4, Af MAX WOAO

FILE t$liPOOL.PWet E Al-LA.LAGE.fett

er

99-,

Ta-

so-

en-

se-

2 ^

.,, r , , s

.e-

i..e- a a a

I

- s.e-

so-

g es.

f
.

e.-

'

I .E-

i
'

8
-

,t . . . . . . . . . . . . . . . .

't .
r. = = .m = m = m = = w = w = = r* * 2 2.s a .= a 3 3 3 3 = g e d 3j 3

-

POOL posit!ON INCH.

*
TEST 131 KC. ORDER FIT PRESSURE PROFILE PLAsE6 79. At max UPLOAO

FILEss): POOL,nnut t alMLACE. Peek

t.

} T.e-

s.-

so-

i
j in-

- .I ,a ,

! se- l' I~

J

6

%E-

es- a a a a }
,

1
-

St-

, 30-
! -

t
....

5 ..-

f.
- t . . . . . . . . . . . . . . . .

1,,

-.

c**,*e e . . , , 3 3 . . .. . .

N Pollfim teCse.

D-55
s

v , , - . . -. . . . - , .- , , , - , , . . - .n- s + , . - , - - - - ,, . - . . - - - - -



. -. m - , & ..

L'.

.

.ftsfl3f MC. OllDER FIf PatsgM PeartLE PLAste it. At nas UPL0a0
FILEl$t : POOL . peut . s AsqALAct.seur

1

''9e-

es.

+.e,

es.

se-

.1 . 1.
se- l~

~
~

' .e. ,

s- s' a a n' a i'a. , _ ,,

.I s, s

1 . se-

se. ,

.

t
ee-,

I es.
rP. a e , , , , , , , , , , , , , , ,

-< ' e_-,*
. * * e . e'a 'e' . . . . . . . d S

. . . . . . . ,

*' a f l 3 $ 3 e p-f,
'

1
POOL P051tles IseDs.

4

-

d

itsin3t SEC. Omota Fit PatsSM PearlLE Plaste to. et nAx m oa0
' FILET $t tP00L. peut s AD-ULLAOC. rett :

er

es. j

es.

See

en-
n

es.

se-

' ''- _a
.

V

.e.

gg,
# 8 8 A

se-
.

1 se.

en-

- g. ...

.

1.
a s-

...

8 ,*_ . . . . . , , . . . . . . . i -

-..
* * 2 2 8 8 8 8 9 9 8 8 8 8 9 9 8T.

|

POOL Pollflee leIDs.

R6*
.

|

.. .. . .- , . _ , , _ ., , , . . , - - . .



|

|

|

|

|

|

TEST 133 SEC. ORDER Flf PRESSURE PROFILE PLAp(2014 Af MAX LPLOAD

FILE (SI: POOL .MRK t Al-4.LLAGE.MRK

9-

en-

es.

se-

1
. i.

se- 3 .py- %

i

...
g/

..s. k i

se-

so-

[ en-
.

na-
.

E e .. =

2 e 3 e a a y y 3 g g g i i g

. ..-

't' .
= ,

* *
.

POOL POSifl0N INCH.

f

D-57

.- -_____



~
~

,

'

.

.

sec YtST 3.3.0 e 83/98/79 - 15sM225
a . S C-

73 af EM T8 AT lse 73 af IM
a

-* r
' ~ s

a

N.

N
#,, . ,, . <i ,, . .,, .

o.. . . . . . . . . . .* * . , . . .

.-
1

^~. -.

f
,

$ N /,,
4 % =

g- \ .,

% r-

.Y., .- . .. . . ,, . .. . . . . . . . .

. -

.' . .

\ /.

\ /s . /.,

%g'

,; . , -

. . . ,, , ... . .. . . . . .
.

2 Ils

W FE1T 5.3.8 9 C3/81#M 15;M 76
a e C

f t at ISO f t af 385 T3 at ISO
ss :

| j#"
-,,

'

._

..
~

..
.

.

*
.=4.,

,, , ,, ,, i

.i, .i, .
.

. . . - . . .

. . -

f = -,

/ \ / '
s.

t / \ / N.

|

s
|

/' ' . .
* . , - N'. I

. . -. . . l. .,

m -

IJC ag
1

/.,
- , ,

\ /,

*., - N' .i

, .
.. .n

.

.

.. . .
.

I = la

I
|

D-58



.t

NRC TEST l.3.1 R 03/01179 15:56:26
A B ~ C

TI AT 195 fl AT 200 Tl AT 205
m. /~

%m /

N /
=

<g,
. . . . , .. .,

E*88
.

. .
,,

. . ...g
i. e -

&~-~,A 2
m_, , ,

% 9
n.

,/n. .
,

Af w
==, y

*8 -> . ............. . . .** e a. . . i .....++....g.

m. 9-

-

no
% >/~'s,e

'% Fn..
\ /

me 8 e
\ /m. - m s -

" ' .
.g........,.

...........
. . . . . . - - . . . . . . . . . ,*

M . IN

patC TEST 4.3.t R 03/0li79 15:56:26
A B C

fl AT 220 in AT 235 fl AT 269
e..

i b*
\/ \ / s

* ' ~'

/, ,
\ /u a

w -, - -

,, ,, . . .,. .,
i <, . . . . . . .. .

9., . ..o . . .... . . .. . s . . . .<* .

. -

N -

m' k ,J.,

\ / -"
' = s -

i d N- _#
w

,

* . , . . . . - . . . . . . e
. . . . 4 ., .e.** . . .- . . .

ri e -

i g.U=>

"k /
a. -s

I
. a.

-b%
a.. ./ .y

,,: ' , . . ,
.

.,. . .

.

X IN

0-59



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

88|C TEST ' t .3.1 m 83/01/79 15:56:26
.A B C

- Y1 at *S fl Af 12 TI At 3%4
"

"%
.~

"
%_g j

_

e

\--. . /.. , , , . - - ---. ,,. + , . . . .

se e -

un s

. k
a
b . _ ' '

,

xs :
"

,
_

**
'

..* * , _ . . . . . ._.
.. . . . . . . ---

. . . -

E #we

/ \ /\
.

Y,
, ,

.
_

.

. . n.,;_,.:: , . . . ,,

. . . _. .
.

E * 14

patC tt$t 1.3.8 R 03/Ols79 15:56:21
a S

Il af 3tS 71 at 270
ar e

A ,/.. ,

/s / ~.n
s - x=

A
** ...,,.,,.o, ,, ,, . , , . < , , , , , , , , ,a=,, . . .. . .., . . ........

-

=NI Q
Na. m

, , w w/W*

n. \ / '

s' -) /
' \ . .'

,_|=
, . .

'

.'. . ......

. . . . ....
.

X * IN

D-60

_ _ _ ___ .. -



.

NRC TEST 3.3.1 R 03/01179 15:56:27
A B . C

POOL AT TI (LL AT T1 PET AT TI -
w

r" \= s --
x. . s

.
.N /

,,~

'% /y

. _ .
, . .

,
;- .

., . ,., .- . .

- .. . . ... ...,-

art. , \- / s -/
. " , ./ -\ / \- ,,

7 \ f \
~~

.

.c -. \ J L_
. . _

__

- * * * . . . . - .
g.gg ." 8." i.! . . .. . .. ., . ..,

-

J- ,Y
p

,

N, /
.. ,

g, - -

' ' . , . .. . . . . . . - . .-. . . ,. . i., - ,, ,,

.- .. . ..

.

. M IN

-

D-61

P



. - - - - .

!

1

i

I

eftC TC$f I 3.1 R 83/0l#79 15:56230 '
A 8 C

79 AT 829 74 A7 $40 7% af ISS
a

A

[
._ A

N # ( [..

/'n

Y
m, ,, ,, , ,, . . . , , , , .- - . . .,, ,, ,= = . , ,, .- . .. .. . . .

a -

|
_

V ~ %"
_

_

*.
D

b ee.
a /,

h

/.e
'

g =, c

. , - . , . . , .

. .. . . . . - _ _

..-

m. g -%g% ' ' - - -w-
- -

' N..
/

|me

,J..

. an ?, , . . . . . ,, . . , , ..-.y . e . . 6 . . e a e a
.

M . IN

NRC ftst I.3.8 A 03/Olr79 IS t S6:30
A B C

T4 A7160 T4 Af 16S T4 Af 180
e..

*
, n ,

,J
!

*ce w m ,

1

.n
i

i=,,
8*

, ,, ,, , ,, , ,, ,,

a .
,,

. . . .- '. . ..g
, , - _ _

~~

m\/ \ /
, 8 s -
- %.
*

J

f as.t. '
f y

.'. Id
. . . , . , , . . . .

. . . . . .
,
.

. . -

e A.gg

)..

/
_

\.. --/
/

'

.
,

/n.
W

. . " ' . . . ,g .- . . . a .

N - IN

D-62



981C TEST l.3.1 R 03/41/79 IS:56:30 ^
A . O C

T4 AT 195 T4 At 200 T4 AT 205
me

~

me
-

g
-, /me % g

n.

/me ,

= %p #
8* .9

4, ,, , ,, . . ,, .
. . . . . . . . . e

e..
"

1 m 2 -

r . -3'*- e N 7
9 %

se
#b Ja ,

, e
Ms"* eig

"*

g. . . . . ................ .** . . . .*,s . . . . ......,

.a
-

[ h .
* 'vj \ s-

**' ,e m e

$ Y
v.

/.. ,
's

em,,

,L'* ,. . . . . . . ., ., . . . . . . . . . . .. . . . . . . . . . . . .....,
.

N - IN

NRC TEST l.3.1 R 03/01/79 15:SP31
A B C

T4 AT 220 T4 At 235 T4 AT 269
m.

A
* N

" ~'s ~w %. N
# g-# 7 ~.

/m

m c -

m i=.i,..i,..,,,,.,<>.,i.,,i* .e
<i . ii

9
. . . . . . , . ...# . . .

. -
L J

* e

6\
3) % A=

.

/ \
m . ~- (ra

,
* .

i s 1
'

- - -
, iWY

..A., ,. , . .. , . ,. ., . ,. . . . ,. . . .. . . .
, j , , .. . , ,.

m -

/\ /\; "~ -x / \ ,
w a ,.

"' rI

m- - /
%

N

,f , . . . . .
.., ., . ,_,. . . .
. ..

.

X = IN

D-63



, . _ _ _ _ _ . _ _ _ _ _ _ _ . _ _ _ _ . _ _ _ _ . _ _ _ _ _ _ _ _ . . _ _ _ _ _ _ . _ . . _ _

#ec ftST I.3.1 R 03/0l#79 IS:M:35
A B C

79 Af %S T4 At .12 T4 At 3%8
m

h .8

% / \ +# \ [#

'

\ / \ /'

V \ /.. y
. " ' ' , ; ; ;;a : ;: 2. .

_

. .

e -

./-
Y // w- ~ - x: :

= . <

Y [ \
/ \

__t -.~

am .g ; | | |_ | | | | | ; |,

.-

1-k ^_,

/ > = ? 3
1e

/ \.
\

" r

. . = , . . . . . ., .
. . . . . . .

.
,

I * IN

NBC Test 8.3.1 R 0110l#79 IS:M:31
A B

T4 Af 38S 19 Af 270
e

k s h- s -

3
. __ q,

- ,
p

*
.=:,a * ; ; ; : ;;',;;;;*;;. ;

. . -
,

. .

% A A. /
,

,,

n ., N/ \ / \ /- ,' * =; \ /--
. y
..

g
................
.................

.

x . iN j

D-64

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



.a

i

f

f

efilC TEST 3.3.1 R 03/01179 15:"J6:33
A B C

Polk AT T4 LAL AT T4 PCT AT T4
as

% #~ A"'' 'k N_j
..

/..
/-..

#..

. s. 9
.

.

.. ,, ,, ,, . ,,.
. .. . . . - 4 .***

.. -

.4
" "

"' m r. Nf N :
m ..

7 / \
, , , *

e J
* '%

,.=a.,- .. . .. . , . ., . , _
.

.. . . . .. . . . . ..

-.

-9.
-

f# * /
4-.

< v w
. 3

\e

..;a . , . . . , ,, ,, ., . . ... . . . . . . . . .
,

.

X * IN '-
t

D-65 ,

k___= _

j- -



!

i

f

|

|

APPENDIX E

EXTENDED ANALYSIS MICROFICHE

E-1



TABL5E-1. Summary of microfiche descriptions.
!

.

Appendix Microfiche Included Number of
section group Description of contents air tests microfiche

8E.1 1 HVLF characterization data 1.1 - 3.5 7
(parabolicfit)

82 HVLF force summary tables 1.1 - 3.5 1
(trapezoidal fit)

E.2 3 HVLF impulse plots for: 1.1 - 3.5a 1

4545 ; I < t < tg p9

7.5 ; t <t<tg

U7.5 ; I,< t < t
E.3 4 Computed load cell and RVL 1.3.1'

force time-history plots for
structural inertial effects > 1
load cases .+, . , .2, and .3

5 Frequency analysis plots for 1.3. l s
measuredandcomputed(case.0)
force time-histories

aE.4 6 Vent pipe enthalpy flux 1.1 - 3.5 1
time-history plots

a
7 Vent pipe mass flow and temper- 1.1 - 3.5 y

ature time-history plots
a8 Summary sheets for inferred 1.1 - 3.S y

enthalpy flux at downcomers

a
Except for air test 1.2.
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