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ABSTRACT 

Recorded test data are presented for ~ e s t  S-02-8 of the Semiscale Mod-1 blowdown 
heat transfer test series. This test is one of kveral Semiscale Mod-1 experiments conducted 
to investigate the thermal and hydraulic phenomena accompanying a hypothesized 
loss-of-coolant accident in a pressurized water reactor system, and to provide a data base 
for a regulatory standard problem. 

Test S-02-8 was conducted from an initial cold leg fluid temperature of 5 4 2 O ~  and an 
initial pressure of 2,262 psia. A simulated double-ended offset shear cold leg break was used 
to investigate the system response to a depressurization transient with full core power (1.6 
MW). An electrically heated core was used in the pressure vessel to simulate the effects of a 
nuclear core. System flow was set to achieve the .full design core temperature differential of . . 

66OF. The flow resistance of the intact loop was based on core area scaling. During system 
depressurization, core power was reduced from the initial level of 1.6 MW to simulate the 
surface heat flux response of nuclear fuel rods until such time that departure from nucleate 
boiling occurs. Blowdown to the pressure suppression system was' accomplished without 
simulated emergency core cooling injection or pressure suppression system coolant spray. 

The purpose of this report is td- make available the uninterpreted data from Test 
$02-8 for future.data analysis and test results reporting activities. The data, presented in the * 

form of graphs in engineering.units, have been analyzed only to the extent necessary to 
assure that they are reasonable and consistent. 
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SUMMARY 
r 

Test S-02-8 was performed as part of the Mod-1 po;tion of the Semiscale Program 
conducted by Aerojet Nuclear Company for the United States Government. This test was 
one of the Semiscale Mod-1 tests .(Test Series 2) performed with an electrically heated core 
in place of the core simulator used in previous isothermal tests.(Test Series 1). Hardware 
configuration and test parameters were selected to yield a system response that simulates 
the response. of a pressurized water reactor to a hypothesized loss-of-coolant accident. Test 
S02-8 utilized a pressure vessel with internals; an intact loop with active pump, steam 
generator, and pressurizer; a broken loop with simulated pump, simulated steam generator, 
and rupture assemblies; and a pressure suppression. system with header and pressure 
suppression tank. The electrically heated core consisted of 39 heater rods with a maximum 
total power capacrty of 1.6 MW. 

Test S-02-8 was conducted from initial conditions of 2,262 psia and 5420F (at the 
intact loop cold leg vessel mletj, with a simulated full-size (200%), duubleu~ided uffset s11ea.1 
of the cold leg broken loop piping at an initial core power level of 1.6 MW and an initial 
core inlet floC rate of 155 gpm. The instantaneous offset shear of the broken loop cold leg 
piping was simulated by simultaneous actuation (within 10 milliseconds) of the rupture 
assemblies. During system depressurization, core power was reduced from the initial level of 
1.6 MW to simulate the surface heat flux response of nuclear fuel rods until such time that 
departure from nucleate boiling occurs. 

This test was specifically c.:nducted for the purpose of providing a dala base for the 
United States Nuclear Regulator4 Commission's Standard Problem Five. As a part of the 
standard problem specification, 2 number of measured variables (of the more than 200 
measured during Test S-02-8) were chosen lu be representative of the phenomena occurring 
in the Semiscale system during blowdown. '1'0 aid m the comparison of the analytical. 
predictions with the measured data, these specific variables, complete with estimated total 
error bands, are included as Appendix A. 

The data presented in the body of this report represent all data successfully obtamed 
for the conduct of Test S-02-8. In order to present tht: data in a readily usable form in 
advance of detailed analysis, these data have been.an'alyzed only to the extent necessary to 
assure that they are reasonable and consistent. 

Tcst S-03.-8 wns gcnorally conducted as specified.. T h o s ~  conditions which did not 
conform to the specified test configuration were considered to be acceptable within the test 
objectives. 
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DATA REPORT FOR SEMISCALE MOD-1 

Test S-02-8 

(Blowdown ~ k a t  Transfer Test) 

I. INTRODUCTION , 

The Semiscale Mod-1 experiments represent the current phase of the Semiscale 
Program conducted by Aerojet Nuclear Company for the United States Government. The 
program, which is sponsored by the Nucle'ar Regulatory Commission through the Energy 
Research and Development Administration, is part of the overall program designed to 

-investigate the response of a pressurized-water reactor system to a hypothesized loss-of- 
coolant ,accident (LOCA); The underlying objectives of the Semiscale Program are to 
quantify the physical processes controlling system behavior during .a LOCA and to provide 
an experimental data base for assessing reactor safety evaluation models. The Semiscale 
Mod-l Program has the further objective of providing support to other experimental 

, programs in the form of instrumentation assessment, optimization of test series, selection of 
test parameters, and evaluation of test results. 

Test S-02-8 was conducted September 19, 1975 as part of a series of tests (Test 
Series 2) to obtain thermal-hydraulic response data from a blowdown transient in a 
simulated nuclear reactor with a heated core to provide an experimental basis for analytical 

' model development and verification. Specifically, Test S-02-8 was a large-break test 
conducted to provide a data base for a regulatory standard problem. . I 

For this test, a 39-rod electrically heated core was used in the core barrel of the 
pressure vessel in place of the core simulator used in previous (isothermal) tests. (The heater 
array can accommodate forty rocls, but one location was used for a water level detector.) The 
initial core power level was set at the maximum design power of 1.6 MW. The radial power 
profile was flat. During the blowdown, the core heater power was adjusted to simulate the 
thermal response characteristics of nuclear-heated rods prior. to departure from nucleate 
boiling (DNB). The pipe break configuration simulated a full-size (200%), double-ended 
break in. the cold leg broken ,loop piping. 

The purpose of this report is to 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 I1 briefly describes the system configuration, procedures, initial test 
conditions, and events that are applicable to Test $02-8. A description of the overall 

. Semiscale Program and test series, a more detailed description of the Semiscale Mod-1 
system, and a description of the measurement and data processing techniques and 
uncertainties can be found in Reference 1. 



11. SYSTEM, PROCEDURES, CONDITIONS,, AND EVENTS FOR TEST $02-8 

The following system configuration, procedures, initial test conditions, and events are 
specific to  Test S02-8. 

1. SYSTEM CONFIGURATION AND TEST PROCEDURES 

The Semiscale Mod-1 system used for Test S-02-8 consisted of a pressure vessel with 
internals; an intact loop with steam generator, pump, and pressurizer; a blowdown loop with 
simulated steam generator, simulated pump, and two rupture assemblies; a 39-rod 
clcctrically hooted core; and a pressure suppression system with a si~ppression rank and 
header. For this test the Intact loop sream generator was mainlairled i11 Ll~t: aclive ~ u ~ ~ d i t i o ~ l ,  
in which the steam generator secondary pressure and water level are automatically adjusted 
to control the water temperature in the cold leg of the intact loop. 

In preparation for Test- $02-8 the system was filled with treated demineralized water 
and vented at strategic points to  assure a liquid-full system. Prior to warmup; the syste~n was 
pressurized to check for leakage. Warmup to initial test conditions was accomplished with 
the heaters in the vessel core. 'Heatup of .the broken loop piping was accomplished with 
bypass lines which served to allow circulation through the broken loop. During warrnup, the 
purification 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 ,100-degree\. temperature intervals during warmup, detector readings were 
sampled' to  allow the integrity of the measurement inst~mentat ion and the operability of 
the data acquisition system to  be checked. After the core power was jncreased to 1.6 MW, 
initial test conditions were held for about 13 minutes to establish equilibrium in the system. 
At the end of this period all auxiliary systems including the bypass lines were isolated to 
prevent blowdown through those systems. 

The system was successfully subjected to a simulated double-ended cold leg pipe break 
through two rupture assemblies and two blowdown nozzles, each nozzle havhg a break area 

2 of 0.00262 ft . Pressure to operate the rupture assemblies and initiate blowdown was taken 
from an accumulator system filled with water and pressurized to 2,250 psig with gaseous 
nitrogen. Immediately (0.02 second) after initiation of blowdown, the lines to the 
accumulator wcrc again isolntcd. The effluent from the primary system was ejected intn the 
pressure suppression system. During the blowdown transient, power to  the primary coolant 
circulation pump was controlled to maintain the speed of the pump as close as possible to 
its initial value for the duration of the test. A flywheel mounted on the pump motor shaft 
aided in controlling the speed of the pump. During the blowdown transient, power to the 
electrically heated core was automatically controlled to simulate the thermal response of the 
nuclear-heated fuel rods until such time as DNB occurred . 



2. INITIAL TEST CONDITIONS AND SEQUENCE OF EVENTS 

Conditions in the Semiscale Mod-1 system at initiation of blowdown are given in . 

Tables I and 11; the primary system water chemistry prior to blowdown is given in Table 111; 
and* the sequence of events relative to  rupture is given in Table IV. 

TABLE I 

CONDITIONS AT BLOWDOWN INITIATION 

. Measur'ed LaJ . Spec i f i ed  

Core power 1.59 MW 1.60 i 0.01 MW 

I n t a c t  loop co ld  l e g  f l u i d  temperature  542°F 544" k 2°F 

Hot l e g  t o  co ld  l e g  temperature  
d i f f e r e n t i a l  

P r e s s u r i z e r  p r e s s u r e  2,262 p s i a  2,263 + 5 p s i a  

p r e s s u r i z e r  water  volume 0.58 f t  
3 

[b j 

Steam gene ra to r  feedwater  temperature  430°F 435" i' 10°F 

Steam genera tor  l i q u i d  l e v e l  (from 116 i n .  116 + 2 i n .  
bottom of t ube  s h e e t )  

F lu id  temperature  i n  broken loop 595°F 
(pump s i d e )  

I n t a c t  loop co ld  l e g  flow 155 gpm [ e l  

P re s su re  suppress ion  tank  water  l e v e l  65 i n .  65.4 i n .  

P re s su re  suppress ion  tank  p r e s s u r e  32 p s i a  ' 32 p s i a  

P re s su re  suppress ion  tank  water  74°F 75°F 
temperature  ' 

[ a ]  Measured i n i t i a l  cond i t i ons  are taken  from process  i n s t rumen ta t i on  
read  j u s t  p r i o r  t o  blowdown. Those measured cond i t i ons  which d id  n o t  
meet t h e  s p e c i f i e d  i n i t i a l  cond i t i ons  were cons idered  accep tab l e  f o r  
a n a l y s i s  purposes  w i t h i n  t h e  test o b j e c t i v e s .  

[b ]  P r e s s u r i z e r  water  volume. was s p e c i f i e d  i n  t e r m s  of d i f f e r e n t i a l  
p r e s s u r e  i n  t h e  l e v e l  measuring system. 

[ c ]  Flow i s  n o t  s p e c i f i e d ,  s i n c e  i t  must be  ad jus t ed  t o  ach ieve  t h e  
' r equi red  d i f f e r e n t i a l  temperature  a c r o s s  t h e  core .  

. . . . .  . . , , .  . . .  . . . .  . . .  



TABLE I1 

PRIMARY COOLANT TEMPEWTURE DISTRIBUTION AT 'RUPTURE 
* 

Detector .  Temperature (OF) 

Vessel lower plenum (lower portio;n) TFV-LP- 7.5 54 0 V 

Vessel lower plenum (upper p o r t i o n )  TFV-LP-2 7.5 543 

Hot l e g ,  i n t a c t  loop  (near  v e s s e l )  RBU-2 609 

Cold l e g ,  i n t a c t  loop  (near  steam gene ra to r )  TFU-10 5 39 

Cold l e g ,  i n t a c t  loop RBU-14A 542 

Cold l e g ,  broken loop (near  nozz le )  TFB-23 536 

Hot l e g ,  broken loop (near  v e s s e l )  TFB-30 606 

Cold l e g ,  broEen ' loop  '(near nozz le )  TFB-42 59 5 

TABLE III ' 

Conduct iv i ty  (pmhoslcm) 98.2 

Lithium (ppm) 

Chlor ides  (ppm) 

Fluor  i d e s  (ppm) <O.  3 

T o t a l  ga s  ( c c / l )  . 178.0 

[a] Water sample taken  a t  a system p r e s s u r e  of 2,250 p,sig and a System 
gemperature of 540°F. 



'TABLE I V  

SEQUZNCE OF EVENTS DURING TEsTLal 

Time R e l a t i v e  
Event t o  Rupture - 

Es tab l i shed  \ c o r e  power l e v e l  -13.0 min 

Bypass l i n e s  valved ou t  of system -2.5 s e c  

I n i t i a t i o n  of blowdown 

Steam gene ra to r  feedwater and d i scha rge  va lves  .closed 1.0 s e c  

Core power t r i p p e d  o f f  42.0 s e c  
. . 

Pump power t r i p p e d  o f f  ' 42.0 s e c  

/ [ a ]  A t ime-control led sequencer was used t o  c o n t r o l  c r i t i c a l  even t s  
du r ing  t h e  test. 



The data from Test S-02-8 are presented with brief comment. Processing analysis has 
been performed only to the extent necessary to obtain appropriate engineering units and to 
assure that the data are reasonable and consistent. In all cases, in converting transducer 
output to engineering units, a homogeneous fluid was assumed. Further analysis should 
consider that sudden decompression processes such as those occurring during blowdown 
may have subjected the measurement devices to  nonhomogeneous fluid conditions. 

The performance of the system during the test was monitored by about 200 detectors. 
The data obtained were recorded on both digital and analog data acquisition systems. The 
digital system was used to process the data presented in this report. The analog system was 
used primarily to provide redundancy. 

The data are presented in the form of graphs of single test measurements. The scales 
selected for the graphs do not reflect the obtainable resolution o'f the data (the data 
processing techniques are described in greater detail in Reference 1): 

Figures 1 through 6 and Table V provide supporting inforrriatiorl for hterpietation of 
the data graphs shown in Figures 7 through 234: Figures 1 through 6 show the relative 
locations of detectors used during TeSt S-02-8. Table V groups the measurements taken 
during Test S-02-8 according $0 measurement type; identifies the specific measurement 
location, and the 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 7 through 234 represent all the blowdown 
data obtained. Time zero on the graphs is the time of rupture initiation. 

presented in Appendix A are selected data, cumplele will1 eslhllated total error bands, 
which were chosen to provide a basis of comparison with analytical predictions submitted 
by participants in the Regulatory Standard Problem activity. 
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T O L E  V 

DATA PRESENTATTON FOR P SEMI SCALE MOD-1 .TEST S-02-8 

Range 

Data Acquisition 
Deteetor System 

0-2,300.P 0-1,017.P 

Location and Gmmeats'" 

Chromel-Almel themncouplee M l e r s  
epecified o t h e n i s e  

not leg. Spml  2. 46 In. from 
vessel center (platimrm reaisrance , 
bulb) 

not leg. Spool 5. 104 In. from 
vessel Center ' 

The-couple fa i led  

Cold leg. Spool 10. 144 in .  from 
vessel center 

Cold leg. Spool 14. 43 in .  from 
vessel ten ter ,  upstream of cold leg  
in jec t ion  port (p la t inm resietsncc 
bulb) 

Cold leg. Spool 20. 21 in .  from 
vessel center 

Cold leg. Spool 23. 91 i n .  from 
vessel center.  wstream of veseel- 
eIde nozzle 

Rot I=.. Swul  30. 16 in .  from 
o e s ~ e l  center 

SpurIoue t m i e n t  near 
t-9 see. 

Cold leg. Spml  42. 414 i n .  from 
vessel center along cold len. upstream 
of pump-aide nozzle 

Cmtcred i n  annulus. Type J Iron- 
C-tantan 

15 in .  b e l w  cold leg cmter l ine .  
180. 

35 in .  below cold leg  centerline. 0' 

35 in .  b e l w  cold leg cmter l I&.  
270. ' 

115 in .  b c l w  cold leg  centerline. 
0. 

115 in .  b c l w  cold leg cmter l ine .  
180. 

In  upper plenm. 13.5 in.  above 
cold leg  centerline a t  180' , 

On f lu ld  the-couple rack. 1 in .  
f r o .  oeaacl c a t e r .  45' 

7.5 In. f r o .  bottom 

14.5 In. from bottom 

27.5 in.  from bottom 

Core Grid Spacers 

Grid Spacer 5 55 in .  b s l w  cold leg  c a t e r l i n e .  
21.5 in .  ebmn top of heated length 

The-couple In  space defined by 
Colmma C and D. Ras 4 and 5 

76 In. b s l a  w l d  leg  eeatsrl1ne. 
112 i n .  above top of heated l m g t h  

Thewcouple In  space defined by 
Columns Aand 8, Ras 4 and 5 

Themcouple 1. spaea defined by 
C o 1 m  C and D. Bas 4 and 5 

Themcouplea i n  space defined by 
Col-8 D and B. Bas 4 and 5 ,  and 
6 and 7 

The-~~upl. I. 8P.C. defined by 
Collmm. G a n d R .  BDvs 4 and 5 

109 In. b e l a  cold leg  cents r l lns  
a t  Center of heated length 

Grid Spaesr 6 



TABLE V (contd.)  

DATA PRESENTATION FOR SEMISCALE MOD-1 TEST S-02-8 

HeaBurement 
Data Acquisir lon 

l a c a t i o n  and ~orrmenta"] De tec to r  System Figure "I neaaurement Comments Ib1 
Grid Spacer  8 (concd.) 

TPGBC0-45 IhermOcouple i n  apace de f ined  by 29 
Columns C end D. R w e  4 and 5 

TVC-8DE-23 T h e m o ~ o u p l e s  i n  space de f ined  by 
TVG-8DE-45 Columns D and E,  R w s  2 end 3. 
TPG-8DE-67 4 end 5 ,  6 and 7 

TVGBEP-45 

Gr id  Spacer  10  

TPGlOC0-45 

TFGlODE-67 

TFG10EF-45 

T h e m e o u p l a  i n  space  de f ined  by 
C a l m e  E end V, R w e  4 and 5 

143  i n .  belaw co ld  l e g  c e n t e r l i n e  
a t  bottom o f  hea t ed  l e n g t h  

Themocouple i n  epece de f ined  by 
C o l m s  C and D, R o v e  4 and 5 

Thermocouple i n  space  de f ined  by 
C o l m s  D end E. R o v e  6 and 7 

Ihemocoup le  i n  space de f ined  by 
Columns E and V. R w e  4 and 5 

Thermocouple i n  space  de f ined  by 
Col-s G end H. R a r s  4 and 5 

Steam Cene re to r  

TPl!-SCFW In  f sodvn t s r  line laadin8 t o  stonm 
gene ra to r  

I n  atram dume, 119.3 in. from borcom 
o f  tube s h e e t  

Secondary s i d e .  1 2  in. a b w e  b o t t w  
o f  cubs  ahee t  

Secondary s i d e .  24 i n .  above bottom 
of tube s h e e t  

Secondary s i d e .  48 i n .  a b w e  bottom 
o f  tube s h e e t  

Eecondary s i d e ,  1 6  i n .  above bottom 
Of tube .I,S.& - 

TW-PRIZE In  eurge l i n e ,  near p r e s s u r i z e r  e x i t ,  
between t u r b i n e  E l m e t e r  end pree-  
a u r i r e c  

33 in. from bottom o f  tank 

130 i n .  from bottom o f  t ank  

I n t a c t  b o p  

TW-IS lb  b l d  l e g ,  Spo6l  ' I ,  s i d e .  I l l b  i n .  
[rum p lpe  ID, 242 111. [,urn v a a a r l  
center ( v e r t i c a l  p ipe )  

Cold l e ~ .  Spool  8 ,  s i d e .  i n  pump . 
t r a p .  1116 in :  from p ipe  ID. 195 i n .  
f r w  veaael' c e n t e r  

Cold l e g .  Spool  20. t o p ,  1116 I n .  
from p i p s  ID, 21 i n ,  fro. v c a a c l  
c e n t e r  

1.s. 6p.01 30, nap, i ll  In.  
from p ipe  ID.  1 6  i n .  from v e s s e l  
center 

Hot l e p ,  Spool  30. top.  1/16 i n .  
from p ipe  ID. 1 6  i n .  from v e s s e l  
c e n t e r  

Vesse l  Wall 118 i n .  fmm v e s a e l  ID 



TABLE V (contd. ) 

DATA PRESENTATION FOR SEMISCALE MOD-1 TEST S-02-8 

Data Acguiaition' 
Detector ' Sgatm - ~lgurc"]  Lasurpneat b e n t s  fb l  Heaaurwent Location and ~ormnente"~ 

Vessel Wall (contd.) 

RIV-'TI-15A ' 15 In. b e l w  cold leg centerline, 0' 

Vessel P l l l e r  Type J iron-c-tentan 

RIV-PO-35A 35 in .  b e l w  cold leg  centerline, 
0.65 in .  from f i l l e r  ID. 0' 

RIV-PI-35U 35 in .  below co1d"leg centerline. 
1116 in .  from f i l l e r  ID, 180' 

Vessel Pi1l.r Outer surface of ineuls tor .  Tppe J 
1neu1et01 iron-c-tantan 

TIV-FV-35A 35 in .  b e l w  cold leg  eenterlinc. 0' 

Core Barrel Type J iron-constantan 

RIV-G-35~ 35 in.  b e l a  cold leg  centerline. 
1/16 in.  f r m  core barre l  OD. 0. 

RIV-CI-35A 35 in. b e l w  cold leg  centerline. 
1/16 in.  from core barre l  ID, 0' 

Core Heater Cladding Temperaturea 

High Pwer  Heaters 

' M-M-14 Heater a t  Col- D Ra 4. Iher- 
M-Db-29 nocouples 14 in .  (270.). 29 in .  
IU-M-60. (315'). end 60 i n .  (105') above . 

bottom e l  core 

Heeter.st Calm D P.m! 5. Ther- 
mocouples 9 in. (45.). 29 in .  (225') 
and 39 in .  (135.) above bottom of 
enre 

Heater st Col- E Rar 4. Ther- 
mocouple~ 23 in .  (90') and 27 in .  
(0.) a b m  b o t t w  of core . 

Heater a t  Col- E,  Rar 5. Them- 
couples 14 in.  (330.). 21 in.  (180'). 
and 25 in. (90') above bottom of 
core 

h P w e r  Heaters 

neater a t  Col- A Ra 4. Ther- 
moeouples 9 in .  (105.), 29 in.  
(240.) 33 in .  (135.). and 39 in.  
(300') above b o t t w  of core 

Heater s t  C o l m  A Ra, 5. mer- 
mocmrplea 29 in: (180.) 
a b m  bottom of core 

Heater a t  Col- 8 Ra, 3. Ther- 
mocouples 32 in .  (135') 
above bottom of core 

Rester a t  Col- B Ra 5. Thar- 
mocouples 29 in.  (150') 
a b m  bottom of bore 

Reerar ar Colw B Pw 6. Thar- 
mocmrpla 29 in .  (45') above bottom 
of core 

Heater a t  Col- C Ra 2. Thsr- 
moeouplea 26 in .  (135') abmra 
bottom of core 

Heater' a t  -1- C Bar 3. Ihsr- 
mocouplea 13  in.  (285'). 28 in .  (0.) 
and 60 in .  (150') ab-, bottom 
of core 

Beater a t  C a l m  C Ra 4. Ihsr- 
mocouplea 26 in .  (75').above 
b ~ f f c  ot core 

m-CS28 Beater a t  Col- C Ra 5. Ihsr-. 
mocouplcs 28 la. (315').&m 
bottom or Core 

Heater a t  Col- C Bar 6. Ihsr- 
meouples 20 in .  (165.) d 32 l a .  
(225') a b m  bottom of core 

Hcate; a t  Col- C Bar 7. Ihsr- . 
moc~vpls 15 in .  (255') &-,bottom of 
CVSC 



TABLE V (contd.) 

DATA PRESENTATION FOR SEMISCALE MOD-1 TEST S-02-8 

Data Acquiaition 
neesvrement lacation end ~ommrnts'~~ Detector System Pigure'" nessur-nt comnents[b' 

Lov Power Heaters (contd.) 

TH-02-16 Rester at Col- D Paw 2. Ther- 86 
mocouplea 14 in. (0.) above 
bottom of core 

~ ~ - ~ 3 - 2 9  Reater er C o l m  D Rov 3. Ther- 
mocouples 29 in. (15O'), above 
botcw of core 

neater at Col- D Rov 6. Ther- 
mocouples 15 in. (90'). 22 in. (345*), 
and 25 in. (255.) above bottom 
of core 

TH-06-22 not reported: the- 
mocouple failed befori start 
of test. 

Heater et Col- D Paw 7. Ther- 
nowurlo In m. (an.) ehnhpnn hntt- 
of core 

Hoatar o t  Qlumn D Ra 8 .  ?ha=- 
mocouple 25 in, (0.) above bottom 
of core 

Heater sf -1- E Paw 1. Ther- 
mocovplea 27 in. (195') and 33 in. 
(60.) above bottom of eore 

llester at Column I! Paw 1.  Ther- 
mocuple 33 in. (315') above 
bottom of core 

Renter 8t M l m n  E R w  3. Ther- 
mocouples 5 in .  (IS'), m d  20 in. 
(165'), above bottom of eora 

Heater et Calm E Rov 6. Ther- 
mocouples 8 in. (150.). 28 in.. 
(285"). 31 in (225'). and 37 in. 
(330': above bottom of core 

Heater at C o l m  E Rov 7. Ther- 
mocouples 13 in. (45'). 29 in. 
(120.). 44 in. (195.1, and 60 in. 
(270') above bottom of core 

18-E7-44 - apurious trarmient 
at t-11.2 see due to data 
processing sgat-. 18-E7-60 
failed. 

Heater at Col- E Paw 8. Ther- 
mocouplee 14 in. (150'J, 29 in. 
(2257, and 45 in. (300') ab- 
bottom of core 

Heater at C o l m  P Rov 2. Ther- . 
moeouplca 22 in. (105') and 25 in. 
(0.) above bottom of eore 

n.at.7 at rn1,m P Rnu '3. The,- 
mocouples 22 in. (105.) and 25 in. 
(30') above bottom of core 

Heatel st C o l m  P Row 4. Thcr- 
mocouplea 14 in. (90'). and 28 in. 
(165') & u v r  BulLvm uf fore 

neater at Oollrmn P nD1, 5. Ther- 
mocouples 20 in. (255'). 26 in. 
(165'). 33 in. (315'). and 53 in. 
(30') above. bottw of core. 

Heater at Colvnn P Paw 6. Ther- 
mocouples 8 in. (60'). 28 in. (135*), 
and 7R in. (21nS) ahmre bottom of 
cure 

Heater st Col- Q Rr* 7. Ther- 
mocouple~ 29 in. (150') 33 in. (65.1, 
aad 39 in. (210.) above bottw of 
CDre 

Heater at C o l m  C Rov 4. Ther- 
mocouples 33 in. (225.J a b y s  
bottom of eorc 

Heatet it  UI- c HW 5. ~ h k i -  
mocouplea 14 in. (45') and 24 in. 
(330') above bottom of core 

Heater at C o l m  C Rov 6. ?her- 
moceuplee 21 in. (6OS), 33 in. 
(135.1, w d  53 in. (195') above 
bottom of core 

Rester at C o l m  R R a  4. Ther- 
meauple 18 1.. (315.) d u r e  boLtuv 
of core 



TABLE 'V (contd.) 

DATA PRESENTATION FORSEMISCALE MOD-.I TEST. S-02-8 

rcanpel" 

Data Acquisition 
Oetec~or  Slatem ~ i a u r e ' "  m a s u r c n n t  - r n ~ a ' ~ ~  

0-3.000 ps i  

Rot leg.. Spool 5. 100 in .  from 
vessel senter ( f1wh mount) 

0-4.676 p s i s  130 

Cold.leg. Spwl  7. 240 i n .  from 
veseel center 

Cold 1eg:Spwl 13. 54 in .  from 
veaeel center (flush mmmt) 

0-4.384 psie 132 ' 

0-3.000 ps i  

0-2.300 psia 133 Cold leg. Spwl  23. 92 in .  from 
vessel center,  upstream of aor r le  
( tee  off DP tap) 

Veaael-side nozzle, n o ~ z l e  t h m e t ,  
96 i n .  fmm vessel center.  ( tee  off 
DP tap) 

0-4.606 ps is  134 

Cold leg ,  Spwl  42. 415 in .  from 
vessel center a h n $  hot leg. up- 
stream of pump-side norrle ( tee  
off DP tap) 

0-3.276 pe is  135 

--side norrle,  norrle thmet .  
419 in.  from vessel center along 
hot leg  ( tee  off DP tap) 

0-4.624 psie 136 

0-3.397 psia 137 

0-3,M)O ps i  

In  upper plenum. 10 in.  e b m  cold 
leg  centerline, k u n t e d  on atand- 
o f f ,  30' 

I n  " p p r  part  of lower plenum. 
180 in .  b e l w  cold leg  centerline. 
mounted on standoff.  225. 

0-2,563 psie 138 

Steam Generator. 

PU-SGED 

PU-SCIP 

0-3.000 ps i  

Secondary s ide ,  steam dome 0-1.521 ps is  139 

0-4.603 psia 140 I n l e t  plenum, 13  in .  b c l w  bottom 
of tube sheet (flush munt) 

Preseurircr 

PU-PRIZE Steam dome 

Preseure Suppression 
, 

P-PSS ~uppreeaion tank top 0-750 ps i  

0-750 pei Suppression tank header jus t  
damatresm fran entrance t o  
auppreasion tank 

Elavstlon difference b e w e n  crane- 
dueer taps i s  zero unlees other- 
vise specified 

Upper pla- 10.5 i a .  above cold leg  
centerline a t  30. t o  in tac t  loop hot 
leg. Spool 1, 31 in .  from vessel center,  
upper p lsnm tap i a  22 in .  ab- Spool 
1 tap 

t 5 . 0  paid 

Rot leg  Spml  1, 31 in .  from vesriel 
c m t e r  t o  hot leg  Spool 3. 62 in .  fmm 
vessel e a t e r  

220 in. 
Water 

21.0 psi6 

fl.O psld 

ff5 ~ s i d  

Rot leg  Spool 3 .  62 in .  f r m  vcseel 
center t o  hot leg  Spool 6. 114 in .  
f- w s r l  FWWI 

2 '0  in.  
Water 

Deteetor ssturstad fmm 
t-1 to t-4 seconds. 

Rot leg  Spool 6. 114 in .  from 
-.el c m t a r .  acmss aceam gcacr- 
a tor ,  t o  cold leg  Spool 7. 231 l a .  
fr& *asid ~ u r l c c .  Syull 6 rsp 
is 17 in .  a b m  Spool 7 tap 

f5OO la .  
water 



TABLE V (contd. ) 

DATA PRESENTATION FOR SEMISCALE MOD-1 TEST S-02-8 

Data Acquisition 
Ueasurement Loestion end Commcnt~"~ Detector Sgetam piRUre"] neasurement 

I n t a c t  Lwp (eontd.) 

OPU-SmP-7 Prom steam generator o u t l e t  plenm. t500 in .  225 psid 148 
269 in. from vessel center along. water 
eold leg  t o  cold.leg Spool 7. 231 in .  
from vessel center,  including or i f ice .  
3poul 7 Lap l a  35 in .  b e l w  SWP tap 

Steam generator out le t  t o  pump i n l e t ,  f50 i n .  f2.5 peid 
cold leg  Spool 7. 231 in. from vessel water 
center t o  cold leg  Spool 10, 141 in .  
f r m  veeeel center 

Oerector saturated ne'er 
t-5 seconds. 

DPU-11-10 P u p  o u t l e t  t o  pump i n l e t ,  cold leg  2100 paid t l O O  psid 150 
Spool 12. 75 in .  from vessel center 
to cold leg  Spool 10. 141 i n .  from . 
veasel center.  SDool 10 ten i a  10 In. 
b e l w  Spool 12 tap 

oru-12-10~ Pmp uut le r  ro pump m e t ,  cold len  f lu0  in. 25.0 paid 151 
Spool 12. 75 in .  from vesael center water 
tn  r n l d  I r g  S p n d  10. 141 i n .  from 
veso01 r.nr.r r p ~ l  I n  ..r 1. 10 t,,. 
b e l w  Spool 12 tap (1- range) 

OPU-12-15 Across cold leg  in jec t ion  point,  t l00  in .  210 psid 152 
Cold leg  span1 12. I5 id.  tiom vessel water 
*..321.0 8 . s ~  euld lrs  spo& 15,  r6 m. 
fmm veesel center 

DPU-15-1 Cold leg t o  hat leg ,  cold leg  Spml  
15, 16 i n .  E m  vesael center to lnui 
leg Spool 1. 31 in. from vesael center. 
Spool 15 tap l e  8.5 in .  b c l m  Spml  
1 tap 

DPU-15-1- Cold lag  Spool 15, 16 i n .  from vessel 
center t o  i n l e t  ennulw 9 in .  b e l w  
""14 Leo o~nfovltnm a8 129'. Gpool 15 
tap i e  9 in .  above i n l e t  annulus tap 

OPU-15-ATU Cold leg  Spool 15, 16 in .  from veasel 
cantar t o  atmoophcre 

DPU-PRESLL Presavrircr water level.  elevntion 
difference between taps l a  34 in .  
h e r  t a p  l a  * 3.5 In. above 
pcraaurlzer ex i t  

DPB-cN1-cN4 Vessel-side nozzle, nozzle throa t .  
96 in.  f r w  vessel center t o  nozzle 
divsraent aection. 101 in. f r w  
veaael center 

DPB-30-36L Across e n t i r e  simulated s t e m  pen- 
ernto? ~ ~ ~ & i b l j i ,  hot leg  Spool 30. 
18 in. from veasel center t o  cold 
leg Spool 36 l w e r  tap. 242 in. f ro .  
vessel center.  Spool 30 tap is 19 in .  
below Spool 36 l w c r  tap 

DPB-32U-36L Across airnulaced steam generator 
o r i f i c e  assembly, hot leg  Spool 32 
upper tap. 73 in .  from vessel center 
t o  Spool 36 l w a r  tap. 242 in .  from 
veeeel center.  Spool 32 upper tap is 
16 in.  above Spaol 36 lover tap 

1IPH. Inrbll 1"-"am s t m ~ ? r t c d  p w ,  e.14 l a 8  
  pool 38. 305 i n .  from vessel center 
elon8 hot leg  t o  cpld lea  Spool 40. 

in, frw venscl csnr,er nlmv hnr 

Veasel - 
n~v-1b.m-w Inlet nnnulul, 9 in .  b c l w  cold leg  

centcrlina a t  225' to uppcr p lenm,  
10.5.in. above eold Lea centerline 
ml 38'. L I C V ~ L I V I I  Plltetence berveen 
tape i s  19 i n .  

' OPV-9-l8OW Inle t  annul-. 9 in .  b e l w  cold leg  
centerline s t  225' to l w e r  plenm. 
180 in. b e l w  cold l c s  centerline 
a t  225'. Elevarion difference be- 
tween tapa i a  171 i n .  

Di f ferent ie l  preasure from'inside 
t o  ~ u t o l d ~  o f  d-eowt f i l l e r  
insulator.  22 in.  below cold leg  
centerline a t  180: 

2500 i n .  t25 psid 153 
water 

tlOO i n .  f5.O paid 154 
water 

2500 paid *SO0 psid 155 

t50 in.  ' f 2 . 5  paid 156 
water 

t1.000 peid fl.000 paid 157 

2500 peid f5OO paid 158 

+SO0 paid 5 0 0  psd 159 

tllOOO yi ld  .I.1.00Ll psld 160 

+300 in .  3 5  paid 162 
water 

+1.000 psid +1.000 psid 163 

Petector saturntsd 
i n t e r m i t t e n f ~ y  yp t-5 
seeands. 

Detector Baturnted to 
t - lb  aeconds. 



TABLE V (contd. ) 

DATA PRESENTATION FOR SEMISCALE'MOD-1 TEST S-02-8 

Data Acquisition 
Detector - .  Spa tern ?i.urs"! neasurement ~omente'~' Location and Cmmcnts[B1 . ' Meaeuremmt ' 

Vesael (contd.) 

DPV-26-55OM +SO in. 5.5 psid 
wpter 

Across part of damcomer, 26 in. 
(225') to 55 in. (180.) below 
eenrerline of cold les. Elevation 
difference between teps is 29 in. 

Aeroas damc-r exit. 7 .in. above +20 in. 51.0 psid 165 
rater exit to 10 in. below exit. teps 

at 156 in. (225') and 173 in. (225') 
belar cold lep, centerline. Elevation 
differeneq between tapa is 17 in. 

+50 in. 9 . 5  Psid 
water 

Acmse lwer plenum. 166 in. (225') 
to 191 in. (270.) belw cold leg 
centerline. Elevation difference 
beween caps is 25 in. 

DPV-LP-W laver plenum. 180 in. belw cold 
leg centerline ar 225' to lwer 
plenum 10.5 in. above cold leg 
centerline at 30.. Elevation dif- 
ference bstwem tapa ia 191 in. 

+I00 in. 515 paid 167 
water 

Upper plenum, 10.5 in. above cold 
leg centerline at 30' to intact 
loop hot leg Spml 1. 31 in. from 
vessel center: Oppcr plenum tap ia 
s2 in. ab- Spool 1 tap 

+lo0 in. 55.0 paid 144 - 
rater 

5100 in. t5.0 paid 154 
werer 

Cold leg Spool 15. 16 In. from 
vcsncl cmter  to lnler annulue 
9 in. below cold leg centerline 
sc 225'. Spool 15 tap ia 9 in. 
above inlet annulus tap 

+I00 in. , 5 . 0  psid 168 
water 

Steam Generator 

DPS-SG- In stem generator fetd,line 

DPS-SGDISC 

DPV-SmP-7 

In stern generator discharge line 5 0 0  in. e.O psid 
rater 

Outlet plmum to iotect loop hot 5500 in. 5 5  peid 
leg Spool 7, including orlfics. water 
S m P  tap ie 7 la. above Spml 7 
tap 

Secondary side, differential preaaurs 5100 in. 25.0 paid 
taps at 45 and 126 in. above bottw of rater 
tube ahect. Elevscion difference 
between taps is 81 in. 

Preasurirsr water level. Elevation 5 0  in. 9 . 5  paid 
difference between cap. is 34 in. water 
laver tap is s 3.5 in. above 
preasurizsr exit 

%=bins tl-tcr, bidirectional W L W T R I C  PIDW RATE 

Sin. Schedule 160 pips 

ROC leg, Spool 1. 18 ia. from 
+.%id c&t6= 

Cold lag, Spml 9. 154 in. f m  5 0  - 5 0 0  +BOO gpm 
vessel center BPm 

Cold leg. Spool 13. 64 in. f m m  +20 - 5 0 0  *SOO * 
m a e l  cater SF 

Data a~quieition eyeten 
saturated from t-23 to 
t-33 ecconda. 

Cold leg. Spml 15. 29 in. from ' 5 0  - "00 9 . m  
w a s 1  canter rn 

3-1.. achcdule 160 pip 

Cold leg. Spml 21, 58 in. from 520 - e 0 0  %1.500 SF 
vessel canter *. 
not leg. Spml 30. 25 la. from .SO - 5 0 0  9 0 0  
w a s 1  eantsr P 

Entrmca to core, *I58 In. b e h  5 0  - 5 0 0  5 0 0  p 
cold leg csntstlioa Wm 

1-112-in. tvrbins 

Surge line 9 -SO0 500 SF 
rn 



TABLE V (contd.) 

DATA PRESENTATION FOR SEMISCALE MOD-1 TEST S-02-8 

RsnRcGl , 

kasurement Location end h e n t a [ a '  Detector Oats Acquiaitlon System ~ i ~ ~ ~ ~ [ ~ ~  kesurement ~ - e n t s [ ~ "  
P%UTD m c 1 n  Turbine €1-ter, bidirectional 

Dome-r Gap 

m-40A 40 in. b e l w  c o l d l e g  centerline, 0'. 5 . 5  - 5 0  +7O f t laec  179 . 

f t laec  

40 in.  b e l w  eold leg  centerline. 180' 5 . 5  - 5 0  5 0  f t l s e c  
f t l s e c  

83 in.  b e l w  cold leg  centerline. 180' 5 . 5  - 5 0  5 0  f r laec  181. ' 

f t l s e c  

Drag diec, bidirectional 

Measurement i s  vnidireetlonel 
due to fa i lure  of one pickup 
probe. 

Hot leg. Spool 1. 29 in .  from + l  - +2,000 +3,250 lbmlfr-see2 182 
vessel eenter. tarast .ire 1.0 in .  fimlf7-ace? 

hot log, spooi 5, i00 i n ,  frw '1 - +2.000 6 . 2 5 0  lbmlft-see2 183 
-!t~rtA ..ns.s, s.w*as 61s; i , o  iul i ~ ~ l f ~  .sL2 - 
Cold leg .  S p w l  10. 137 in .  from +ZOO - . +21.000 lbmlft-see2 184 
veseel canter.  target s i r e  0.875 in .  %04,000 , 

Cold leg. Spool 13. 54 in .  from +ZOO - 58.750 lbmlft-sec2 185,  
vessel center ,  t a r s e t  s i r e  0.875 in .  'Ti4 800 

~bmjft-sec2 

Cold leg. Spool 15. 19 in.. from 5 0 0  - +18.770 lbmlft-scc2 186 
veasel center.  terget s i r e  0.875 i n .  +14 500 

~bmj~r-acc '  

Broken Loop 

FDB-21 Cold leg. Spool 21. 53 in .  from t200 - 9 7 , 9 4 0  16mlft-sec2 187 
vesael center.  3-1". pipe. target +70,500 
s ize  0.406 i n .  lbml ft-see2 

Cold leg. Spml  23. 9 3  in.  from GOO - 
veasel center.  upstream of vessel- +125,000 
eide nozzle, 2.04". pipe, terget lbmlft-see2 
Bile 0.406 In. 

Hot leg. Spool 30. 21 in .  from +ZOO - 
~ 0 0 0 1 1  men.**, J i n .  p ipe ,  ta.&ot I I LO.000 
s i z e  0.656 i n .  lbmlft-see2 

Cold leg. S p m l  42. 416 in .  from +ZOO - 
veaeel center along hot leg. upstream ~ 1 6 , 0 0 0  
of pmp-side nozzle dnmatre- of lbmlft-sec2 
injection poin t ,  2.6-1". pipe, 
tarqet sire 0.406 i n .  

In  core f l w  mixer box, 150 i n .  5 0 0  - 
b e l w  eold leg  centerline, ta rge t  +5 000 
p i l e  1.0 x 2.0 in.  l$lft*aee2 

Hot leg. Spool 1 .  24 in .  from 
veoeel  anm me., 70~01.aA 

Hot leg. Spool 1 .  26 in .  fmm 
vcnnal center,  hnrtrmral 

Hot leg. Spool 5, 96 in .  from 
vcsael center ,  ver t ica l  

Ulld leg, S p w l  10. 141 la .  tram 
vesasl center ,  ver t ica l  

Culd leg. Spuul 13, 3 1  I n .  [cum 
veeeel eenter ,  ver t ica l  

Cold leg. Spool 15. 20 in .  from 
veeael eenter.  horizontal 

Cold leg. Spool 15. 23 in .  from 
veseel center,  ver t ica l  



TABLE V (contd.) 

DATA PRESENTATION FOR SEMISCALE MOD-1 TEST S-02-8 

Fm.elSI 

Data k q d s i t i o n  
Detector Syatea p i n ~ r ~ ~ ~ l  Maaur-t cam-t~[~' 

G l h l  0-100 1bm/ft3 
f t 3  

199 

b e a t i o n  and ~ a s m t a l "  ' 

~ o ~ d  leg ,  ~pool '21 .  49 in .  from 
vessel c m t e r .  ver t ica l  

Cold leg. Spool 23. 92 in.  from 
ocasel center. o c r t i e s l  

Hot leg. Spool M, 18 in .  f- 
vessel canter.  v e r t i c a l  

Cold leg. Spool 42. 415 In. from 
ocasel center along hor leg, ver t ica l  

Core f l w  mixer box. 152 in .  b e l w  
cold leg  centerline; horlrontal.  
0-180. 

h e r  plenm 161 in .  b e l w  cold 
leg  centerline (270.) to 192 in .  
b c l w  cold leg  centerline (90'). 
31 in .  v e r t i c a l  32.2 in.  diagonal 

Upper part  of l w e r  plenllm. 165 in .  
b s l a  cold leg  canterline, 1.724 in .  
b s l w  dwneomer e x i t ,  horizontal. 
0-180. 

h e r  plenm, 172 in .  below cold leg'  
eents r l ins ,  8.729 in .  b e l a  dnmcomr 
s l i t ,  horizontal.  90;27OS 

0.1-100 lbml 0-100 lbmlft3 
f t 3  

207 Surge l i n e  . 

S t e m  h a r a t o r  

DPU-SGSEC Secondary s ide ,  d i f fe rent ia l  500 in .  t5 .0  paid 170 
pressure tapa a t  45 and 126 in .  water 
above tubs sheet.  Elevation dif- 
ference beoreen tape i s  81 in .  

, Presaurirer werer leve l .  Elevation %SO in .  3 . 5  psid 
difference beween raps i a  )4 in .  water 
Lanr tap l a  % 3.5 in.  above 
preseurirer e x i t  

MASS FWW RATE m a  f l w  r a t e  ahteintd by comhiniag Range for maas f l w  is 
denairy (8-a sttrnvation technique) determined from range of 
with rml-tric f l w  ra te  (turbine individual detectors used 
fl-ter) or r m m t m  fltm (drag- i n  calculation 
dl.=) 

Hot leg. Spml I 

Rot leg. Spool 5 

Cold l e g ,  Spool 9 

Cold leg. Spool 10 

Cold leg. Spool 13  

Cold leg. Spml  15 

Pm-PRIZE, 
GU-PRIZE 

'Pressurizer .surge l ine  

Cold leg. Spool 21 

Cold leg ,  Spml  23 

Hot.lag. Spool 30 



TABLE V (contd.) 

DATA PRESENTATION FOR SEMISCALE MOD-1 TEST S-02-8 

Ran,e 181' 

Data Acquisition . 
HeaauW.mt Laeation and Cz&ta[" Spatem . ~lavre ' "  kclaaur-t -taIb1 

Broksa Loop (emtd.) 

,FQB42. GB-42VR Cold Icg..Spool 62 223 

PDV-CORE-IN. Entrance t o  core 
GVMR-1MHZ 

PNIPDV-CORK-IN, W L s i t a  
GVMR-15OHZ 

mra m ~ r u c r d n r s ~ r c s  

- ..- . . . 
WRWR T-1 b r e  Pover 

W R ~ B  r.7 P n l P  Pmer 

VOLTCOR-T Core Voltage 

MC0II-I cu,c 'Cu~rellL 

P5 M S  Total Current Heater Rod F5 

rum ~ R A C I E R I G T I C G  

pr.w!z-rnvq 
. . 

p m p  mqua 

Date from t - -6 t o  t - 1 sac 
is taken from FDV-CORE-IN; 
remainder from RV-CORE-IN 

PUWU-POU rup mbtbr porar 133 

PUWU-RPW Pump a p e d  234 

[a] Statements a t  the beginning of s measurement catagorg regarding loeation and eomnenta, renge, and figure apply to e l l  aubeequent masureaenta 
within the  siven estegorg m l c e e  spccifiad otherwise. 

(bl  Detectors which were aubjeeted t o  overrange conditions during portions of the res t  were capable of wichstonding these condicione without change i n  
operating o r  meseurins chsrec ter i s t iee  when the phyeicsl conditione were again within the detector range. 
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Fig. 11  Fluid temperature in broken loop, Spool 23 (TFB-23).
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Fig. 13  Fluid temperature in broken loop, Spool 42 (TFB-42).
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Fig. 14  Fluid temperature in downcomer annulus (TFV-ANN-15M).
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Fig. 15  Fluid temperature in downcomer annulus (TFV-ANN-35A).
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Fig. 16  Fluid temperature in downcomer annulus (TFV-ANN-35T).
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Fig. 17 Fluid temperature in .down comer annulus (TFV-ANN-115A).
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Fig. 18  Fluid temperature in downcomer annulus (TFV-ANN-115M).

28



825.
lllllllll
'r- u-p. 9- --1

n.  '):     4 -

600.                                       fi

\
-
6         575.

8         \\              »f-<-27m  „0. \
5                              f

\ f
2 5250                0
3                         C           Apjt
1. \. ff

'      4         -j  j.    1
500. w'rv 9 1151

475.

-10.0    -5.0     0.0     5.0     10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0

TIME AFTER RUPTURE (SEC)

Fig. 19 Fluid temperature in upper plenum (TFV-UP+13).
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Fig. 20  Fluid temperature in lower plenum (TFV-LP-7.5).
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Fig. 21  Fluid temperature in lower plenum (TFV-LP-14.5).
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Fig. 22. Fluid temperature in lower plenum (TFV-LP-27.5).
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Fig. 23  Fluid temperature in core, Grid Spacer 5 (TFG-5CD-45).
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Fig. 24  Fluid temperature in core, Grid Spacer 6 (TFG-6AB-45).
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Fig. 25. Fluid temperature in core, Grid Spacer 6 (TFG--6CD-45)6
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Fig. 26  Fluid temperature in core, Grid Spacer 6 (TFG-6DE-45).
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Fig. 27 Fluid temperature  in  core, Grid Spacer 6 (TFG-6DE-67).
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Fig. 28. Fluid temperature in core, Grid Spacer 6 (TFG-6GH-45).
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Fig. 29. Fluid temperature in core, Grid Spacer 8 (TFG-8CD-45).
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Fig. 30. Fluid temperature in core, Grid Spacer 8 (TFG-8DE-23).
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Fig. 31. Fluid temperature in core, Grid Spacer 8 (TFG-8DE-45).
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Fig. 32. Fluid temperature in core, Grid Spacer 8 (TFG-8DE-67).
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Fig, 33. Fluid temperature in core, Grid Spacer 8 (TFG-BEF-45).
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Fig. 34. Fluid temperature in core, Grid Spacer 10 (TFG-lOCD-45).
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Fig. 35. Fluid temperature in core, Grid Spacer 10 (TFG-lODE-67).
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Fig. 36. Fluid temperature in core, Grid Spacer 10 (TFG-10EF-45).
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Fig. 37. Fluid temperature in core, Grid Spacer 10 (TFG-10GH-45).
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530.0
1 11 11
IFU-563                           -

527.5                                                      
                         ir.74/1

52"                                              
              f                         lf-w

u     J '  C

m                   
      J

-   522.5

-Rlr fi*IC--™,L--, - 
"
&
    520.0
r

e                                         J

0
3   517.5

t     '24 1
515.0 Il

512.5

-10.0 -5.0 0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0

TIME AFTER RUPTURE ISEC)                                                               -
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Fig. 51  Material temperature in broken loop, Spool 30 (TMB-30T16).
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Fig. 57  Material temperature in core barrel (TMV-CI-35A).

1400.
Mr---'   r-1--

-At-                                       1

*-r TH-D4-14
1300. /4

.

-                                          1
8        1200.                                                                        f

8                     /
3

1

M   "00                          L

i

l

W O O O.                                                                                                       1p                 1<
     900.
W
g
0

800.

w J
700.

-10.0 -5.0 0.0     5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0

TIME AFTER RUPTURE ISEC)

Fig. 58 Core heater temperature, Rod D4 (TH-D4-14).

48



1500
rH-D4-29

1400. r ---*-               r            -*/-*/..

**-r1300.- /
'.

10 1
           1200.                                                                                                                    h-                                             f

C

M   '100.

i

F                                  /
l

e   1000.                             i=                           1
i    900.

M                              /

     8,0.

14         K        ,! \' \ 
700.

600.

-10.0 -5.0 0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0

TIME AFTER RUPTURE (SEC)

Fig. 59  Core heater temperature, Rod D4 (TH-D4-29).
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Fig. 60  Core heater temperature, Rod D4 (TH-D4-60).
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Fig. 63  Core heater temperature, Rod D5 (TH-D5-39).
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Fig. 64  Core heater temperature, Rod E4 (TH-E4-23).
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Fig. 65  Core heater temperature, Rod E4 (TH-E4-27).
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Fig. 66  Core heater temperature, Rod E5 (TH-E5-14).
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Fig. 67  Core heater temperature, Rod E5 (TH-E5-21).
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Fig. 68  Core heater temperature, Rod E5 (TH-E5-25).
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Fig. 71  Core heater temperature, Rod A4 (TH-A4-33).
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Fig. 72  Core heater temperature, Rod A4 (TH-A4-39).
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Fig. 74. Core heater temperature, Rod B3 (TH-B3-32).
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Fig. 75  Core heater temperature, Rod B5 (TH-B5-29).
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Fig. 76- Core heater temperature, Rod 86 (TH-86-29).

57



1400.

Ir- 14 -*-*
1300. -

/X'' TH-(2-28   .

X
1

           1200.                                                                                                        0<i
-   1100.

W /2                                     1
1   1000.                             
E
K    900.
W

,   000.      'l   .   Jgt  li
700.                                                 '4

600.

-10.0 -5.0 0.0     5.0 10.0 is.0 20.0 25.0 30.0 35.0 40.0 45.0

TIME AFTEM RUPTURE (SEC)

Fig. 77  Core heater temperature, Rod C2 (TH-C2-28).

1500.

.-/r/-  3  -14             <  1   1  Fii   1 1 1
----T

TH-C3-13    ..
/.C

**
1250.                                        /

16                                                                                          1

0                                                            7
28 7

M                                 /
7

-
K   1000.

0

E 1

i                           /M   1!
w 750. . 1
§           44

soo.

-10.0    -5.0     0.0     5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0

TIME AFTER RUPTURE (SECD

Fig. 78  Core heater temperature, Rod (3 (TH-(3-13).

58



1500.
TH-C3-28

1400. -It-*--I 11  --
re-

1300. .C/4. 4
m                                  /

*

-   1200.

E               //
S   , Ioo.r                          45=                           I

1000.
W                           0
:
M

*           900.                           
                           l

8                   I
800.

,r---= 4
700.

-10.0 -5.0 0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0

TIME AFTER RUPTURE (SEC3
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Fig. 90  Core heater temperature, Rod D7 (TH-D7-20).
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Fig. 94  Core heater temperature, Rod E2 (TH-E2-33).
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Fig. 101  Core heater temperature, Rod E7 (TH-E7-13).
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Fig. 102  Core heater temperature, Rod E7 (TH-E7-29).
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Fig. 110  Core heater temperature, Rod F3 (TH-F3-25).
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Fig. 111  Core heater temperature, Rod F4 (TH-F4-14).
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Fig. 112  Core heater temperature, Rod F4 (TH-F4-28).
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Fig.   114 Core heater temperature;  Rod F5 (TH-F5-26).
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Fig. 116  Core heater temperature, Rod F5 (TH-F5-53).
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Fig. 119  Core heater temperature, Rod F6 (TH-F6-28 ).

1750.
TH-F7-29

--"
1500. - ./r,/

-                                              NA i
*

8                             .1
w   1250.                          

      /

f                        *
i                                   I
F6                     1D.. 1000.

e
W

i '.0.    glitM   .I U

500.

-10.0    -5.0     0.0 5.0 10.0 15.0 20.0 25.0 30.0 ' 35.0 40.0 45.0

TIME AFTER RUPTURE (SECD

Fig. 120  Core heater temperature, Rod F7 (TH-F7-29).
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Fig. 121  Core heater temperature, Rod F7 (TH-F7-33).

1300.
TH- -7: 9

1200. 1<%4-"
-/R'- --

I-I-

-                                                                                                  -,rk  1100.                             '.*3                              /
9                         1W

5         1000.                                                                                 1

E                                /

m    .00.                              7

t

M         .00.                F--1/I- 1,       /§

700·                                      
             

600.

-10.0 -5.0 0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0
TIME AFTER RUPTURE (SEC)

Fig. 122  Core heater temperature, Rod F7 (TH-F7-39).

80



t 400.

2*-0---1<-- 11   It
*..I

1300.
-r-*

A:..
-

TH-64-33

7,
1200. *

A                                                                               /

m                        /-   1100.

m                                /
5   1000.

E                              /e                      I
=    900.

E                      1M
w    800.

a            nu

700.                         '4 

600·

-10.0 -5.0 0.0 5.0 10.0 ts.0 20.0 25.0 30.0 35.0 40.0 45.0

TiME AFTER RUPTURE ESECD
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110



5000·                                                  '      '               1 1              FDO-5
L---

7--- ---.
4000.                                                  '

-4

ru

:   3000.
0
5
„
L.6

-

5   2000.

X
=)
-1
.

i  '0001.          i.=41' ..  .  ,  1,  i   M      .---'
-1000.

-10.0 -5.0 0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0

TIME AFTER RUPTURE {SEC)

Fig. 183  Momentum flux in intact loop
 (FDU-5).

15000· FLU-10

12500.                  I

-   10000·
fU

u
W
u'l                                                    -

,!. 7500.
i ,     .116.

m
-1

&    5000.
-1
LAi

s         T 11*1w*'1'.                                    1
         2500.                      -                            1r

L -6'aLL
PN.UU  -.. 6--,-----' t.  'T . H H •1 I.       .

O.                                                                                                                I  ·.  -    1'        -     ----:r---

-2500.

-10.0 -5.0 0.0 5.0 to.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0

TIME AFTER RUPTURE (SEC)

Fig. 184  Momentum flux in intact loop (FDU-10).

111



10000.
FDU-13il- 1. -L

-"t  - - .       --            r    »  --   -   1-4

7500.                        i

a                                                       -1         -1      +    1   0 u'll-  li0
w                   I if 11-F-- u'
T 5000.

  1 /1

c                                             i Ar-,  1, ,       .  i

8     t 111, 1  4
X
D
-1       2500.4
r
D
„
Z
W «1 4-0.

-2500.

-10.0 -5.0 0.0 5.0 to.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0
TIME AFTER RUPTURE (SEC)
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Fig. 187  Momentum flux in broken loop (FDB-21).
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Fig. 188  Momentum flux in broken loop (FDB-23).
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Fig. 197  Density in intact loop (GU-15HZ).
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Fig. 199  Density in broken loop (GB-21VR).
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Fig. 201  Density in broken loop (GB-30VR).
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Fig. 202  Density in broken loop (GB-42VR).

120



70.
' GV-COR -150HZli   I i   1 1 ' 1 '1 ' '11   1 lillI KI ,  ''

1 1 -   -" 1 -  1-   1 1 1. . .   t. ,t. ...
.. . '.' .I  ' . . .  .., . , ,   '..  .-„1 - ,--'--, t

1   1 1 1,11 1

, 1:                  '1   11111          160.              1                                                          · ·

 -.-t  .1.-1  1- -7
A                                                                                                L

     40.                                                |
"
.                                                                                                                                                                                                                                                                                                  ·

-                                                                                    1       :102    1

5  ...            1     .             1   1z                                                                                            t       T-4 4 1     +

11!1 1

111                      1., --- -1--------t- --tt- i

0   20.
1 111

'-          41.114 6=,4,440.

-10.0 -5.0 0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0

TIME AFTER RUPTURE (SEC)
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Fig. 205  Density in vessel (GVLP-165HZ).
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Fig. 208 Mass flow in intact loop (FDU-1, GU-1VR).
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Fig. 209 Mass flow in intact loop (FTU-1, GU-1VR).
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Fig. 210 Mass flow in intact loop (FDU-5, GU-5VR).
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Fig. 211  Mass flow in intact loop (FTU-9, GU-10VR).
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Fig. 212  Mass flow in intact loop (FDU-10, GU-10VR).
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Fig. 213  Mass flow in intact loop (FDU-13, GU-13VR).
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Fig. 214  Mass flow in intact loop (FTU-13, GU-13VR).
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Fig.   215     Mass   flow in intact loop (FDU-15, GU-15VR).
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Fig.   216.   Mass  flow in intact loop (FTU-15, GU-15VR).
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Fig. 217  Mass flow in pressurizer surge line (FTU-PRIZE, GU-PRIZE).
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Fig. 218  Mass flow in broken loop (FDB-21, GB-21VR).
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Fig. 219  Mass flow in broken loop (FTB-21, GB-21VR).
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Fig.   220.   Mass   flow in broken loop (FDB-23, GB-23VR).
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Fig. 221  Mass flow in broken loop (FDB-30, GB-30VR).
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Fig. 222  Mass flow in broken loop (FTB-30, GB-30VR).
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Fig. 223  Mass flow in broken loop (FDB-42, GB-42 VR).
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Fig. 224  Mass flow in vessel (FTV-CORE-IN, GV-COR-15OHZ).
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Fig. 225  Mass flow in vessel (FDV-CORE-IN, GV-COR-150HZ).
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Fig. 226. Mass flow in vessel, composite (FDV/FTV-CORE-IN, GV-COR-150HZ).
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Fig. 227 Total power in heated core (PWRCOR T-1).
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Fig. 228 Total power in heated core (PWROOR T-2).
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Fig. 229 Voltage to heated core (VOLTCOR-T).
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Fig. 230 Current to heated core  (AMPCOR-T).
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Fig 231 Current to heater rod F5 (F5 AMPS).
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Fig. 232  Primary pump torque (PUMPU-TORQ).
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Fig. 233  Primary pump power (PUMPU-POW).
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APPENDIX A 

SELECTED DATA WITH ESTIMATED TOTAL ERROR BANDS FROM 

SEMISCALE MOD-1 TEST S-02-8 

I. OUTLINE O F  PROCEDURE FOR COMPUTING ERROR BANDS 

A certain number of the more than 200 data channels recorded during Semiscale 
. Mod-1 Test S-02-8 have been chosen as a basis for comparison of analytical predictions 

performed by the Regulatory Standard Problem Five participants with measured Semiscale 
data. 

For convenience, presentation of these specific data is repeated in this appendix. 
Additionally, these data have been further analyzed for engineering and random error 
components, with the end result that the data are presented with estimated total error bands 
(95% confidence level). The procedure by which error bands were established for the data 
presented in this appendix is described in the following paragraphs. 

The data trace under analysis was empirically 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 instrument repeatability (measurement error). The procedures for fitting the 
difference equation are discussed in depth in Reference A-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 porcedures, was taken 
as an estimate of the measurement error standard deviation as shown in Table A-I. 

Other errors in the data exist because of such factors as variability in installation 
procedures and techniques, calibration errors, variability in materials, and temperature and 
pressure sensitivity. These errors and the procedures for estimating them are discussed'in 
Reference A-2. They are referred to  as engineering errors 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 transudcers, better signal conditioning and processing 
equipment, and better calibration and installation techniques, the engineering.errors for data 
from most of the transducer systems have changed from those'published in Reference (A-21.' 
Table A-I1 provides a summary of engineering error values obtained from current analysis 
techniques as applied to  the data presented herein. 

In addition to  the normal hardware- and installation-related sources of engineering 
ermr, a significant measurement uncertainty results when the current transducer systems are 



. TABLE A- I 

MEASUREMENT ERROR VARIANCE 

Measurement a Per iod  of 
Transducer Variance Appl ica t ion  F igure  

I d e n t i f i c a t i o n  "andom (set) Number 

TFV-ANN- 35A . 0.34 0 - 42 A- 1 

TFG-10EF-45 

TFU-SC 3 



TABLE A-I (contd. ) 

Measurement 
Transducer Variance 

I d e n t i f i c a t i o n  o r  andom 

TH-C 3-60 0.67 

0.33 

.o. 10  

TH-D 7-20 

TH-E3-20 

TH-E7-13 

per iod  of 
Appl ica t ion  F igure  

( sec)  Number 

0 - 17 A-15 

17 - 29 

829 - 42 

. O -  42 A-16 

0 - 42 A-17 

0 - 4.3 A-18 



TABLEA-I  (contd.) 
. . . . 

Measurement Period of 
Transducer Variance Application Figure 

Identification =.r and om ' (set> Number 

. DPU-6-7 2.73 A-33 . . 0 - .5 

DPV-LP-UP 



TABLE A - I  (contd.) 
. .  . . . 

Transducer 
, I d e n t i f i c a t i o n  

GU- l O V R  

PTU-PRIZE, OU-PRIZE 

FDB-23, GB-23VR 

Measurement 
Variance 
0:ranhom 

1.45 

0.48 

8.76 

1.94 

1.69 

0.33 

Period of 
Appl ica t ion  

(set) 

0 - 11.5 

. Figure  
Nmb e r  

A-43 



TABLE A-I  (contd.) 

Measurement . . Period of 
Transducer Variance .Appl ica t ion  F igure  

I d e n t i f i c a t i o n  orandom (set.) Nuinb e r  

FDV-CORE- I N .  
GV-COR-l.SI)Hz 

- 
PUMPU-RPM 9.3 . 0 -  4 2 .  A-58 

subjected to separated two-phase flow regimes during the course of the blowdown transient. 
Accordingly, for those data affected (fluid density, momentum flux, volumetric flow), 
which are presented in this appendix, a more extensive assessment was conducted of 
additional engineering error due to flow regime effects. Table A-I11 identifies the data 
analyzed and the time period in the blowdown process for which flow regime errors were 
included as a part of the total engineering error. Thc 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 output with reference to indications by 
other auxiliary measurements and in combination with the techniques outlined in Reference 
A-3. The gamma densitometer density mcasurernent data are affected by two-phase 
separated flow regimes. The resulting transducer output is a mensuaement of the average 
attentuation of the gamma beam through the measured medium. The beam attentuation, in 
turn, is interpreted through physical relationship to be a measure of the average density 
along the beam path. When stratified flow was considered present, the gamma beam 
attenuation was considered a result of a liquid layer and steam at system conditions. With 
this assumption and the system geometry, a void fraction was calculated and a new 
"effective" average density was calculnted. The. difference betwccn the average de~lsity based 
on the assumption of homogeneous conditions and the average density for stratified 
cnnditinns was considerod thc error. 

Momentum flux measurement uncertainties for two-phase flow regimes present the 
most difficult engineering evaluation problems. The drag target and arm location, degree of 
flow stratification, and slip ratios all combine to produce possible flow regime errors ranging 
from a small fraction of the transducer output value to multiples of it. The error values 
were, therefore, obtained through use of the observed discrepancies.between the momentum 
flux and turbine flowmeter data in combination with system pressure measurements and the 
analysis of system fluid density measurements. 

. . 



TABLE A-I1  

GENERAL MEASUREMENT ENGINEERING ERROR SOURCES AND ERROR VALUES 

Measurement 
Category Error  Sources Error  Value Expected Error  Value 

F lu id  Changes i n  homogeneity of t h e  f 2OF 
Temperature thermocouple wire  due t o  cold 

working 

Data i n t e r p r e t a t i o n  from 
s tandard  r e fe rence  t a b l e s  

2 
4 M a t e r i a l  

Temperature 

General d a t a  ~ c q u i s i t i o n  and 
processing 

. Thermal 'aging of t h e  .. 

thermocouples 
\ 

Changes i n  homogeneity of t h e  
thermocouple w i re  due. t o  
cold workipg . . 

Thermoco'uple' r a d i a l  p o s i t i o n  
. . 

Data i n t e r p r e t a t i o n  from 
s tandard  r e fe rence  t a b l e s  

General da t a  a c q u i s i t i o n  and 
. . 

processing . 
. . . . . . . . 

~ h e r m a l  aging of t h e  
thermocouples 

. . . . . . . . .  . . . . .  - . '  ., ' .  I .  > .  . , .  . - : I  

P r e s . w r e ,  :.. . ,  Entrance.  . . . . .  e f f e c t s  - < 
- , . ,. . . .  . . : .  .: , _I . . . .  . . '0.3% of tralisducer 

f u l l  s c a l e  

+0.26% of t ransducer  
f u l l  s c a l e  



TABLE A - I 1  (contd.) 

Measurement 
Category Er ror  Sources Er ror  Valua Expected Err0.r Value 

~ . .  

Pres su re  Tenperature  s e n s i t i v i t y  40.13% of t ransducer  ' i (contd. ) f u l l  s c a l e  213 p s i  [b  1 
General  d a t a  a c q u i s i t i c n  . 20.1% of s y s t e n  f u l l  
and process ing  s c a l e  

. I  . 

D i f f e r e n t i a l  I n s t a l l a t i ~ n  
. . Pres su re  . , 

40.3% of t r ansduce r  . ,DPU-6-7: f u l l  scale = 25 ps id  
f u l l  s c a l e  + [O. 025 + ( 0 . 0 0 5 ~ ) ~ ] ~ . / ~ ~ s i d  

C a l i b r ~ t i c n  +[(0.05) + (0.5' DPU-12-10: f u l l  s c a l e  = , 5 0  p s i d  
Transdc.cer ranges : 20.72, R I F S ) ~ ] ~ ~ ~  % of 2[0.095 + ( 0 . 0 0 5 ~ ) ~ ] ~ / ~ ~ s i d .  
k1.8, 5.3.6, 410.8, 518, 228.9 t ransducer  f u l l  s c a l e  

Transducer ranges: f50; 4[(0.05) + (0.5 DPU-15-1: f u l l  s c a l e  = 25 p s i d  
= l Q O ,  i 500  R / F s ) ~ I ~ / ~  % of +[0.025 + ( 0 . 0 0 5 ~ ) ~ ] ~ / ~  p s i d  

f u l l  s c a l e  

Transduzer ranges': 21,000, ' 4[(0.02) + 10.5 DPV-LP-UP: f u l l  s c a l e  = 15  p s i d  
31,500 . R / F s ) ~ ]  % of f u l l  + [0.009 + (0.0058) 2]1/2 p s i d  

s c a l e  

~ e m ~ e r a z u r e '  s e n s i t i v i t y  40.5% of t ransducer  PPB-30-36L: f u l l  s c a l e  = 500 p s i d  
f u l l  s c a l e  2[9.5 + ( 0 . 0 0 5 ~ ) ~ ] ~ / ~  p s i d  

General d a t a  a c q u i s i t i m  
and process ing  

20.1% of system P u l l  DPB-38-40: f u l l  s c a l e  = 1 000 : 

s c a l e  p s id  4[37.0 + ( 0 . 0 0 5 ~ ) ~ ] ~ 7 ~  p s i d  

Mr e n t r a p m n t  20.01 p s i d  

where: R = t r a n s d ~ e r  where: R = t ransducer  r ead ing  
r ead ing  (ps id) .  (psid)  
FS = tr .ansd.1~- 
range  f u l l  s c a l e  
(psid)  



TABLE A-XI (aontd.) . .  . . . .  

Measurement 
Category 

F lu id  Ve loc i ty  
(po in t  veloc- 
i t i e s  measured 
wi th  turbo  
-probes) 

Density 
'' d 

P 
9 

E r r o r .  Sources 
. . 

Error  Value 

I a s t a l l a t i o n  20.8% of t ransducer  

C s l i b r a t i o n  

Data a c q u i s i t i o n  and .process ing  

+5% of t ransducer  
f u l l  s c a l e  

frequency corvers ion  - i0.25% of t ransducer  
f u l l  s c a l e  

General 50.1% of system f u l l  
s c a l e  

Ca l ib ra t ion  . . k(0.12 + 0.51% of 
reading)  lbm/f t3' 

~ k t e c t o r  system e r r o r  

: ., G U - ~ V R  . 
3 

kO.11 lbmlf t .  , 

3 G U - ' ~ I ~  20.12 lbm/f t  . , . . 

GU- 1OVR 20.11 lbm/ft  3 

'GU- 15VR 

GB-2 3VR 

Expected 'Error Value 

where: R = t ransducer  reading  
(f t l s e c )  



TABLE 4-11 (contd. ) 

Measurement 
Category Error Sources Error Value Expected Error Value 

3 
Density General da ta  a c q u i s i t i o n  and 20.1 lbmlft  
(contd. ) processing 

[ c l   low regime G r  

where: G r  = flow 
regime e r r o r  
(lbm/ f t3 )  

Momentum Flux I n s t a l l a t i o n  alignment and 
(drag d i s c )  ve loc i ty  p r o f i l e  changes 

from c a l i b r a t i o n  condi t ians  

Ca l i b r a t j o n  , 

General da ta  acqu i s i t ion  
a d  processing 

Data co r rec t ion  u n c e r t a i n ~ y  

23% of transducer , 
reading (lbm/ f t-sec ) 

+0.1% of system f u l l  
s c a l e  (lbm/f t-sec2) 



TABLE A - I 1  (contd.) 

Measurement 
Category Error  Sources 

FDB-42 

FDV-CORE-IN 

Flow .regimes 

Volumetric Flow Ca l ib ra t ion  
( tu rb ine  meter) Instrument reading  

Calit i .ration s tandards  

Veloc i ty  p r o f i l e  

Frequency-to-voltage , 

conversion 

General d a t a  a c q u i s i t i o n  
and processing 

. t -  

Dead bands 

Error  Value Expected Error  Value 
2 112 [ (1,360) +- (180) ] 

( lbmlft-sec2)  
2 

[ (65) ] 'I2 (lbmlf t -sec ) 

[ e l  

20.25% of t ransducer  
f u l l  s c a l e  

52.9% o f .  reading  

. +0.25% of t ransducer  
' f u l l  s c a l e  

+0.1% of system f u l l  
s c a l e  

: 25% of t ransducer  
f u l l  s c a l e  

Flow regimes [ e l  
I 

Mass Flow Rate  Combined r e s - d t s  from 
(from momentum i n d i v i d u a l  e r r o r  sources --- 
f l u x  and den- f o r  momentum f l u x  and 
s i t y  da t a )  d e n s i t y  d a t a [ £ ]  

[ a ]  This  va lue  i s  no longer  v a l i d  a f t e r  thermocouple dryout occurs .  
[b ]  Value f o r  t ransducers  wi th  3,000 p s i g  f u l l - s c a l e  ranges. 4 '  

[ c ]  E r ro r  va lue  i s  t ime and flow regime dependent. 
[d l  Dependent on t ransducer  fu l l - s ca l e  range readingt A-31. 
[ e l  E r r o r  va lue  is  time and flow regime dependent. 
[ f ]  The general  method f o r  combining momentum f l u x  and dens i ty  d a t a  t o  ob ta in  mass flow r a t e  and t h e  

I 
r e s u l t i n g  e r r o r s  on t h e  d a t a  is  explained i n  Reference A-2. 



TABLE A - 1 1 1  

T I M E  P E R I O D S  WHEN FLOW REGIME ERRORS WERE APPLIED 

T r a n s d u c e r  . F l o w  R e g i m e  E r r o r s  
I den t i f i c a t i on  W e r e  A p p l i e d  (sec) F igu re  N u m b e r  

GU-1VR 4 t o  16 A-41  

GU- 5VR 

GU- 1OVR 

GB- 2 3VR 

GB- 3 0 V R  1 t o  7 A - 4 5  

FDU-5, CU-.5VR 3 to 40 A-51, 

FDU-15,  GU-15VR 7 t o  19  A-52 

PDD-23 ,  GB-23VR 13  t o  42 A-54 

1 t o  7 FTB- 30, . GB-30VR A-56, 

The flow regime errors of the turbine flowmeter were estimated by c,alculating a void 
fraction and the crost+sectional liquid and steam flow areas for stratified flow. This 
calculation was accomplished using methods similar t o  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, stratified flow, known component densities, 
and slip ratio greater than unity. 

A unique solution to the equation was obtained by application of an iterative process 
in which the slip ratio- and a velocity of.one phase arevaried. This process provided phase 
velocities. With the phase densities, velocities, and void fraction, a volumetric flow rate 
could 'be calculated. The difference betweenthis value and the measured va111e wag 
considered to be the error. 

The overall standard deviation of a data point is taken as the root lnean of the sum of 
the measurement error variation and the total engineering error variance; that is 



where : 

uo = Overall standard deviation of a data point 

UM = Measurement error standard deviation 

UE = Engineering error standard deviation. 

The error bands for the data are computed about the value given by the fitted 
difference equation, yi, at time point i; that is, 

error band - Yi 5 1.960~ 

With due regard to the fact that UE has been estimated subjectively, the error band may be 
interpreted 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 error band given by Equation (A-2) is not 
appropriate. On these occasions, unsymmetrical error bands, were computed. (The width 
being greater on one side of yi than on the other.) 

Finally, the original data trace, along with its error band from Equation (A-2), was input 
to a computer plot package. The resulting plot contained the actual data trace surrounded 
by an error band derived both from measurement error and engineering error considerations. 
The indicated error bands on all traces prior to zero seconds and after thermocouple dryout 
occurred for the fluid temperature measurements should be ignored. Error bands for these 
segments of the data were not obtained and bands only appear because of limitations in the 
plotting package. 
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Fig. A-1 Fluid temperature in dawncomer annulus (TFV-ANN-35A). 

Fig. A-2 Fluid temperature in downcomer annulus (TFV-ANN-35T). 



t rn:  ACTCR RUPTURP ~ S C C ~  

Fig. A-3 Fluid temperature i n  upper plenum (TFV-UP+13). 

Fig. A-4 Fluid temperature i n  lower plenum (TFV-LP-7.5) 



F i g .  A-5 F l u i d  temperature in lower plenum (TFV-LP-14.5). 

F ig .  A-6 F l u i d  temperature in  lower plenum (TFV-LP-27.5). 



Fig. A-7 Fluid temperature i n  core at grid spacer 10 (TFG-1OEF-45). 

tttg AI iER R'JPTVRC tszc) 

'Fig. A-8 Fluid temperature in  intact loop steam generator secondary 

(TFU-SG3).  
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pig. A-9 Material temperature in vessel filler (TMV-FO-35A)- 



F i g .  A-11 Core heater temperature, Rod D4 (TH-D~-~o) .  

Fig. A-12 Core heater temperature, Rod D5 (TH-~5-29). 



Fig. A-13 Core heater temperature, Rod E5 (TH-~5-21). 

Fig. A-14 Core heater temperature, Rod C3 (TH-C3-13). 



Fig. A-15 Core heater temperature, Rod C3 (TH-(3-60). 

t rnt -A'FTCR wtmt ~ S C C S  : 

Fig. A-16 Core heater temperature, Rod C6 (TH-~6-20). 
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Fig. A-18 Core heater temperature, Rod ~2 (TH-D2-14). 



Fig .  A-19 Core heater temperature, Rod D7 (TH-~7-20). 



F i g .  A-21 Core heater temperature, Rod E7 (TH-E7-13). 



Fig.  A-23 Core heater temperature, ~ o d  E8 ( ~ ~ - ~ 8 - 4 5 ) .  
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Fig. A-25 Core heater temperature, Rod F~(TH-F3-22) .  

Fig. A-26 Core heater temperature, ~ o d  F5 (TH-FS-20). 



TIME AFTER RUPTURE ISEC) 

F i g .  A-27 Core heater temperature, Rod F6 ( T H - F ~ - Q ~ ) .  

F i g .  A-28 Core heater temperature, Rod F7 (TH-F7-33). 



Fag. A-29 Pressure i n  broken loop vessel s i d e  o f  break (PB-23). 

TIHC M'TCR RUPTURE (SCCD. 

Fig .  A-30 Pressure in broken loop pump s i d e  o f  break (PB-42). 



Fig, A-31 Pressure in vessel upper plenum (PV-UP+10), 

TIHE AFTER RUPTURE {SECI 

Fig. A-32 Pressure in  steam generator, secondary side (PU-SGSD). 
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TIHE AFTER RUPTURE ISECl 

Fig. A-35 Differential pressure in intact loop (Spool 15 to Spool 1) 
(DPU-15-1). 

-10.0 0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 60.C 90.0 100. 

TIHE , A t T t R  RUPTURE r%C# 

Fig. A-36 Differential pressure in broken loop (Spool 30 to Spool 36L) 
. ., luPB-30-36L). 

8 .  

J -<L>: i., 



F i g .  A-37 D i f f e r e n t i a l  p r e s s u r e  in broken l o o p  (Spool  38 t o  Spool 40) 
(DPB-38-40) . 

Fig .  A-38 Differential p r e s s u r e  i n  vessel (DPV-LP-UP). 
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Fig. A-39 Fluid velocity i n  vessel (FTV-40A), 

.Fig. A-40 Fluid velocity i n  vessel (FTV-40M). 
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.Fig. A-41 Density in intact loop (GU-IVR). 



Fig .  A-43 Density i n  intact loop (GU-1OVR). 

Fig.  A-44 Density i n  broken loop (GB-23VR).  



TIHE AFTER RUPTURE {SEC) 
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Fig. A-45 Density in broken loop (GB-30VR). 

Fig. A-46 Density in broken loop (GB-42VR), 



Fig. A-47 Density in vessel (GV-COR-150HZ) . 
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Fig. A-48 Density in vessel (GVLP-165~~). 
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Fig. A-50 Mass f l o w  in intact loop (FDU-1, GU-1VR) . 



TlHE AFTER RUPTURE (SEC). 

Fig.  A - 5 1  Mass flow in  intact loop (FDU-5, GU-5VR). 

F ig .  A - 5 2  Mass flow in  intact loop (l&.J-15, GU-1 SVRf . 



Fig.  A-53 Mass flow in p r e s s u r i z e r  surge line (Flu-PRIZE, GU-PRIZE). 

T lHC AFTER RUPTURE tSCC8 

Fig.  'A-54 Mass flow in broken loop (FDB-23, GB-23VR). 
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TIHE AFTER RUPTURE ISCC)  

F i g .  A-57 Mass f l o w  in vessel (FDV-CORE-IN, G V - C O R - ~ ~ ~ = ) S  

F i g s  A-58 Pr imary  pump speed (PUMPU-RPM). 
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