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ABSTRACT

Recorded test data are presented for Test S-07-8 of the Semiscale Mod-3 baseline test series. This test is
one of several Semiscale Mod-3 experiments conducted to investigate the thermal and hydraulic
phenomena accompanying a hypothesized loss-of-coclant accident in a pressurized water reactor (PWR)
system. Test S-07-8 was conducted from initial conditions of 15.7 MPa and 556 K to invest gate the
response of the Semiscale Mod-3 system to a blowdown transient following a simulated double-ended off-
set shear of the broken loop cold leg piping. The specific objective of this test 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. The pur, se of this report is to
make available the uninterpreted data ~ . Test S-07-8 for future data analysis. The dara, presented in the
form of graphics in engineering uni , _.ave been analyzea only to the extent necessary to ensure that they
are reasonable and consistent.



SUMMARY

Test S-07-8 was performed as part of the Semiscale Mod-3 portion of the Semiscaue Program conducted
by EG&C idaho, Inc., for the United States Government. This test was part of the Mod-3 baseline test
series {1est Series 7) performed to investigate the response of the Mod 3 system during a blowdown and
reflood transient. Hardware configuration and test parameters were selected to yield a system response
that simulates the response of a pressurized water reactor to the blowdown and reflood portions of a
hypothesized loss-of-coolant accident (LOCA).

The objective of Test S-07-8 was to provide reference data to evaluate integral bl wdown and reflood
behavior during a 200% cold leg break with emergency core coolant injection into the . =ssel lower plenum
of the Mod-3 system.

Th» Mod-3 system was equipped with a pressure vessel with simulated reactor internals and an external
downcomer assembly; an intact loop with steam generator, pump, and pressurizer; a b Hken loop with
steam generator, pump, and rupture assembly; high and low pressure coolant injection pumps and coolant
injection accumulator for the vessel lower plenum; and a pressure suppression system with header,
suppression tank, and steam supply system. The electrically heated core consisted of 25 rods of which 23
were powered.

Test S-07-8 was conducted from initial conditions of 15.7 MPa and 556 K with a simulated full size
(200%) double-ended offset shear of the broken loop piping at an initial core power level of 1.99 MW,
After initiation of blowdown, power to the heated core was reduced o simulate the predicted heat flux
response of nuclear fuel rods during a LOCA.

The test was generally conducted as specified. Conditions which did not conform to the specified test
configuration were considered acceptable for analysis purposes wit'iin the test objectives. The instrumenta-
tion used generally functioned as intended. Of 211 measurements ‘aken, 208 produced usable data.
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EXPERIMENT DATA REPORT FOR SEMISCALE
MOD-3 LOWER PLENUM INJECTION
TEST S-07-8
(BASELINE TEST SERIES)

I. INTRODUCTION

The Semiscale Mod-3 experiments represent the cunic. phase of the Semiscale Program conducted by
EG&G Idaho, Inc., for the United States Government. The program, which is sponsored by the Nuclear
Regulatory Commission through the Department ot Energy, 1s part of the overall program designea to
investigate the response of a pressurized water reactor (PWR) system to a hypotaesized loss-of-coolant
accident (LOCA). The underlying objectives of the Semiscale Program are to quantify the physical pro-
cesses controlling system bekavior during a LOCA and to provide an cxperimental data base for assessing
reactor safety evaluation models. The Semiscale Mod-3 Program has the further objective of providing
support to uther experimental programs ir the form of instrumentation assessment, optimization f test
series, selection of test parameters, and evaluation of test results.

Test S-07-8 was conducted March 16, 1979, in the Semiscale Mod-3 system as part . the bascune test
series (Test Series 7). This series was designed to obtain thermal-hydraulic response data from blowdown,
refill, -«nd reflood transients in a simulated nuclear reactor having an eiectrically heated core, The sp.cific
objective of Test S-07-8 was to provide reference data to evaluate integral blowdown ar. ' reflood belavier
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 to yield a system response
that simulates the response of a PWR to a hypothesized LOCA blowdown trcasient.

The purpose of this report is to present the test in an uninterpreted but readilv usable form for use by the
nuclear community in advance of detailed analysis and interpretation. Section II briefly describes the
system configuration, procedures, and initial test conditions, and events that are applicable to Test S-07-8;
Section 111 presents the data graphs and provides comments and supporting information necessary for
interpretation of the data. A description of the overall Semiscale Program and test series, a more detailed
description 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, PKOCEDURES, CONDITIONS, AND EVENTS
FOR TEST S-07-8

The following system configuration, procedures, initial test conditions, and events are specific to
Test S-07-8 as indicated.

1. SYSTEM C..WFIGURATION AND TEST PROCEDURES

The Semiscale Mod-3 system used for the test consisted of a pressure vessel with simulated reactor
internals, including a 25-rod core with 23 electrically heated rods and an external downcomer assembly; an
intact loop with steam generator, pump, and pressurizer; a broken loop with steam generator, pump, and
rupture assembly; high and low pressure injection pumps and cowlant injection accumulator for the vessel
lower plenum; and a pressure suppression system with a suppression tank, header, and steam supply
system. The Semiscale Mod-3 experimental system configuration is described further in Reference 2.
Figures 1 and 2 show the system configuration for the test.

For Test S-07-8, the nine center rods were powered 12.5% higher than the remaining 14 low powered
rods, resulting in high and low power rod peak densities of 39.5 kW/m and 35.1 kW/m, respectively. The
total core power was 1.99 MW, One rod (Rod E-5) was unpowered and another rod (Rod A-1) was
replaced by a liquid level probe.

poz::tpftcparalmn fqr lh_e test, t_he system was filled \.~ith u‘eated demi_ncralized water and vented at strategic

S 1O ensure a hquld-lull system. Treated demineralized water in the steam generator feedwater tank
was heated to 490 K, and the required levels were established in the steam generator secondary sides. The
accumutlator for the vessel lower plenum was filled with treated demineralized water, drained to specified
initial levels, and pressurized with nitrogen to 4.14 MPa.2 Prior to warmup, the system was pressurized to
check for leakage; system instrumentation was checked; and transducer readings were set to zero. Warmup
to initial test conditions was accomplished with the heaters in the vessel 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 intervals
during warmup, detector readings were sampled to allow the integrity of the measurement instrumentation
and the operability of the data acquisition system to be checked.

Prior to the initial core power level being estuolished, the pressure suppression system was pressurized to
0.24 MPa with saturated steam from the steam supply system. After the core power was increased to
1.99 MW, 1nitial test conditions were held for 915 s to establish equilibrium in the system. At the end of
this period all auxiliary systems were isolated to prevent blowdown through those systems.

The svstem was successfully subjected to a simulated double-ended cold leg break through a rupture
assembly and two blowdown nozzels having a total break area of 4.59 ¢m2. Pressure to operate the rupture
assembly and nitiate blowdown was taken from an accumulator system filled with water and pressurized
to 15.6 MPa with gaseous nitrogen. Immediately (within 0.02 s) after ini iation for blowdown, the lines to
the accumulator were again isolated. The effluent was ejected from the primary system into the pressure
suppression system which was vented to maintain a constant pressure of J.243 MPa. At blowdown, power
to the primary coolant circulation pump was reduced and the pump was allowed to coast down to a speed
of 130 rad/s which was maintained for the duration of the test. During the blowdown transient, power to
the electrically heated core was automatically controlled to simulate the thermal response of nuclear heated
fuel rods.

For Test S-07-8, the coolant injection systems were arranged to discharge into the vessel luwer plenum.
The high pressure coolant injection pumps were started at initiation of blowdown with coolant injection

a.  All pressures are presented as absolute values.
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starting at a pressure of 12.4 MPa, and continued runiing (as pressure descreased) until the end of the test
(800 s). Low pressure coolant injection was initiated 29.5 ¢ after blowdown at a system pressure of
1.0 MPa and continued until test termination (800 s). Coolani injection from the vessel . ‘cumulator
started 19 s and terminated 55 s after blowdown. The total volume of coolant injected into the vessel from
the accumulator and injection line was 46.2 1. Nitrogen was not discharged into the system.

2. INITIALTEST CONDITIONS AND SEQUENCE OF EVEN" S

Conditions in the Semiscale Mod-3 system at initiation of blowdown are given in Tables I and I, and the
sequence of events relative to rupture is given in Table II1.



TABLE 1

CONDITIONS AT BLOWDOWN INITIATION

Test S-07-8
Measured Specified
Core power (MW) 1.99 2.0 + 0.05
System pressure (MPa) 15.73 15.51 + 0.12
Intact loop cold leg fluid 556 557 + 1
temperature (K)
Broken loop cold leg fluid 559 537 ¢ 1
temperature (K)
Intact loop hot leg to cold leg 38 37 + 1
temperature differcantial (K)
Broken loop hot leg *o cold leg 36 37 + 1
temperature differential (K)
Intact loop cold leg flow (1/s) 9.14 b
Broken loop cold leg flow (1/s) 2.9 b
Steam generator feedwater
temperature® (K) 490 497 + 6
Intact loop steam generator liquid level 284 295 + 5
(cm) (above top of tube sheet)
Broken lonp steam generator liquid level 984 996 + ©
(ecm) (above top of tube sheet)
Pressure suppression tank pressure (MPa) 244 0.241 + 0.007
Pressure suppression tank temperature (K) 299 297 + 1

a. Measured initial conditions are taken from the 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.

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




TABLE II

PRIMARY COOLANT TEMPERATURE DISTRIBUTION
PRIOR TO RUPTURE®

Test S-07-8
“emperature

Detector (K)
Vessel lower plenum (bottom of lower plenum) TFV-572W 555
Vessel lower plenum (cop of lower plenum) TFV-552A 555
Intact loop het leg ‘roar vessel) RFI-2 594
Broken loop hot leg (near vessel) RF3-20 595
Intact loop cold leg (near pump inlet) TFI-11 555
Br~%:n loop coid leg (near pump inlet) TFB-37 559
Intact loop cold leg (near downcomer) RF1-17 556
Broken loop cold leg (near downcomer) RFB~45 559
Vessel upper head (middle) TFV+221Q 555
Downcomer (top) TFD-18F 558
Downcomer (middle) TFD-294 559
Downcomer (bottor.) TFD-435 558

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




TABLE III

SEQUENCE OF EVENTS DURING TEST s-07-8%

Time Relative

To Rupture

Even* (s)
Core power level established -915
Makeup pump and pressurizer heaters off =25
Intact and broken loop steam generator feedwater and -1

discharge valves closed

Intact and broken loop pump controls initiated 0
Core power decay transient started 0
High pressure injection system flow started 0
ECC accumulator vessel lower plenum flow st:m'tedb 19
Low pressure injection system flow starl:edb 29.5
Broken loop pump power terminated 800
Core power terminated 800

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
accumul ators did not start until system pressure dropped below
preset pump or accumulator pressure, respectively.

)

\;’



I1l. DATA PRESENTATION

The data from Semiscale Mod-3 Test S-07-8 are presented with brief comment. Processing analysis has
been performed only to the extent necessary to obtain appropriate engineering units and to ensure that the
data are reasonable and consistent. In all cases, in converting transducer output 1o engineering units, a
homogeneous fluid was assumed. Further interpretation and analysis should consider that sudden decom-
pression processes such as those occurrin 2 during blowdown may have subjected the measurement devices
to nonhomogeneous fluid conditions,

The performance of the system during Test S-07-8 was monitored by 211 detectors. The data obtained
were recorded on both digital and analog data acquisition systems. The analog system was used to provide
redundant data. The long-term data (-20 1o 260 s) presented in this report were recorded at an effective
sample rate of 3.194 points per second. Short-term data (-6 to 42 s) were recorded at an effective sample
rate of 19,16 points per second.

The data are presented in some instances in the form of composite graphs to facititate comparison of the
values of given variables at several locations, The scales selected for the graphs do not reflect the
obtainable resolution of the data. (The data processing techniques 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 320 and provide relative locations of all detectors used during Test S-07-8.
Table IV groups the measurements according to measurement type, identifies the specific measurement
location and range of the detector 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 320 present all the blowdown data obtained. Time zero on the graphs is the time
of rupture initiation. Appendix A provides information explaining the data acquisition system capabilities.
Appendix B explains posttest data processing for data conversion into engineering units and data
adjustments. Appendix 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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TABLE IV

DATA PRESENTATION FOR SEMISCALE MOD-3 TEST $-07-8

—Seywirement .
FLUID TEMPERAT(RE

Intact Looy
wi-l

wri-2

™wi-

RFr-417

™=

KFR-20

WRE-4t

O 18F
w151
we-21%
TFD-364
WD-435

Yageel

wYe111Q

Y-

wy-Saw

TPV-5784

.
location and Commenty -

hrowe-Alume! thermocouples anless
specified otherwise.

Ror g, Speet 1, 50 om from vessel
tenter.

Hot lem, Spocl 2, 9 cm from vessel
conter, 10 cm upstream of hotr leg
injection port fplatiouw resiatamce
huainh,

Told jeg, Spool 1. &3 ce from
downcmer renter.

Tald tegy Sprai 17, 97 om from
downcomer cepter, 7 om upstreas of
cold leg iwjection port (platinum
resistance buls).

Cold lag, Speol 17, & cm from
Aowncansr center.

Pot fey, Spuol 40, 71 cm from vessel

wenter, 14 e dovostress of hot layg

infection port (platinee resistance
%)

#Hot leg, Spowl 20, B4 ow from vessel
sonter, 15 cm downstresn of hor leg
injection port.

Cold leg, Spoel 7. 3B cm fvvw
downcomer center.

Cold leg. Spoo’ 40, 220 om from
dowacomer conter, 16 cm downstresm
of cold leg tnjection port.

Coid ieg, Specl 45, 3 cm frow
downecomer conter (platimm rosis-
sance Sibl.

Told leg. Spool 45 78 om frow
downcomer center

In & inlet 1 %o
below cold leg centerline at 750,

1n downcomer extension, (157 o=
below cold leg centerline.

In downcomer exteasion, % o
Selow cold leg centerlipe.

in dowmcomer extension, B4 om
below cold leg centerlioe,

in downcomer instrumeat spoel,
1% cw below cold leg centerline.

I vessel upper head filie, 22) ow
above celd leg centerline at 285,

In vessel, 1! cm helow cold leg
conterline.

In wewsel, &) om below cold leg
center at 2407,

On thermmocouple rack in vesse!
lower plepum 557 cw Selow celd feg
comtorlioe at 09,

1n vessel lower plenom, 577 om bejow
cold leg conteciine at 1190,

On thermocouple rack 10 vessel
lower plesum 578 om below cold lea
esntariine ot G7.

s -
Dara Auquieition Rasge

.
Deteceor = _Syetes = Figuee
LR IR A | 0o 820K
2
Qe 811K Ote 81 X N2
1,14
Cra Vit ¥ Gea IR 15. 18
5.8
Oto I3 X oo M5 R
0 o B1L KX OroBil & 12,18
17,18
i9.20
A0
O MIR 0 'to Bl R 0,%
N
0te YK DR -0l S
3,36
5,36
25,26
25,28
15,26
0te 13K oo S2OR
.
4.0
29.%0
G te 1533 R 0 to 820 X
.32
n,n
n,w

18

e eosuresent Cosmmnts .

Temperatore dats applicable only for
snitial conditionn, Tranwient temp~
sratures (s to be uwed for tread
oniv.

Date acGuisition noiwe cauend an
ancavtaioty of 1.5% of full scale.

Temperature applicadble omly for
initig! conditions. Transient tomp-
eraturs is te be used for trend
only.

Temperature dute applicadle only for
initial conditions, Traneient temp-
eratures is to e geed for Trend
saly.

Daca scquinition noiee caused an
uncaetainty of (.53 of full scale.

Temperature data app!icadle only for
initial conditions, Tramsient temp-
ervatuce 8 to be used for trend
only.




TABLE IV (continued)

L
Bata Acquisition Range 3

) ] &
o Measurement = Location and Comments Detentor . System Figure Measyrement Cowments
Veasel Filler 1asuletor Gap 0te 1533 K O to 820K
-
TIFv+ 18D In vesse! upper filler imsulator gap, 13, % Data mcquisition npise cansed an
79 cm above cold leg cesterline wncertaiaty of 1.5% of ful! scale,
st W50,
Vessel Gulde Tude Do 1333 x Ote 820 %
TRGVeI N In vesse! gulde tobe, 330 cm abowe 15, % Data acquisition noise caused an
cold log center'ine, uncertainty of 1,52 of full scale.
Vesse! Support Tube
TPSV 148D in a vessel support tube, 148 cm SRS L |
above cold leg centeriine st &30,
Core Grid Specers 0 1x Ot IS8R
Grid Spacer | A0 cm balow cold jeg centerline,

6 cm above bortom of heated lengeth,

TFC- 1AN-12 Thersocouple in space defined by 39,40
Coluens A and B, Kows i and I.

Crid Spacer 1 A0 cm below cold leg cesterline,
86 cm ahove Bottom of hested lemgih.

TPC-MAB- 12 Ther=ocouple 1n space defined hy .48
Columes A and B, Rows | and 7.

Grid Spacer 5 330 cm Selow cold leg centerline,
186 cm shovwe Bottom of hested length.

TVC~SAB-4% Thermocouple (n space defined by 43,6
Colvmne A and B, Rows & and . |

Grid Spacer & 190 cm below cold leg centerline,
206 om above bottom of heated Jength.

THG-&M - 14 Thermocouple in space defined by 45 .40 {
Colusas 2 and C, Rows 7 end &

Grid Specer B 210 cm Selow zold leg centerline,
286 om shove bottam of heated length.

TFC-BAR-2Y Thermocouple in space defined by 47,48 Quentionable data. Detertor
Columne A and B, Rows I and 3. indicares lower temperature thas
sxpected. Treod ioformation only.

Grid Spacer 10 130 cw below cold leg centerline,
366 cm above dottem of heated lemgeth.

TFG- 10AB-45 Thermocouple in space defined by 48,5 Dates acquisition noise cassed an
Columns A end B, Rows & and 5, ancertsioty of 1.5% of tull scale.
BCC Syatem 0 re 159 & 0o 820 %
|
TV REC-LP in ECC Tine lesding to vessel lower 51,52

plenum, 4% co from veasel center,

Steam Gemerator Qe 15K Deof20 X
Intect Loop ‘
TFL 50w In feedwater line leading to wteam 93,54 Datn acquisition noise cacsed an ‘
Renerator. uncertainty of 1.52 of full scale.
TFI-5D In steam geaerator stesm dome, 120 om 55,%

above bottam of tube sheet.

Pressure Suppressios o 1533 0 to 20K
Syates
TVE-Pie) 43 cm abowe battom of suppression 27,58
tank.
i TFS-PS130 1!-0:- above bottom 2! suppression ¥,%
Lank .

WATERIAL TEMPENATURE  Chromel-Alome! thermocouples unless
specilied otharwise.

Intact Loop 0o 1533 K Cre BROK
N ™L-1Ti6 Wot leg, Spocl I, top, 1.6 wm from 59,60
pipe ineide diameter (1D 68 cm from
vessel center.

™I-17516 Cold leg, Spool 17, side, 1.6 am frowm 5.0
pipe I, 68 cm from downcomer center.




TH-CI- 230 Temgth

i
I
i
|
|
TABLE IV (continued) |
.
.
Data Isi ion Rarge
. . - » '
o Mepeutement . . lossticb sed Commete . . . Betsexer . Syates Pigers # Comments |
Brokes joop 0 ke SNI X 010 M0 ¥ I
T™R- 20818 Hot leg, Spoal 20, Mottow, |4 sm from 61,82 I
Fipe 1D, 91 cm from vmssel center, - .
THR-0R16 Cald Yog, Spest 40, beteox. 1.6 s 63,84 :
from plpe ID, 207 co from Sowncosnr
renger,
TR ASRIS “old leg, Sposl &5, dettom, 1.6 wm HEL |
from pipe ID, 98 om from Jowncower
center .
Downe ome Qo 1A X Do ROK Dats acquisition poise csused sy |
uncertalnty of 1.5T af full scale.
ne-w o & inlet aemul I8 cm 65,68
below wold leg centerline ar 739,
T™D- 152 On downcamer extenvion, 132 om below 65,64 |
wolid lag conter]ine, "
I
2% On downcomer antension, I3 cm below Detector failed, |
c2id leg centerline,
™16 o0 fowncomer extension, 34 ¢w below L
coid leg centeriine,
Downcomer [nmuistor .20 1513 K O 820 8
TIND- 1 8% On downcomer inler amnulas asularer, 67,68 3
18 im below cnla leg conteriine at
n3w. [
T-152 Op downcomer axtension iasalator, &7, 68 '
152 cm Selow cold jog centeriine. ]
-
TIMD- 2% On downcomer estenmsion insulator, 67,68
106 cm delow coid leg centerline. :
T e On duwncomer extension {raulstor, .68 :
Ml em Delow cald lag denteriine.
Vernel S0 ISM Kk "t #20 X
TMV221¥ in vessel oo upper hepd filler, 85,70
221 cm above cold leg cesierline ar
ks LM
TV I0D In vessel on upper plenus upper &,
filler, 79 om abewe cold leg center- .
itne At 450, '
Guide Tube 2 v 3N X O te K26 )
|
TOMY «2 80 On guide tube, 780 ca sbove cold lep ", 7E .
canterline. .
|
TOMV -8 On guide Jube, &) cm below sold leg n.n '
conterline. |
Sty Tt Gte 1513 K GroRoR |
tatact Loop |
™ -4T6] Ot & steas geserator tube, 41 cs ™, Data mequinition ¢ et an
aboe bottom of tube shest ow 0D of uncertainey of | . seale.
Tube .
Aroken Loop 0 te I8 K 0o 820K
1
TVE-50T M On stesm gensrater tobe, TBY ow abcwe 3% Dats acquisit on poise cpused an l
Soctom of tube ahest on 0D of tube. upeertipinty 8. 1,58 of full scalm.
CORE HEATER Chrome | -Alumel thermocouples.
CLATDING TEMPERATURE
Bigh Power Fraters Oeo 5NV K 0 to 1560 ¥
TH-53-1 80 Heater ot Column 8, fow 3. Thermo- 77,18
™-R1-226 rouples 180 cm (2259), 274 cw
™H-33-353 (2700), and 15 ce (210°) sbove |
bortom of hested length. I
™<2-8 Beatsr at Column O, Row 2. Therso 79,80
™eI- 164 congles B cw (28%5), 164 n (093, v .0
™10 80 o (7299), 277 cm (TVFY; and
o= macm!mmmum«
™CT-32 Temgth.
THC 149 Beater at Coluan €, fow 3, Therse- 81,82
™H-CI-118 oruples 4% ¢ (13597, 115 cm um),
TH-CI- 188 I cm (7850), 194 cm (W3O,
Y- 18 m-tmmu:-nm




. TABLE IV (continued)

— D isitien
- . &
e Measurement __ Lotation sed Comments __ Devester = System = Pigure e Nessurewent Comsents
- Righ Pover Nesters (contisued)
™mD2 O Heater ot Coluwn O, Row 7. Thermo- LEN )
D210 coupler at 10 cm [1900), 136 cm (439,
TH-D2- 108 186 <a (1509), 179 cm (#39), and !
TH-D2- 174 254 cm (157) above bottem of beatid g
™-07-25 Length, |
1
TH-DI-TL Heater st Colomn D, Row 1. Thermo 85,8 1
™03-112 couples 1 ca (1303, 132 cw (00), |
T™H-0Y-206 206 om (12097, amd 326 cw (2709,
1-01-228 abowe bottom of haated length. ]
I
Low Power Heaters Qto IM3K 0 to 1580 K 1
TH-AY-T08 Heater wt Colems A, Row ). Thermo~ 87,88
TR-AI-179 couplas 208 ce (18500, 219 cn (M),
TH-AD-29 and 391 em (180°) above dottom of
heated lemgth. ,
TH-AG &0 Hester ot Colman A, Row 4. Thereo- 89,% '
THAs- 108 couples 40 cw (19559, 108 cm (3739, |
TH-AL-151 181 om (307), aod 191 (2109) above 1
™H-M-19] botyom of heated lemgeth. |
TE-AS~ |64 Heatar at Column A, Row 5. Thermo- LA ™-AS-17% thermicouwple
. TH-AS-1T8 ~ouples 166 cm (3000), 176 (1800, quest iovable. Detector indicates |
TR-AS-257 and, 292 cs [1630), shove bottom of higher tempersture than expected.
heated length. |
THABI-A2) Hester st Column 8, Kow |. Thermo- 9, % |
couple 311 cm (2709) above Sottom of |
heated Jength. «
TR-D1~1798 Hoater ot Column B, Row . Thermp~ 95, 9% .
. ™-0i-25] couples 78 oo (1307} and 291
(2705) abowe bottom ¢! nested length.
™-85-117 Heatar at Column B, Row 5. Therwe 47,98
™M-0%-17% couples 137 cm (739}, 179 cm (909), '
mN-05-2%% 154 cm (45°), andéd Y32 eo (05°) '
™-0%- 122 above bottom of heated lemgth. u
3
™-£1-292 Heater at Column € Row 1. Thermo- 99,100
™-2l-32) couples 152 em (12090, and 121 cm |
(180°) abowe dotyvas of twated lepgth, |
™-E2-109 Heater st Tolumn K, Now 1. Thermo~ 101,102
™H-EI-190 evuples 10% za (39}, 190 cw (199),
™-EI-13) and 5) cm 1309) above dottom of l
heated length. ,
THAEI-14 Heater at Colums B, Row 3. Thorme 103,106 |
™-£3-207 couples 134 cw (1330), I07 em (3000), I
™-EI-12) 72 (9097, and 2130 cm (30%) abowe ‘
™-ES-290 bottim of heaved length. I
v 180 Weater ot Column ¥, Bow 4. Therso- 105,106 |
Lo S AR couples 180 om (AD0) and 196 om (490) .
abowe Bottam of heated length. \
g
T™H-R5-227 feater at Coluan B, Row 5. Thermi 107,198 l
couple 7217 cm ()I07) adove Bdottom of ‘i
heated langth . 1
‘
PRESEURE i
Intact Loop 4
I
-1 Cold leg, Spoul 18, i6h cm from down- O 1o 17,237 Mps U te 20,19 Whe 109,110 |
comse center [tee off OF tapl.
Fi-itaL Teld leg, Sporl 17, & co {rom down: 0 to 3.447 WP @ 1o 145 WP 198,110 Date acquisition system saturated
camer center llow range). to vt =3l e.
i Srches loop O to 17.237 WPa
PR-208 Wot Tegy Spev! 30, Bs ¢ frow 0 o 21.08 Mo iz
weyael center.
PR-LTB Cold |eg, Spoci &0, 109 co from down- 0t 2.9 WP (S TY
comer center.
PR-Ri-4A Coléd lag, Sponl &, downcomer wide 0 e 20 W 5.1
- mozzle throst; (2% cw from dowscomer
center, 00, 1
m='a Coid ley, Spoal &5, W ca from down- 0 to 20.77 MPe e 1e }

comer tenter, 00,




R Tmm——————y

TABLE 1V (continued)

.
Data seition G
- - ]
Measurement Lotatios snd Comments Detec tor stem Figure Meesuroment (cmments
Vanse! Q to 17,237 Wra
Wl In weame! hot leg extension, |1 o= 0 to T1.00 MPe 1,120
below cold leg cesteriine (tee off
[ TN
PV-Sal in wwasel, 42 om Seiow cold leg O to 20.67 WP 119120
centerline.
RCC Systes
PY-ACC ) In accumulstor for wessel. 0 to 4.89% W 0 te £.53 MFs 121,52
Steam Cenerator 0 re 17.237 wWha
Intact Loop
P50 Intact loop steam generastor, second~ 0 to 21,07 NPy 122, 128
wry side steam dome.
Broken Loop
% 50 Sroken lonp steae generator, second- 0 te 2% Wra 123,024
ary side steam dome,
Pressurizer D to 17.237 W
FL-PRIZE Pressurizer steqm dome. 0 e 32,83 MPe 138,126
Pressure Suppression
Systew 0 to 0.58% Wha
PR-PSS Suppression ramk top. 0 to 0.8% APa 127,128
DIFFERENTIAL PRESSIME Elevation difference hetewen trans-
ducer tapa i zero unless specified
atherwise.
intact Loop
D=1WV-1A From vessel lower section of upper *127 m 416,78 xPa 128, 1%
plemm. 1) cm below cald Teg center- waler
line to %ot leg, Spoel |, & o= from
wesse! center. Lower apper §lemus
tap is 15 cm helow Spool | tap.
DI-ia-& Hot leg, Spoel I, 0 cm from wensel #25& cm #3).78 kPe 131102
center to hot leg, Spool &, 771 em water
from vesse! center,
o4 Hot leg. Specl 6, 271 cm from vessel *348 wia #35 wPa 113,15
center to cold leg, Spoel 7, 917 tm
from downcoser cester. Spoo! 6 tap
is &7 cm above Spool 7 tap.
D1-8G1-SG0 Intact locp stess gemerator, inlet *+25 c= 230,45 Ps 135,19
plenm to outiet plenum, acrous water
primary side tubes,
DL-2-11 Cold leg, Spool 7, 927 cm from o215 cn *11.42 kPa 137,118
downcomer center o primary pusp water
suction, Spocl 13, 252 cm froe
downcamer center.
DI-13=1% Cold leg, Spoal 3, 330 cm frem +690 kPa *69% kFa 39,180
Atwncamer centEr, ACTASE pYimery
pump to cold leg, Spool IS, 173 ‘=
rom downcomer cester. Speol 13 tap
in 25 cm helow Spoo!l 15 tap.
DI ~15+'T7A Coid teg, Spoeel 1%, 175 ce from +15 co 234.0 wPa 161,047
dowmcomer center, across cold leg water
injection port to cald leg, Spoel 17,
W on frim downcamer center.
s-17a-DiA Cold leg, Spoel 17, &0 cm from down- 425 om +33.6 kPe 163,188
comey te downcoser inled ansulus, water
30 c» ebove cold leg centeriine.
Spool 17 tap is Y0 o= below DIA cap.
Brcken Locp
R-13Y-208 In wewse]l from lowar section of apper 767 = $165 kPa 145, 146
plecum, 13 om belaw zald leg centes~ wster
Tine to hot leg, Spoal 20, 227 r= abow
cold leg centerline, 84 co from vessel
center. 13V tap is 7% cu beloe
ol 20 tep.
59-208-21 Sor leg, Spool 2, & ca from vesssl o787 e +100 Py 147, 148
coater 1o hot leg, Spool 21, 720 om water

from vessel center.
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TABLE IV (continued)

o8-21-27A

D851 -SG0

PA-I7A-174

DB-3TA-400

DR-JTAOL

DR-LO0R-4A

DB-LTB-45A

L

DR-EA-DIA

Downc cmer
Ww-DTA-1W

PR-DIA-170

W-DIA-578

oD~ 170435

MD-415-570

Dv-578-501

ion and [

Hot leg, Spowl 21, 220 cm from vessel
ceater to cold leg, Spool 27, 897 om
from downcomer center. Spool 21 tap
(s 4 o above Spool I7A tap.

Broken laop steam gensrator inlet
leg, 382 co from vessel center acroes
primary side Iubes to steem generator
outlet leg. 5] oo from downcomer
center. SG1 tap is 72 cm abawe

G0 tap.

Cold leg, Spont 27, 897 cm Trow down-
comer centet acioss Sroken loop pump
suction to Spoel 17, M8 cw from
dowmcomer center. fpocl 27 rap ‘s
87 cw above Sprol 37 tap.

Cold leg. Spocl 37, broken loop pump
inlet, JAK c» frem downcamer center
to eold leg, Spool 40 pump discharge,
208 m from dowmcemer center. Sposl
7 tap ia A8 cwm below Sponl SO Tap.

Coeld leg, Spoel 31, broken loop pump
inlet, 348 cw from downcomer center
to cold leg, Spool &0 pump din~
charge 209 (m from downcamer center.
fpool 17 tap (s A8 cm Below Spocl &0
tap liow range’.

Cold leg, Spoal &0 pump diachsrge,
109 ce from dowmcomer center across
noncommun | cat i ve bresk tozsle smd
rupture assmmbly to cold leg,

fpool A1, A0 cm from Sowncomer
center,

Cotd leg, Spool A0 pums discherge,
109 e from downcamer center SCTroes
aencompunicat ive Break sczale to
culd leg, Spooi 45, 8% cm from dowa-
comer Tenter.

Cold leg, Spoal 45, B8 ca from down~
comer AcTOsS BonCOmmMUnicatiwe hreak
soeale o cold lag, Spocl 43, 180 om
from downcomer center.

Cold leg, Spool 48, 80 cw from down-
comer center ta downcomer inlet
annulue, 30 cw adove ooid [eg center-
line. Spovl 45 tap is 10 tw delow
DIA tap.

Downcomer Talet asnalus, ¥ cm above
vold leg centerline to vessel lower
upper plenwm, 13 o Balow cold leg
conteriioe, Lievarion difference
Letween taps i3 &) cm.

Dowtcomer (nlet amnulus, 3 cm adove
cold leg centeriine to owncomer
estension, 170 cm delow cold leg
centerline. Elevation 4ifference
etueen taps is 200 cm.

Dewncomer (nlet annuiae, W cw aboww
cold leg centeriine to vessal lower
head, 578 cm below cold leg center-
line. Elevation difference betwess
taps in 608 cm.

Downcomer extension, 170 cm below
cold leg centeriine to deworamer
inatramented spocl piece, &35 e
belaw cold leg centerline. Elevatice
diffarence butwenn Taps is J65 e,

Downcimer (nacrumented apool plece,
435 cm below vold leg conterl:ne 1o
vessel lower head, 578 cm below cold
leg conteriine. Elevation &ifference
betwaen taps is (&3 om.

Vessel fower head, '8 oo below cold
lwg centeriice to lower core regionm,
S0 em Selow cold leg centeriine,
Elevation difference Detwesn Laps is
7 om.

' 2
Dats Acquisition Range

Petector stem
2343 ¥Pa 344 WPa
1980 wPa 41380 wPa
#i270 cm +170 kPa
water
+689Y xPa *9223 wPs
+650 kPs o710 kPs
410 M2 kP +13 79 kP
4154 #3375 wPe
water
10 342 wPa i3 T8 kPa
+6%0 ks 650 kPa
$345 ¥Pa +342 wPe
762 :» +107 whe
v o
#1270 o 217w
water
4762 om S106 ks
water
22356 cn 21L5 wPe
water
#127 ca 2308 P
vater

23

150

151,192

153,15

155,15

157,158

159, 160

161,162

183,164

165,168

187,168

169,170

171,172

173,17

125,178

117am

b
Measuroment Comments

Data acquinition system saturated
fret=0tetr~laamédt=8te
e 1%s.

Questionable data. Differwntisl
pressure cell eshibits pressure
sensitivities in the order of
wagnitode of the messurement .

Data scquisition system saturated
framt =0 tot & 2%,
Differential pressure cell eshibice
pressure sensitivities in the order
of magnitode of the measuresent .

a44 044




lipgitoeper . jscoties o) Compemts

Bewpcoser (contimued)
W-378-13

DY-301-akT

Dv-501-10%

V%O 1A

V-S62-278

BY-278-1%

e-108-13A

[ A RS

We159-165

Ve 156105

b-8G-LL

Do~S5 1534

VOLINETHIC PLOW RATY

-t

Vatnel lower head, 578 tm Meiow cold
ing centerline to lower section of
upper plensm, 13 ow below cold 1oy
contariine. Elsvation d:ifierencs

betwwen {ips e WY cm,

Vessol lower core region, Wil e
below cold leg cunterline to |ower
core region, M cm belaw euld leg
contertine. Elevaticn diffetence
Betwsen taps Is 5§ om.

Teane! ower cite tegion, Wi em
heliw told jeg centeriine to heater
rod groond hub, 108 cm Below cold leg
centerline. Elevation 40ff: snze
between faps is 396 cm.

Vesse! lower plemus extension,

S0i om below cold leg conteriine to
lower uppet plenwm, 1) on dwlow cold
leg centerline, Zlewation differ-
moe betwsen taps s 48F om.

Yesse! lower cure region, 430 cm
helow cold feg centerline, o mid
cove vegion, 178 cm bolow cold leg
conterline., Elevation ditfereace
Betunea taps s 186 0w,

Vessel mid-core region, 278 cm below
culd leg centorliice *» upper Jore
region 1% cm below uld Jeg cente
lime, Flevation diffecence Betvees
tapa in 134 om.

Heater rod grownd huk, 105 ce below
¢old leg centerline to lower section
of spper plenum, 1) em Selow cold leg
centeriine olavaiion difference betwnen
taps s ¥ om.

Vesnel top Bead, 21 cm abowe zald ley
centeriine to core sappart tube,

154 ¢ aove cold leg conterlioe.
Elc.ation #ifference batueen tape (o
267 ow,

Lower section af wesse! upper head
extension, (%9 om above cold leg
centerline to heater groued tod hub,
IEY cm below cold leg cmnteriine.
Elevat lon difference betwean taps s
16k om.

Care support teube, 154 zg abowe cold
leg comteriine ts heater groved rod
hub, 105 cw below culd leg conzerline.
Elavation &iffarence Datween Laps s
59 o».

Top 1o boriam of vessel scoumulator.
Elavation differencs Detueen taps
e 184 om.

Liguid level for intact locp steas
genrrator, Elevater 4itference
betueen Laps is 206 o=

Liguid lewel for broken loop stem
gemerator. Flevarion difference
betwepn taps iz 1067 cm.

Torbine 1 metor, bidivectiang!.

I-jn. Behedula 169 pipe.

fot leg, Spoc! 1, M ocm from
wesnel pentar.

Gold legi Spool 10, &IV ca foom
Adowncomer centar.

Cotd feg. Spool 18, 143 cm foom
douncomer center .

Cold tag, Spool 17, M cm from
douniomer osol

ar .

.

Data Acgnisition Kange
—Dutaster S— S
S490 WPy S$HEY kPa
35w #3a.) wha
water
+762 ox s102 xPa
water
o345 P +345 Wr
21370 ¢m +188.5 kP
water
#1270 2w $172 wra
warer
761 om LAl ST
water
4781 om s PIEY bPa
warer
27012 m #266.2 Wi
wator
*761 cm S102.8 wPs
water
416 oo s1084 wPw
water
21770 e +166 WPy
water
#1270 cm 1885 wPe
waLer
#2.%3 o 80 1/s
*25.2 1i»
+2.52 to 0 Ve
%2 s
*5.0% e $106 1 /»
#50.5 \/s
1. 52 1o 100 e
#2352 Via

ire, 180

18,18

15,188

185,18

147,188

189, 1%

191,192

18, 1'%

1

w2190

198,200

01,200

03, 204

04, 206

105208

67,208

07,208

S %o . SNSSE.

Data Acquisition system range way
exceed rated detection range:
however, turbine responee (8 linear
to flow vates well Beyond the tated
tange .

I
F




TABLE IV (continued)

.
—Megoyrement = lLocatios end Cowmeats Detecgor ——lpetew
Broken Loop
Fa3-20 Hot leg, Spoal 20, 100 cm from #2.52 to 260 1w
vesse] center. 225.2 Vs
Fa-37 Cold teg, Sposl 37, 316 ca from #2.%2 to 260 1/s
downcomer center. *25:7 /s
F-40 Cald leg, Spooi 40, 1%} ca from $2.52 to +80 1
downcomer center. $25.2 1/e
FR-45 Cold leg, Spool 45, 110 cm from *2.52 to +80 1/s
downcower center. #35.2 /e
Downc omer
m-a2s 18 downcomer, upstream of instru- 21.52 o 40 /s
seoted spoo. plece, 424 cm below +2%.3 1/s

W-RPIS

N-LP1S

FV-accl

Pressurizer

FI-PRIZE

MOMENTYM FLUX

Srokes Losp
n-10

LS

LR

wea

NV-ahe

DENS [TY
Intac: Loop

Gi-i7
G1-18
Gr-ic

G1-5VK

Ci-idr
cl-138
G-k

G1-177
Gr-17e
Gr-17¢

.
Dats Acguisition Range

cold leg centerline.

Core exit, | ¢o above cold leg $3.52 te 480 1w

cenaterline, 252 s

In line {mmediately sfter HPIS pump +0.0316 to 0,10 /s

for vessel; |/2-in, line. *0.318 178

In line lesding from LPIS pump for 20.047 to 20.20 i/s

weasel, [/3-in. lime. #0473 1/,

In line leading from vesse! 6. 15 o 250 1/e

accumalator. #3105 1/s

In pressurizer surge lipe. +0.920 2 5.0 1/s
*8.20 Lis

Drag-screen, hidicrectionsi,.

Rot leg, Spocl 20, 79 ce from vessel #0.05 to #10.7 N sl6.07 W
center.

Cold leg, Spocl &0, 15 cm from 20.08 to s17.0 N 2408 N

downcomer centir.

Cold leg, Spoal 45, ™ cm from *0.22 to sha.5 N “6l.71 .
center.

in vessel iower upper plemom region, 20,11 to $22.2 % 0.9 N
% om beiow cold leg centerline. Drag

soreen target flow ares M8 of flow

ares.

In vesael at entrance o heated core, +0.08 to +I5.1 W 423.5% N
488 om below cold leg centerline. B -

Drag screen target area M1 of flow

ares.

1.6 to 1800 0 te 1606
kg/nt wglad

Rot leg, Sponl | 77 m from wessel
center. T (tangential) rasges 270°
to 360°. B "body) renges WO to
3309, € is & mathemalical coe-
posite of T and B,

Hot leg, Spool 5, 128 zm free vesse!l
center, verticel.

Cold Teg, Spoel 1Y, M2 cm from down-
comer center. T (tangential) ranges
2709 to WOC. B (bdody) renges 0P
o 3309, C is » mathemstical com-
posite of T and B.

Cold leg, Spool 17, 73 ce (rom downcomer
center. T (rangential) ramges 2707 oy
360, B (body) ranges WO to IO,

€ s » mathematical composite of T and B,

25

.
Figuze
09,210
209, 210

nnLn2

ny,n2

1ny,n4

215,216

217,218
219,220

.20

23,2+

225,228
227,228

279,230

mam

233,75

235,2%
235,236
37,29

739, 250

81,782
241,
a3, 04k

45,248
F45, 168
67,248

e

-~
-



TABLE IV (continued)

Go-128

Go-2608

Gh-S5a8

Vesnel

avells

V=17

-1

GV-154-23

V-1 ta-AB

oN-243-13

G¥-313-23

G¥-I2E-AR

oV -a®1-13

CV- 574588

¥ -544-21

1eir.
L ieation and Commese _ _ Setsster
1.6 to 1s00 0 to 1800

xg/u? g/t

ot Yeg, Speol 20, 84 om from vesael
pepter, vertical.

Cald leg. Spool 37, 360 oo from down-
ommer center.

Cold leg, Spowl 40, 230 oo !rom down-
comer wertical.

ol ) leg: Spool 48, 66 cm from dowm-
comer vertical.

i to 1500 ¢ ta J8OU
790 N

Downcomer, 71 cm haiow coid lag con
teciine, B {body) canges 0° to
1m0°,

Downcomer; 760 cm delow cold leg cen~
teriine. B (Body) ranges 30° ra 1)0O,

Downcomer, 456 tm Selaw coid iag cen-
terline. B (body) ranges 30F ts 10O,

1.6 to 1600 0 1o 1600
gim? *g/m?

Veszel at top of comtrol rod guide
tuliw, 334 cm abowe o0ld leg
genterlioe.

Yensel st top of core support tube,
176 cm abevw cold leg conteriione,

Vessel #t Base of core flow instre
ment bowsing, 11 o= below cold leg
ceateriine,

Sear top of oore heated Jesgih,
156 cm delow cold leg crnterline
betueen hester vod Raes I and ).

Near tip of core heated Temngth,
168 cm belaw cold Teg centericne
bhetveen heater rod Columns A and X,

tippor patt of core heatesd length,
1) e below cold leg center] ine
betwern heater rod Rows 7 and 1.

Sear cenier of cote beated leogth,
M3 om below ccld leg conterline
betusen hmater rod Columns A od 8.

Near centec of core heated length,
313 om Beiow cold Teg conteriine
hetween hester rod Calamns A md B,

Lowes part of core heated lemgth,
I8) cm below cold leag centerline
betveen heater rod Rows 7 end L

At hotram of core hwated lampth,
483 cp delow cold leg conteriins
between heater rod Kows I and 3,

At borraom of core hested lemgth,
I ¢x below cold lag conterline
hotwean heater rod Columss A and B.

Vessel lower hwed, UH cw deiow oold
leg conteriime, at I% co 358 ca
below cold leg zenceriine at 1859,

16 upper part of veses! [ower plenum
Sef cn below cold lep centeriioe
berveen hester rod Rows 1 and V.

L8 ra 1600 0 to 1600
[ g nt

Pressuricer surge lioe,

W

l!zn'

148,750
251,182

253, 1%

295,258

257,058

258,260

41,281

165,268

%7,2

187,268

ind, 270

212

TR

75,3

a9

18,180

#®am

Detector failed.

Guastionadble dara. Analysis of buam
path indicated possilie obstruction
by thermocouple or heater rod.
Eifact I8 unknown, Data to be used
far trend only.

Questishable dats. Analweis of bemm
path ind cated possible obstruction
by thermoroupin or heater rod,
Effect is unknown. Dats to Be used
for trend onlyv.

Duest ionadle dots, Anglysis of heam
path indicated posaible obetructiom
by thersorouple or hester rod,
Effuct is anhknown. Data to S weed
for trend only.

Ouestionables data, Analysis of bdeas
path (nticated possible ohstenczion
by thersocoupie or hester rod.
Effect # unksown. Dats 1o be used
for trend only.

Questionable date. Analysiw of heam
path (ndicated posaibils odetruction
by thermocsuple or Wwater rad.
Effect is unknows. Data to B used
far tvend only.

Detector falled,

il

047




TABLE IV (continued)

-
o . ieits
. - »
o Messurement = Lecotionend Comwents . Decector = __ _Wtew Figurs —Meswutement Comments
MASE FLOW RATE Mass flow rate obtained by combiaing Range for sass
- denpity (gemms attenuarion technique) flow i» deter
with wvolumetric fimw rate (turbiee mioed from renges
flowmeter) or somentus flua (drag of individual de-
screen). tectors ssed in
eslaulation.
Intact Loop
1-1, GI-iC Mot leg, Spoo! 1. 283, 18
Fi=is, S1-1%C £old leg, Spoot 16. 185,286
n-17; i<l Cold leg. Spoel 17. 287,288
Sroken Loop
"3, -3 Cold leg, Spool 7. 189,79
FR-40, GR-40VR Cold leg, Spocl 40, 95,292
R4, CB-A0VE 291, 2%
FR-45, Ga-aSW Cold leg, Spoel 45, 295,296
LB BN 297,298
Bownc omer
D424, GD-ASER Instromented apool piece. 299,300
vessel
Wel, G¥-11 Core outlet. 01,302
w-e, Gv-11 Core snler. 303, 104
W¥-499, CV-483-23 Cote inlet. 305, 308
CORE CHARACTERISTTIOS Locse heater rod groum! comnec~
tions resultes in uncertanties,
in-core power level of up to 2T
of sotual power, with a probadility
of eftects being 0.7 of actual
power or less.
" Power Bus
An-H1 Core amperage. 0 te 10 D00 A P ro 10030 A 07,308
- Core voltage. 0 to 400 V 0 te 402 ¥ 309, 310
Low Power
AR-LO Cary amperspe . 0 ro 10 000 A 0 to 9330 & N, N2
V=10 Care voltage. 0o 400V Dot v 1y, 1
PIMP CHARACTERISTICS
"ntect Looy
S1-ip Pums speed . 37 redals 317 radle 315,118
Brokeq woop
SB-poNp Punip speed . 3770 radsln 3270 vod's N8
R Pump power. 70 W 319,370

N,  Statements ot the bdegimning of & seasurement category regarding locarion and comments, range, snd (igure apply to sil subseguent meanurements
wirhin the given category unless specified otherwise,

b. Detectors which were subjected to overrsnge condirions during portions of t'  test were capable of withstending these conditions withour
change i sperating or messoriag charscteristice when ti. physical condition. were again within the detector runge.
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Fig. 83 Core heater temperature, Rod D-2 (TH-D2-10, TH-D2-134, TH-D2-166, TH-D2-179, and TH-D2-254), from -20 1o
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APPENDIX A

DATA ACQUISITION SYSTEM CAPABILITIES

The Semiscale Mod-3 system provides for the acquisition, processing, and presentation of test data. The
test data system comprises detectors, signal conditioners, 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 on-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 data
contains 920 words (each word is the abscissa and ordinate of a data point) of digital information., These
920 words represent a fixed storage display.

The maximum measured throughput rate for the system is 24 000 words per second. This throughput
rate can be reduced in increments of 100 words 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 for 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 260 s, the recorded data are made to
occupy a 280-s span yielding 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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APPENDIX B

POSTTEST ADJUSTMENTS TO DATA FROM SEMISCALE MOD-3
TEST S-07-8

Many of the transducers used in the Semiscale Mod-3 system: exhibit significant sensitivity to one 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 in system pressure. Photomultiplier tubes used as gamma ray detectors in the den-
sity transducers are sensitive to temperature changes, as well as to .andom variations in the locations of the
radiation sources. Core power measurements depend on a calibr ited resistor, whose resistance changes in
values as a function of time and power level as it heats up.

Although the uncertainties introduced into the data by spu ious secondary inputs generally do not
exceed the specified uncertainty ranges of the transducers, ' gnificant improvement in measurement
accuracy can be achieved if the secondary sensitivity can be iden ified and removed. Since the exact values
of the spurious inputs to which different transducers might be sensitive cannot often be easily predicted
and are sometimes 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-07-8 are presented in the
following paragraphs and tables.

1. DIFFERENTIAL PRESSURE MEASUREMENTS

Pressure 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 temperature, with
no system flow, at pressures of ambient, 5313, 9010, 10 908, 12 530, and 15 172 kPa. The output of the
differential pressure cells is plotted against system pressure, with the resulting plots used to deoscribe the
pressure response of the transducers.

Corrections to differential pressure data were made using the following equation:

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

MPa.

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

CONSTANTS FOR DIFFERENTIAL PRESSURE MEASUREMENT CORRECTIONS

(TEST S-07-8)
Detector P

Identification 1 P(z)
DI-13V-1A -0.024 PV-13
DI-1A-6 0
DI-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 0
DI-17A-DIA 0
DB-13V-20B 0.10 PV-13
DB-20B~21 0.09 PV-13
DB-21-27A -1.067 PV-13
DB-SCI-SGO 2.0 PV-13
DB-27A-37A -0.053 PV-13
DB-37A-40B -0.90 PV-13
DB-37A-40L -0.133 PV~13
DB-40B~-43A 0
DB-40B-45A 0.018 PB-45A
DB-45A-43 0
DB-45A~-DIA 0.467 PB-45A
DD-DIA-13V -0.04 PI-16
DD-DIA-170 -0.057 PI-16
DD-DTA-578 -0.024 Pi-16
DD-170-435 -0.055 PI-16
DD-435-578 -0.033 PI-16
DV+421+154 0.040 PV-13
DV+159-105 -0.533 PV~-13
DV+154~105 0.027 PV-13
DV-579-501 -0.021 P1-16
LV-578~-13A -1.933 PI~16
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TABLE B-1I (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 PI-16

DV-442-278 -0.013 PI-16

DV-278-154 -0.033 PI-16

DV-105-13A 0

DI -SG-LL 0

DR-SS1-SS4 0

DV-ACCI1-LL 0

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:

g = Cc + Cl F(t) (B-2j
where
[ = the density, kgf'm3
Co offset, kg/m?
Cy - conversion factor, (kg/m3)/v
Fit) = transducer output, v.

Constants C, 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 gamma densitometer which operates on the
same basic principle 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-sectional 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

EAA 1N
193 t MY



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 the same equation as is used for the
single-beam gamma densitometers,

Gamma source

Upper beam path

Vertical axis Lower beam

path

Froth
Pipe inside diameter

Water-froth
interface

'

INEL-A-285

Fig. B-1  Geometry used for processing of density data obtained from two-beam gamma densitometers.

In the Semiscale Mod-3 system, two-beam gamma densitometers provide information which allows the
calculation of a better average density than that obtained from a single beam in a horizontal pipe. A
mathematical model is used for processing the two-beam data o obtain the improved average density
information. The processing method used is based on a froth-water model coupled with 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 identification ending with a **C"", for
example, GI-17C.

The use of the froth-water model for obtaining average density from a two-beam gamma densitometer in
a horizontal pipe is based on observations indicating that flow regimes in the Semiscale Mod-3 system can
be modeled by a laver 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 remaiss valid. At any point in time
slug flow is also modeled. The froth-water model does not model annular or niverted annular flows very
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well. However, these flows are not expected to exist for significant portions of a Semiscale Mod-3 system
blowdown in horizontai piping. Density gradients from the top to the bottom of the pipe may exist show-
ing no distinct location change from water to 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 = ag P, + (1 - af) Py kg/m3 (B-3)
where
e = average cross-sectional density
01 = average density measured by the upper beam (measures the froth density)
pw =  density of liquid water (at local system conditions)
of =1+ (1/72n) (sinB-8) = volumetric fraction containing froth.

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

B=2cos ! (1-2h) (B-4)
where
Py P
h = % = cosze 21
Pw Py
where
H = lycos 8 (I and 6 are defined in Figure B-1)
D 2 piping inside diameter
Py - the average density measured by the lower gamma beam.

Average density is not calculated using the two-beam froth-water model when the angle 6 is 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.

™
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APPENDIX C

SELECTED DATA WITH ESTIMATED TOTAL UNCERTAINTY
BANDS FROM SEMISCALE MOD-31EST S-07-8

Analysis has been performed on selected data from Test S-07-8 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 uncertainty) 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 empiricaily fitted with a linear difference equation, which was subject
to a white noise input at each sampling time point. The objective of the empirical fitting procedure was to
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 equations were fitted to each segment with statistical correlations between successive observations
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 as an estimate of the random uncertainty standard deviation and is shown in Table C-1 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, variability in matenials, and temperature and pressure sensitivities.
These uncertainties and the procedures for estimating them are discussed in Reference C-2, They are
referred to as engineering uncertainties and the estimates are largely subjective. Because of the continuing
effort to improve the accuracy of the measured data, such as through the use of better transducers, betrer
signal conditioning and processing equipment, and better calibration and installation technigues, the
engineering uncertainties for data from most of the transducer systems have changed from those published
in Reference C-2. Table C-11 provides a summary of engineering uncertainty values obtained from current
analysis technigues as applied to the data presented herein.

in addition to the normal hardware and installation related sources of engineering uncertainty, a siznifi-
cant measurement uncertainty results when the current transducer systems are subjected (o separated two-
phase o w regiraes during the course of the blowdown transient. Accordingly, for those data affected
(fluid densyey, volumetric flow, and mass flow), which are presented in this appendix, a more extensive
assessment was conducted of additional engineering uncertainty due to flow regime effects. Tabie C-111
identifies the data analyzed and the period in the blowdown process tor which flow regime uncertainties
were included as a part of the total engineering uncertainty. The time of occurrence of separated two-phase
flow and the resulting effect on the uncertainty of the data were evaluated by considering, on an individual
basis, each detector ¢ atput with reference to indications by other auxiliary measurements.

The gamma densitometer density measurement data are affected 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 of the average density alopg the beam path, When stratified type flow was considered present, the
gamma beam attenuation was considered to be a result of a liquid layver and steam at system 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 on the assumption of
homogeneous conditions and the average density for stratified conditions was considered to be the
uncertainty.



R R R I R R R R RO R R RO SRS TR ———m—

mpawmaT. T

P

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
10 equate the forces on the turbine with the assumption of a known void fraction, stratified 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 difference
between this value and the measured value was considered 10 be the uncertainty.

The overa.l 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:

+ C-1
Oo = t‘:'l Og (C-1)
where
O, = overall standard deviation of a data point
032 © random uncertainty variance
UEZ . engineering uncertainty variance.

The uncertainty bands for the data are computed about the value given by the fitted difference equation
¥j at time point i; that is:

uncertainty band = y; + 1.96 q - (C-2)

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

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

Finally, the original 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
band denved both from random uncertainty and engineering uncertainty considerations. The indicated
uncertainty bands after thermocouple dryvout occurred for the fluid temperature measurements shoula be
wnored. Uncertainty bands for these segments of the data were not obtained and bands only appear
because of imitations in the plotting package.
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TABLE C-1

RANDOM UNCERTAINTY STANDARD DEVIATION
(TEST S-07-8)
Random Uncertainty :
Stlndatdobeviation A:;izzitggn
Measurement R (s) Figure
TFI-1 0.009 ~20 to -0.278 c-1
1.2 -0.278 to 3.48
0,533 3.48 to 31
1357 31 to 59
0.334 59 to 268
TFB-20 0.209 -20 to -0.278 c-2
3. 521 -N 278 to 3.48
0.819 ? 48 to 28
1.933 28 to 45
0.643 45 to 108
0.212 108 to 268
TFD-294 0.128 -20 to 1.3 c-3
2.150 1.3 to 4.7
2.833 4.7 to 36
3.814 36 to 61
0.973 61 to 268
TFV-578A 0.011 -20 to 0.348 Cc-4
1.445 0.348 to 4,42
1.567 4.42 to 60
0.522 60 to 268
TIFV+79D 0.731 -20 to 0.66] c-5S
0.702 0.661 to 4.73
0.427 4.73 to 30
0.228 30 to 42
0.743 42 to 46
0.087 46 to 208
0.407 208 to 240
0.069 240 to 268
TFG-5AB-45 6.0 =20 to =0.3 c-6
16,96 ~-0.3 to 5.4
7.54 5.4 to 12
31.05 12 to 17
1.56 17 to 23
17.80 23 to 30
15.90 30 to 36
40.67 36 to 40
1.34 40 to 268
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TABLE C-1 (continued)

Random Uncertainty

Standatdobeviation A:;::::t:;
Measurement R (s) Figure
TMI-1T16 0.003 -20 to 0.974 c-7 .
0.381 0.974 to 4,42
0.424 4.42 to 60
0.294 60 to 268
TMB-20B16 0.086 -20 to 1.29 c-8
0.620 1.29 to &:.73
0.575 4,73 to 26
0.450 26 to 67
0.183 67 to 104
0.283 104 to 268
TMD- 364 0.072 =-20 to 12 c-9
0.236 12 to 120
0.360 120 to 268
TMV+79D 0.541 -20 to -0.278 c-10
0.647 -0.278 to 3.80
0.387 3.80 to 27 i
0.030 27 to 198
0.234 198 to 228
0.106 228 to 268
TH-C2-8 0.072 -20 to -0.278  cC-11 )
T 37 -0.278 to < P o g
5.40 3.17 to 123
4.20 23 to 80
0.728 80 to 268
TH-C2-180 1.71 -20 to 0,348 c-12
8.21 0.348 to .0
4.95 5.0 s, 127
4,59 127 to 268
PI-16 0.006 ~20 to -0.278 c-13
0.986 -0.278 to 3.17
0,025 3.17 to 268
PBR-45A 0.003 =20 to -0.278 c-14
1.05 -0.278 to 3.48
0.046 3.48 to 80
0.006 80 to 268
PV-ACC1 0.0001 =20 to 18 c~-15
0.012 18 to 22 -
0.005 22 to 268
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TABLE C-1 (continued)

Measurement

PB-SD

DI-6-7

DI~-7=13

DB-37A-40L

DD-DIA-578

DV-501~-105

DI-SG-LL

Fi-1

Random Uncertainty
Standard Deviation

g
R

0.006
0.007
0.012

1.565
29.24
3.27
5.74
2.27

0.149
2.72

0.518
0.438
0.185

1.847
215.3
0.238
6.223
8.889
2.806

0.253
17.0
1.974
11.35
4,576
2.890

0.257
19.690
0.953
3.970
0.854

0.252
0.509
0.032

0.u32

Period of
Application
(s) Figure
-20 to 0.974 C-16
0.974 to 150
150 to 268
-20 to 0.035 c-17
0.035 to 4.42
4.42 to 30
30 to 50
50 to 268
-20 to =0.591 c-18
~-0.591 to 7.86
7.86 to 30
30 to 50
50 to 268
-20 to -0.591 c-19
-0.591 to 2.852
2,852 to 29
29 to 33
33 to 59
59 to 268
-20 to =-0.591 c-20
-0.591 to 4.42
4,42 to 30
30 to 50
50 to 90
90 to 268
-20 to =-0.591 c-21
-0.591 to 2.852
2.852 to 30
30 to 50
50 to 268
-20 to 0.974 c-22
0.974 to 5.043
5.043 to 268
-20 to -0.278 c-23




TABLE C-I (continued)

Measurement

FI-17

FB-45

FD-424

FV+1

FV-LPIS

GI~-1T

GI-1B

GI-IC

Random Uncertainty
Standard Deviation

(o]
R

0.028
1.054
0.685
3.813
2.690

0.409
3.447
1.693
4.621
3.183

0.004
3.582
0.684
1.245
0.647

0.0i9
1.243
0.673
7,218
0.999

0.984
15.360
1.255
0.231
2,944
1.380

3.845
42.30
12.73

7.032

5.111
27.14
47 .44

5.388
14.675

3.140
31:25
16.75

5.96

Period of
Application
(s)
-20 to -0.278
-0.278 to 3.165
3.165 to 32
32 to 61
61 to 268
-20 to =-0.278
-0.278 to 5.043
5.043 to 36
36 to 59
59 to 268
-20 to -0.278
-0.278 to 4,417
4.417 to 29
29 to 50
50 to 268
-20 to -0.278
-0.278 to 4.730
4.730 to 32
32 to 50
50 to 268
-20 to 29
29 to 34
34 to 68
68 to 247
247 to 251
251 to 268
=20 to -0.278
-0.278 to 4,10
4.10 to 14
14 to 268
=20 to -0.278
-0.278 to 3.48
3.48 to 19
19 to 137
137 to 268
-20 to =-0.278
-n,278 to 4.73
4.73 to 30
30 to 268

Figure

Cc-24

Cc-25

C-26

C-27

Cc-28

c-29

Cc-30

c-31
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TABLE C-1 (contipnued)

Random Uncertainty

gtandardcbeviltion A::;;:itggn
Measurement R (s)
GI-17T 6.670 =20 to 6.3
65.950 6.3 to 11
68.1354 11 to 17
20.612 17 to 268
CI-17B T -20 to 5
33.70 5 to 11
7.69 11 to 268
GI-17C 5.78 -20 to 1.9
14.58 1.9 to 8
42.95 8 to 20
7.78 20 to 268
GB-45VR 13.48 =20 to 4.4
38.87 4.4 to 11
19.23 11 to 150
20.07 150 to 268
Gv-1! 4,504 =20 to -0.278
24,96 -0,278 to 5.4
9.18 5.4 to 12
39.64 12 to 18
5.738 18 to 150
16.32 150 to 268
FI1-1, GI-IC 0.037 -20 to =-0.28
0.601 -0.28 to 5
0.112 5 to 35
0.110 a5 to 268
FI1-17, GI-17C 0.047 =20 to -0.28
0.607 -0.28 to 5
0.302 5 to 19
0.358 19 to 268
FB-45, GB-45VR 0.310 ~20 to -0.28
2.622 -0.28 to 5
0.516 > to 20
0.363 Z0 to 268
FVv+1, GV-11! 0.063 -20 to 0.035
0.749 0.035 to 5
0.124 5 to 95
0.249 95 to 268

Figure
c-32

Cc~-33

€~35

c-36

c-37

Cc-38

c-39

C-40
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Fig. C-1  Fluid temperature in intact loop(TFI-1).
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Fig. (-2 Fluid temperature in broken loop (THR.20).
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Fig. C-6 Fluid temperature in core, Grid Spacer 5 (TFG-S AB-45).
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Fig. C-14  Pressure in broken loop cold leg (PB-454)
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Fig. C-22  Differential pressure in intact loop steam generator, secondary side liquid level (D1-SG-LL)
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Fig. C-34  Density in intact loop (G1-17¢
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Fig. C-36 Density in vessel (GV-11
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Fig. C-37  Mass flow in intact loop (F1-1 and G1-10)
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TABLE C-I1

GENERAL MEASUREMENT ENGINEERING UNCERTAINTY SOURCES AND UNCERTAINTY VALUES
(TEST S-07-8)

Measurement Expected Uncertainty
Category Uncertainty Sources Uncertainty Value Values

Fluid Changes in homogeneity +1.11 K +1.66 K, R < 550 K°

Temperature of the thermocouple
wire due to cold
working

: . 241/2
Data interpretation +1.11 K, to 550 K :[1.62 + (0 0021 R) ] ’
from standard refer- +0.0021 R, R >550 K R > 550 k2
erence tables
ra
¥y General da.a acquisi- +0.42 K where
tion processing R = transducer reading
(K)

Thermal 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 42.78 K 43.33 K, R< 550 K
position
Data interpretation +1.11 K, to 550 K +[9.75 + (0.0021 R)2]l/2,
from standard refer- +0.0021 R, R > 550 K R > 550 K

erence tables
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TABLE C~IT1 (continued)

Measurement
Category

Material
Temperature
(continued)

Pressure

Differential
Pressure

Uncertainty Sources

Ceneral data acquisi-
tion and processing

Thermal aging of the
thermocouples

Entrance effects
Calibration
Temperature

sensitivity

General data acquisi-
tion and processing

Installation

Expected Uncertainty

Uncertainty Value Values
+0.42 K where
R = transducer reading
(K)
+0.28 K

+0.3% of transducer
full scale

+0.26% of transducer
full scale

+0.13% of transducer
full scale

+0.15% of system
full scale

+0.3% of transducer
full scale

+0.44% of transducer
full ccale



TABLE C-11 ’cont_nued)

Measurement
Category

Uncertainty Sources

Differential
Pressure
(continued)

8CT

Density

Calibration
Transducer ranges
+4.96 through
+199.26 kPa

Transducer ranges
+3.44.74, +689.47,
+3447 kPa

Transducer ranges
+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/
+[(0.05) + (0.5 R/FS) ] %

of transducer
full scale

+[(0.03) + (0.5 R/F5)2]1/2z
of full scale

+[((0.02) + (0.5 R/FS)2])1/22
of full scale

+0.5% of transducer
full scale

+0.15% of system
full scale

+0.069 kPa

+1.0% of reading (kg/m3)

+2.1 kg/m’

+0.15% of system full scale
Tkg/m3)

Expected Uncertainty
Values

+2% of transducer
full scaleb

winere
R = transducer reading
(kPa)
FS = transducer range
full scale (kPa)
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TABLE C-II (continued)
Measurement Expected Uncertainty
Category Uncertainty Sources Uncertainty Value Values
Density Flow regime Gr¢
(continued)
where
Gr = flow regime uncer-
tainty (kg/m3)
Volumetric Flow Calibration instrument +0.25% of transducer
(turbine flow- reading full scale
meter)
Calibration standards +19.56 x 1072 1/s
Velocity profile +2.9% of reading
Frequencv-to-voltage +0.25% of transducer
conversion full scaie c

General data acquisi-
tion and processing

Dead bands

Flow regimes

+0.15% of system
full scale

+5% of transducer
full scale



TABLE C-II (continued)

Measurement Expected Uncertainty
Category Uncertainty Sources Uncertainty Value Values
Mass Flow Rate Combined results c
(from volumetric from individual un-
flow and density certainty sources c
data) for volumetric flow

and density datad

a. This value is no longer valid after thermocouple dryout occurs.

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

b ¢. Uncertainty value is time and flow regime dependent.

d. The general method for combining volumetric flow or momentum flux with density data to obtain mass
flowrate and the resulting uncertainties in the data are explained in Reference C-2.




TABLE C-III

TIME PERIODS WHEN FLOW REGIME UNCERTAINTIES WERE APPLIED
(TEST $-07-8)

Time During Which Flow Regime

. Detector Uncertainties Were Applied
Identification (s) Figure
FI-1 1 to 21 98 to 268 c-23
FI-17 1 to 12 Cc-24
FB-45 10 to 17 Cc-25
GI-1C 1 to 213 98 to 268 Cc-31
GI-17C 1 to 12 c-34
GB-45VR 10 to 17 c-35
FI-1, GI-IC 1 to 21; 98 to 268 c-37
FI-17, GI-17C 1l to 12 c-38

FB-45, GB-45VR 10 to 17 c-39
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