
.. , .A:> :.+73 ' 
I . .  . - . . . .A?, ... 

EXPERIMENT DATA REPORT FOR SEMISCALE MOD-1 
TEST S-02-3 

(BLOWDOWN HEAT TRANSFER TEST) 

H. S. Crapo 
M. F. Jensen 
K. E. Sackett  

f 2 e e ~ s t  nuclear Company 
.. .-..y. . 

L- .. IDAHO . . NATIONAL ENGINEERING LABORATORY 
. . ,  

Idaho Falls, Idaho - 83401 
./- 

i 

DATE PUBLISHED - SEPTEMBER 1975  

PREPARED FOR ME 

ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION 
I D A H O  OPERATIONS OFFICE UNDER CONTRACT E ( 1 0 - 1 ) - 1 3 7 5  



DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible in 
electronic image products. Images are produced 
from the best available original document. 



Printed i n  the Uhlted Btates s f  Psretisa 
A v U l e  f r a  

NatLoal Technicel Infonnatiarr Service 
U. 8. Deparment of Cmmeree 

5Z85 Port Royal h a d  
S p r i q f k l d ,  Virginia 22161 

Price: P ~ i a t e d  Copy $5.45; EUcrofiche $2.25 

I T h i s  r e p o r t  was p r e p a r e d  a s  a n  accoun t  o f  wo rk  sponso red  by  t h a  U n i t e d  
S t a t e s  Government. N e i t h e r  t h e  U n i t e d  S t a t e s  n o r  the Energy Research and 
Development Administration, n o r  any o f  t h e i r  employees, n o r  any o f  t h e i r  
c o n t r a c t o r s ,  subcontractors, o r  t h e i r  employees. makes any w a r r a n t y ,  exp- 
r e s s  o r  i m p l i e d ,  o r  assumes any l e g a l  liability o r  r e s p o n s i b ~  l ~ t y  f o r  t h e  
accu racy ,  comp le teness  o r  u s e f u l n e s s  o f  any i n f o r m a t i o n ,  a p p a r a t u s ,  p r o -  
d u c t  o r  p r o c e s s  d i s c l o s e d ,  or  r e p r e s e n t s  t h a t  i t s  use wou ld  n o t  ~ n f r i n g e  
p r i v a t e l y  owned r  l g h t s .  



ANCR- 1 233 Water Reactor Safety Research 
Systems Engineering 

TID-4500 

EXPERWLENT DATA REPORT FOR SEMISCALE MOD-1 

TEST S-02-3 

(Blowdown Heat Tramfer Test) 4% 

I . ' .  
NOTICE 

or UPf~lneQ of any information, appuatu produol o, . 
Pm? d k c l o ~ d .  01 represenla that its L& would no, 

1 m f n W  PrivPlely omed rights. 

- 
I 

H. S. Crapo 
M. F. Jensen 
K. E. Sackett 

AEROJET NUCLEAR COMPANY 

Date Published - September 1975 . 

PREPARED FOR THE 
U.S. ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION 

IDAHO OPERATIONS OFFICE 
UNDER CONTllACT NO. E(l0-1)-1375 



. . 
ABSTRACT 

. . 

Recorded test data are presented for Test S-02-3 of the Semiscale Mod-1 blowdown 
heat transfer test series. Test S-02-3 is one of several Senuscale Mod-1 experiments 
conducted to investigate the thermd and hydraiilic phenomena aocompanyh~g a llyyulhe- 
sized lr~ss+f-coolant acoidcnt (LOCA) ~ I I  a water-cooled nuclear reactor system and to 
provide data for the assessment of the Lossaf-Fluid Test (LOFT) design basis. 

Test S-02-3 was conducted from an initial cold leg fluid temperature of 544OF and an 
initial pressure of 2,263 psig. A simulated doubleended offset shear cold leg break was used 
to investigate the system response to a depressurization transient with a moderately heated 
core (75% design power level). An electrically heated core was used in the pressure vessel to 
simulate the effects of a nuclear core. System flow was also set at the 75% design level to 
achieve full ,core temperature differential. 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 1.2 MW in such a manner as to simulate the surface heat flux responsc of the 
LOFT nuclear fuel rods until such tine that departure from nucleate boiling (DNB) occurs. 
Blowdown to  the pressure suppression system was accomplished without simulated 
emergency core coolant injection or pressure suppression system coolant spray. 

The purpose of this report is to make available the uninterpreted data from Test 
S-02-3 for future data analyses 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. 



SUMMARY 

Test S-02-3 was performed as part of the Semiscale Mod-1 portion 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 (PWR) to a hypothesized loss-of- 
coolant accident (LOCA). Test S-02-3 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 40 heater .".. :, 
rods with a maximum total power capacity of 1.6 MW; however, for this test, core power ..!- . .i 

I '.. . . 
= .  .: 

was initially 1.2 MW and was subsequently reduced to simulate the surface heat flux res- ?, , '.'? . :! 
.2 . . '. .:.I 

ponse of LOFT nuclear fuel rods until such time as DNB occurs. .., i . . 

. >:' 

The test objectives specific to  Test.S-02-3. were ( I )  to gain information on the heat . .  . 
, , . .., .,' 
. . 'I .I 

transfer characteristics of the Semiscale Mod-1 core while operating at a relatively . . .  , .. . .%< . ~. 

conservative power level (in terms of the design conditions), and (2) to determine the effects ;: - j< 

of the differential temperature across the heated core on system response before and during 'I , . 
' C 

blowdown. Test S-02-3 was conducted from initial conditions of 2,263 psig and 5 4 4 ' ~  
(cold inlet) by a simulated full size (200%) doubleended offset shear of the cold leg broken 
loop piping at an initial core power level of 1.2 MW with an initial core inlet flow rate of 
119 gpm. The instantaneous offset shear of the broken loop cold leg piping was simulated 
by simultaneous actuation (within 10 milliseconds) of the rupture assemblies. The 
instrumentation used in Test S-02-3 generally functioned as intended. Of approximately 21 5 
nleasllrements attempted, 205 produced usable data. 
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EXPERIMENT DATA REPORT FOR SEMISCALE MOD-1 
TEST S-02-3 

(Blowdown Heat Transfer Test) 

The Semiscale Mod-1 experiments represent the current phase of the Semiscale Pro- 
gram conducted by Aerojet Nuclear Company for the United States Government. The 
program, which is sponsored by the Nuclear Regulatory Commission through the Energy 
Research and Development Administration, is part of the overall program designed to inves- 
tigate the response of a water-cooled nuclear reactor system to  a hypothesized loss-of- 
coolant accident (LOCA). The underlying objectives of the Semiscale program are to quan- 
tify the physical processes controlling system behavior during an LOCA and to  .provide an 
experimental data base for assessing reactor safety evaluation models. The Semiscale Mod-1 
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 parame- 
ters, and evaluation of test results. 

Test S-02-3 was conducted in the Semiscale Mod-1 system as part of a series of tests 
(Test Series 2) to obtain thermal-hydraulic response data from a blowdown transient in a 
simulated reactor system with a heated core to provide an experimental basis for analytical 
model development and verification. The test was also conducted to obtain data to aid in 
assessing the Loss-of-Fluid Test (LOFT) design basis and in planning LOFT experiments. 

A 40-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. Maximum design power for 
the core is 1.6 MW. For Test S-02-3, the core power level was set at 75% of design to 
minimize the risk of damaging the core until more,experience is gained in its use. However, 
the core flow rate was also set at 75% of design flow to  allow full core temperature 
differential to be achieved. During the blowdown, the core hpater power was adjusted to 
simulate the thermal response characteristics of nuclear-heated rods prior to  DNB. The pipe 
break configuration simulated a full size (200%) doubleended 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. S-02-3; Section I11 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-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 S-02-3 

The following system configuration, procedures, initial test conditions, and events are 
specific t o  Test S-02-3. 

1. SYSTEM CONFIGURATION AND TEST PROCEDURES 

The Semiscale Mod-l system used for Test S-02-3 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 40-rod 
electrically heated core; and a pressure suppression system with a suppression tank and 
header. The Semiscale Mod-1 experimental system is described in more detail in 
Reference 1. 

For Test S-02-3, the intact loop steam gcncrator was n~ilintaincd in the active 
condirion, in wh~ch  the steam generator secondary pressure and water lcvcl are 
automatically adjustcd to control the water temperature in the cold leg of the intact loop. 

In preparation for Test S-02-3, the system was filled with treated demineralized water 
and vented at  strategic points to assure a liquid full system. Prior to  warmup, the system 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 warmup, 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, dctector readings were 
sampled to  allow the integrity of the measurement instrumentatian and the operability of 
the data acquisition system to be checked. After increasing core power to 1.2 MW, initial 
test conditions were held for about 12 minutes to establish equilibrium in the system. At 
the end of this period, all auxiliary systems including the bypass 1ine.s were isolated to  
prevent blowdown through those systems. 

The system was successfully subjected to a simulated doubleended cold leg pipe break 
through two rupture assemblies and two blowdown nozzles, each nozzle having a break area 
of 0.00262 ft2. 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 fnllowing initiation of blowdown (0.02 secu~ld after initiation of 
blowdown) the lines to the accumulator were again isolated. The effluent from the primary 
system was ejected into the pressure suppression system. At hlowdown, power to the 
primary coolant circulation pump was reduced, and the pump was allowed to coast down to  
a speed of 1,250 rpm which was maintained for the duration of the Lesl. A flywheel 
mounted on the pump motor shaft provided a simulation of the predicted coastdown of the 
LOFT pumps. During the blowdown, transient power t o  the electrically heated core was 
automatically controlled to  simulate the thermal response of the nuclear-heated LOFT fuel 
rods until such time as DNB occurred (Reference 1). 



2. INITIAL TEST,CONDITIONS AND SEQUENCE OF EVENTS 

Conditions in the Serniscale Mod-1 system at initiation of blowdown are given in 
Tables I and 11; the primary system water chemistry prior t o  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 

-- Measured S p e c i f i e d  

Core Power 1 .19  MW 1 .19 - + 0 . 1  MW 

. I n t a c t  Loop Cold Leg F l u i d  Temperature 544°F 544 2 2°F 

Hot Leg t o  Cold Leg ~ e m ~ e r a t u r e  D i f f e r e n t i a l  68°F 66 + 1°F  

P r e s s u r i z e r  P r e s s u r e  2 ,263 p s i g  2,250 - + 5 p s i g  

P r e s s u r i z e r  L iqu id  Volume 

Steam Genera to r  Feedwater Temperature 440" F 435 2 10°F 

Steam Genera to r  L i q u i d  Leve l  (from bot tom 116 i n .  116 - + 2 i n .  
of t u b e  s h e e t )  

F l u i d  Temperature  i n  Broken Loop (Pump S ide)  [ b ]  605 2 5°F 

I n t a c t  Loop Cold Leg Flow 119 gpm 124 2 5 gpm 

P r e s s u r e  Suppress ion  Tank Water Leve l  21.5 i n .  

P r e s s u r e  Suppress ion  Tank P r e s s u r e  17.6  p s i g  17.5  p s i g  

P r e s s u r e  Suppress ion  Tank Water Temperature 67°F <7S°F 

[ a ]  ~ e a s u r e ' d  i n i t i a l  c o n d i t i o n s  are from a d i g i t a l  d a t a  su rvey  taken 
2 min s e c  p r i o r  t o  blowdown. Thosc measured c o n d i t i v a s  which 
d i d  n o t  m e e t  t h e  s p e c i f i e d  i n i t i a l  c o n d i t i o n s  were c o n s i d e r e d  
a c c e p t a b l e  f o r  a n a l y s i s  purpnses  wi th in  the test o b j e c t i v e s .  

[b  ] N o  measurement obtained .- 



TABLE I1 

PRIMARY COOLANT TEMPERATURE DISTRIBUTION AT RUPTURE 

Detector Temperature (OF) 

Vessel Lower Plenum (lower portion) TFV-LP-7-1/2 541 

Vessel Lower Plenum (upper portion) TFV-LP-27-1/2 . 546 

Intact Loop Hot Leg (near vessel) RBU- 2 60 7 

Intact Loop Hot Leg (104 in. from TFU-5 
vessel center) 

Intact Loop Cold Leg ( w a r  s t e m  
generat or 

Intact Loop Cold Leg RBU-14 543 

Broken Loop Cold Leg (near nozzle) TFB- 2 3 5 36 

Broken Loop ~ o t  Leg (near Vessel) TFB- 30 591 

Broken Loopacold Leg (near nozzle) TFB-42 565 

TABLE P I 1  , 

WATER CHEMISTRY PRIOR TO BLOWDOWN La  I 
-. - 

PII 10.15 ' 

Conductivity (pmhos/cm) 9 7 

Lithium (ppm) 
- 

Chlorides (ppm) . 

Fluorides (ppm) 4 . 5  

Oxygen (ppmj 0.17 

Total gas (cc/l) 18 7 

Residual hydrazine (ppm) 1.6 

[a] Water sample taken at a system pressure of 2,250 psig and a system 
temperature of 540°F. 



TABLE I V  

SEQUENCE OF EVENTS DURING  TEST[^] 
- - 

Time R e l a t i v e  
Event To Rupture  

Core Power Leve l  E s t a b l i s h e d  -14 min 

Bypass L i n e s  Valved Out o f  System -30 min 

Pump Power Reduced 0 

Steam Genera to r  Discharge  Valve Closed +1 s e c  

Core Power Tr ipped Off [ b l  +24.5 s e c  

[ a ]  A t ime-con t ro l  sequencer  was used t o  c o n t r o l  c r i t i c a l - e v e n t s  d u r i n g  
t h e  test . 

[ b ]  Premature  c o r e  power t r i p  caused by a n  e r r o n e o u s  h i g h  t empera tu re .  . 

r e a d i n g  from a c o r e  h e a t e r  thermocouple t h a t  f a i l e d  d u r i n g  blowdown. 



III. DATA PRESENTATION 

The data from Serniscale Mod-1 Test S-02-3 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 interpretation and 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 Test S-02-3 was monitored by about 200 
dctcctors. Thc data obtainod woro rooorded 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 to  provide better resolution capability (needed as input to  various data 
analysis codes) and t o  provide redundancy. 

The data are presented, in many instances, in the form of composite graphs to 
facilitate comparison of a given variable at several locations.   he scales selected for the 
graphs do not reflect the obtainable resolution of the data. (The data processing techniques 
are described in greater detail in Reference 1 .) 

Figures 1 through 6 and Table V provide supporting information for interpretation of 
the data graphs shown in Figures 7 through 145. Figures 1 through 6 show the relative 
locations of all detectors used during the Semiscale Mod-1 blowdown heat transfer test 
series. Table V groups the measurements taken during Test S-02-3 according to measure- 
ment 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 145 present the blow'down data obtained. Time zero on the graphs is the time of 
rupture initiation. 



Fig. 1 Semiscale Mod-1 system and instrumentation for cold leg break 
configuration -- isometric. 
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Fig. 3 Semiscale Mod-1 pressure vessel -- cross section showing 
iq~trumentation. 
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TABLE V 

DATA PRESENTATION FOR SEMISCALE MOD-1 TEST S-02-3 

Data Acquisition 
Measurement ~ocntion and ~ o m e n t s ' ~ ]  Detector Svstem Fipure"] ~easurement C~mments'~' 

FLUID TDIPERATURE Chromel-Alumel thermcouples unless 
~pecified otherwise 

Intact Looe 0-20OO"P 0-591'F 7 

1 1 " ~  leg. 3yuul 2. 46 L,. Csvu& 
vessel center (platinum resistance 
bulb) 

Data acquisition system saturated at 591'F TN-5 Hot leg, Spool 5, 104 in. from 
vessel center 

TFU-7 Cold leg. Spool 7. 246 in. from 
vessel center 

mu-10 Cold leg. Spool 10. 144 in. from 
v r ~ ~ r l  c r r l L r r  

TFU-13 Cold leg, Spool 13, 51 in. from 
vrs~.1 c r , , L r ~  

Cold leg, Spool 14, 43 in. from 0-100O'F O-lOOO°F 
vessel center, upstream of cold leg 
injection port (platinum reslstsnce 
bulb) 

Broken Looe 0-2300°F 0-591°F 

TEB-23 Cold leg, Spool 23, 91 in. from 
vessel center. upstream of vessel- 
side nozzle 

' Data acquisition system saturated 'at 591DF TPB-30 Hot leg, Spool 30, 16 in. from 
vessel center 

TFB-42 Hot leg, Spool 42. 414 in. from 
vesse l  center along cold leg, upstream 
of pump-side nozzle 

Dovncamer Annulus Centered in annulus, Type J iron- 0-1400°F 0-R03°F 
constancan cherm~ouples 

35 in. below cold leg centerline. 
180' 

10 Data acquisition system saturated at 591°F 

11 

Upper Plenum 

Tw-UP+13 In upper plenum 13.5 in. sbove 
cold leg centerline at 180' 

Loner Plenum On fluid thermocouple m c k ,  1 in. 0-2300°F 0-591'F 
from vessel center, 45' 

TFV-LP-7-112 

TFV-LP-14-112 

TW-LP-27-112 

Steam Generator 

TFU-SGSD 

7.5 in. from bottom 

14.5 in. from bottom 

27.5 in. from bottom 

n-23000~ 0-591'~ 

In steam dome, 129.5 in. from bottom 
,,r l l l l l r  .li,*r 

Secondary side. 12 in. sbove bottom 
of tube sheet 

Secondary side. 24 in. sbove bottom 
of tube sheet 

Secondary side, 48 in. above bottom 
nf r,,he sheet 

Secondary side. 96 in. above bottom 
of tube sheet 

Pressurizer 

m - P R I Z E  In surge line. near pressurizer exit, 
between turbine flowmeter and pres- 
suiirer 

Pressure Eupprcnnion 
System 

TE-PSS-33 

TF-PSS-130 

33 in. from bottom of tank 

130 in. from bottom of tank 

Chromel-Alumel thermocouples unless 0-2300'F 0-591DF 
~pecified otherwise 

Intact Looe 

TMJ-7S16 Cold leg. Spool 7. side. 1/16 in. 
from pipe ID. 242 in. f m m  vessel 
center (vertical pipe) 

Cold leg. Spool 8, side, in pump 
trap. 1/16 in. from pipe m. 195 in. 
from .,rooel csnaar 



TABLE V ( C o n t d  .) 

DATA PRESENTATION FOR SEMISCALE MOD-1 TEST S-02-3 

Data Acquisition 
Measurement Location end ~ o m m e n t s ' ~ ]  Detector S ~ s t e m  ~ i o u r e ' ~ '  Measurement ~ o m m e n t s ' ~ ]  

MATERIAL TDIPERATURE (Contd .) 

Broken Loop 

m - 2 0 ~ 1 6  Cold l e g .  Spool 20. top. 1/16 i n .  
from pipe  ID, 21 i n .  from ,vessel 
c e n t e r  

Detector f a i l e d  lU&30T16 Hot leg .  Spool 30. top, 1/16 in.  
from pipe ID. 16  in. from v e s s e l  
c e n t e r  

Vessel Wall 118 i n .  from v e s s e l  ID 

, W-VI-351% 35 i n .  below ,cold . l e g  center l ine .  OD 

W-VI-177H 1 7 7  i n .  below cold  l e g  c e n t e r l i n e ,  
180" 

Veasel F i l l e r  Type J iran-constanten thermocouples 0-1400'F 0-R03°F 

W-FO-35A 35 in .  below cold  l e g  c e n t e r l i n a ,  
0.65 in .  from f i l l e r  ID. OD 

W-PI-177H 177 i n .  below cold  l e g  c e n t e r l i n e .  
1/16 i n .  ftbm f l l l e i  lu .  180' 

Vessel F i l l e r .  Outer surface of insula tor .  Type J 0-1400PF 0-803'F 
I n s u l a t o r  iron-consrantan thermocouples 

TIV-FO-35M 35 i n .  below cold l e g  c e n t e r l i n e ,  
180° 

TIV-FO-177M 177 in .  below cold l e g  center l ine .  
180' 

Rapid response indiceres  poss ib le  contac t  
with f l u i d  

Core Barrel Type J iran-eonstantan thermocouples 0-1400-F 0-803-F 

TUV-CO-35A 35 in, below cold  l e g  c e n t e r l i n e ,  
1/16, i n .  frpm b a r r e l  OD, 0' 

W-CI-35A 35 i p :  below eqld  l e g  center l ine .  . 
1/16 i n .  from core b a r r e l  ID. 0- 

Core Hearer Cladding Temperatures 

Hilh Pover Hearers Chromel-Alumel thermocouples 
snZ.oo apaaLiLad abhsrvLoo 

Heater a t  Column D Rov 4. Ther- 
m ~ s ~ v p l ~ o  31 h. (13S0), 34 bn. 
(270') and 55 in .  (315') above 
bePoom of  ooro 

m-rn-7 Hearer a t  Column E Row 4. Ther- 
-22 mocouples 7 in .  (315.). 22 in .  
-26 (220') and 26 i n .  (120') above 

bottom o f  corc 

22 Thermocouple a t  7 in .  e leva t ion  opened a t  
t-20 sec; s i g n a l  a f t e r  c=20 sec is from 
in ter ference  

TH-ES-12 Hearer a t  Column E Row 5. Ther- 
-27 mocouples 7 in .  (31S0), 22 in .  
-54 (130"). 44 in.  (180°). 59 in .  
-59 (225') above bottom of core  

Low Power Heaters 0-2300°F 0-2382-F 

TH-A4-28 Heater a t  Column A Row 4. Ther- 
-29 mocouples 28 in .  (210'). 29 in .  

(13S0) above bottom of core 

Ilontn. nr Coluw A V m r  5. h p -  ' 

mocouple 29 i n .  (180') above 
botcom of core 

TH-03-33 Heater a t  Column B Row 3. Ther- 
moeouple 33 in .  (135') above 
buttucu uf core 

M-84-24 Heater a t  Column B Row 4. Ther- 
mocouple 24 in.' (180') above 
bottom a t  core 

Open thermocouple 

27 

28 

Heater a t  Column B Row 5. Ther- 
mocoupies 33 in .  ( 4 5 " ) .  38 in. 
(240') above bottom of core 

Heater a t  Colu& B Row 6. Ther- 
mocouple 29 in .  (45') above 
bottom oF.eore.eore 

Heater a t  Column C Rov 2. Ther- 
mocnnplrs 29 i n .  (1 9 F D ) ,  7 3  i n .  
(45') above bottom of core 

Heater a t  Column C Row 3. Ther- 
mocquples 14 i n .  (45'1. 29 in. 
(0') above bottom of core 



'TABLE V (Contd.) 

DATA PRESENTATION FOR SEMISCALE MOD-1 TEST S-02-3 

~anRe'~] ' 

Data Acquisition 
Detector .%tern ~~aure'~] ~eesuremenc ~mmencs'~' Mensur~rn~~t Location end ~ o m m e n c s ' ~ ~  

MATERIAL TFMPERATLIRE (Contd. ) 

Low Povec Heaters (Contd.) 

Heater at Column C Row 4. Ther- 
mocouples 26 in. (4S0), 33 in. 
(225") above bottom oP core 

TH-C5-28W Heater at Column C Row 5. Ther- 
mocouple 28 in. (315*) above 
bottom of core 

TH-C6-33 Heater at Column C Row 6. Ther- 
mocouple 33 in. (225') above 
bottom of fore 

TH-D1-29 Heater at Column D Row 1. Ther- 
mocouple 29 in. (315') above 
bottom of core 

Henter at C o l u w  D Row 2. Ther- 
mocouples 14 in. (0'). 29 in. 
(90") above bottom of fore 

Hester st Column D Row 3. Ther- 
mocouples 29 in. (150°). 33 in. 
(45'). 39 in. (225') nbove 
bottom of core 

TH-06-6 Heater or Column D Row 6. Ther- 
-14 mocouples 6 in. (180'). 14 in. 

(90') above bottom of core 

TH-D8-24 Heater st Coluw D Rov 8. Ther- 
mocouple 24 in. (0') nbove 
bottom of core 

TH-E1-33 Heater st Column E Rov 1. Ther- 
mocouple 33 in. (0-1 above 
bottom of fore 

Henter st Column E Rov 2. Ther- 
mocouple 33 in. (31S0) above 
bottom of fore 

Heater at Column E Row 3. Ther- 
mocouples 14 in. (270'). 20 in. 
(90') nbove bottom of core 

Heater at Column E Rov 6. Ther- 
mocouples 9 in. (150'). 29 in. 
(270'). 33 in. (225O). 39 in. 
(315') nbove bottom of core 

Heater st Column E Row 7. Ther- 
mocouples 14 in. (45'). 29 in. 
(12S0), 45 in. (225'). 61 in. 
(315') sbove bottom of core 

Heater st Coluw E Row 8. Ther- 
mocouples 14 in. (150D), 29 in. 
( ? 7 5 9 ) ,  L $  I , , .  (115*) ,  61 1 0 8  

(45') above bottom of core 

Heater at Column P Row 2. Ther- 
mocouple 29 in. (0') ebove 
bottom of core 

~ ~ - ~ 3 - 2 4  Heater at Column F Row 3. Ther- 
mocouple 24 in. (45') sbove 
bottom nf core 

Heater at Column F Row 5. Ther- 
mocouples 14 in. (90'). 45 in. 
(210'). 61 in. (270°) nbove 
bottom o f  core 

Heater at Column F Row 5. Ther- 
mocouples 20 in. (270'). 26 in. 
(180"). 33 in. (315'). 54 in. 
(45') above bottom of core 

Hester st Column F Row 6. Ther- 
mocouples 9 in. (OD). 29 in. 
(150"). 33 in. (45'). 39 in. 
(22S9) ebove bottom of core 

Heater at Column F Row 7. Ther- 
mocouples 29 in. (150'). 33 in. 
(45"), 39 in. (225") sbove 
bottom of core 

Hearer at Cplumn F Rvw 9. Ther- 
mocouple 29 in. (22S0) above 
bottom of core 



TABLE V (Contd.) 

DATA PRESENTATION FOR SEMISCALE MOD-1 TEST S-02-3 

Date Acquisition 
Measurement Locarion and c o m e n t s f a '  Detector Sys t e n  ~ i g u r e ' "  Measurement ~ o r m e n c s ' ~ '  

MATERIAL TEMPERATURE (Contd. ) 

Lov Pover Heaters (Contd.) 

Heater st Coluw C Row 4. Ther- 
mcouple  33 in .  (225') above 
bottom of core 

Heater st Coluw C Row 5. Ther- 
mocouples 14 i n .  (65*). 24 in .  
(315-1 above bocrom of core 

Hearer s t  Column C Row 6. Ther- 
mocouple 33 in .  (135'1 above 
BuLrom o r  care  

TH-H4-29 Heater a t  Column tl Row 4. Ther- 
-38 mocouples 29 i n .  (105'). 38 , in.  

(180') above bottom of core 

Heater a t  Column H Raw 4. Ther- 
mocouple 33 in .  (45') above 
bottom of core 

cure Lfld Siiicer (Kef Yigure 6) 0-2300DF 0-1017-F 57 

Crid Spacer 6 76 i n .  below cold  l e g  center l ine .  
1.2 i n .  above top of heated lene th  

PC-6AB-65 ~herrmcoudle  i n  space defin'ed by 
Coluwo A and 8, Rovs 4 and 5 

TFC-6CD156 Therm~couples i n  space defined by 
C o l ' m e  C and D. Rows 5 and 6 

TPG6DE-45 ?hermocouples i n  space defined by 
Columns D end E. Rows 4 and 5 

TFG-6FG45 Thermocouple i n  space def ined  by 
~olu&;ls P and G, Rows 4 end 5 

Grid Spacer 8 109 i n .  bclbw cold  l e g  c e n t e r l i n e  0-2300'~ 0-1017-F 
a t  c e n t e r  of he i rcd  length  

TFC-8A8-45 Th&rmocouple i n  space defined by 
Sulurnnn A dna 8 .  nbw6 4 and 5 

TFC-8C&45 Thermocouple i n  space defined bv 
Colunms C and D .  Rovs 4 and 5 

TIC-8DE-34 Thermocnl~pl~  i n  apace defined by 
Coluwo D and E. Rows 3 amrd 4 

Crid Spacer 10 143 i n .  belaw cold  l e g  c e n t e r l i n e  0-23flO'F 0-1017'F 
- 4  I,, , ,  8 8 s r 6 8  IN", ILVO~ L U Z ~ ~ U I  

TFG-10AB-45 Thermocouple i n  space defined by 
C o l u w s  A and R. Rnvs 4 nnd 5 

TPC-10DC-45 l l r r ~ w c u u p l t !  In space defined by 
Columns B and C, Rovs 4 end 5 

TFG-1OCD-45 Thermocouple i n  epsce defined by 
Columns C and D, Rovs 4 end 5 

TFC-1ODE-45 Thermocouple i n  s p a c e  defined by 
Columns D and E, Rows 4 and 5 

TFG-1OFC-45 Thermocouple i n  space defined by ' 

Colums F and C, Rovs 4 and 5 

Steam Generator 0-23n0'~ 0 - 5 9 1 ~  

On steam generator tubes ,  12 i n .  
n h n v ~  horrnm n f  ruha chaar ,  nn nn 
01 Lube 

On steam generetor tubes, 24 i n .  
above borrom o t  cube sneer.  olr uu 
o f  tube 

RN-SG3 On steam generator tubes. 48 i n .  
sbove bottom of  rube shee t ,  on OD 
of cube 

Thermnronpl~ fa i l e r l ,  p o ~ ~ i b l y  duo t o  
c r f r r n a l  juac t ion  

TMU-SG& On steam generator rubes. 96 i n .  
above bottom of tube shee t .  on OD 
of tube 



TABLE V (Contd.) 

DATA PRESENTATION FOR SEMISCALE MOD-1 TEST S-02-3 

~ a n g e ' ~ ]  

Data Acquisition 
Detector S v s t m   re'^] Locerion and ~ o m n e n r s ' ~ ]  Measurement ~ o m m e n t s ' ~ ]  Measurement 

PRESSURE 

Hot l e g .  Spool 5.  100 in .  from 
veeeel center  

Cold l e g ,  Spool 7,  240 in .  from 
vesse l  c e n t e r .  

Cold l e g .  Spool 13 ,  54 in .  from 
vesse l  center  ( f l u s h  mount) 

0-4870 ps ig  

Broken Looe 

PB-23 Hot leg .  Spool 23. 92 in .  from 
v e a ~ e l  c e n t e r ,  upstream of vesnel- 
s i d e  nozzle ( t e e  o f f  OP rap) 

Cold l e g ,  Spool 42, 415 i n .  from 
vesse l  center  along hot leg ,  up- 
stream o f  pump-side nozzle ( tee  
o f f  DP tap) 

0-4374 ps ig  Trace noisy due t o  i n t e r m i t t e n t  
shor t  i n  transducer.  Trend of 
da ta  appears cor rec t . .  

I 

Vessel 

PV-UP+10 

0-3000 ps ig  

0-4021 ps ig  In upper plenum, 10 i n .  sbove cold 
l e p  center l ine .  mounted on stsnd- 
o f f .  30' 

In upper par t  of loner  plenum. 
180 in .  below cold  l e g  c e n t e r l i n e ,  
mounted on s tandoff .  225' 

0-4148 ps ig  

Steam Generator 

PU-SCSD 

PU-SCIP 

Secondary s i d e ,  steam dome 0-4249 sp ix  

I n l e t  plenum, 1 3  i n .  below bottom 
of tube shee t  ( f lush  mount) 

0-4556 ps ip  

PU-SGOP Outlet plenum. 1 3  in .  below bottom 
of tube shee t  ( f lush  mount) 

0-4505 ps ig  

Pressur izer  

PU-PRIZE 

0-3000 ps ig  0-4726 ps ig  

Steam dome 

Pressure Suppression 
Syerem 

P-PSS suppression tank top 0-750 ps i8  0-311 Psi6 

Suppression tank header j u s t  dovn 0-100 ps ig  0-200 psiR 
stream from ent rance  to suppression 
tank 

DIFFEREWIAL PRESSURE Elevation d i f fe rence  between trans- 
ducer taps  i s  zero unless other- 
wise spec i f ied  

Upper plenum 10.5 in .  above cold l e g  5 0 0  i n .  5 . 0  psid 
c e n t e r l i n e  a t  30' t o  hot l e g ,  Spool wnter 
1, 31 in .  from v e s s e l  center ,  upper 
plenum tap  approximately 2 i n .  above 
Spool 1 tap 

Upper plenum 10.5 m. gbove cqld +)OO i n .  5 5  peid 
l e g  c e n t e r l i n e  a t  30D t o  hot leg. wnter 
Spool 3 ,  62 in .  from vesse l  center .  
upper plenum tap  approximately 2 i n .  
sbove Spool 3 tap  

Hot leg  Spool 1, 31 i n .  from vesse l  +20 in. ~ 1 . 0  psid 
center  to hot l e g  Spool 3, 62 in. G t e r  
from vesse l  center  

Hoc l eg  Spool 3, 62 in .  from vesse l  220 in. 21.0 psid 
center  to hot l e g  Spool 6,  114 i n .  water 
from vesse l  center  

Hot leg  Spool 6 ,  114 in. from +500 i n .  225 psid 
vesse l  center .  across steam gener- water 
n t o r .  t o  cold l e g  Spool 7, 231 in .  
from vesse l  center .  Spool 6 tap 
is 17 i n .  sbove Spool 7 tap 

Acroes primary side tubes , ' l2  t o  24 +20 i n .  tl.0 psid 
in .  above bottom of tube shee t ,  ST.1 water 
Lap I. 1P 11,. Lrlvw 3G2 Lay 

73 Questionable measurement due t o  
poss ib le  blowdown of sense l i n e s .  

74 From steam generator o u t l e t  plenum, 2500 i n .  225 ps id  
269 in. from vesse l  center  along water 
cold l e g  t o  cold leg  Spool 7 ,  231 i n .  
from vesse l  center .  including o r i f i c e .  
spool 7 tap i s  35 in .  below SWP tap  



TABLE V (Con td . ) 
DATA PRESENTATION FOR SEMISCALE MOD-1 TEST S-02-3 

Data Acquisition 
Measurement Location and ~omments"~  Detector System ~ i ~ u r e ' ~ ]  Measurement commentsib1 

DIFFERENTIAL PRESSURE (Contd.)' 

I n t a c t  Loop (Contd.) 

Steam generator o u t l e t  t o  pump i n l e t ,  550 i n .  +2.5 paid 75 
cold  l e g  Spool 7. 231 in .  from vesse l  water 
center  t o  cold l e g  Spool 10 ,  141 in .  
from vesse l  center  

DPU-12-10 Pump o u t l e t  t o  pump i n l e t ,  co ld  l e g  +Sb psid +5Q p s f d  76 
Spool 12. 75 in .  from vesse l  c e n t e r  
t o  si.lrl 1 ~ 5  3yuul 10. 141 Lt. CLVU 
v e s s e l  center .  Spool 10  tap  is 10 in .  
be lov  Spool 12 tap  

Pump o u t l e t  t o  pump i n l e t ,  co ld  l e g  2100 in. 2S.a paid 
Spool 12. 75 in .  from vesse l  c e n t e r  water 
t o  cold l e g  Spool 10. 141 in .  from 
v e s s e l  center .  Spool 10  tap  i s  10  i n .  
be lov  Spool 12 Cap (low range) 

Across cold leg  i n j e c t i o n  poin t ,  +lo0 i n .  55.0 ps id  
cold l e g  Spool 1 2 ,  75 in .  from vesse l  water 
c e n t e r  t o  cold l e g  Spool 15. 16 i n .  
from vesse l  center 

Cold l e g  t o  hot l e g ,  cold l e g  Spool 5500 i n .  225 ps id  
15. 16  in .  from v e s s e l  center  t o  hot water 
l e g  Spool 1 ,  31 in .  from vesse l  c e n t e r ,  
Spool 15 tap is 8 .5  in .  belov Spool 
1 tap  

Cold l e g  Spool 15. 16  i n .  from vesse l  5100 in .  25.0 ps id  
c e n t e r  t o  i n l e t  annulus 9 i n .  belov water 
co ld  l e e  c e n t e r l i n e  a t  22S0, Spool 15 . 
Cap i s  9 in.  above i n l e t  annulus tap  

DPU-15-ATM 

DPU-PRESLL 

Cold l e g  Spool 15 ,  16  in .  from vesse l  5500 psid 5500 ps id  
center  t o  atmosphere 

Pressur izer  water l e v e l ,  e leva t ion  550 in .  3 . 5  psid 
d i f fe rence  between t s p s  is 34 i n . ,  v a t e r  
1"-L L a y  i s  a y y ~ u r l u u l ~ r i y  J.L! m. 
above pressur izer  e x i t  

Broken Loop 

DP,E-23-CNI Cold l e g  Spool 23, 92 i n .  from 5500 peid 5 0 0 0  psid 
v a a s s l  canter ra r c a ~ c l  a i d i  n o r r l c  
th..- - . .""Li 'JL 11,; rru. .case1 c.,,rcL 

Vessel-side nozzle,  nozzle t h r o a t .  . +I000 psid ?lo00 psid 84 
Yb i n .  from vesse l  center  t o  nozzle  
d ivergent  sec t ion .  101 i n .  from 
v e s s e l  center  ' 

Across 
e r a t o r  
18 i n .  

e n t l r r  s1tuulaLt.d rLram gan- 9 0 0  in .  5500 pgid US 
assembly. hot  l e p  Spool 30. water 
from v o s s ~ l  cencor t o  cold 

l e g  Spool 36 lower tap ,  242 i n .  from 
v e s s e l  center .  Spool 30 tap  i s  19 i n .  
below Spool 36 lover  tap  

Across simulated steam generator 2500 peid 5 0 0  ps id  
o r i f i c e  assembly, hot  leg  Spool 32 . 
upper tap .  73 in .  from vesse l  center  
t o  Spool 36 lover  tap ,  242 in .  from 
v e s s e l  center ,  Spool 32 upper t a p  i s  
16  i n .  above Spool 36 lower tap  

DPB-38-40 Across simulated pump, cold leg  51000 psid +1000 psid 
Snnnl 7 R ,  705 I n .  Frnm vp~nel rsnrsr 
along nor l e g  t o  e s l d  lei: spool 40, 
365 i n .  from vesse l  center  dona .  hot 
l e g  

DPB-42-HN1 Spool 42 upstream of pump-side nozzle., 5 0  psid 5500 ps id  
415 I n .  f m m  urse-1 center  a 1 0 ~ 8  hnt 
l e g  t o  nozzle t h r o a t .  419 in .  from 
v e s s e l  center  along hot l e g  

Vessel 

DPU-15-IANN I n t a c t  loop cold l e g  Spool 15. 16 in .  5100 i n .  - +5.0 p s i d  
from veese l  center  t o  i n l e t  annulus water 
9 i n .  below cold l e g  c e n t e r l i n e  a t  
225', Spool 15 tap  is 9 in.  above 
i n l e t  annulus t a p .  

I n l e t  annulus, 9 i n .  belov cold l e g  2300 in .  515 psid 
c e n t e r l i n e  nc 225- t o  upper plenum, wotcr 
10.5 in .  above cold l e g  c e n t e r l i n e  
a t  30'. e leva t ion  d i f f e r e n c e  between 
t a p s  is 19 in.  

DW-IANN-UP 



TABLE V (~dntd.) 

DATA PRESENTATION FOR SEMISCALE MOD-1 TEST S-02-3 

iunReIa '  

Data A c q u i s i t i o n  
De tec to r  System ~ i R u r e " ]  ~ leasurement  ~ o m m e n t s ' ~ ]  Location and ~ o m m e n c s ' ~ '  

(Contd.) 

Measurement -- 
DIFFERENTIAL PRESSURE 

Vesse l  (Contd.)  

DPV-9-18099 I n l e t  annulus.  9 i n .  b e l a v  co ld  l e g  
c r m ~ ~ e r l L t r  a~ 225' t o  l a v e r  plenum. 
180 in.' be lov  c o l d  l e g  c e n t e r l i n e  
a t  225*, e l e v a t i o n  d i f f e r e n c e  be- 
tween raps  is 171  in .  

+300 i n .  5 5  ps id  - 
VOtCr 

Across p a r t  o f  doncomer .  26 i n .  
(225') t o  55 i n .  (180') be lov  
c e n t e r l i n e  of c o l d  l e g ,  e l e v a t i o n  
d i f f e r e n c e  betveen t a p s  is 29 i n .  

+50 i n .  +2.5 ps id  
water 

+20 i n .  +1.0 p s i d  
vaL.2,' 

Across doncomer  e x i t .  7 i n .  above 
e x i t  ro 1 0  i n .  below r x l l .  Lapa 
a t  156 i n .  (225') and 173 i n .  (225*) 
be lov  co ld  l e g  c e n t e r l i n e .  e l e v a t i o n  
d i f f e r e n c e  berveen Laps l a  17 118. 

A e m s s  l o v e r  plenum, 166 i n .  (225') 
t o  1 9 1  i n .  (27D0) below co ld  l e g  
c e n t e r l i n e ,  e l e v a t i o n  d i f f e r e n c e  
b e t e e n  t a p s  is 25 i n .  

+50 i n .  t 2 . 5  ps id  
wa te r  

DPV-LP-UP Lover plenum, 180 i n .  b e l o v  co ld  
l e g  c e n t e r l i n e  s t  225' t o  upper 
plenum 1D.5 i n .  above co ld  l e g  
c e n t e r l i n e  a t  30', e l e v a t i o n  d i f -  
f e r e n c e  between t a p s  i s  191  i n .  

5300 i n ,  5 5  p s i d  
water 

+lo0 i n .  5 5 . 0  paid 
v a t e r  

Upper plenum. 10 .5  i n .  above co ld  
l e g  c e n t e r l i n e  a t  30' t o  i n t a c t  
l o o p  h o t  l e g  Spool 1, 31 i n .  from 
v e s s e l  c e n t e r ,  upper plenum t a p  is 
approximately 2 i n .  above Spool 1 
t a p  

Vesse l  upper plenum, 10 .5  i n .  ahove 
co ld  l e g  c e n t e r l i n e  a t  30' t o  i n t a c t  
loop  h o t  l e g  Spool 3 ,  62 i n .  from 
v e s s e l  c e n t e r .  upper plenum t a p  i s  
approx imate ly  2 i n .  above Spool 3 
t a p  

+,OD i n .  5 5  ps id  
wa te r  

Steam Genera to r  

DPU-SG1-SGZ Across primary s i d e  tubes ,  12 t o  24 
in .  above bottom of  tube s h e e t ,  SGl 
t a p  is 1 2  i n .  be lov  SG2 t a p  

+20 i n .  51.0 ps id  
wa te r  

+SO0 i n .  225 peid 
water 

73 Q u e s t i o n a b l e  measurement due  t o  
possible b l o w d o n  o f  sense l i n e s .  

74 From steam g e n e r a t o r  o u t l e t  plenum, 
269 i n .  from v e s s e l  c e n t e r  a long  
co ld  l e g  t o  c o l d  l e g  Spool 7,  231 i n .  
from v e s s e l  c e n t e r .  i n c l u d i n g  o r i f i c e .  
Spool 7 t a p  is 35 i n .  be lov  S60P t a p  

De tec to r  f a i l e d  +loo i n .  5 . 0  ps id  
water 

DPU-SC-SEC Secondary s i d e ,  d i f f e r e n t i a l  p r e s s u r e  
t a p s  a t  45  and 126 i n .  above bottom of 
tube s h e e t ,  e l e v a t i o n  d i f f e r e n c e  
between t e p s  is 8 1  i n .  

DPS-SGFEED I n  s t eam g e n e r a t o r  feed l i n e  + lo0  i n .  5 . 0  ps id  
M t O r  

DPS-SGDISC In  s t eam g e n e r a t o r  d i s c h a r g e  l i n e  5 0 0  i n :  55 .0  ps id  
wa te r  

P raosur ixor  wa te r  l e v e l ,  e levar inn  
aitterence betveen t e p s  is 34 i n . .  
lower t a p  18  approx imate ly  3.5 i n .  
above p r e s s u r i z e r  e x i t  

+?nil i n .  +z.> p s i d  
wLrr 

Vfll.lMF.TRTC FldlW RATF. 

I n t a c t  Loot 

mu-1 

mu-9  

FTU-13 

FTU-15 

Broken Looe 

FTB-21 

PTB-30 

3-in. Schedule 160 p i p e  

Hot l e g ,  Spool 1, 1 8  in .  from 
vessel c e n t e r  

5 2 0 - 5 0 0  5 0 0  gpm 
RPm 

+20-500  5011 ppm 
gpm 

+20-2400 5 0 0  ,gpm 
gpm 

+10+200 +ZOO gpm 
gpm 

Cold l e g .  Spool 9 .  154 in .  from 
v e s s e l  c e n t e r  

Cold l e g ,  Spool 13.  64 i n .  from 
v e s s e l  c e n t e r  

Cold l e g .  Spool 1 5 ,  29 i n .  from 
v e s s e l  c e n t e r  

A l l  measurements b i d i r e c t i o n a l ,  
Srherl~nl~.  Ihfl P~PP. 

Detec to r  s a t u r a t e d  from t-17 sec t o  
t-34 sec 

Cold l e g ,  Spool 21. 58  i n .  frsm 
v e s s e l  c e n t e r .  3-in. p ipe  

+20-f400 5 5 0  ppm 
llpm 

Hot l e g ,  Spool 30. 25 i n .  from 
v e s s e l  c e n t e r ,  3-in. p ipe  



TABLE V (Contd.) 

DATA PRESENTATION FOR SEMISCALE MOD-1 TEST S-02-3 

~enpe'~' 

Data Acq~isltion 
Location and ~~nrrne~t~'~' . Detector System ~ixure[" 

(Contd.) 

Measurement ~oments'~' Measurement 

VOLUHETRIC F W W  RATE 

Core - 
FTV-CORE-IN . Entrance to core. approximately 158 +20-+400 5 0 0  apm 

in. below cold leg centerline R P ~  

1-112-in. turbine 

Surge line 5-100 gpm 0-100 gpm 

Tulb ino  €lswatrr, LIJitsc~lvttal 

Pressurizer 

FTU-PRIZE 

n.tlrn V F I ~ ~ T T Y  

Oomcomer Gae 

FTV-40A 

Turbine bearings foiled 

40 in. below cold leg centerline. 0' 52.5-+50 570 ftlsec 
ftlsec 

40 in. below cold leg centerline. 180' +2.5"_50 5 0  ftlsee 
ttlsec 

Detector failed 

B ~ m & - d l a ~  bidi~ec~rultnl. LUmpUceP 
conversion of voltnae output to 
momentum flux is unidirectionsl and 
LlterePore shows magnitude only 

Intact Loot 

m u - 1  

3-1". pipe 

Hot leg. Spool 1. 29 in. from +250-+11 500 5 5  000 lbmlft- 102 
vessel center. target sire 0.875 in. ibmlf~-s;c2 secj  

Hot leg, Spool 5, 100 in. fro. S+.QOQ fj!.flflfl lhm/fr= 1 m 
vessel center, target size 1.0 in. lbmlft-see2 sec2 

mu- 10 Cold leg. Spool 10. 137 in. from - +2q0-+10.400 530,000 lbmlf t- 104 
vessel center. tsrget size 0.875 in. lbmlft-see2 secZ 

Cold leg, Spool 13, 54 in. from +ZOO-+11 000 +14 800 lbmlft- 105 
vessel center. target size 0.875 in. 1bm1f;-s;e2 ' %ci 

Cold leg, Spool 15, 19 in. from +200+1,600 +15.500 lbmlft- ,106 
vessel center. target size 0.875 in. ibmlft-sec2 sec 

Broken Loop 

ma-21 Cold leg. Spool 21, 53 in. from 5200-t70.500 9 4  000 lbmlft- 107 
vcoocl ccntcr, 3-in. pipe, LargeL lbmlii-secZ sec! 
odae 0.656 in. 

Hot log, Epool 23, 93 LE. T r u w  7200-~12J.000 +I~).uuu IbPltt- IUB 
vessel center. upstream of vessel- ibmlft-see2 sec2 
s i d o  non~lra dcia~rul t o m s l 1 ~  asr IIIJ-1.1 la*!? 

Point, 2-in. pipe, terget size 0.406 in. 

Cold leg, spool 30. 20 in. from +znn4n,nnn fin nnn ~hmlft- 109 
vessel center. 3-1". pipe, tsrget 1bmlf;-sec2 seci 
oicc 0.656 in. 

Cold leg. Spool 37. 284 in. from - +ZOO-+121.000 575,000 lbmlft- 110 
vessel center along hot leg, steam 1bmlf~-sec2 sec2 
generator outlet vertical pipe, 
2-1". pipe, target siz; 0.406 in. X 

Hot leg, Spool 42, 416 in. from +ZOO-+116.000 +155.000 lbmlft- 111 
vessel center slonp, cold l e ~ ,  upstream ibmlft-sac2 ~ a r 2  
of pump-side nozzle. downstream of 
injection point, 2-1". pipe, 
tsrget size 0.406 in. 

Bereol 

FOV-CORE-IN In core Elvw mixer hnn. 1Sn i n .  +~nn.+l .nnn bi ,000 ibmlft 
b e l w  cold leg centerllne, tatbet h ~ l f 7 - s e c L  see2 
sire 1.0 in. 

113 Eavc8 lmll~ill ~la t lsd l ! l ' r l~ .  Illlrpllr 
appears to be affected by. blow- 
do"". 

Intact Loop 

Gu-IVK Hoc leg. S p w l  1, 24 in. from 
vessel center, verticgl 

Hot leg. Spool 1. 26 in. from 
vessel center. horirontsl 

Hot leg. Spool 5, 96 in. from 
vessel center, vertical 

Cold leg. Spool 10, 141 in. from 
vessel sentor, vcrtical 

Cold leg, Spool 13. 59 in. from 
vessel center. vertical 

Cold leg, Spool 15, 20 in. from 
vessel,center, horizontal 

Cold leg. Spool 15. 23 in, from 
vessel center. vertical 



TABLE V ( C o n t d . )  

DATA PRESENTATION FOR SEMISCALE MOD-1 TEST S-02-3 

~ s n g e ' ~ '  

Data Acquisition 
Detector System ~ i R u r e [ ~ '  neesurement ~ a m m e n t s [ ~ '  Measurement 

DENSI'N (Contd.) 

Location and ~ ~ m m e n t ~ [ "  

Broken Loot 

GB-21VR Cold leg .  Spool 21. 49 i n .  from 
vesse l  c e n t e r ,  v e r t i c a l  

Cold leg .  Spool 23, 92 in .  from 
vesse l  center ,  v e r t i c a l  

Cold l e g ,  spool 30, 1 R  in .  frorn 
vesse l  c e n t e r ,  v e r t i c a l  

Cold leg .  Spool 37, 279 in .  from 
vesse l  center  along hat l e g ,  acroes 
v e r t i c a l  p ipe ,  simulated steam gen- 
e r a t o r  d ischarge  

Detector f a i l e d  

Hot l e g ,  Spool 42, 414 in .  from 
vesse l  center  along hot leg. v e r t i c a l  

Vessel - 
CV-COR-15OHZ Core flow mixer box, 152 in .  below 

cold l e g  c e n t e r l i n e ,  hor izonte l ,  
0-180" 

Lower plenum 161 in. belov cold 
l e g  c e n t e r l i n e  (270') t o  192 in .  
belov cold l e g  c e n t e r l i n e  (go0) ,  
31 in.  v e r t i c a l  32.2 in .  diagonal 

Upper p a r t  of l o w r  plenum. 165 i n .  
below cold l e g  c e n t e r l i n e ,  1.724 
in .  below downcomer e x i t .  hor izonta l ,  
0-180' 

Lower plenum. 172 i n .  below cold l e g  
c e n t e r l i n e ,  8.729 i n .  below downcomer 
e x i t ,  hor izonta l .  90-270° 

Pr r*outlrrL' 

GU-PRIZE Surge l i n e  

WSS FLOW RATE Mass flow r a t e  obtained by combining 
dens i ty  (gamma a t tenuat ion  technique) 
with volumetric f l o v  r a t e  ( turb ine  
flovmeter) o r  momentum f lux  (drag 
d i s c )  

Rsnge f o r  moss flow is determined 
from mnge of indiv idual  d e t e c t o r s  
used i n  ca lcula t ion  

I n t a c t  Loop 

Hot leg ,  Spool 1 

Hot leg. Spool 5 

Cold l e g .  spool 9 

Cold leg .  Spool 1 0  

Cold l e g .  Spool 13  

Cold l r ~ ,  S p w l  15 

Detector f a i l e d  mu-PRIZE 
GU-PRIZE 

proken '+or 

FOB-21 GB-21VR 
FTB-21 GB-21VR 

Pressur izer  surge  l i n e  

Discrepancies i n  mass flow r a t e  mensure- 
ments from TrnnSdueers fDB-21 and FTB-21 
may be due to c h a n ~ e s  i n  t h e  c a l i b r a t i o n  
f a c t o r s  due to t h e  eombined.effects of two- 
pluaa  I l v r  atfill uuulple* jcometries not 
accounted f o r  i n  present c a l i b r a t i o n  tech- 
niques 

Cold leg. spool 21  

FDB-23 GE23VR Cold l e g ,  Spool 23 

ms-30 GB-)ova 
YTB-30 C& JOVR Hot leg, 30 

FDB-37 CB-42 Cold leg .  Spool 37 Combination has ques t ionable  v a l i d i t y  
because of physical d i f fe rence  i n  de tec tor  
lncnrlnn 

FDR-42 GB-42VR Cold l e g ,  Spool 42 

Vessel 

FTV-CORE-IN 
. GV-COR-lSOHZ to 'Ore 

FDV-CORE-IN GY-COR-150HZ Entrance t o  core Experimental transducer.  Output 
appears t o  be e t t e c t e d  by blow- 
don". 

, . 



TABLE V (Contd. ) 

DATA PRESENTATION FOR SEMISCALE MOD-1 T e s t  S-02-3 

~ a n g e ' ~ '  

Data Acquisition 
Measurement Location end ~omments"' ne tec tor  Svstem  inure'^' Hcssurement ~ o r n e n t s ' ~ ~  

CORE CHARACTERISTICS 

PWRCOR T-1 Core power 1600 kW 140 

PWRCOR T-2 Core power 1600 kW 160 

VOLTCORE-T Core voltage 2rtD v 141 

AHPCORE-T Core c u r r e n t  10,009 A 14 2 

P W  CHARACTERISTICS 

PUWU-TORQ Pump torque 3-503 in.-lb 0-500 in.-& 16 3 

PUMPU-POW Pump motor power 25 kW 164 Power ca lcula ted  from torque and speed 
exceeds measured paver 

PUMPU-RPM Pump speed 0-3600 rpm. 0-3600 rpm 165 

[el Statemen,ts st the begin?inu of a m9sureme"t category reparding loca t ion  ond.comments. range. and f igure  apply t o  a l l  subsequent measurements within the 
given ca tegory  unless spec i f ied  o therv ise .  

l b l  Detectors h i e h  were subjec ted  t o  overrange condi t ions  during por t ions  of the t e s t  were capable of v i ths tendinp  these condi t ions  without change i n  oper- 
a t i n g  or  measuring c h a r a c t e r i s t i c s  when the physical condi t ions  were again within the de tec tor  range. 
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250.  

-10 .0  ' - 5 . 0  0 . 0  5 . 0  10.0 15.0 2 0 . 0  2 5 . 0  3 0 . 0  3 5 . 0  '80.0 45 .0  
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Plg .  7 Fluid temperature in intact loop. 

-10.1) -11.0 0 . 0  5 . 0  10 .0  15.0 2 0 . 0  2 5 . 0  30 .0  3 5 . 0  YO.0 Y5.0 . 
T I M E  AFTER RUPTURE I S E C I  

Fig. 8 Fluid temperature in broken loop. 
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-10 .0  - 5 . 0  0 . 0  5 . 0  10 .0  5 0  2 0 . 0  2 5 . 0  3 0 . 0  35 .0  4 0 . 0  r5 .O 

TIME AFTER RUPTURE (SEC) 

Fig. 9 Fluid temperature in downcomer annulus. 
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-10 .0  - 5 . 0  0 . 0  5 . 0  10 .0  15.0 2 0 . 0  2 5 . 0  3 0 . 0  35 .0  4 0 . 0  45 .0  

TIME AFTER RUPTURE (SEC) 

Fig. 10 Fluid temperature In upper plenum. 
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300.  

- 1 0 . 0  - 5 . 0  0 . 0  5 . 0  10.0 15.0 2 0 . 0  2 5 . 0  3 0 . 0  35 .0  -0 .0  Y5.0 

TIME AFTER RUPTURE (SECI 

Fig. 11 Fluid temperature in lower plenum. 
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- 1 0 . 0  - 5 . 0  0 . 0  5 . 0  10.0 15.0 2 0 . 0  2 5 . 0  30 .0  35 .0  40 .0  Y5.0 

TIME AFTER RUPTURE (SEC) 

Fig. 12 Fluid temperature in steam generator. 
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- 1 0 . 0  - 5 . 0  0 . 0  5 . 0  10.0 15.0 2 0 . 0  25 .0  30 .0  35.0 90 .0  95.0 

TIME AFTER RUPTURE (SECI 

Fig. 13 Fluid temperature in pressurizer surge line. 
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-10 .0  - 5 . 0  0 . 0  5 . 0  10.0 15.0 2 0 . 0  2 5 . 0  30.0 35 .0  40.0 95 .0  

TIME AFTER RUPTURE (SECI 

Fig. 14 Fluid temperature in pressure suppressTon system. 
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TlME AFTER RUPTURE (SEC) 

Fig. 15 Material temperature in intact loop. 
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TlME AFTER RUPTURE (SECI  

Fig, 16 Material temperature jn broken loop. 



Fig. 17   ate rial tgmperature in vessel wall. 

.O - 5 . 0  0 . 0  5 . 0  10.0 15.0 2 0 . 0  2 5 . 0  3 0 . 0  35 .0  4 0 . 0  4 5 . 0  

T I M E  AFTER RUPTURE ( S E C I  

Fig. 18 Material temperature in vessel filler. 
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300. 

-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. 19 Material temperature in vessel filler insulator. 

-10.0 -5.0 0.0 5 . 0  10.0 15.0 20.0 25.0 30.0 3s.o uo.0 '45.0 
T I M  AFTER RUPTURE ISEC) 

Fig. 20 Material temperature in core barrel. 



POOO. 

Fig. 22 Core heater temperature, Rod E-4 (high power). 
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-10 .0  - 5 . 0  0 . 0  5 . 0  10 .0  15 .0  2 0 . 0  2 5 . 0  30 .0  3 5 . 0  4 0 . 0  45.0 

TIME AFTER RUPTURE (SECI 

Fig. 23 Core heater temperature, Rod E-5 (h.igh power). 
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Fig. 24 Core healer ceiiiperature, Rod A - 4 .  
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Fig. 25 Core heater temperature, Rod A-5. 
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- 1 0 . 0  - 5 . 0  0 . 0  5 . 0  10.0 15.0 2 0 . 0  2 5 . 0  30 .0  35 .0  90.0 '45.0 

TIME AFTER RUPTURE (SEC) 

Fig. 26 Core heater temperature, Rod B-3. 
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- 1 0 . 0  - 5 . 0  0 . 0  5 .  10 .0  15.0 2 0 . 0  2 5 . 0  3 0 . 0  35 .0  40 .0  '45.0 

TlME AFTER RUPTURE ISECI 

Fig. 27 Core heater temperature, Rod B-5. 

GOO. 

550 .  

- 1 0 . 0  - 5 . 0  0 . 0  5 . 0  10 .0  15 .0  2 0 . 0  2 5 . 0  30 .0  35 .0  40.0 4 5 . 0  

TlME AFTER RUPTURE ISECI 

Fig. 28 Core heater temperature, Rod B-6. 
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TIME AFTER RUPTURE (SEC)  

Fig. 29 Core heater temperature, Rod C-2. 
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400.  

- 1 0 . 0  - 5 . 0  0 . 0  5 . 0  10.0 15 .0  2 0 . 0  2 5 . 0  3 0 . 0  35 .0  40 .0  4 5 . 0  

TlnE AFTER RUPTURE ISEC) 

~ i g .  30 Core heater temperature, Rod C-3. 
- 



'too. 

-10 .0  - 5 . 0  0 . 0  5 . 0  10 .0  15 .0  2 0 . 0  2 5 . 0  3 0 . 0  3 5 . 0  40.0 '45.0 

TIHE AFTER RUPTURE (SEC) 

Fig. 31 Core heater temperature, Rod C-4. 
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TIHE AFTER RUPTURE (SEC) 

Fig. 32 Core heater temperature, Rod C-5. 
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Fig. 33 Core heater temperature, Rod C-6. 
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Pig. 34 Core heater temperature, Rod D-1. 
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-10 .0  - 5 . 0  0 . 0  5 . 0  10 .0  15.0 20 .0  25 .0  30.0 35 .0  YO.0 Y5.0 

TIME AFTER RUPTURE ISEC) 

Fig. 35 Core heater temperature, Rod D-2. 
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TIME AFTER RUPTURE ISEC) 

~ 1 ~ .  36 Core heater temperature, Rod D-3. 
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-10.0 -5.0 0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 '40.0 U5.0 

T I M E  AFTER RUPTURE ( S E C I  

Fig. 37 Core heater temperature, Rod D 4 .  
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T l U E  AFTER RUPTURE ( S E C I  

Fig. 38 Core heater temperature, Rod D-8. 
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TlME AFTER RUPTURE (SEC) 

Fig. 39 Core heater temperature,.Rod E-1. 
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TlME AFTER RUPTURE (SEC) 

Fig. 40 Core heater temperature, Rod E-2. 
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Fig. 43 Core heater temperature, Rod E-7. 
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Fig. 44 Core heater temperature, Rod E-8. 
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T I H E  AFTER RUPTURE I S E C )  

Fig. 45 Core heater temperature, Rod F-2. 

Fig. 46 Core heater temperature, Rod P-3. 



-10 .0  - 5 . 0  0 . 0  5 . 0  10.0 15.0 2 0 . 0  2 5 . 0  30 .0  35 .0  '40.0 45 .0  

T I M E  AFTER RUPTURE ( S E C I  

Fig. 47 Core heater temperature, Rod F-4. 
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Fig. 48 Core heater temperature, Rod P-5. 
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T I M E  AFTER RUPTURE (SEC)  

Fig. 49 Core heater temperature, Rod F-6. 
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T I M E  AFTER RUPTURE ( S E C )  

Fig. 50 Core heater temperature, Rod F-7. 
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TIME AFTER RUPTURE ISEC) 

Fig. 51 Core heater temperature, Rod G-3. 
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Fig.' 52 Core heater temperature, Rod G-4. 
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TIME AFTER RUPTURE ISECl 

Fig. 53 Core heater temperature, Rod G-5. 
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TIHE AFTER RUPTURE ISEC) 

Fig. 54 Core heater temperature, Rod G-6. 
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.Fig. 55 Core heater temperature, Rod-H-4. 
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Fig. 56 Core heater temperature, Rod H-5. 
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Fig. 57 Fluid temperatures in core (Grid Spacer 6). 
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T I M E  AFTER RUPTURE ISEC)  

Fig. 58 Fluid temperatures in core (Grid Spacer 8). 
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F i g .  59 F l u i d  temperatures  i n  co re  (Grid Spacer 10 ) .  
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Fig .  60 M a t e r i a l  tempera,tures i n  steam gene ra to r .  



Fig .  61 P r e s s u r e s  i n  i n t a c t  loop. 
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-10.0 - 5 . 0  0 . 0  5 . 0  10.0 15.0 20 .0  2 5 . 0  30.0 35.0 YO.0 U5.0 

TIME AFTER RUPTURE (SEC) 

Fig .  62 P r e s s u r e s  i n  broken loop .  
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TlME AFTER RUPTURE ISEC) 

Fig .  6 3  Pres su re s  i n  v e s s e l .  

870 .  , 

- 1 0 . 0  - 5 . 0  0 . 0  5 . 0  1 0 . 0  15 .0  2 0 . 0  2 5 . 0  3 0 . 0  3 5 . 0  4 0 . 0  4 5 . 0  

TlME AFTER RUPTURE ISEC) 

Fig .  64 P re s su re  i n  steam g e n e r a t o r ,  secondary s i d e .  
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TlME AFTER RUPTURE (SECI 

PU-SGOP 

F i g .  65 P r e s s u r e s  i n  steam g e n e r a t o r ,  pr imary s i d e .  

F i g .  66 P r e s s u r e  i n  p r e s s u r i z e r .  
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-10 .0  - 5 . 0  0 . 0  . 5 . 0  10.0 15.0 2 0 . 0  2 5 . 0  3 0 . 0  3 5 . 0  *O.O Y5.0 

TlME AFTER RUPTURE ISECI 

Fig .  67  P re s su re  i n  p r e s s u r e  suppress ion  system. 
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TlME AFTER RUPTURE ISECI 

F i g .  68 niffp.re.nti .al  pressure in i n t a c t  loop (upper plenum t o  Spool 1). 



. O  - 5 . 0  0 . 0  5 . 0  10.0 15.0 2 0 . 0  2 5 . 0 . 3 0 . 0  35 .0  '40.0 U5.0 

T I M E  AFTER RUPTURE I S E C )  

Fig .  69 D i f f e r e n t i a l  p r e s s u r e  i n  i n t a c t  loop (upper plenum t o  Spool 31. 

- 1 0 . 0  -5 .0  0 . 0  5 . 0  10 .0  15 .0  2 0 . 0  2 5 . 0  3 0 . 0  35 .0  '40.0 4 5 . 0  

T I M E  AFTER RUPTURE I S E C )  

Fig .  70 D i f f e r e n t i a l  p r e s s u r e  i n  i n t a c t  loop (Spool 1 t o  Spool 3 ) .  



-10.0 -5.0 0.0 5.0 10.0 15.0 20.0 25.0 30.b 35.0 40.0 45.0 

T I M E  AFTER RUPTURE I S E C I  

Fig. 71 D i f f e r e n t i a l  pressure  i n  i n t a c t  loop (Spool 3 t o  Spool 61.. 

Fig. 72 U i f f e r . . .  e n t i a l  pressure i n  i n t a c t  luup (Spuul G Lu 3puul 7) .  
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Fig .  7 3  D i f f e r e n t i a l  p r e s s u r e  i n  i n t a c t  loop (steam gene ra to r  pr imary) .  
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TIME AFTER RUPTURE (SECI 

Fig .  74 D i f f e r e n t i a l  p r e s s u r e  i n  i n t a c t  loop (steam gene ra to r  o u t l e t  
plenum t o  Spool 7 ) .  
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Fig. 75 Differential pressure in intact loop (Spool 7 to Spool 10). 
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TIME AFTER RUPTURE (SEC) 

Fig. 76 Differential pressure in irltact loop (Spuol 12 to Spool 10). 



Fig .  77 ~ i f f e r e n t i a l  p r e s s u r e  i n  i n t a c t  loop ,  low range (.Spool 12 t o  
Spool 10 ) .  
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Fig. 78 D i f f e r e n t i a l  p r e s s u r e  i n  i n t a c t  loop (Spool 12 t o  Spool 15 ) .  
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Fig. 79 D i f f e r e n t i a l  p r e s su re  i n  i n t a c t  loop (Spool 1 5  t o  Spool 1 ) .  
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Fig. 80 D i f f e r e n t i a l  pressure in intact loop ('Spool 15 t o  v e s s e l  . i n l e t  
annulus)  . 
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Fig. 81 Differential pressure in intact loop (Spool 15 to atmosphere). 
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Fig. 82 Differential pressure in intact loop (pressurizer IfquTd level). 



-10 .0  - 5 . 0  0 . 0  5 . 0  10 .0  15.0 2 0 . 0  2 5 . 0  3 0 . 0  35 .0  40 .0  kS.0 
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Fig.  83 D i f f e r e n t i a l  p r e s s u r e  i n  broken loop CSpool 23 t o  vesse l - s ide  
nozz l e  t h r o a t ) .  
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Fig.  84 D i f f e r e n t i a l  p r e s s u r e  i n  broken loop (vesse l - s ide  nozz l e  t h r o a t  
t o  d ive rgen t  s e c t i o n ) .  
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Fig.  85 D i f f e r e n t i a l  p r e s s u r e  i n  broken loop (Spool 3 0 , t o  Spool 36L). 
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Fig. 86 D i f f e r e n t i a l  p r e s s u r e  i n  broken loop (Spool 32U t o  Spool 36L). 
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Fig. 87 Differential pressure in broken loop (Spool 38 to Spool 40). 
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Fig. 88 Differential pressure in broken loop (Spool 42 to pump-side 
nozzle throat). 
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Fig .  89 D i f f e r e n t i a l  p r e s s u r e  i n  v e s s e l  ( i n l e t  annulus t o  upper plenum). 
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Fig.  90 D i f f e r e n t i a l  p r e s su re  i n  v e s s e l  CDPV-9-180~~).  
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Fig. 92 D i f f e r e n t i a l  p r e s s u r e  i n  v e s s e l  (DPV-156-173QQ). 
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Fig. 9 3  D i f f e r e n t i a l  p r e s s u r e  i n  . v e s s e l  (DPV-166-191QT). 
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Fig. 94  D i f f e r e n t i a l  p r e s s u r e  i n  v e s s e l  (DPV-LP-UP). 
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F i g .  96 D i f f e r e n t i a l  p r e s s u r e  a c r o s s  s team g e n e r a t o r  o u t l e t  o r i f i c e .  
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Fig. 97 Volumetric flow i n  i n t a c t  loop (FTU-1, FTU-9). 
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Fig .  98 Volumetric flow i n  i n t a c t  loop (FTU-13, PTB-30). 



Fig .  99 Volumetr ic  flow i n  broken loop (FTB-21, FTB?30). 
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Fig .  100 Volumetric flow i n  co re  en t r ance .  



- 5 0 .  

- 1 0 . 0  - 5 . 0  0 . 0  5 . 0  10 .0  15.0 2 0 . 0  2 5 . 0  30 .0  3 5 . 0  YO.0 W . 0  

TIME AFTER RUPTURE ISECI 

Fig.  101  F lu id  v e l o c i t y  i n  v e s s e l . .  
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Fig .  102 Momentum f l u x  i n  i n t a c t  loop (Spool 1). 



Fig.  103  Momentum f l u x  i n  i n t a c t  l 'oop (Spooli S)'.. 

Fig.  104 Momentum f l u x  i n  i n t a c t  loop (Spool 1 0 ) .  
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Fig .  105 Momentum f l u x  i n  i n t a c t  loop (Spool 13 ) .  
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Fig.  106 Momentum f l u x  i n  i n t a c t  loop (Spool 1 5 ) .  
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Fig. 107 Momentum f l u x  i n  intact loop (Spool 2 1 ) .  
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Fig. 108 Momentum f l u x  i n  broken loop (Spool 2 3 ) .  
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Fig .  109 Momentum f l u x  i n  broken loop (Spool 30) .  
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Fig.  110 Momentum f l u x  i n  broken loop (Spool 37). 
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Fig. 111 Momentum flux in broken loop (Spool 42). 
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Fig. 112 Momentum flux in core entrance. 
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Fig. 113 Density in intact loop (GU-lVR, G U - l a ) .  
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Fig. 114 Density in intact loop (GU-5, GU-10). 
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Fig. 115 Density in intact loop (GU-13). 
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Fig. 116 Density in intact loop (GU-15VR, GU-15HZ). 
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F i g .  117 Dens i ty  i n  broken loop  (GB-21, GB-23). 
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F i g .  118 Dens i ty  1x1 broken  loop  (GB-30, GB-42). 
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Fig.  119 Densi ty  i n  v e s s e l  (GV-COR-150HZ, GV-161/192). 
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Fig .  120. Densi ty  i n  vessel  (GW,P-165HZ, G V L P - 1 7 2 a ) .  
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Fig .  121  Densi ty  i n  p r e s s u r i z e r .  
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Fig.  122 Mass flow i n  i n t a c t  loop (FDU-1 and GU-1VR). 
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F i g .  1 2 3  Mass f low i n  i n t a c t  loop  (FTU-1 and GU-~vR)'. 

F i g .  124 Mass' f low i n  i n t a c t  loop  (FDU-5 and GU-5). 



Fig .  125 Mass flow i n  i n t a c t  loop (FTU-9 and GU-10). 

F ig .  126 Mass flow i n  i n t a c t  loop (FDU-10 and GU-10). 
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Fig .  127 Mass f low i n  i n t a c t  loop (FDU-13 and GU-13). 
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Fig .  128 Mass flow i n  i n t a c t  loop (FTU-13 and GU-13). 
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Fig. 129 Mass flow i n  i n t a c t  loop (FDU-15 and GU-15VR). 

Fig. 130 Mass flow i n  i n t a c t  loop (FTU-15 and GU-15VR). 
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Fig .  131Mass  f low i n  broken loop (FDB-21 and GB-21). 
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Fig .  132 Mass flow i n  broken loop (FTB-21 and GB-21).  



Fig .  133  Mass flow i n  broken loop (FDB-23 and GB-23). 

0  - 5 . 0  0 . 0  5 . 0  1 0 . 0  1 5 . 0  2 0 . 0  2 5 . 0  3 0 . 0  3 5 . 0  4 0 . 0  4 5 . 0  

T I M E  A F T E R  RUPTURE I S E C )  

Fig .  134 Mass flow i n  broken loop (FDB-30 and GB-30). 
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Fig.  135 Mass flow i n  broken loop (FTB-30 and GB-30). 

F ig .  136 Mass flow i n  broken loop (FDB-37 and GB-42). 
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Fig .  137 Mass flow i n  broken loop (FDB-42 and GB-42). 
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Fig .  138 Mass flow i n  vessel (FTV-CORE-IN and GV-COR-150HZ). 
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Fig .  139 Mass flow i n  v e s s e l  (FDV-CORE-IN and G V - C O R ~ ~ ~ O H Z ) .  
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Fig .  140 Core h e a t e r  p i n  t o t a l  power. 
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Fig. 1 4 1  Core h e a t e r  vo l t age .  
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Fig. 142 Core h e a t e r  t o t a l  cu r ren t .  
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Fig. 145 Pr imary  pump speed. 
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