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ABSTRACT

Recorded test data are presented for Test S-07-9 of the Semiscale Mod-3 baseline test senes, This test s
ane of several Semiscale Mod -3 expeniments conducted 1o investigate the thermal and  hydraalic
phetomena accompanying a hyporhesized loss-of-coolant accident in a pressurized water reactor (PWR)
aatein Test S07-9 was conducted from mitial conditions of 16,10 MPa and $59 K to investigate the
resporise of the Scmscale Mod-3 system to a blowdown transient tollowing a simulated double-ended oft
et shear of the broken loop cold leg pipmy. The specific objective of this fest was to provide reference data
rocey aluate integral blowdown and reflood behavior durmg a 200% cold leg . cak with emergency core
Coolint (ECC) miechion into the vessel Tower plenum of the Mod- ¥ svstem. The purpose of this report is 1o
mahe vailable the uninterpreted data from Test S.079 tor future data analysis. The data, presented in the
sorm of graphics in engineening units, have been analyzed only 1o the extent necessars 1o ensure that they
are reasonable and consistent,

[ his test was identical to Test S-07-8, except that the FCC injection from the accumulator was iitiated
ata higher accumulator pressure (6.92 MPa),
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SUMMARY

Test S-07-9 was performed as part of the Semiscale Mod -3 portion ot the Semiscale Progrars conducted
by EG&G Idaho, Inc., for the United States Government. This test was part ot the Mod-3 baseline tesi
series (To Series 7y performed 10 investizate the resporise of the Mod-3 svsiem during a blowdown and
tetlood transient. Hardware contiguration and test parameters were selected to vield a system response
that simulates the response of a pressurized water reactor to the blowdown and reflood portions of a
hypothesized loss-of-coolant acaident (L OC A)

The objectit ¢ of Test S-07-9 was 10 provide reference data to evaluate integral blowdown and reflood
behavior dor.ng a 200% cold leg break with emergency core coolant injection into the vessel lower plenum
of the Mod-3 system

The Mod- 3 sistem was cquipped with a presare vessel with simulated reactor internals and an external
downcomer assembly; an ntact loop with steam generator, pump, and pressurizer, a broken loop with
steam generator. pump, and rupture assembiy: high and low pressure coolant injection pumps and coolant
mjection accumulator for the sessel fower plenumy and a pressure suppression syy wvith header,
suppression tank, and steam supply system. The electrically heated core consisted of 25 rods of which 23
were powered.

Test S-07-9 was conducted from imtial condinions of 16,10 MPa and 559 K with a simulated full size
(200%%) double-ended offser shear of the broken loop piping at an initial core power level of 2.00 MW |
After iniiation of blowdown, power to the neated core was reduced 1o simulate the predicted heat flux
response of nuclear tuel rods during a | OCA.

Test S-07-9 was generally conducted as specitfied. Conditions which did not contorm 1o the specified test

configuration were considered acceptable for analv.ais purposes within the test objectives. The instrumenta-
tion used generally functioned as intended. OFf 211 measurements taken, 206 produced usable data.
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EXPERIMENT DATA REPORT FOR SEMISCALE
MOD-3 LOWER PLENUM INJECTION
TEST S-07-9
(BASELINE TEST SERIES)

I. INTRODUCTION

[he Semiscale Mod -3 eaxperiment represent the current phase of the Semiscale Program conducted by
FG&G Idaho, Inc., tor the United States Government. The program, which is sponsored by the Nuclear
Regulatory Commission through the Department of Energy, is part of the overall program designed to
investigate the response of a pressurized water reactor (PWR) system 10 a hypothesized loss-of-coolant
aceident (L OCA). The underlving objectives of the Semiscale Program are to quantify the phyve ar o
cesses controlling system behavior during a LOC A and to provide an experimental data base tor assessing
reactor satety evaluation models. The Semiscale Mod-3 Program has the further objective of providing
support 1o other experimental programs in the form of instrumentation assessment, optimization ol test
serles, selection of test parameters, and evaluation of test results

Fest S-07-9 was conducted March 21, 1979, in the Semiscale Mod-3 svstem as  art of the baseline tost
2 i

series (Test Sertes 7). This series was designed to obtain thermal-hyvdraulic response data from blowdown,
h

having an clectrically heated core. The specific

| r reactor

retill, and reflood transients in a simulated nuclear rea

objective of Test S-07-9 was to provide reference data to evaluate integral blowdown and reflood behavior
during a 200% cold leg break with emergency core coolant (ECC) injection into the vessel lower plenum of
the Mod-3 system. Hardware configuration and test parameters were selected 1o vield a svstem response

that simulates the response of a PWR to a hyvpothesized LOCA blowdown transient

The purpose of this report is 1o present the test data in an uninterpreted but readily usable form for use
by the nuclear community in advance of detailed analysis and interpretation. Section 11 briefly describes
the system contiguration, procedures, and initial test conditions, and events that are apphicable to Teut
S-07-9; Section [ presents the data graphs and provides comments and supporting information necessary
tor interpretation of the data. A description of the overall Semiscale Program and test series, a more detail
ed descripnion of the Semiscale Mod-3 system, and a description of the measurement and data processing
techniques and uncertainties can be found in References 1 and 2



Il. SYSTEM, PROCEDURES, CONDITIONS, AND EVENTS
FOR TEST S-07-9

The following system configuration, procedures, initial test conditions, and events are specific to
Tost S-07-9 as indicated.

1. SYSTEM CONFIGURATION AND TEST PROCEDURES

The Semiscale Mod-3 system used for the test consist.d of a pressure vessel with simulated reactor
mternals, including a 25-rod core with 23 electrically heated rods and an external downcomer assembly; an
mtact loop with steam generator, pump, and pressurizer; a broken loop with steam generator, pump, and
rupture assembiy; high and low pressure ingection pumps and coolant injection accumulator for the vessel
lower plenum; and a pressure suppression system with a suppression tank, header, and steam supply
wstem. The Semiscale Mod-3 experimental system configuration is described furiher in Reference 1.
Fieures 1and 2 show the svstem configuration for the test.

for Test S-07.9, the nine center rods were powered 12.8% higher than the remaining 14 low powered
rods resulting in gh and low power rod peak densities of 39.7 kW m and 35.2 kW, m, respectively. The
total core power was 2,00 MW, One rod (Rod E-5) was unpowered and another rod (Rod A-1) was
replaced by a hiquid level probe.

In preparation for the test, the system was filled with treated demineralized water and vented at strategic
points to ensure a hgquid-full svstem. Treated demineralized water in the steam generator feedwater tank
was heated to 486 K. and the required levels were established in the steam generator secondary sides. The
aconmulator for the vessel lower plenum was filled with treated demineralized water, drained to specitied
mital levels, and pressurized with nitrogen to 6.92 MPa.® Prior 1o warmup, the system was pressurized 1o

check for leakage; system istrumentation was checked; and transducer readings were set 1o zero. Warmup
o imial test conditions was accomplished with the heaters in the vesse! core. During warmup, the purifica-
tion and sampling systems were valved into the primary system to maintain water chemistry requirements
and to provide a water sample at system conditions for subsequent analysis. At 50-K temperature intery als
Jduring warmup, detector readings were sampled to allow the integrity of the measurement instrumentation
and the operability of the data acquisinon system to be checked.

Prior 1o the initial core power lesel being established, the pressure suppression system was pressarized o
(24 MPa with saturated steam from the steam supply system. After the core power was iincreased to
200 MWL initial test conditions were held tor 607 s 10 establish equilibrium in the system. At the end of
this period all auxiliary systems were isolated to prevent blowdown through those systems.

I he system was successfully subjected to a simulated double-ended uud leg break through a rupture
assembly and two blowdown nozzels having a total break area ot 4.59 ¢m2. Pressure 1o operate the rupture
assembly and mitiate blowdown was taken from an accumulator system filled with water and pressurized
(0 15 6 MPa with gaseous nitrogen. Immediately (within 0.02 §) after inination for blowdown, the lines to
the accumulator were again isolated. The effluent was ejected from the primary system into the pressure
cappression system which was vented to maintain a constant pressure of 0.243 MPa. At blowdow 1, power
1o the primary coolant circulation pump was reduced and the pump was allowed to coast down 1o a speed

130 rad s which was maintained for the duration of the test, During the blowdown transient, power to
the electrically beated core was automatically controlled to simulate the thermal response of nuclear heated

tuel rods

a All pressures are presented as absolute values
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FPor Test S-07-9, the coolant injection systems were arranged 1o discharge into the vessel lower plenum
The high pressure coolant mjection pumps were started at initiation of blowdown with coolant injection
starting at a pressure of 12,41 MPa. and continued running (as pressure decreased) to the end of the test
(350 5). Low pressure coolant injection was imtiated 34,5 5 atter blowdown at a system pressure ot
1.10 MPa and was continued until test termination {330 5). Coolant injection from the vessel accumulator
(C1-T-1) started 8.5 < atter blowdown, and was terminated 46 s atter blowdown. Total volume ot coolant
injected mto the vessel from the accumulator was 44,5 [ Nitrogen trom the accumulator was not discharg-
ed into the vessel lower plenum,

2. INITIALTEST CONDITIONS AND SEQUENCE OF EVENTS

Condittons in the Semiscale Mod-3 ssstem atinitation of blowdown are given in Tables 1 and 1 and the
sequence of events roative to rupture is given i Table 111

o



TABLE T

CONDITIONS AT BLOWDOWN INITIATION

Test $-07-9
Measured? Specified
Core power (MW) 2.00 2.0 + 0.05
System pressure (MPa) 16.09 15.51 + 0.17
Intact loop cold leg fluid 559 557 + 1
temperature (K)
Broken loop cold lep fluid 555 557 + 1
temperature (K)
Intact loop hot leg to cold leg 35 37 + 1
temperature differential (K)
Broken loop hot leg to cold leg 39 37 + 1
temperature differential (K)
Intact loop cold leg flow (1/s) 9.05 b
Broken loop cold leg flow (1/s) 2.60 b
Steam generator feedwater
temperature® (K) 486 497 + 6
Intact loop steam generator liguid level 287 295 + 5
(ecm) (above top of tube sheet)
Broken loop steam generator liquid level 1,047 996 + 5
(¢m) (above top of tube sheet)
Pressure suppression tank pressure (MPa) 0.244 0.241 + 0.007
Pressure suppression tank temperature (K) 298 297 + 1

a. Measured initial conditions are taken from digital acquisition
system read just prior to blowdown initiation. Those measured
conditions which did not meet the specified conditions were
considered acceptable.

b. Flow is not specified, since it must be adjusted to achieve the
required differential temperature across the core.

c. One source of feedwater for both intact and broken loops.

ng7 076



PRIMARY COOLANT TEMPERATURE DISTRIBUTION

TABLE 11

PRIOR TO RUPTUREA

Vessel
Vessel
Intact
Broken
Intact
Broken
Intact
Broken

Vessel

lower plenum

(bottom of lower plenum)

lower plenum (top of lower plenum)

loop
loop
loop
loop
loop

loop

hot leg (near
hot leg (near
cold leg (near
cold leg (near
cold leg (near

cold leg (near

upper head (middle)

Downcomer (top)

Downcomer (middle)

Downcomer (bottom)

vessel)
vessel)
pump inlet)
pump inlet)
downcomer)

downcomer )

Test S=07-9

Temperature
Detector (K)
TFV-572W 555
TFV-552A 555
RFI-2 594
RFB-20 594
TFI-11 555
TFB-37 559
RFI-17 559
RFB-45 555
TFV+221Q 555
TFD-18F 558
TFD-294 559
TFD-435 559

a. Average of data taken from -5 s to -0.5 3 prior to blowdown
initiation.




TABLE III

SEQUENCE OF EVENTS DURING TEST $-07-9?

Time Relative

To Rupture

Event (s)
Core power level established -607
Makeup pump and pressurizer heaters off 2.5
Intact and broken loop steam generator feedwater and -

discharge valves closed

Intact and broken loop pump controls initiated 0
High pressure injection system flow started 0
Core power decay transient started 2.5
ECC accumulator vessel lower plenum flow started 8.5
Low pressure injection system flow startedb 34.5
Broken loop pump power terminated 350
Core power terminated 350

a. A time controlled sequencer was used to control critical events
during the test.

b. Injection from high and low pressure injection system pumps and ECC
accumulators did not start until system pressure dropped below
preset pump or accumulator pressure, respectively.
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I1l. DATA PRESENTATION

The data from Semiscale Mod-3 Test S-07-9 are presented with brief comment. Processing analysis has
been performed only to the extent necessary Lo obtain appropriate engineering units and to ensure that the
data are reasonable and consistent. In all cases, in converting transducer output to engineering units, a
homogencous fluid was assumed. Further interpretation and analysis should consider that sudden decom-
pression processes such as those occurring during blowdown may have subjected the measurement devices
to nonhomogeneous fluid conditions.

The performance of the system during Test S-07-9 was monitored by 211 detectors. The data obtained
were recorded on both digital and analog data acquisition systems. The analog system was used (o provide
redundant data. The long-term data (-20 to 300 s) presented in this report were recorded at an effective
sample rate of 2.875 points per second. Short-term data (-6 10 42 §) were recorded at an effective sample
rate of 19.16 points per second.

I'he data are presented in some instances in the form of composite graphs to facilitate comparison of the
values of given variables at several locations. The scales seiected tor the graphs do not reflect the
obtainable resolution of the data. (The data processing techmiques are described further in Reference 2 and
Appendix A.)

Figures 3 through 10 and Table IV provide supporting information for interpretation of the data graphs
shown in Figures 11 through 220 and provide relative loctions ot all detectors used duning Test S-07-9.
Table (Il groups the measurements according 1o measurcment type, identifies the specific measurement
lacation and range of the uztector and actual recording range of the data acquisition system, provides brief
comments regarding the data. and references the measurements and comments to the corresponding
figure. Figures 11 through 220 present all the blowdown data obtained. Time zero on the graphs is the ime
of rupture initiation, App.ndix A provides intormation explaining the data acquisition system capabilities.
Appendix B explainy posttest data processing tor data conversion into engineering units and data
adjustments. Appendin C presents an analysis of selected data which provide a guide to the uncertainty
associated with data measurements in the Semiscale Mod-3 system,
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Fig. 10 Semiscale Mod ™ heater core — plan view



TABLE IV

DATA PRESENTATION FOR SEMISCALE MOD-3 TEST S-07-9
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APPENDIX A

DATA ACQUISITION SYSTEM CAPABILITIES
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APPENDIX A

DATA ACQUISITION SYSTEM CAPABILITIES

The Semiscale Mod-3 system provides for the acquisition, processing, and presentat:on of test data. The
test data system comprises detectors, signal corditioners, signal processors, and recording and display
equipment. The data obtained are principally recorded on an on-line digital system. Selected data channels
are also recorded on an analog system.

The un-line digital system is called the digital data acquisition and processing system (DDAPS). The
DDAPS has dual and single speed capabilities with identical storage and data output limitations. The dual
speed mode is used to extend the recording time when obtaining high frequency data.

From each of up to 240 data channels, the test data system stores 20 blocks of data. Each block of daia
contains 920 words (each word 1s the abscissa and ordinate of « data point) of digital information. These
920 words represent a fixed storage display.

I'he maximum measured throughput rate for the system is 24 000 words per second. This throughput
rate can be reduced in increments of 100 aords per second. The throughput rate, the number of data chan-
nels recorded, and the fixed display of 920 points per block determine the time base tor displaying the data.

After the data have been stored, data reduction can be made for presentation and analysis purposes.
Because of hardware limitations and aesthetic considerations of data presentation, only certain time bases
are used when the data are reduced. For data displayed from -20 to 300 s, the recorded data are made to
occupy a 320-s span vielding a time base of 16 s.

Generally, 920 points from a given data channel are displayed in the nominal time base of 16 s. Integral
(1 to 20) multiples of 16 s may be used as variations on the nominal time base. Because the output is fixed
at 920 points, data compression is accomplished by averaging adjacent data points to give the desired
compression.
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POSTTEST ADJUSTMENTS TO DATA FROM SEMISCALE MOD-3
TEST S-07-9
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APPENDIX B

POSTTEST ADJUSTMENTS TO DATA FROM SEMISCALE MOD-3
TEST S-07-9

Many of the transducers used in the Semiscale Mod-3 system exhtbit significant sensitivity to onc or
more spurious inputs. Strain gage bridge circuits used in pressure transducers, differential pressure
transducers, and drag discs are sensitive to changes in ambient temperature. Differential pressure cells are
also sensitive to changes ‘n system pressure. Photomultiplier tubes used as gamma ray detectors in the den-
sity transducers are sensitive (o temperatu.« changes, as well as to random variations in the locations of the
radiation sources. Core power measurements depend on a calibrated resistor, whose resistance changes in
value as a function of time and power level as it heats up.

Although the uncertainties introduced into the data by spurious secondary inputs generally do not
exceed the specified uncertainty ranges of the transduce-s, significant improvement in measurement
accuracy can be achieved if (he secondcry sensitivity can be identified and removed. Since the exact values
of the spurious inpus to which different transducers might be sensitive cannot often be easily predicted
and are somatimes inconvenient to measure, secondary effects have been accounted for by correcting the
data after the test rather than by using elaborate real time programs in the data acquisition system com-
puter. The methods and results of the posttest data correction analysis for Test S-07-9 are presented in the
following paragraphs and t2’ les

1. DIFFERENTIAL PRESSURE MEASUREMENTS

Pre-sure sensitivity in the differential pressure cells in the main system loop is determined from the

pretest system pressure check. Digital data are recorded for all measurements at ambient ter rture, with
no system flow, at pressures of ambient, 5575, 8964, 10 817, 12 S17, and 15 781 kPa. « « cuy, v of the
differential pressure cells 1s plotted again‘ . system pressure, with the resulting plots usc. ! {0 uc cribe the

pressure response of the transducers.

Corrections to differential pressure data w-re made using the following equation:

F'(t) = F(¢) + P, P(c) (B-1)
where
F'(t) corrected data, kPa
F(t) ras data, kPa
Py pressure sensitivity, kPa/MPa
P(1) pressure data from indicated transducer used for pressure correction sensitivity,

MPa.

Values of the consiants are given in Table B-1.
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TABLE B-I

CONSTANTS FOR DIFFERENTIAL PRESSURE MEASUREMEN™ CORRECTION
(TEST §-07-9)

Detector

Identification Pl pP(t)
DI-13V-1A -0.024 PV-13
DI-1A-6
D1-6-7 -0.053 PI-16
DI-SGI-SGO 0.027 PI-16
DI-7-13 -0.027 Pi-16
DI-13-15 1.567 PI-16
DI-15-17A
DI-17A-DIA
DB-13V-20B 0.100 PV-13
DB-20B-21 0.090 PV-13
DB-21-27A -1.067 PV-13
DB-SGI-SGO 2.000 PV-13
DB-27A-37A -0.053 PV-13
DB-37A-40B ~0.290 PV-13 )
DB-37A-40L -0.066 PV-13
DB-40B-~43A
DB-4CB-45A 0.018 PB-45A -
DB-45A-43
DB-45A-DIA 0.467 PB-45A
DD-DIA-13V -0.400 P1-16
DD-DIA-1.0 =0.057 PI-16
DD-DIA-578 -0:011 PI-16
nD-.70-435 ~f1.055 PI-16
DD-435-578 -0.033 PI1-16
DV+421+154 0.020 PV-13
DV+159-105 -0.305 PV-13
DV+154-105 0.027 PV-13
DV-578-501 -0.021 PV-13

‘ DV-578-13A -1.933 PV-13
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TABLE B-I (continued)

Detector P
Identification 1 _P(t)
DV-501-442 ~0.027 PI-16
DV-501-105 0.057 PV-13
DV-501-13A -0.100 PI-16
DV-442-278 -0.013 PI-16
DV-278-154 =0.033 PI-16
DV-105-13A
DI-SG-LL
DB-8S1-584
DV-ACCI-LL

2. DENSITY MEASUREMENTS

Density calculations are based on the voltage output of the photomultiplier tubes in the gamma-
attenuation densitometer assemblies. The equation used for converting voltage to density is as follows:

p = Co + Cl F(t) (B-2)
where
p the density, kg m?
Cy offset, kg/'m3
& conversion factor, (kg/ m3)/
F(1) transducer output, v,

Constants Ci, and C) are adjusted to match the final data to density values calculated from measured
pressure and temperature values at the preblowdown and post drain conditions, effectively giving the data
an in-place calibration. These calculations are made in the Mod-3 system prior to initial data release and
are not considered posttest adjustments.

Some density measurements are obtained using a two-beam ramma densitometer which operates on the
same basic orinciple of gamma attentuation as does the single-beam gamma densitometer. Each beam
originates from the same gamma source and is allowed to pass through separate portions of the piping
cross-scctional flow area to obtain an average density measurement in that particular region. The
geometrical relationship of the gamma beam path through the piping and geometrically related variables
used for processing of data from a two-beam gamma densitometer are shown in Figure B-1. The average
density measured by each individual gamma beam is obtained using ihe same equation as is used for the
single-beam gamma densitometers.

ry 7 ST &
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In the Semiscale Mod-3 system, two-beam gamma densitometers provide information which allows the
calculation of a betier average density than that obtained from a single beam in a henizontal pipe. A
mathematical model is used for processing e two-beary data to obtain the improv:cd average density
information. The processing method used is based on a froth-water model coupled witn information from
the two individual gamma beams and related beam path and piping cross-sectional geometry. The resulting
information is recorded and reported under the density measurement identificat'on ending with a **C"’, for
example, GI-17C.

The use of the froth-water model for obtaining ave. age density from a two-beam gamma densitometer in
a horizontal pipe is based on observations indicating that ifow regimes in the Semiscale Mod-3 system can
be modeled by a layer of water on the bottom of the pipe with a degree of froth on the surface. For
homogeneous flow conditions such as all froth or all liquid the model remains valid. At any point in time
slug flow 1s also modeled. The froth-water model does not model annular or inverted annular flows very
well. However, these flows are not expected to exist for significant portions of a Semiscale Mod-3 system
Hlowdown in horizontal piping. Density gradients from the top to the bottom of the pipe may exist show-
ing no distinct location change from water 1o froth This flow is neither totally homogeneous nor
stratified, but the froth-water model does provide an adequate approximation of the average density
characteristic of this flow pattern,

The average density obtained by using the gamma beam geometry shown in Figure B-1 and by applying
the froth-water model is given by

P = ac o, + (1 - af) ow kg/m3 (B-3)
where
P average cross-sectional density
0y - average density measured by the upper beam (measures the froth density)
Pw - density of liquid water (at local svstem conditions)
Qg = 1+ (172m (sin88) = volumetric fraction containing froth.

The ang’~ which 8 represents is shown in Figure B-1. Values for 8 are obtained as follows:

8 =2 coo"1 (1 - 2n) {B-4)
where
Oy P
h = %cmze(z ')
Pw 7
where
H lweos8 (1, and & are defined in Figure B-1)
D = piping inside diameter
Py = theaverage density measured by the lower gamma beam,

U 4l
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Average density is not calculated using the two-beam froth-water model when the angle 1s not
favorable due to system hardware restrictions in positioning the source. The froth-water model requires
separate density sampling in both the upper and lower portions of the piping cross section,

Gamma souice

Upper beam path

Vertical axis Lower beam

path

T

Froth

Pipe inside diameter

Water-froth
intertace

Water

'

INEL-A-285

Fig. B-1  Geome'ry used for processing of density data oblained fro. =< * sam gamma densitometers.
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APPENDIX C

SELECTED DATA WITH ESTIMATED TOTAL UNCERTAINTY
BANDS FROM SEMISCALE MOD-3 TEST S-07-9

Anaivsie has been performed on selected data from Test S-07-9 to provide a guide to the uncertainty
associated with data measurements in the Semiscale Mod-3 system. The end result of the analysis is
presented as uncertainty bands about the measured data which represent a 95% confidence level.

The uncertainty bands are obtained by combining uncertainties obtained from analysis of the data itself
(random uncertaintv) and engineering analysis of the measurement system (engineering uncertainty). The
procedure by which uncertainty bands were established for the data presented in this appendix is described
in the following paragraphs

The data trace under analysis was empincally fitted with a linear difference equation, which was subject
1o 2 white noise input at each samphng time point. The objective of the empirical fitting procedure was 1o
characterize the white noise, which was taken to represent the random uncertainty. The procedures for fit-
ting the difference equation are discussed in depth in Reference C-1. A data trace was often segmented and
different equanions were fitted to each segment with statistical correlations between successive observatons
accounted for by the fitting procedure. The white noise input was assumed to arise from a normally
distributed population. The standard deviation of the white noise, as found during the fitting procedures,
was taken «s an estimate of the random uncertainty standard deviation and is shown in Table C-I in
appropriate engineering units. The traces of the uncertainty band analysis are shown in Figures C-1
through C-40.

Other uncertainties in the data exist because of such factors as variability in installation procedures and
techniques, calibration uncertainties, vanability in materials, and temperature and pressure sensitivities.
These uncertainties and the procedures for estimating them are discussed in Reference C-2. They are
reterred to as engineering uncertainties and the estimates are largely subjective. Because of the continuing
etffort 1o improve the accuracy of the measured data, such as through the use of better transducers, better
signal condittoning and processing equipment, and better calibration and installation techniques, the
engineering uncertainties for data from most of the transducer systems have changed tfrom those published
in Reference C-2. Table C-11 provides a summary of enginecring uncertainty svalues obtained from current
anaiysis techniques as applied (o the data presented herein.

In addition to the normal hardware and installation related sources oy wagineering uncertainty, a signifi-
cant measurement uncertamnty resuits when the current transducer systems are subjected to separated two-
phase flow regimes during the course of the blowdown transient. Accordingly, for those data affected
(uid density, volumetric flow, and mass flow), whic'. are presented in this appendix, a more estensive
assessment was cenducted of additional engiieering uncertainty due to flow regime effects. Table C-111
identifies the data analvzed and the period in the blowdown process for which flow regime uncertainties
were included as a part of the total engineering uncertainty. The time of occurrence of separated two-phase
tiow and the resulting eftfect on the uncertainty of the data were evaluated by considering, on an indnidual
basis, each detector output with reference to indications by other auxiliary measurements.

The gamma densitometer density measurement data are atfected by two-phase separated flow regimes.
The resulting transducer output is a measurement of the average attenuation of the gamma beam through
the measured medium. The beam attenuation, in turn, is interpreted through physical relationship to be a
measure o1 the average density along the beam path. When stratified tvpe flow was considered present, the
gamma beam attenuation was considered 1o be a result of a liqaid layer and steam at svstem conditions.



With this assumption and the system geometry, a void fraction was calculated and a new “effective’
average density was calculated. The difference between the average density based or .ne assumption of
homogeneous conditions and the average density for stratified conditions w., considered to be the
uncertamty.

The flow regime uncertainties of the turbine flowmeter were estimated by calculating a void fraction and
the cross-sectional liquid and steam flow area for stratified flow, This calculation was accomplished using
methods similar to those used to calculate the average density for stratified flows. A simple model was used
to equate the forces on the turbine with the assumption of a known void fraction, - tratified flow, known
component densities, and slip ratio greater than unity. This process provided phase velocities. With the
phase densities, velocities, and void fraction, a volumetric flow rate could be calculated, The ditference
between this value and the measured value was considered to be the uncertainty.

The overall standard deviation of a data point is taken as the root of the sum of the random uncertainty
variance and the total engineering uncertainty variance; that is,

o, = YR * % (C-1)
where
Go overall standard deviation of a data point
og? - random uncertainty variance
OEl engineering uncertainty variance.

The uncertainty bands for the data are computed about the value given by the fitted difference equation
y; at time point 1; that is,

uncertainty band = y; * 1. %0 q - (C-2)

With due regard to the fact that O has been estimated subjectiy ely, the uncertainty band may be inter-
preted as an approximate 95% confidence interval within which any true value of the measured varniable is
consistent with the data.

On certain occasions, the symmetrical uncertainty band given by Equation (C-2) is not appropriate. On
those occasions, asvmmetrical uncertainty bands were computed; that is, with the width being greater on
one side of y; than on the other.

Finally, the ot ginal data trace, along with its uncertainty band from Equation (C-2), was input to a
computer plot package. The resulting plot contained the actual data trace surrounded by an uncertainty
hand derived both from random up-ertainty and engineering uncertainty considerations. The indicated
uncertainty bands after thermocouple dryout occurred for the fluid temperature measurements should be
ignored. Uncertainty bands for these segments of the data were not obtained and bands oniy appear
because of limitations in the plotting package.
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TABLE C-1

RANDOM UNCERTAINTY STANDARD DEVIATION
(TEST $-07-9)

Random Uncertainty

Standard Deviation A::;;z:t?:n
Measurement R (s) Figure
TFI-1 C.004 =20 to =0.4 c-1
1.51¢ -0.4 to 5
1.935 5 to 48
0.408 48 to 300
TFB-20 0.141 =20 to -0.4 c-2
1.935 -0.4 to 4
1.541 4 to 69
3.168 69 to 300
TFD-294 0.004 -2V to -0.4 c-3
2.807 -0.4 to 27
6.208 27 to 55
1.405 55 to 113
0.610 113 to 180
1.386 180 to 300
TFV-578A 0.0 -20 to 0.04 C-4
3.296 0.04 to 5
0.964 5 to 300
TIFV+79D 0.994 -20 to 0.9 Cc-5
1.374 0.9 to 8
0.394 8 to 84
0.558 84 to 153
0.186 153 to 238
0.146 238 to 300
TFG-5AB-45 0.0 -20 to -0.4 c-6
22,793 -0.4 to 5
17 778 5 to 11
.001 11 to 17
/.713 17 to 2i
28.077 21 to 26
23.364 26 to 35
27.94) 35 to 41
1.502 41 to 300
TMI-1TI16 0.079 =20 to 2 c-7
0.345 2 to 300
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TABLE C-1 (continued)

Measurement

TMB-20B16

TMD~-364

T (V+79D

TH-C2-8

TH-C2-180

PI-16

PB-45A

PV-ACCI

PB-SD

Random Uncertainty
Standard Deviation

°R

0.041
0.652
0.724
0.852
0.249
1.078
0.366

0.280

0.168
0.618
0.282
0.086
0.214

0.070
2.791
0.885
15.681
3.597
1.509
0.786

1.075
8.174
4.648
2.011

0.006
1.006
0.021

0.002
1.104
0.026

0.0003
0.013
0.006
0.003

0.008
0.005
0.020

202

Period of
Application
(s)

-20 to 0.04
0.04 to S
5 to 48
48 to 55
55 to 101

101 to 107
107 to 300
-20 to 300
-20 to 0.9
0.9 to 8
8 to 32
32 to 253
253 to 300
=20 to =-0.4
-0.4 to 6
6 to 28
28 to 33
33 to 55
55 to 90
90 to 300
-20 to =-0.4
-0.4 to 5
5 to 174
174 to 300
-20 to -0.4
-0.4 to ]

5 to 300
=20 to =-0.4
-0.4 to 5
5 to 300

=20 to 6

6 to 13
13 to 46
46 to 300
-20 to 180
180 to 220
220 to 300

Figure
c-8

c-14

c-16



TABLE C-1 (continued)

Measurement

D1-€-7

DI-7-13

DB-37A-40L

DD-DTIA-578

DV-501-105

DI-SG-LL

FI-1

FI-17

Random Uncertainty

Standard 7.
:R

Lution

0. 544
23.294
3.437
3.910
1.668

0.136
1.159
2.360
4.325
0.389
0.099

1.652
222.84
0.002
6.436
9.119
3.232

0.189
18.657
3.474
8.490
2.558

0.108
22.765
1.874
0.942

0.312
0.655
0.112

0.024
1.064
1.528
3.407
1.317
0.934

0.034
1.082
1.770
4.924
2.874
3.109

203

Period of
Application
(s)

-20 to -0.8
-0.8 to 4
4 to 36
36 to 80
80 to 300
-20 to -0.8
-0.8 to 4
4 to 12
12 to 19
19 te 70
70 to 300
-20 te -0.8
-0.8 to S
5 to 32
32 to 36
36 to 47
47 to 300
=20 to =-0.8
-0.8 to 5
5 to 34
34 to 90
90 to 300
-20 to -0.8
-0.8 to 5
S to 53
53 to 300
-20 to -0.4
-0.4 to 4
4 to 300
-20 to -0.4
-0.4 to 5
5 to 36
36 to 50
50 to 220

220 to 300
=20 to -0.4
-0.4 to 5
3 to 34
34 to 56
56 to 268

268 to 300

,—

| S—

-

Figure
c-17

c-18

c-19

Cc-20

c=21

C~22

Cc-23

C-24
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TABLE C-1 {continued)

Measurement

FB-45

FD-424

FV+]

FV-LPIS

GI-IT

GI-1B

GI-1C

GI-17T

Random Uncertainty
Standard Deviation

ORr

0.457
4.546
1.006
1.886
2.563
3.776
2.578

0.020
4.547
0.905
0.982
0.740

0.019
2.541
2.003
4.035
1.188

1.756
3.083
0.254
10.036
2.112
0.558

7.408
61.927
7.029
11.290

2.713
35.415
57.173

7.265
14.595

4,832
55.050
23.382

3.606

9.112

12.831
75.417
8.614

204

Period of
Application
(s)

-20 toe =-0.4
-0.4 to 4
4 to 10
10 to 14
14 to 38
38 to 53
53 to 300
=20 to -0.4
-0.4 to 5
5 to 28
28 to 110

110 to 300
-20 to -0.4
-0.4 to 5
5 to 29
29 to 50
50 to 300
=20 to -0.8
-0.8 to 9
9 to 34
34 to 39
39 to 46
46 to 300
-20 to 0.04
0.04 to 5
5 to 161

161 to 300
=20 to =-0.4
-0.4 to 5
5 to 20
20 to 235
235 to 300
-20 to -0.04
-0.04 to 5
5 to 25
25 to 151
151 to 300
-20 to 9
9 to 16
16 to 300

U/

Figure
c-25

C-26

=27

c-28

c-29

c-30

c-31

c-32
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TABLE C-I (continued)

Random Uncertainty .
‘ Standard Deviation A::;;ggtggn
Measurement %R (s) Figure
GI-17% 4.152 -20 to 0.5 Cc-33
31.449 0.5 to 11
. 6.440 11 to 156
5.925 156 to 300
GI-17C 7.457 -20 to 0.5 Cc-34
13.535 0.5 to 9
51.434 9 to 17
4,257 17 to 300
GB~-45VR 11.651 =20 to 3 Cc-35
19,221 3 to 8
33.902 8 to 18
9,382 18 to 155
14,014 155 to 300
GV-11 2.686 =20 to -0.4 C-36
66.754 -0.4 to 4
14.172 4 to 12
36.746 12 to 20
7.881 20 to 3
5.015 30 to 160
: 21.030 160 to 300
FI-1, GI-IC 0.053 =20 to -0.4 c-37
0.579 -0.4 to 5
0.167 5 to 26
0.111 26 to 300
FI-17, GI-17C 0.060 -20 to -0.8 c-38
0.828 -0.8 to 6
0.46] 6 to 12
0.166 12 to 300
FB~45, GB-45VR 0.216 -20 to -0.4 c-39
3.408 -0.4 to 4
0.557 4 to 22
| 0.209 22 to 151
; 0.294 151 to 300
L FV+1l, GV-11 0.040 =20 to -0.4 Cc-%0
; 1.316 -0.4 to 5
| 0.235 5 to 50
’ 0.199 50 to 151
0.324 151 to 300
» 507 269
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Fig. C-1  Fluid temperature in intact loop hot leg (THE-1).
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TALLE C-11

GENERAL MEASUREMENT ENGINEERING UNCERTAINTY SOURCES AND UNCERTAINTY VALUES
(TEST $-07-9)

Measurement Expected Uncertainty
__ Category B Uncertainty Sources Uncertainty Value Values
Fluid lianges in homogeneity +1.11 K +1.66 K, R < 550 'S
Temperature of the thermocouple
wire due to cold
working
; y 27 1/2
Data interpretation +1.11 K, to 550 K :[1.42 + (0.0021 R) ],
alk +0. <
from standard refer +0.0021 R, R > 550 K R > 550 K2
erence tables
i3
> General data acquisi- +0.42 X where
tion processing R = transducer reading
(K)
Therwal aging of the +0.28 K
thermocouples
Material Changes in homogeneity +1.11 K
Temperature of the thermocouple
wire due to cold
working
Thermocouple radial +2.78 K +3.33 K, R < 550 K
& position
[
i Data interpretation +#1.11 K, to 550 K +[9.75 + (0.0021 R)z],l/2
from standard refer- +0.0021 R, R > 550 K R > 550 K

~ erence tables



TABLE C-11 (continued)

Measurement
Category

Uncertainty Sources

Material
Temperature
(continued)

Pressure

| -
Ll

eyl Differential
Pressure

General data acquisi-
tion and processing

Tanermal aging of the
thermocouples

Entrance effects

Calibration

Temperat ure
sensitivity

General data acquisi-
tion and processing

Installation

Uncertainty Value

+0.42 K

+0.28 K

10.3% of transducer
full scale

+0.26% of transducer
f11ll scale

+0.13% of transducer
full scale

+0.15% of system
full scale

+0.3% of transducer
full scale

!

Expected Uncertairty
Values

whe
R

ful

Te
= transducer reading

(%)

+0.44% of transducer

1 scale
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TABLE C-1I1 (continued)

Measurement
Category

Differential
Pressure
(continued)

Density

_Uncertainty Sources

Calibration
Transducer ranges
+4.96 through
+199.26 kPa

Transducer ranges
+3.44.74, +689.47,
+3447 kPa

Transducer ringes
+6894, +10 342 kPa

Temperature
sensitivity

General data acquisi-
tion and processing

Air entrapment
Calibration

Detector system
Uncertainty

General data acquisi-
tion and processing

Uncertainty Value

2.1/2
+[(0.05) + (0.5 R/FS) ] %

of transducer
full s_:ale

+[(0.03) + (0.5 R/FS)2]1/2y

of full scale

+[(0.02) + (0.5 R/FS)2]1/2%

of full scale

+0.5% of transducer
full scale

+0.15% of system
fuil scale

+0.069 k.a
+1.0% of -eading (kg/m3)

+2.1 kg/m3

+0.15% of system full scal.

(kg /m3)

Ex-ected Uncertainty
Values

+2% of transducer
full scaleb

where
R = transducer reading
(kPa)
FS = transducer range
full scale (kPa)



TABLE C-II (continued)

Measurement
Category Uncertainty Sources
Density Flow regime

(continued)

Volumetric Flow
(turbine f1low-
meter)

ra

Calibration instrument
reading

Calibration standards
Velocity profile

Frequency-to-voltage
conversion

General data acquisi-
tion and processing

Dead bands

Flow regimes

Unc rtainty /alue

Gr€
where

or = flow regime uncer-
tainty (kg/m3)

+0.25% of transduc
full scale

+19.56 x 1072 1/s
+2.9% of reading

+0.25% of *ransducer
frll sgale

+0.15% of system
full scale

+5% of traansducer
full scale

Expected Uncertainty
Values




TABLE C-1I (continued)

Mea urement Expected Uncertainty
___Category Uncertainty Sources Uncertainty Value Values

(from volumetric fro-. individual un-

Mass Flow Rate Comb7’ yed results c I c

flow and density -csrtainty sources
data) for volumetric flow

0¢¢

and density datad

This value is no longer valid after thermocouple dryout occurs.

Value is based on observed system performance. 1t is more conservative than that obtained from the
statistical summation of the identified engineering uncertainties.

Uncertainty value is time and flow regime dependent.

The general method for combining volumetric flow with density data to obtain mass flow rate and the
resul ting uncertainties in the data are explained in Reference C-2.




TABLE C-III

TIME PERIODS WHEN FLOW REGIME UNCERTAINT ES WERE APPLIED

(TEST $-07-9

)

Time During Which Flow Regime

231

Detector Uncertainties Were Applied
Identification (s) Figure
FI-1 1 to 26 c-23
50 to 75
FI-17 5 to 18 u-24
FB-45 10 to 48 Cc-25
GI-1C 1 to 26 c-31
50 to 75
GI-17C 5 to 18 Cc-34
GB-45VR 10 to 48 c=35
FI-1, GI-IC 1 to 26 c-37
50 to 75
FI-17, GI-17C 5 to 18 Cc-38
FB-45, GB-45VR 10 to 48 c-39
\
REFERENCES |
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