
S E M I S C A L E  B L O W D O W N  A N D  E M E R G E N C Y  CORE 
C O O L I N 6  ( E C C ]  P R O J E C T  

T E S T  REPORT- .  
T E S T S  8 4 8 ,  8 4 9 ,  A N D  8 5 0  [ECC I N J E C T I O N )  

0.  I .  O L S O N  

nerojet nuclear Company 1. I 

NATIONAL REACTOR TESTING STATION 
ldaho Falls, ldaho - 83401 

Date Published-June 1972 

C 

PREPARED GR THE 
U. S. ATOMIC ENERGY COMMISSION 

IDAHO OPERATI'ONS OFFICE UNDER CONTRACT AT(10-1)-1375 1 



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 in the United States of b t i c a  
Arailable f rem 

Natioaal Teehdcal Imformation Service 
0. S. Department uf Commerce 

5283 Purt Koyal Eciad 
Springf Ueld , V%t&Lniss 22331 

PFice: Printed Gapy $3.00; MtcrofFcbe $9.95 

-2 

L E G A L  N O T I C E  

T h i s  r e p o r t  was p r e p a r e d  a s  a n  a c c o u n t  of work  sponsored  by t h e  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  t h e  U n i t e d  S t a t e s  A t o m i c  
E n e r g y  Commission,  nor  any  o f  t h e i r  emp loyees ,  n o r  any o f  t h e i r  c o n t r a c t o r s ,  
s u b c o n t r a c t o r s ,  o r  t h e i r  employees,  makes any w a r r a n t y ,  e x p r e s s  or i m p l i e d ,  
o r  assumes a n y  l e g a l  l i a b i l i t y  o r  r e s p o n s i b i l i t y  f o r  t h e  a c c u r a c y ,  c o m p l e t e -  
ness  o r  u s e f u l n e s s  o f  any l n f o r m a t ~ 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 ,  o r  r e p r e s e n t s  t h a t  i t s  use  w o u l d  n o t  i n f r i n g e  p r i v a t e l y  owned r i g h t s .  



SEMISCALE BLOWDOWN AND EMERGENCY CORE COOLING 

(ECC) PROJECT TEST REPORT -- 
TESTS 848, 849, AND 850 (ECC INJECTION) . 

N O T I C E  
This report was prepared as an account of work 
sponsored by the United States Government. ,Neither 
ihe.,United States nor the  United States Atomic Energy 
Commission, nor any of their employees, nor any of 
their :contractors, subcontractors', or their. ,employees, 
makes any warranty, express o r  implied, or assumes any 
legal liability or responsibility. for the .accuracy, com- 
pleteness o r  usefulness of any information, apparatus, 
product o r  process disclosed, o r  represents that  its use 
would not infringe privately owned rights. 

D. J. Olson 

Date Published - June 1972 

PREPARED FOR THE U. S. ATOMIC ENERGY COMMISSION 
IDAHO OPERATIONS OFFICE 

UNDER CONTRACT NO. '(10-1)-1375 



ABSTRACT 

 his document presents the results of three decompression experiments 
(Tests 848, 849, and 850) performed in the Semiscale Blowdown and Emer- 
gency Core Cooling (ECC) Project a s  part of the Water Reactor Safety Program 
of the U. S. Atomic Energy Commission. The data are intended to provide a 
basis for measuring the maturity of analytical codesused to predict the response 
of pressurized water reactors to decompression and ECC injection for a 
hypothetical major loss-of-coolant accident (LOCA). 

Semiscale Tests '848, 849, and 850 were inlet-break tests of a system that 
includes an operating loop and a vessel with an electrically heated core. 
Tests 84.8 and 849 involved injection of ECC from a pressurized accumulator 
during decompression. ~ e s t  850 was performed from the same initial conditions, 
but without ECC, to provide a basis for comparison. The objectives of these 
tests were to obtain more ,detailed experimental information relative to the 
effects of ECC on primary system decompression and to determine the mechan- 
ism . responsible for the expulsion of ECC liquid from the vessel inlet plenum 
which had occurred in previous semiscale ECC-injection tests. Data from these 
three tests provide a general explanation of the expulsion mechanism. 

The purpose of this report i s  to present the data from Semiscale Tests 
848, 849, and 850 in sufficient detail to be directly usable by those groups 
engaged in LOCA analysis for pressurized water reactors. The substantial 
and significant differences between a large nuclear reactor and the semiscale 
apparatus, and the differences in the related phenomenologies during .postulated 
LOCA9s, make invalid any direct extrapolation of the results of these tests 

.to a reactor. The tests a r e  intended only for purposes of analysis methods 
development and evaluation. The t e s t  ~ e s u l t s  presented include pressure, fluid 
and material temperatures, density, flow rates, and fluid quality a s  functions 
of time. 



SUMMARY 

The objective of the Semiscale Blowdown and Emergency Core Cooling 
(ECC) Project, which i s  part of the Water Reactor Safety Program of the U. S. 
Atomic Energy Commission, i s  to provide experimental data for assessing 
the capability and adequacy of analytical models which are  used to quantify 
thermal-hydraulic phenomena in large pressurized water reactors during 
a loss-of-coolant accident (LOCA). The semiscale tests also provide data 
to assist in meeting the overall Loss-of-Fluid Test (LOFT) program objectives. 
The semiscale experimental apparatus i s  not capable of providing demon- 
stration tests of ECC systems in power reactors[a]. 

Semiscale Tests 848, 849, and 850 were initiated by cold leg breaks of a 
system that includes a vessel with internals and one complete operating loop. 
During Tests 848 and 849, ECC was injected from a pressurized accumulator. 
The specific. objective of these tests was to provide more detailed experimental 
data relative to the effects of ECC on primary. system decompression, and, 
additionally, to define the mechanism responsible for the expulsion of all accum- 

+ ulator ECC fluid from the vessel which had been observed in previous ECC- 
injection tests. Test 850 was performed from initial conditions similar.to 
those for Tests 848 and 849, but without ECC, to provide a basis for compari- 
son. An evaluation of the experimental data for the three tests indicates that 
measurements of fluid properties as  functions of time and system location are 
adequate to describe the thermal-hydraulic response of the semiscale system 
to the test conditions imposed. The substantial and significant differences 
between a large nuclear reactor and the semiscale apparatus, and the differ- 
ences in the related phenomenologies during postulated LOCA' s ,  make invalid 
any direct extrapolation of the results of this test to a reactor. The tests are  
intended only for purposes of analysis methods development and evaluation. 

The purpose of this report i s  to present the data from these three tests 
in sufficient detail to be directly usable by those groups engaged in model 
development for  the analysis of the LOCAina pressurized water reactor (PWR). 
The indivfdual variables measured at various system locations a re  presented 
together with a brief interpretation and discussion of the results. Variables not 
measured directly have been calculated and the data plotted in the appropriate 
engineering units for convenience of interpretation. Necessary corrections have 
been applied to the data. The techniques for these corrections a r e  provided in 
appendices. 

A summary of observations concerning the data from Tests 848, 849, 
and 850 i s  presented in Section IV. Some of the observations a r e  summarized 
here. These observations are  presented in the same order a s  they appear in the 
report. The order is not intended to reflect the priority o r  importance of 
the observations. 

[a] Terms such a s  ECC systemn, "coren, "steam generatorn, and "pressure 
- vesselB, historically have been used. to designate components of the semi- 

scale system. The semiscale components a r e  designed to produce physical 
processes which can be investigated in small systems, and a re  not intended 
to be scale models o r  to represent all-physical aspects of their counterparts 
in reactor systems. The existence of related components in a nuclear 
reactor has suggested the 'terminology used in the semiscale program. 



The subcooled decompression processes in the piping and the vessel plenum 
follow the behavior expected for the test system configurati0.n and for the relative 
break size represented in these tests. The maximumpressure difference across 
the core during subeooled decompression was about 50 psi. The effect of con- 
trolling the break size with a nozzle instead of an orifice in the blowdown 
assembly was to damp out more quickly, and reduce in magnitude, the subcooled 
pressure oscillations in the system. 

Little effect was noted in the behavior of the loop and vessel fluid due to 
ECC injection except for locations in the direct path of ECC flow from the inlet 
plenum to the break. Initiation of ECC injection caused no discernible effect 
on inlet plenum pressures. Mixing of the ECC with the initial fluid present in 
the inlet plenum was incomplete; fluid layers of different subcooling were evident 
in the lower plenum with the bottom layer a s  much a s  70°F subcooled. Except 
for locations in the path to the break, fluid density was unaffected by the presence 
of ECC in the system. No significant overall difference in cladding temperature 
behavior was evident from comparison of data for tests with and without ECC. 

  he total fluid flow rate out the break was insensitive to ECC injection, 
Mass balances indicated that about half of the initial system fluid mass was 
discharged from the vessel side of the break and about half was discharged 
from the cold leg side of the break. The maximum fluid inventory in the vessel 
inlet plenum during ECC injection was about 75 pounds, which was insufficient 
to reach the bottom of the core. 

For the first 8 to 10 .sec of ECC injection, some ECC liquid fell to the 
bottom of the vessel inlet plenum and mixed with a small amount of the primary 
fluid inventory while the larger percentage of ECC liquid was entrained in the 
steam back-flow through the core and was carried out the break.' As the steam 
velocity and, concurrently, liquid entrainment decreased, the level of accumulated 
liquid in the. .inlet plenum increased .until an open flow path to the break was 
interrupted. When this interruption occurred, a chugging behavior was initiated 
because of the buildup and release of pressure in the vessel. As discussed in 
the report, apparently the same mechanism which caused the chugging eventually 
resulted in the expulsion of essentially all fluid from the' vessel. 
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SEMISCALE BLOWDOWN AND EMERGENCY CORE COOLING 

(ECC) PROJECT TEST REPORT -- 
TESTS 848, 849, AND 850 (ECC INJECTION) 

1. INTRODUCTION 

The Semiscale Blowdown and Emergency Core Cooling (ECC) Project[l]  
i s  part of the Water Reactor Safety Program [2] of the U. S. Atomic Energy 
Commission. Experiments are conducted by establishing, in model systems, 
conditions that simulate probable operating conditions in, the range of those 
expected in an operating reactor and then initiating a simulated primary piping 
break of controlled size and location. The phenomena occurring in the system 
after the break a r e  observed and recorded for subsequent analysis. 

A primary objective of the semiscale project is to provide an experimental 
data base to help assess the capability and adequacy of analytical models 
which are  used to quantify thermal-hydraulic phenomena in large PWR's during 
a hypothetical LOCA. Information is needed which will allow analytical repre- 
sentation of the following: 

(1) The system decompression characteristics and fluid mass 
flow from the system 

(2) The availability of primary coolant to the core during blow- + 

down 

(3) The heat transfer mechanisms controlling core thermal 
response during system decompression 

(4) The demand requirements for ECC delivery to the core 
and the importance of various system and break parameters 
affecting those requirements 

(5) The. effect of ECC injection on: primary system decom- 
pression 

(6) The forces generated during blowdown and the mechanical 
response of system components to those forces. 

The semiscale tests also provide data to assist in meeting the overall 
objectives of the Loss-of -Fluid Test (LOFT) program. 

The semiscale tests discussed in this report employed a vessel with 
electrically heated core, one complete operating loop, and a pressurized 
 accumulator^ ECC system [a]. ~ e s t s  848, 849, and 850 were conducted from simi- 
lar  initial conditions and under similar operational procedures to clarify 
certain ECC-related phenomena observed in earl ier  semiscale ECC-injection 

[a] Terms such a s  "ECC systemn, ucore", "steam generatorn, and "pressure 
vesseln historically have been used to designate components of the semi- 
scale system. The semiscale components a r e  designed to produce physical 
processes which can be investigated in small systems, and a re  not intended 
to be scale models o r  to represent all physical aspects of their counter- . 

parts in reactor systems. The existence of related components in a nuclear 
reactor has suggested the terminology used in the semiscale program. 

1 



tests [a]. Tests 848 and 849 were inlet break ECC injection experiments in 
which provisions were made to valve off the gas flow from the accumulator 
following depletion of ECC liquid and to bypass the lowest elevation region 
of the loop following ECC injection. Test 850 was performed from initial 
conditions similar to those of Tests 848 and 849, but without ECC injection, 
in order to provide a basis for comparison. These tests provide data on stem- 
liquid entrainment and on two-phase mixing of fluids resulting from the in- 
jection of a subcooled liquid into a steam o r  two-phase fluid environment. 
The data from these tests are  intended to be used a s  a measure of the maturity 
of analytical tools used to predict the response of pressurized water reactors to 
a hypothetical LOCA and subsequent ECC injection. The substantial and 
significant differences between a large nuclear reactor and the semiscale 
apparatus, and the differences in the related phenomenologies during postulated 
LOCA9s, make invalid any direct extrapolation of the results of this test to 
a reactor. The tests a r e  intended only for purposes of analysis methods 
development and evaluation 

. . 
Semiscale test results have been reported for tests involving vessels 

with and without unheated internals[3], tests with the present single-loop 
system configuration with and without unheated vessel internals [4-61, tests 
with, the present system with core heat [7], and an initial test with ECC in- 
jection [B]. 

A primary purpose of. this report i s  to present the results of Semiscale 
Tests 848, 849, and 850 in sufficient detail to be of use to those groups engaged 
in model development and assessment. Included in this report a r e  a descrip'tion 
of the hardware configuration and test conditions, an account of procedures 
and sequence of events, a '  presentation of measured test data, a discussion of 
the test results, and a summary of observations. Also included, a s  appendices, 
are a summary of the data recorded, the methods used to normalize the data, 
and examples of the digitized test data for Tests 848, 849, and 850. 

[a] During previous semiscale ECC injection tests, Tests 846 and 847, the 
data indicated that ECC accumulated in the inlet plenum of the vessel 
during the ECC injection period. The accumulated water was, however, 
expelled from the vessel and out the break immediately following the 
end of ECC injection. For these two tests the ECC accumulator gas was 
not valved off following the injection of all ECC liquid and the gas was, 
therefore, suspected to be the expulsion -mechanism for ECC that had 
accumulated in the inlet plenum. 



11. HARDWARE CONFIGURATION AND TEST CONDITIONS 

Specific information on the single-loop semiscale system hardware con- 
figuration, operating procedures, data recording equipment, and data processing 
techniques has been presented previously 191. Figure 1 shows the general 
arrangement of components for the single-loop tests. Test 848 and 850 were 
conducted with the rupture disc assembly in the high inlet location (Station 35) 
and with the blowdown assembly orificed to 10% (0.009 ft2) of the pipe cross- 
sectional area, giving a break area to system volume ratio of 0.0007 ft-'. 
For Test 849 the blowdown assembly was equipped with a nozzle (length-to- 
diameter ratio about 15) rather than an orifice for simulating a 10% break. 
The general construction of the nozzle is depicted in Figure 2. 

For Tests 848 and 849, ECC from an accumulator system was injected 
directly into the inlet plenum of the vessel at the center-lineelevation of 
the inlet nozzle and at an angular displacement of 37 degrees from the inlet 
nozzle, a s  shown in Figure 3. The semiscale accumulator ECC injection 
system, shown in Figure 4, consists of an accumulator having a gas-to-liquid 
volume ratio typical of accumulators in commercial PWR plants and appro- 
priate piping and valves. The accumulator contained 2.6 ft3 of liquid (sufficient 
to cover the semiscale core) and 1.4 ft3 of nitrogen gas. Initiation of ECC 
injection was controlled by a swing check valve which opened when the pressure 
in the vessel inlet plenum fell below the accumulator charge pressure. The 
ECC delivery rate was controlledby the pressure difference between the accumu- 
lator and the inlet plenum, and by the use of orifices and a throttle valve in the 
E CC line. For Test 848, provision was made to valve off the E CC accumulator 
nitrogen flow by means of a quick closing valve as  soon as  gas flow was evident 
from a flow detector located in the ECC line. This procedure still allowed 
a small amount of gas to vent to the inlet plenum. For Test 849 the valve was 
closed a few seconds earlier than in Test 848,, thereby prohibiting gas dis- 
charge to the vessel. A bypass line across the steam generator low point 
from Stations 4 to 6 (Figure 1) was also installed for Test 849 in order to 
remove the possibility of a water seal at the loop low point which could cause 
pressure buildup in the vessel outlet plenum. A quick opening valve was in- 
cluded in the line and was operated simultaneously with the quick closing valve 
in the ECC line. 

The electrically heated core used in these tests to establish a pressure 
difference between the hot and cold leg fluids consisted of 120 heater pins 
located in the vessel on a 31/32-in.-triangular pitch. The vessel internals, 
heater rod positions, and thermocouple locations are shown in Figure 5. The 
cartridge type heaters are composed of a 9-in.-~ibhrome heating element within 
a 65-mil, 0.44-in.-OD, Nickel-200 sheath. The heated length is insulated 
with boron nitride; the remainder is insulatedwithmagnesium oxide. The heaters 
are capable of operating at a heat flux of 1000  in.^, giving a total power 
capability of about 1.5 MW. 
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Fig. 2 Blowdown nozzle for Test 849. 

Orifices that were installed in the loop during a previous test to study 
the effect of pressure drops remained in Tests 848 through 850. The orifice 
plates were located a s  follows: 

Location Plate Thickness (in.) Diameter (in.) 

Station 2 (upstream) 1.0 1.54 
Station 3 (downstream) 0.5 3.37 
Station 7 (upstream) 1.0 1.63 
Station 13 (center) 1.94 2.10 

Table I summarizea the test and initial conditions for Tests 848, 849, and 
850. A summary of the test procedure and sequence of events is included 
in the next section. 
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TABZE I 

INITIAL AND TEST CONDITIONS FOR SEMISCALE TESTS 848, 849, AND 850 

Test 848 Test 849 Test 850 

Vessel in te rna ls (a1  9-in. heated length core +in.  heated length core 9-in. heated length core 

ECC system l i q u i d  2.6 f t 3  a t  610 psig and 14e°F 2.6 f t 3  a t  675 psig and i L l O ~  none 

Break location[b] ' High i n l e t  (Stat ion 35) High i n l e t  (S ta t ion  35) High i n l e t  (S ta t ion  35) 

Break a r s a  . ( f t 2 )  0,009 (Or i f ice)  0.009 (Nozzle) 0.009 (Or i f ice)  

Rupture technique 

System pressure (psis) 

Overpressure 

2292 

Overpressure 

2272 

Overpressure 

2292 

Calculated i n i t i a l  pressure 
differences between s t a t i o n s  ( p s i  j [ c ]  

1 4 t o  1 
1 t o  5 j d l  
5 t o  6 
6 t o  pump 

pump t o  14[d] 

System t o t a l  pressure drop(me&suredt 
pressure difference across pump) (ps i ) .  . . 
I n i t i a l  temperature 
d i s t r ibu t ion  (OF) 

, 

Vessel o u t l e t  
Steam generator i n l e t  
Steam generator o u t l e t  
Cold l e g  
Vessel i n l e t  
Blowdown nozzle 

Core pover (MW) 1.16 (of f  a t  900°F cladding 
temperature) 

1.12 (of f  a t  gOO°F claadlng 1 . 1 4  (off  a t  900°F 
temperature) cladding temperature) 

125 158 

Off a t  rupture On throughout blowdown 

System flow r a t e  (gpm) 

Steam generator cooling 

Water a7alysis  

Dissolved gases [ c c ( S ~ P ) / k g l  
Sus~knded s o l i d s  ( P P ~ )  
PH 
E l e c t r i c a l  conductivity (pmhos :I 

On throughout blowdown 

[ a ]  Vessel in te rna ls  a re  shown i n  Figures 3 and 5,. 

[b ]  Break'location i s  shown i n  Figure 1. 

[ c ]  S ta t ion  locat ions +re shown i n  Figure 1. 

[d l  Inc~l~d ,&calc~ula ted  .pressure drop %cross Arif ice . 



111. SEQUENCE OF E V E N T S  FOR SEMISCALE T E S T S  848, 849, AND 850 

The major events and the time sequence for Tests 848, 849, and 850,are 
displayed in Figure 6. The same general sequence of events occurs for all 
tests. Warmup of the system to the desired initial system pressure and iso- 
thermal temperature was achieved by operation of the two auxiliary heaters 
(Figure 1) in the auxiliary circulatioh loop. This process required 8 to 10 hr. 
During warmup, excess fluid due to thermal expansion was drained from the 
system through a throttle valve near the pump inlet. 

Several minutes prior to test initiation the auxiliary heaters were turned 
off and the block valve in the auxiliary loop was closed. Steam generator op- 
eration was initiated and about 80% full power was applied to the core to 
continue heatup. The power was gradually increased to the pretest level. 
The initial temperature difference across the core and the temperature dis- 
tribution throughout the loop were established by controlling the primary 
system fluid flow with the variable speed semiscale pump and concurrently 
controlling the cooling water flow to the steam generator secondary spray. 
Just prior to system rupture, the pressurizer makeup pump and heaters were 
turned off. 

System rupture was initiated by overpressurizing the outer rupture disc 
of the rupture disc assembly in the blowdown nozzle (system pressure ruptures 
the inner disc within 1 to 2 msec). The blowdown nozzle was attached to a 
tee in the cold leg at the elevation of the outlet nozzle (Figure 1) and was ori- 
ficed to a flow area of 0.009 ft2, or  10%. of the pipe cross-sectional area. - 

Injection of ECC into the vessel inlet plenum was initiated by operation 
of a swing check valve when the inlet plenum pressure dropped below the 
accumulator charge pressure (610 psig for Test 848, ,675 psig for Test 849). 
For Test 848, ECC injection commenced 9 sec after rupture; for Test 849, 
10 sec after iupture. The average rate of ECC injection was 40 gpm for Test 
848 and 35 gpm for Test 849.. E CC liquid injection was complete at 38 sec 
and 36.5 sec  after rupture for Tests 848 and 849, respectively. 

For these tests, a quick closing valve was installed in the ECC discharge 
line in order to valve off the accumulator gas flow after the ECC had been 
depleted. The valve was closed when a velocity sensing device in the ECC 
discharge line indicated high velocity gas flow: This procedure resulted in 
valving off the major portion of accumulator gas flow; a small amount of gas, 
however, did reach the inlet plenum in Test 848. 

For Test 849, the ECC block valve was closed when a thermocouple 
located at the level of the discharge line penetration in the ECC accumu- 
lator indicated rapid cooling due to gas expansion. This procedure resulted 
in isolating the ECC system from the primary system when about 95% of 
the ECC fluid had been injected, thereby preventing the injection of any accum- 
ulator gas to the inlet plenum. 

The primary pump was shut off 3.5 to 6.5 sec after system rupture for all 
tests; pump coastdown was complete about 30 to 40 sec later. Core power was 
shut off between 6.4 and 8.0 sec after rupture (900°F cladding temperature). 
Cooling water was supplied to the secondary side of the steam generator through- 
out blowdown for Tests 848 and 850; for Test 849, steam generator operation 
was terminated a t  system rupture. Decompression was essentially complete 
within 50 to 55 sec. 
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Fig. 6 Sequence of events for Tests 848, 849, and 850. 



IV. PRESENTATION OF T E S T  DATA 

This section of the report presents, with comment, the measured test 
data for Semiscale Tests 848, 849, and 850. A summary of the measurements 
made for these tests i s  included in the appendices. This section includes dis- 
cussion of fluid pressures, fluid and material temperatures, .fluid density, 
and water remaining in the system following decompression. Section V of the 

I report further discusses the test results from the standpoint of ceitain vari- 
ables (for example, flow rates and fluid quality) calculated from measured 

I 
test data. 

An additional measured quantity, momentum flux, i s  included in the dis- 
cussion of fluid flow rates in Section V. Momentum flux data are used in con- 
junction with density data to determine the flow rates. 

1. PRESSURE 

The. discussion of the pressure measurements i s  divided into three parts. 
The fir  s t  part discusses subcooled fluid expansion (subcooled decompression) 
and presents data from the first  80 msec of blowdown. Subsequent (long term) 
pressure data are reviewed in the second part, saturated decompression. The 
third part presents data obtained from differential pressure measurements. 
The initial pressure differences betweenvarious system locations were presented 
in Table I. 

1.1 Subcooled Decompression 

Pressure behavior during subcooled decompression at the vessel inlet 
and outlet nozzles, the blowdown nozzle, and the inlet plenum i s  shown for 

I Tests 848, 849, and 850 in Figures 7, 8, and 9, respectively. The curves 
for Tests 848 and 850 (Figures 7 and 9) are very nearly identical, both in 
the magnitude and the time sequence of subcooled pressure oscillations. 
The identical subcooled pressure behavior i s  a result of conducting Tests 
848 and 850 from the same initial conditions, and i s  a measure of the re- 
productibility of the test data. In Qgure 7 (Test 848), the first decompression 
wave recorded in the blowdown nozzle occurred 1.5 msec prior to system 
rupture and resulted from prerupture yielding of the upstream rupture disc. 
The second, and largest, decompression wave resulted from the rupture itself. 
The beginning of decompression at other locations in the system is 'displaced 
in time from that indicated in the blowdown nozzle by the sonic transport time. 
For example, the wave set up by prerupture yielding and the decompression 
wave frzm rupture arrived at the inlet nozzle about 1.5 msec after they were 
recorded at the blowdown nozzle (the distance from the blowdown nozzle to 
the inlet nozzle is about 5 ft and the sonic velocity i s  2970 ft/sec). Tfie general 
fluctuations observed in the subcooled decompression histories a r e  those to be 
expected a s  a result of the sonic relaxation processes characteristic of this 
piping configuration for the relative break size ,(lo% of :pipe area) in these tests. 
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Fig. 7 Test 848 subcooled decompression -- blowdown nozzle, vessel  nozzles, and inlet plenum. 
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Fig. 9 Test 850 subcooled decompression -- blowdown nozzle, vesse l  nozzles, and inlet plenum. 
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The information in Figure 8 reflects the geometric difference in the 
blowdown assembly for Test 849, in which the 10% break was simulated by a 
nozzle (length-to-diameter ratio of about 15) rather than by an orifice. The 
general effect of the nozzle was to damp out more quickly, and to reduce in 
magnitude, the subcooled pressure oscillations in the blowdown and inlet nozzles. 

The subcooled pressure histories for the vessel inlet and outlet plenums 
for Tests 848, 849, and 850 are. .given in Figures 10, 11, and 12. Included 
on these figures are the differences in pressure between the inlet and outlet 
plenums (that is, the pressure difference across the core). These three figure's 
show that subcooled decompression results in random differential pressure 
oscillations over a period of about-50 to 55 msec. 

The subcooled pressures of the steam generator inlet and outlet a re  
shown in Figures 13, 14, and 15 for Tests 848, 849, and 850, respectively. 
The included curves. of pressure difference across the steam generator were 
obtained for each test by subtracting the pressure magnitude at the outlet 
from that at the inlet. The curves for Test 848 and 850 (Figures 13 and 15) 
are  almost identical in magnitude and shape. The first  pressure oscillation is 
from 400 to -300 psi with the pressure difference diminishing rapidly to 
less than & 100 psi. Inspection of Figure 14 indicates that the shape of the 
curves for Test 849 i s  very similar to those of the other two tests, but that 



Ffg. 10 Test 848 subcooled decompression -- vessel pressures and pressure difference. 
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Fig. 11 Test 849 subcooled decompression -- vessel pressures and pressure difference. 



Fig. 12 Test 850 subcooled decompresston -- vessel  pressures and pressure difference. 
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the magnitude -of the pressure difference oscillations i s  less by half. The first  '. 
cycle is from 200 to -150 psi with subsequent oscillations diminishing rapidly 
to about * 50 psi. This behavior reflects the damping effect of the nozzle 
during Test 849. For all three tests, the pressure difference across the steam 
generator was primarily positive (normal flow direction) by the end of subcooled 
decompression. 

1.2 Saturated Decom~re  ssion 

Saturated decompression begins 50 to 55 msec after rupture when the 
system has decompressed to the saturation pressure for the initial outlet 
temperature (the highest initial temperature in the system). At this time the 
outlet plenum' fluid becomes saturated and begins to enter the two-phase 
regime while fluids at other locations of the system, initially at a colder 
temperature, are  still undergoing subcooled decompression. A period of 
transition continues until the system has decompressed to the saturation pres- 
sure of the fluid at  the coldest initial temperature (vessel inlet plenum). 
Saturated decon~pression of the fluid in the inlet plenum began 0.7 to 0.8 
sec after rupture for Tests 848, 849, and 850. 

The fact that saturated decompression begins at different times at various 
locations in the system, depending on the initial temperature distribution, i s  
important from the standpoint of core integrity. The initial temperature differ- 
ence between the inlet and outlet plenums was 55 to 69'F. The pressure dif- 
ference between plenums corresponding to the simultaneous existence of 
saturation conditions in both plenums i s  500 to 700 psi. Figures 16, 17, and 
18 present the measured vessel plenum pressures and pressure differentials 
for the f i rs t  3.2 sec of ,decompression for Tests 848, 849, and 850, respectively; 
maximum pressure differentials between plenums were 40 to 60 psi, de- 
creasing to less than 10 psi by 0.8 sec after rupture. The conclusion can 
therefore be reached that saturation conditions did not exist concurrently in 
both the inlet and outlet plenums during the initial portion of saturated blow- 
down. This conclusion is supported by fluid temperature measurements, 
which are  presented in the next section. Briefly, the temperature data show 
that the fluid in the inlet plenum is subcooled for the first 0.7 sec of decom- 
pression. 

The pressure histories for the vessel plenums a re  presented in Figure 19 
for Test 848, and are  typical of Tests 849 and 850. In general, once the system 
decompressed to the saturation pressure .of a localized temperature, the 
fluid at that location changed from subcooled to two-phase fluid. As soon 
a s  saturation conditions were established throughout the system, ,fluid pressure ' 
corresponded .closely to saturation pressure for the remainder of the blowdown. 

Figure 20 shows, for comparison, the inlet plenum pressure for'all three 
tests. The curves are in very close agreement, with any difference being 
attributable to the slight difference in initial temperatures. The initiation of 
ECC injection is noted in Figure 20; no measurable effect on lower plenum 
pressure was evident. The pause in the decompression process, a s  indicated 
in the pressure traces at  11 to 12 sec for Test 848, which i s  also evident for 
Test 850, i s  attributed to the passage of higher density fluid from the pressurizer - 
and not to the ECC fluid. 



I I I I I - I I -- 20 
'n a - 

. f O' \ 
- 

'n 

g -20- 
- 

- 
0 .- - 

-40- e 
- 

0) "- 
% 

-60 I 1 I I I I I 1 

-0.4 0 0.4 0.8 1.2 1.6 2.0 2.4 2.8 3.2 

Time after Rupture (set) ANC-8-256-H 
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Additional pressure histories for various locations in the system are 
given in Appendix C, Figures C -1 through C-12. 

1.3 Differential Pressure 

Measurements of differential pressure were made across the core, the 
vessel, the steam generator, the pump, the flow control valve, and between 
the outlet plenum and blowdown nozzle. The differential pressure histories 
around the loop for Tests 848, 849, and 850 are included in Appendix C. 

Figure 21 shows the pressure differential across the pump for Tests 848 
and 850; the data are typical of other loop differential pressure measurements. 
Pressure spikes are evident in the data for Test 848 shortly after ECC in- 
jection begins. However, similar pressure spikes are apparent in the data 
for Test 850 which was performed without ECC injection, indicating that this 
differential pressure behavior was not a result of ECC injection. Figure 22 
presents a comparison of differential pressure histories across the core (between 
vessel plenums) for Tests 848 and 850 (shorter term data were included in 
Figures 16 and 18). The data in Figure 22 do not indicate any appreciable effects 
due to the arrival and presence of ECC fluid in the vessel inlet plenum. 

Additional differential pressure data are presented in the discussions 
of flow rates and emergency core cooling in Section V of this report. 
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2. TEMPERATURE 

The presentation of measured temperature data is separated into a section 
on fluid temperatures and a section on material (pin cladding and insulator, 
vessel internals, and piping) temperatures. All temperatures recorded during 
the decompression tests were measured with Chromel-Alumel thermocouples. 
The overall accuracy of these measurements is considered to be withink 5% 
of full scale (within k 30°F). 

To improve the accuracy of the initial fluid temperature measurements, 
resistance temperature bulbs (RTB9s), with an accuracy of within* 1°F, were 
installed at strategic locations in the system. All loop fluid temperature data 
have been normalized at the initial test conditions to agree with the initial 
temperature indicated by the closest RTB. The accuracy of the normalized 
transient temperatures is estimated to be within * 1% of full scale, or  within 
f 60F. 

2.1 Fluid Temperatures 

The initial fluid temperature distribution was given in Table I. In general, 
system fluid temperatures dropped slightly during the subcooled expansion 
of the fluid following rupture. For fluid measurement stations in the direct 
flow path from the inlet plenum to the break, this slight decrease in fluid 
temperature was followed by a comparatively large increase to temperatures 
higher than the pretest cold leg temperature. This behavior is apparent in 
Figure 23 which shows vessel inlet and outlet plenum temperatures for all 
three tests for the early portion of decompression. The fluid in the outlet 
plenum, initially at a higher temperature, saturated earlier and at a higher 
pressure than the fluid in the lower plenum, thereby resulting in fluid stagna- 
tion in the outlet plenum and reverse flow through the core. The reverse flow 
carried a two-phase fluid at a relatively higher enthalpy than the inlet plenum 
fluid. The hotter fluid, upon mixing with the inlet plenum fluid, caused the 
temperature of the inlet plenum fluid to rise. At the same time, the outlet 
plenum was decompressing at  a somewhat faster ra te  than the inlet plenum. 
At approximately 0.7 to 0.8 sec, temperature equilibrium between the plenums 
was reached. 

Figure 24 shows the entire transient fluid temperature history for in- 
vessel locations during Test 848 and is typical of the results for all inlet 
break ECC injection tests performed to date. The temperatures, once having 
reached saturation at about 0.8 sec after rupture, remained within about 5°F 
of one another, indicating nearly uniform saturation conditions throughout 
the vessel. This uniformity corresponds to the pressure histories presented 
earlier (Figure 16) which indicated very little pressure difference between 
the vessel plenums after 0.8 sec. About 33 sec after rupture, the thermo- 
couples located in the inlet plenum (5 in. below the lower grid plate) indicated 
the presence of ECC fluid. The inlet plenum fluid temperature, shown in Figure 
24, deviates from the saturation temperature and indicates a rather large 
degree of cooling at this time. The initial 20 to 300F fluctuations in inlet 
plenum fluid temperature are due to the presence of ECC liquid and the sub- 
sequent larger (750F) temperature drop is attributable to the passage of the 
small arnol~nt of cold gas which escaped from the E CC accumulator just prior 
to valve shutoff in Test 848. 
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Figure 25 shows the inlet and outlet plenum fluid temperatures for  a test 
with ECC (Test 848) and for a test without ECC (Test 850). The data indicate 
that ECC injection has little effect on vessel fluid temperature until late in 
the transient. About 30 sec after rupture for the test without ECC, a dryout 
condition occurred at the upper elevations in the inlet plenum and the heat 
radiated by nearby metal surfaces caused the thermocouple (TF-1-3) to record 
a rapid increase in fluid temperature. Because some ECC fluid was present in 
the inlet plenum, the dryout did not occur at the same location during Test 848. 

Figures 26, 27, and 28 show the fluid temperatures at various elevations 
in the inlet plenum for Tests 848, 849, and 850. Five thermocouples were 
located at elevations ranging from 0.5 to 15 in. above the bottom head in 
order to evaluate the degree of mixing between primary coolant and ECC 
fluid in the inlet plenum. For Tests 848 and 849, the fluid temperatures began 
to diverge shortly after initiation of ECC injection. The presence of ECC 
was recorded first at the lowest elevation and then progressively upward; 
however, the .fluid temperature at the highest elevation in the inlet plenum 
continued at very nearly the saturation temperature of the system and did 
not indicate appreciable cooling due to ECC injection until late in the transient 
(about 33 to 35 sec). These data lead to the conclusion that, for the ECC in- 
jection Tests 848 and 849, the fluid in the inlet plenum was not homogeneous. 
Stratified layers of fluid at  different degrees of subcooling were evident. 
The degree of subcooling varied with height in the lower plenum, with as  much 
as  70°F subcooling near the bottom head of the vessel for Test 849. Figure 28 
presents comparable inlet plenum fluid temperature data for Test 850 without 
ECC. The stratification of fluid which occurred for the tests involving ECC 
is not apparent from the data for Test 850. As mentioned previously, a dryout 
condition occurred late in Test 850 causing the temperatures at  the higher 
elevations to increase. 

Also apparent from Figures 26, 27, and 28 i s  the effect on inlet plenum 
fluid temperatures immediately after rupture when hotter fluid from the 
outlet plenum flows down through the inlet plenum toward the break. For all 
three tests, fluid temperature data at the highest elevations are the f i rs t  to 
indicate the reversed flow. 

A s  noted previously, a small amount of gas from the ECC accumulator 
entered the inlet plenum during Test 848; the accumulator was valved off 
sooner for Test 849 and no gas reached the inlet plenum. The large drop 
(about 75°F) evident in the fluid temperature data at the highest inlet plenum 
location for Test 848 i s  absent in the comparable data for Test 849. 

Figures 29 and 30 compare loop fluid temperature behavior for tests with , 

(Test 848, typical) and without- (Test 850) ECC. The thermocouple located 
in the vessel inlet nozzle for Test 848 recorded passage of slugs of colder 
fluid beginning at about 28 sec, which was a result of a chugging phenomena 
caused by pressure oscillations in the vessel, discussed more fully in Section 
V-3. In both tests the temperature at the steam generator inlet (TF-5) dropped 
shortly after rupture to a value below the cold leg temperature and recovered 
to the cold leg saturation values 2 to 3 sec  later. This behavior was a result 
of colder fluid from the auxiliary loop (Figure 1) reaching the steam generator 
inlet and indicates that loop flow was maintained in the normal direction around 
the loop, at least for the first few seconds of decompression. 
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Fig. 27 Fluid temperatures in lower plenum -- Test 849. 
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Fig. 30 Loop fluid temperatures -- Test 850. 



A s  soon as  the vessel outlet and hot leg fluid decompressed to the inlet 
plenum and cold leg saturation pressure and temperature, all fluid temper- 
atures decreased according to saturation conditions (hot and cold leg saturation 
temperatures differ by only 10 to 15OF). During later stages of saturated 
blowdown, when the quality of the fluid in the vicinity of a thermocouple became 
high, the thermocouple received heat through-radiation from nearby metal 
surfaces and, as  a result, the data from the thermocouples affected show erratic 
temperature behavior. This phenomenon is referred to in this report a s  tern- 
perature ubreakawayn. 

Figures 29 and 30 evidence that, excepi for locations on the direct path 
from the inlet plenum to the break, ECC injection had little influence on loop 
fluid temperature behavior. 

2.2 Material Temperatures - -- 
Examples of core material temperature behavior are  shown for Tests 

848, 849, and 850 in Figures 31, 32, and '33. Figure 31 shows the cladding 
temperature for an outside pin at the midplane elevation (TM-13-0). The 
f i rs t  indications of departure from nucleate boiling (DNB) occurred at about 
2.5 sec after rupture; the major DNB temperature increases at this location 
began about 5 sec after rupture. Turnaround of the cladding temperatures 
for Tests 848 and 849 occurred shortly after power shutoff and 2 o r  3 sec 
before the initiation of ECC injection. For the test without ECC (Test 850), 
cladding cooling subsequent to DNB was very slow; by 80 sec, the cladding 
temperature had only decreased to a value near the initial temperature at  
that location. However, post-DNB cooling during the ECC injection tests was 
quite rapid. 

Examination of cladding temperature behavior at other locations indi- 
cates that the difference in cooling behavior following temperature turnaround 
is not necessarily due to ECC injection. Figure 32 shows a comparison of 
temperature behavior for the top elevation of the center pin (TM-61-T). Post- 
DNB cooling i s  similar for all three tests. Test 850 without ECC exhibits 
behavior quite similar to that of Test 848 which included ECC injection. 

Figure 33 compares cladding temperatures during the three tests for  
the top location (TM-110-T) of an outside pin located nearly 180 degrees 
from the outside pin discussed previously (Figure 31). DNB did not occur 
at this location, indicating a local high degree of cooling for all three tests 
until temperature breakaway due to dryout conditions occurred at 25 to 28 
sec. Included in Figure 33 i s  a typical plot of material temperature behavior 
of the core flow skirt. Flow skirt and pin cladding temperatures at the location 
shown were quite similar for all three tests. 

On the basis of the cladding temperature hehavior i n  the entire core, the 
results indicate no significant differences between tests with and without ECC. 
Even localized differences between tests cannot be definitely attributed to 
ECC injection. Rather, the material temperature behavior appears to be more 
a function of steam fiow paths down through the core. Additional pin cladding 
temperature data for Tests 848, 849, and 850 a r e  presented in digitized form 
in Appendix C for a variety of core locations and elevations. 
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Fig. 31 Cladding temperatures at the midplane of an outside pin (TM-13-0). 
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3. DENSITY 

Fluid density data for semiscale tests are obtained by a gamma atten- 
uation technique which provides a measurement of the average density across 
the cross-sectional area being monitored. The normalization and conversion 
methods used in connection with the measurement technique are  discussed 
in Appendix B. The estimated accuracy of the results i s  within about f 2 lb/ft3. 

A comparison of typical loop density data for tests with and without ECC 
is given in Figures 34 and 35 for locations at the steam generator outlet and 
the pump discharge, respectively. In both cases the density data closely agree, 
hdicating that ECC injection had l!ttle effect on loop fluid behavior. The cold 
leg density, in both cases, was unaffected by the rupture for 4 to 5 sec, but sub- 
sequently fell rapidly to value less than 10 lb/ft3. Following the first  rapid 
decline in density, several sporadic density increases occurred for both lo- 
cations with those at the steam generator outlet being much larger. ,?'he in- 
creases at  the steam generator outlet occur about 1 to 2 sec  prior to those 
at the pump discharge. These density increases occurred elsewhere in the loop 
and are attributed to high density fluid discharge' from the pressurizer and 
recirculation loop into the hot leg. 

Fig. 34 Density at the steam generator outlet for Tests 848 and 850. . 
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Fig. 35 Density at the pump outlet for  Tests  848 and 850. 
. . 

Figure 36 i s  a comparison of outlet plenum densities during Tests 848, 
849, and 850; little difference in behavior is indicated among the tests. No 
effect due to ECC injection i s  apparent from this comparison. 

Figure 37 compares the density behavior in the inlet plenum for the test 
without ECC (Test 850) and a test with ECC (Test 848). These density data 
were recorded at the elevation of the inlet nozzle center line (slightly above 
the midelevation of the plenum). The disadvantage of this location i s  that 
during FCC tests, any E CC accumulated in the vessel lower plenum below 
the elevation of the inlet nozzle cannot be monitored. Fluid conditions, ac- 
cording to monitored density in the inlet plenum, are identical for the first  
20 to 21 sec of the transient at which time the density for Test 848 began to 
increase. The increase was slight for the first 1 to 2 sec and then a step 
increase to approximately 55 lb/ft3 occurred. This behavior indicates that liquid 
accumulated in the inlet plenum for Test 848 (typical) at some time after 
initiation of ECC injection and continued until the level reached the inlet 
nozzle center line. Once the height of the nozzle center line was reached, 
erratic oscillations were recorded indicating the level was varying rapidly. 
At about 47 sec, the density suddenly decreased to essentially zero, indicating 
the fluid level had dropped below the center line of the nozzle. A detailed 
discussion of this phenomenon is presented in Section V-3. Selected density 
data for Tests 848, 849, and 850 a re  included in Appendix C. 
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4. WATER REMAINING IN SYSTEM 

The amount of water remaining in the system was determined after each 
test. About six minutes after system rupture (decompression i s  essentially 
complete in one minute), drains were opened at low points in the loop (steam 
generator inlet, pump inlet, and piping) and vessel (bottom head) to collect 
residual water. Table I1 presents the results of this measurement. 

TABLE I1 

mTER REMAINING FOLLOWING DECOMPRESSION 

Locat ion Tes t  84'8 Tes t  849 Tes t  850 

Loop low p o i n t  0 8 0.75 1b  

Pump i n l e t  0 , O  0 

Steam genera tor  i n l e t  0 3 l b  24.0 l b  

Vessel  0 10.5  lb '  3 .0  l b  

TOTAL 0 13.'5 l b  27-75 l b  

In terms of ECC behavior, the water remaining in the lower plenum of 
the vessel is of most interest. Less than two perc'ent of the initial fluid in- 
ventory was collected from the vessel following these tests. As i s  discussed in 
Section V, vessel fluid mass balances indicate only about 15 lb of water (about 
3% of the initial fluid) remained in the vessel 60 sec after rupture. Some or  all 
of this remaining fluid boiled off during the subsequent 5 minutes. 



V. DISCUSSION OF TEST RESULTS 

The previous section of this report has been concerned primarily with 
the presentation of data which were measured directly and which required 
a minimum of mathematical processing for presentation. These data have, 
in turn, been used to calculate additional variables such a s  fluid flow rates 
and fluid quality which aid in understanding fluidbehavior during decompression. 
These additional variables are discussed in succeeding paragraphs. A separate 
subsection i s  devoted to the subject of ECC behavior in the semiscale system. 
The discussions that follow emphasize the comparison between Tests 848 and 
850, a comparison of system behavior with and without ECC injection. 

1. FLUID FLOW RATES 

Calculation of the fluid flow rates during the blowdown transient i s  accom- 
plished by combining two measured quantities: momentum flux @v2) and fluid 
density (p). The density measurements were presented and discussed previously 
(Section IV-3). The momentum flux measurements were made with devices 
employing a drag disc placed in the flowing fluid. The force exerted on the 
disc i s  proportional to the momentum flux, and essentially supplies the velocity 
component required for calculation of fluid flow rate from the equation: 

where: 

k = fluid flow rate (lb/sec) 

3 p = measured density (lb/ft ) 

2 pv2 = measured momentum flux (lb/ft-sec ) 

2 A = cross-sectional'flow area (ft ). 

An example of the output signal (volts) from one of the drag disc flowmeters 
is presented in Appendix C. The meter output i s  converted to momentum flux 
through a calibration curve for the instrument. 

The accuracy of the -fluid flow rate calculations i s  dependent on the ac- 
curacy of the momentum flux and density measurements. A s  mentioned in 
the discussion of density measurements, estimated accuracy is within* 2 lb/ft3. 
Flow rate calculations based on very low densities thus must be used with 
caution. In addition, the drag disc flowmeters are temperature sensitive and 
a re  subject to considerable thermal drift during the approximately 400°F 
fluid temperature drop encountered during the blowdown transient. The thermal 
drift is particularly pronounced, but fortunately somewhatpredictable, for tests 
involving small breaks and long blowdown times. As outlined in Appendix B, 
compensation for thermal drift consists of applying a linear correction with 
time to the measured momentum flux data. 



The highest flow rates recorded for the most recent test geometry utilizing 
the high inlet 10% break are on the order of 130 to 150 lb/sec and occur at the 
break location. These high flows are  relatively short in duration, however, and 
diminish to less than 50% of maximum within 2 sec and to about 10% within 
10 sec. Figure 38 i s  a comparison of the total system discharge flow rates 
for Tests 848 and 850. Of particular noteis the close similarity of the discharge 
flow rate for the two tests for the total time that the test without ECC (Test 850) 
was discharging (approximately 30 sec). This similarity indicates that the total 
system discharge flow rate was insensitive to ECC injection in that initiation 
and continuance of ECC injection did not cause any significant differences in 
the flow rates measured. The flow rate for Test 848 continued for another 
25 o r  30 sec, at a rate of about 5 lb/sec, which represents the expulsion of 
accumulated ECC water from the inlet plenum. The mechanism and signifi- 
cance of this expulsion of accumulated ECC late in blowdown is discussed 
in greater detail in Section V-3. 

As an example of typical loop flows, Figure 39 shows a comparison of 
the hot leg flow rates (Station 21) during Tests 848 and 850. Again, the data 
for tests with and without ECC are similar. Station 21 i s  fairly close to the 
vessel (Figure 1) and, during decompression, the major direction of flow i s  
from Station 2 1  to the vessel, out the vessel inlet nozzle, and to the break. Any 
influence on loop flow* as  a result of ECC injection (such as  back flow caused 
by pressure suppression effects) would be expected to be evidenced by the 
measurements at Station 21. The only noticeable dlfference between the two 
curves of Figure 39, however, i s  an unexplained one-second time shift. The 
maximum values, the indicated flow direction, and the area under the two curves 
are all nearly identical. In terms of flow magnitude and direction, Figure 39 
illustrates the general flow behavior for hot leg flow during decompression 
resulting from a 10% inlet break. At rupture, a short-duration (0.5 sec) flow 
occurs in the reverse direction (flow towards vessel), followed by normal flow 
at about half the initial magnitude for about 5 sec, after which time the flow 
reverses towards the vessel. The reverse flow continues at a very low flow 
rate until decompression i s  complete, with the exception of a few high valued 
flow spikes due to high density fluid from the pressurizer, a s  discussed in 
Section IV-3. 

For the subject tests of this report, detectors to measure density, mo- 
mentum flux, pressure, and fluid temperature were located such that mass 
balances could be performed for the total system o r  across desired components. 
Appropriate detectors were located at the pump discharge (cold leg), vessel 
inlet, vessel outlet (hot leg) and the blowdown nozzle (total system discharge). 
From these measurements, mass balances for the loop, for the vessel, and for 
the system as  a whole were made. Figure 40 is a graphic presentation of a mass 
balance calculation. This figure represents the vessel mass balance for  Test 
848 which included consideration of vessel stored fltlid mass (determined from 
vessel fluid densities), fluid mass input (hot leg and ECC injection) and fluid 
mass output (vessel inlet nozzle flow). The data presented indicate that just 
prior to initiation of ECC injection from the accumulator at 9 sec, the vessel 
was 90% voided (26 lb remained). With an ECC injection rate of about 5 lb/sec, 
the fluid inventory in the vessel was maintained at 25 lb for about 10 sec before 
a slight increase in mass inventory began. The maximum inventory prior to de- 
pletion of the ECC accumulators was about 75 lb (to the level of the inlet nozzle 
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center line). Following termination of ECC injection, all accumulated water in 
the inlet plenum was ejected as  a result of pressure pulses occurring in the 
vessel, a s  discussed in Section V-3. 

System mass balance calculations performed for semiscale Tests 848 
and 850 indicate a measurement accuracy of about 95% in accounting for the 
fluid mass inventory. Figure 41 shows the results of integration of selected 
flow rate curves and illustrates the relative contribution of each part of the 
system to the total system discharge. The net integrated fluid mass into the 
vessel from the hot leg appears insignificant in relation to other mass inven- 
tories. However, a s  is further discussed in Section V-3, the relatively small 
hot leg flow seems to play an important role in terms of ECC behavior late 
in the transient. 

The integrated flow rates in Figure 41 for the cold leg and vessel inlet 
nozzle do not reflect the inital fluid in the piping between the respective,mea- 
surement stations and the break. When these fluid masses a r e  included, the 
results show that for Test 850, about 50% of the fluid was discharged from the 
vessel side of the break and 45% from the cold leg (nearly 5% remained in 
the system after decompression a s  indicated in Section IV-4). 

For Test 848, all ECC injected was discharged from the vessel side of 
the break; the total ECC fluid mass may be subtracted from the total. system 
discharge and from the inlet nozzle flow to obtain the flow contribution of the 
initial fluid inventory. The results indicate that about 50% of the initial fluid 
mass was discharged from either side of the break. 

The relative contributions to discharge of the initial fluid a r e  very similar 
for Tests 848 and 850, indicating that ECC injection has no significant effects. 
Figure 41 also indicates that most of the initial fluid inventory had been dis- 
charged prior to ECC injection in Test 848. 





2. FLUID QUALITY 

The density data have been used in conjunction with the pressure and 
temperature data to determine the fluid quality in the vessel and at various 
locations in the loop piping. A s  mentioned in Section IV-3, the densities were 
measured with a gamma attenuation technique and are representative of the 
average fluid density at each specific location. The accuracy of the density 
measurements at low densities is questionable and, therefore, the qualie 
data derived for low densities must beusedwith caution. For this report, quality 
curves have been generated by a computer code that uses as input the fluid den- 
sity and temperature at each location, together with tabulated values of saturated 
steam properties, to calculate several thermodynamic water properties, among 
them quality. The method gives a point by point calculation of quality every 50 
msec; however, the calculation becomes erratic both when fluid temperature 
measurements experience the Ubreakaways from saturation due to heat radiation 
from nearby materials and when very low densities occur. 

Figure 42 (hot leg for Tests 849 and 850) and Figure 43 (cold leg for Tests 
848 and 850) give representative compari~ons of loop quality calculations for 
tests with and without ECC. That loop fluid behavior was insensitive to the 
presence of ECC injection is supported by the loop fluid quality caldulations; 
the differences in the data presented in Figures 42 and 43 are minor. Hot leg 
fluid, for the first 10 to 15 sec of the transient, was at a relatively low quality 
with peak values of about 35%. Cold leg fluid near the pump disuharge ex- 
perienced a momentary peak at a fairly high quality (about 65 to 90%) about 
10 sec after rupture. High density slugs of fluid from the pressurizer discharge 
(Section N-3)  caused this momentary peak in quality to falI to values of 10 
to 20% for a few seconds before high quality fluid was reestablished. Figure 44 
gives a comparison of the quality of the discharge flow from the blowdown 
nozzle for the first 10 sec of the transient for tests with and without ECC. The 
calculation for the tests with ECC after about 10 sec is an example of the 
results of a calculation using low densities. 

Representative fluid qualities for the vessel locations (inlet and outlet 
plenum, and core region) are given in Figure 45 for cases with and without 
ECC. The data indicate a very rapid r im  in quality to values close to 100% 
within 3 m c  after rupture. The results for all three locations within the vessel 
tare zdmd ibtical  for ths first five moon& of decompreeslon, This beha*~ 
indicates gogd coupling between the inlet and outlet plenums of the vessel during 
the early portion of decompression. 
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Fig. 45 Fluid quality in the vessel outlet plenum -- Tests 849 and 850. 

3. EMERGENCY CORE COOLING 

Throughout this report, the influence, or  the lack of influence, on semiscale 
system decompression behavior of E CC injection from an accumulator has been 
noted. As stated previously, a primary purpose of these three tests was to t ry 
to more clearly define the phenomena occurring in the semiscale system which 
resulted in rapid expulsion of all accumulated water from the inlet plenum 
of the vessel once ECC injection was terminated. This section of the report, 
by drawing on all previously presented data, discusses the events occuring in 
the inlet plenum and elsewhere following initiation of E CC, and puts forth a 
possible mechanism for the expulsion of accumulated ECC late in the transient. 
The discussion is based on a comparison of Test 848 with ECC (with supporting 
information from Test 849) and Test 850 without ECC. 



3.1 ECC Behavior 

For Test 848, ECC was initiated 9 sec after system rupture. About 159 
lb of ECC was injected directly into the inlet plenum at  a fairly constant 
rate of 5.5 lb/sec from an accumulator pressurized at  610 psig with nitrogen 
gas. Mass balance calculations indicated a vessel fluid mass inventory just 
prior to ECC injection of about 25 lb. Density measurements in the vessel in- 
dicated about 10 lb of steam at  this time; the remaining 15 lb is assumed to be 
a low quality fluid mixture in the inlet plenum. 

The path followed by the ECC fluid during the initial portion of the 29-sec 
injection period is illustrated by the inlet plenum and nozzle densities shown in 
Figure 46. Vessel densities had decreased to about 2 lb/ft3 by the time ECC 
injection was initiated. Immediately following the start of ECC injection, the 
density at the inlet nozzle (Station 14) began a gradual increase, whereas the 
density at the inlet plenum leveled off at about 1 lb/ft3 and remained at this 
value for about 10 sec before increasing rather sharply. Since the density mea- 
surement in the inlet plenum was made at the level of the center line of the 
inlet nozzle, a water volume of 1 ft3 could have existed in the lower inlet 
plenum without being monitored. Thus, mass balance calculations and measure- 
ments other than density must be relied upon for analysis of ECC fluid behavior 
in the lower inlet plenum. 
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Fig. 46 Density at the vessel inlet plenum and inlet nozzle -- Test 848. 



As mentioned previously, mass balance calculations indieatad a vessel . 
mass inventory of abbut 25 lb (15 lb in the lower plenum) just prior .to ECC 
iriitiation. This inventory was maintained for about 10 sec, during which time 
about 55 lb (nearly a Wrd  of the Wl Z C  fluid mass, Figure 40) of ECC 
was injected. During this same period of time, fluid temperatures measured 
at locations on the vertical rack in the inlet plenum -re beginning to decrease 
(in succession from bottom to top) below satarttian conditions (Figure 26). 
The conclusion is that, during the early stages (8 to 10 sec) of ECC injection, 
some ECC fell to the bottom of the inlet plesrun and mixed with the fluid already 
there, whereas the remainder of the ECC was  entrained in the steam back flow down 
thrsugh the care and was carried out the br- As steam velocities down thmmg'Lr 
the, core (im-d, more in&&& ECC fell to the Xlo;#om af the Met plenum 
m&er tba being e~afned w&h and at.M a-y. 

Water padually accumulated in the lower plenum until the fluid level 
rleacfml in the inlet flow skirt, interrupting a direct flow path to the break, which 
in turn allowed more rapid liquid accumulation in the lower plenum (noted 
by the steep increase in deasity, on Figure 46). Eweu thm@ the core ste;amn 
flow waa sufficiently low to allow aommmlation of liquid in the Wet plenum, 
the - B ~ M  pressure at thfs time (22 to 24 sec) was &I1 about 100 psig. When 
the W d  level out off the direct flow path to the bre* tibe mmei pres;eure 
increased due to steam back flow from tlae hot leg and stem generation within 
the vessel itmlf. As the pmsaure increased 8ufffcient;lg to pwh the liquid below 
the flaw ekiFt, the steam eac-d turd tYle pressure was relimed The water 
head in the inlet line then forced the level to rise again in the inlet plenum, 
setting up an oscUatory, or ac-hugginp, motion. This chugging occurred at 
the rate of about two cycles per seaad and is clearly visible in a comparison 
of the inlet nozzle momentum flux (drag disc) mmsmement_s far Testa 848 
and 850, shown on Figure 47. The c h m  began about 10 to 12 sec &tar 
initiation of ECC iqfedion and em-. far 6 to 8 8 after the ECC system 
was valved c&f (38 sec). From &out 32 ta tk4 sec, fbe chugging increased, both 
in frequency and amplitude. The mass balances indicate that the fluid inventory 
in the lower plenum wcts a maximum just prior to ECC shutoff and rapidly 
decreased shortly thereafter. $p8 >i,L.. T-.b I .-s T 

Ffgtm 48 is a plot of the anlility meastrrement at Bation 38 showing 
the p.rrs~9%e of slugs of fairly high density fluid be%nning at about 41 see. 
A mmparimn with the data for Test 8.50 Mo+tes that these high density 
slugs are ECC fluid being expelled from the Met plellimn. 
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3.2 ECC Exmlsion Mechanism 

The failure of ECC to reach the semiscale core and the absence or the 
eventual ' expulsion of all ECC from the inlet plenum was observed for all of 
the inlet break semiscale ECC injection tests[a]. 

[a] For Semiscale Test 845[8], the absence of ECC from the plenum was at- 
tributed to the fact that E CC was injected into the annulus between the core 
flow skirt and the vessel wall and was entrained in the blowdown stream. 
The upward steam velocity in the annulus exceeded that which would have 
allowed the free fall of liquid in the annulus. A s  a result, ECC fluid 
injected into the annulus was swept directly out of the vessel through the 
inlet nozzle and to the break. No ECC reached the core o r  inlet plenum. 
For Test 846, the ECC injection point was relocated so that injection was 
directly into the inlet plenum, the break aize was reduced, and the ECC 
injection rate was lowered. During Test 846, some E CC liquid accumu- 
lated in the inlet plenum but was rapidly expelled shortly after completion 
of E CC liquid injection. The semiscale system was further modified for 
Test 847 by adjusting the loop pressure drops (by means of orifices) .to 
study the effects of system resistances. The rapid expulsion of accumulated 
ECC liquid after termination of injection was again observed. 



During previous tests, the ECC accumulator gas (driving force for the 
E CC injection) was allowed to flow into the vessel following depletion of the 
accumulator liquid inventory. For Test 848, provisions were made for valvfng 
off the ECC system at the start of gas flow from the accumulator. Accumulated 
E CC fluid was still expelled from the inlet plenum. 

Test 849 ware conducted to determine whether a water seal at the steam 
generator low point near Station 5 (Figure 1) resulted in a pressure buildup 
between Station 5 and the inlet plenum sufficient to expel the accumulated 
E CC out the break. [The height that water must be pushed from the inlet plenum 
to the break (4 ft) is less than from Station 5 to Station 6 (8 ft),] A steam 
generator bypass line was installed across the steam generator low point 
(Station 4 to Station 6). A quick-opening valve in the normally closed position 
was included in the bypass line. Actuation of the bypass valve was accom- 
plished simultaneously with the closure of the ECC system block valve. Ad- 
ditional measurements taken were: a density measurement at the steam gen- 
erator inlet (Station 5). a dlfferential pressure measurement across the bypass 
line between Stations 4 and 6, and a differential pressure measurement between 
the outlet plenum and the blowdown nozzle. The quick-closing ECC system block 
valve and the quick-opening bypass valve were actuated simultaneously about 
36 sec after rupture in Test 849, when the inlet plenum pressure had decreased 
to 80 to 100 psig and after about 95% of the ECC liquid had been injected into 
the Wet plenum. ECC accumulated in the inlet plenum but was subsequently 
pushed from the vessel after injection was terminated (about 38 sec) in the 
snme manner as had occurred in Test 848. 

The differential pressure measurement across the bypass line from 
Station 4 to Station 6 for Test 849, shown in Figure 49, recorded pressure 
oscillatione of & 0.5 psi just prior to opening of the valve. These oscillations 
subsequently diminished to f 0.25 psi. A two- to three-psi head was required 
to push the water out of the inlet plenum; therefore, back pressure from a 
water seal at the loop low point was not the expulsion mechanism, 

During Test 850, the differential pressure between the outlet plenum and 
the blowdown nozzle was measured. The results of that measurement are 
compared with the results for Test 849 in Figure 50. The data for Test 850 
from about 18 sec on are almost exactly the average of the pressure oscilla- 
tione recmcbed' for Test $49. The pressure oscillations begin at about the same 
tim@ as  the chugging is noticeable in the flow data, gradually increase to an 
amplitucb of & 2 psi just prior to ECC shutoff, and significantly decrease 4 to 
6 sec later to amplitudes less than * 1 psi. 

The data for Test 850 reflect the natural pressure decay of the system 
without obstructions in the flow path and the data for Test 849 reflect the 
effect of the accumulated water level in the inlet plenum periodically obstructing 
the flow path. Once the level of the accumulated fluid reaches an elevation 
above the flow skirt, pressure oscillations occur because of steam generation 
from liquid flashing from hot metal surfaces, residual back flow from the 
hot leg, or both. Calculatiom were made to determine the required amount 
of steam input (either by generation or back flow) to support 2-Hz pressure 
oscillations of f 2 psi at the thermodynamic conditions existing In the vessel 



Fig. 50 Differential pressure between outlet plenum and blowdown nozzle -- Tests 849 and 850. 
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preceding ECC expulsion. The value i s  extremely small; 0.1 lb o r  less. Max- 
imum possible back flow rates supported by the pressure oscillations were 

7 calculated to be 0.7 to 1.2 lb/sec. 

Measurement techniques at this time are not sufficiently accurate to 
conclusively ' define the driving force for the chugging phenomena nor to posi- 
tively determine the expulsion mechanism. Apparently, a fine balance i s  
reached during the ECC injection period between energy sources (steam back 
flow and generation) and energy sinks (E CC). Additionally, the pressure buildup 
required to lift water from the inlet plenum to the break i s  less than that 
required to overcome the resistance of the loop. The expulsion mechanism 
is apparently the same mechanism causing the "chugging* phenomena, except 
that the influence of pressure generation suddenly increases when the ECC 
system is valved off; steam addition from back flow and steam generation 
co~ltinuc whersa.s condensation slows down and eventually ceases (perhaps 4 
to 6 sec later). 

Even though a precise experimental determination of the exact mechanism 
responsible for ECC expulsion i s  not available from the semiscale data, the 
results of these three tests have indicated the following: 

(1) Entrainment of E CC by steam back flow to .the break for 
an inlet break case may be a significant consideration in the 
LOCA 

. 
(2) The thermodynamic interaction of energy sources and sinks 

during the latter stages of the ECC injection period results 
.i in low frequency pressure pulses within the vessel 

(3) Because of these pressure pulses, an oscillatory o r  chugging 
motion of the accumulated ECC fluid occurs. Apparently, 
the same mechanism which causes chugging eventually results 
in the expulsion of essentially all fluid from the vessel. 

Whether similar ECC expulsion behavior will occur in systems more nearly 
typical of operating reactors cannot be determined on the basis of data from the 
semiscale tests to date. The exact behavior appears to be affected by a complex 
combination of: thermodynamic conditions in both the vessel and system loop 
at the start  of, and during, ECC injection; system geometry factors, such a s  
volume ratios, elevations, and diameters; and system fluid flow resistances 
and flow history. Although the semiscale system utilized in these tests i s  not 
typical of a reactor system, phenomena have been observed which may warrant 
consideration and possibly inclusion in existing LOCA analytical methods. 



VI. SUMMARY OF  OBSERVATIONS. 

The following observations are based on the data presented in Sections 
IV and V for Semiscale Tests 848, 849, and 850. The sequence in which the 
observations a r e  presented i s  the same a s  that in which they a re  discussed in the 
report and is not intended to reflect the priority o r  importance of the observations. 

(1) The subcooled decompression processes in the piping and 
the vessel plenums follow the behavior expected for the test 
system configuration and for the relative break size repre- 
sented in these tests. 

(2) The maximum pressure difference across the core during 
subcooled decompression was about 50 psi. 

(3) The effect of substituting a .  reducing nozzle in place of an 
.orifice in the blowdown assembly was to damp out more 
quickly and reduce in magnitude the subcooled pressure 
oscillations in the system. 

(4) Subcooled pressure oscillations occurred at the steam gen- 
erator. The pressure difference across the steam generator 
was as  high as  400 psi; oscillations subsequently diminished 
to less than f 100 psi by the end of subcooled decompression. 

(5) Subcooled expansion of the fluid to the hot-leg saturation 
temperature was essentially complete within 50 to 55 msec 
after rupture. Complete transition from subcooled to saturated 
conditions throughout the loop required about 0.7 to 0.8 sec. 
The fluid at the lowest initial temperature (greatest degree 
of subcooling) remained subcooled until the system decom- 
pressed to the saturation pressure for that temperature. 

(6) Following the transition phase from subcooled conditions .the 
system decomp.ressed essentially at saturation conditions for 
the remainder of the transient. 

(7) Comparison of fluid conditions in the vessel for tests with' 
and without ECC indicated little difference in"fluid behavior 
until late in the transient. 

(8) Initiation of ECC injection caused no discernible effect on. 
inlet plenum pressures a s  would be expected for, significant 

. - 
o r  effective mixing of injected and resident fluids. 

) Following EC C injection, fluid temperature measurements 
indicate the fluid in the inlet plenum was not homogeneous, 
but was stratified; fluid layers of different degrees of sub- 
cooling were evident in the lower plenum with the bottom 
layer subcooled as  much as  70°F.. 

(10) Except for locations in the direct path from the inlet plenum 
to the break, .ECC injection had little effect 'on loop fluid 
behavior. 



. - 
(11) During the latter stages of decompression when: the fluM . : ti.:k " iB;. Z 

quality became high, thermocouples at several locations in the 
core and loop indicated high temperatures due to radiation 
from nearby metal surfaces. 

( 12) Cladding temperature increases resulting from DNB occurred 
at various pin locations starting at 3 to 6 sec after system 
rupture. Heatup rates were about 150 to 200°~/sec.  

(13) No significant overall difference in cladding temperature 
behavior is evident from comparison of data . for tests with 
and without ECC. Localized differences appear to be related 
to steam flow paths. 

(14) Fluid. density in the loop was unaffected by the presence of . 

ECC in the system except at locations in the open path to the 
break. 

(15) Cold leg density was unaffected by the rupture for about 4 
o r  5 sec after system rupture. 

(16) A comparison of outlet plenum densities indicated no effect 
due to ECC injection. 

( 1  7) The inlet plenum density measurement indicated liquid accum- 
ulated in the lowerplenum. 

(18) The density measured at the vessel inlet nozzle. indicated 
the presence of the ECC fluid after ECC injection. 

(19) The fluid flow rate through the discharge nozzle increased 
to a value about ten times the system steady state flow 
rate immediately after rupture. 

(20) The discharge flow rates for tests with and without ECC 
injection were quite similar until late in the transient, 
indicating the rate of fluid discharge for the system was 
insensitive to ECC injection. 

(21) Flow rates in the hot leg were unaffected by initiation and 
continuance of ECC injection. 

(22) Hot leg flow continued in the normal flow direction at about 
one-half the initial magnitude for about 5 sec after rupture 

' . before reversing to flow into the vessel. 

(23) Just  prior to ECC injection, the vessel was 90% voided and 
the loop had lost 75% of the initial loop fluid mass. 

(24) Maximum fluid inventory in the lower plenum prior to 
depletion of the ECC accumulator was approximately 75 lb. 



(25) Mass balance calculations show a measurement accuracy of 
about 95% in accounting for the initial fluid mass inventory. 

(26) A system fluid mass balance indicated that half of the 
initial system fluid was ejected from the vessel side of the 
break and about half was ejected from the cold side of the 
break. 

(27) For the first  10 to 15 sec of the transient, fluid in the hot 
leg was of relatively low quality with peak values of about 
35%. Subsequently the hot leg fluid quality increased rapidly. 

(28) Fluid qualities in the vessel rose LU valuco olose to Inn% 
very rapidly. Fluid qualities at all three vessel locations 
(inlet and outlet plenums and core) were almost identical 
for the first  5 sec  of the transient. 

(29) For the first 8 to 10 sec of ECC injection, some ECC 
fell to the bottom of the inlet plenum and mixed with a small 
amount of the initial fluid inventory, whereas the larger 
percentage of ECC water was entrained in the steam back 
flow through the core and was carried out the break. 

(30) Accumulation of ECC in the inlet plenum occurred as  steam 
velocities decreased and more ECC fell to the bottom of the 
plenum. 

(31) At the time the level of accumulated liquid in the lower 
plenum reached the flow skirt and interrupted an open flow 
path to the break, system pressure was still 100 to 150 psi. 

(32) The force required to lift water from the inlet plenum to 
the break was less than that required to overcome the re-  
sistance of the loop. With the open path cut off,'a liquid 
chugging phenomenon was initiated because of 'buildup and 
release of back pressure. 

(33) Apparently, the same mechanism which caused the chugging 
eventually resulted in the expulsion of essentially all fluid 
from the vessel. 
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APPENDIX A 

-DATA RECORDED -- SEMISCALE TESTS 848, 849, AND 850 

Table A-I summarizes the data recorded during Tests 848, ,849, and 850. 
The techniques applied to the data to account for instrument drift and thermal 
sensitivity are presented in Appendix B and selected examples of test data 
are  given in Appendix C. 

The location of the measurement instrumentation can be determined from 
Figures A-1, -2, and -3. Detector identification i s  accomplished by the fol- 
lowing alpha-numeric characterizations: 

(1) The first  one o r  two letters define the variable being .measured 
(for example: P = pressure and TF = fluid temperature). 

(2). The second character, if it is a numeral, defines either a 
station number (Figure A-1) or  a heater pin number; if it is 
a letter(s), it designates a location with the vessel (for 
example, I = inlet) o r  a specific part of the internal structure 
(for example, CS = 'core structure). 

(3) Detectors located within the vessel are generally identified 
by third and fourth characters which are specific in regard to 
the locations (angular,. vertical, horizontal) of the detector 
on the core structure, as  shown in Figures A-2 and -3. 

i 



TABLE A-I 

SUMMARY OF RECORDED DATA FOR SEMISCALE TESTS 848, 849, AND.850 

Quanti ty 

Detector Figure 
Variable I d e n t i f i c a t i o n  Test 848 Test 849 Test  850 Reference 

Pressure. 

T,nnp P 16 15 15 1 

Yessel 

Out le t  plenum P-0-1s , P-0-1D 2 3 3 2 
I n l e t  plenum ..P-1-lS, P-1-lD 2 3 3 2 

Temperature 

Loop 

Flu id .  TF 9 9 10 1 
Material  TM 12 12 12 1 

Vessel 

F lu id  TF 19 18  18  2 
Material  TM 

I n t e r n a l s  5 5 5 2 
Pins 36 35 35 3 

D i f f e r e n t i a l  Temperature 

Core M-C-1 1 1 
Steam generator  DT-SG-1 1 1 

Loads 
Vessel 

Horizontal  LC-5A, LC-6A 2 1 1 
V e r t i c a l  LC-1A, LC-2A 2 2 2 

Displacement 

Vc33c1, i n t e r n a l  M-UG-P 1 0 0 2 
Vessel, v e r t i c a l  ' M-37A 1 1 1 2 
Nozzle, hor izonta l  M-17x 1 1 1 

Accelerat ion 

Vessel, v e r t i c a l  AC-382 1 1 1 2 

Brcak Time, Rupture Disc R-18 1 1 1 1 

Density 

Loop D-1, D-2, . . 5 6 6 1 
Core D-C-1 1 1 1 2 
Plenums D-0-1, D-1-1 2 2 2 

D i f f e r e n t i a l p r e s s u r e  - -. 
Core DP-1-0 1 1 1 2 
Loop DP-14-1, ... 6 9 8 2 

Drag Force (Fluid pv2) 

Loop v-1, v-3, ... 5 7 7 1 
Vessel V-1-1, . . . 1 1 1 

Power - PWR- 6 6 6 

Voltage ET, E- 5 5 5 

Current IT 1 1 1 

Miscellaneous 17  14 12 
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portion) - 67.5O from Ref O0 

Pressure - Inlet - Number I - Static 

(thru center line of vessel ) 
Displacement - Station 37, Z Direction 

( thw center line of vessel 

Density - Inlet -Number 1 
Flow Direction - Core - Number I 

Core Flow Sk~rt 

Fig. A-2 In-vessel instrumentation. 



Pin 71 Removed for Installation of 270° Ref 

TM- #- T; TM-#-M; TM-#-B 
Thermocouple Junction - 0.015 
lnch Beneath Cladding OD 

Line of Sight for M-#- 0; Thermocouple 
Cladding Thickness 0 6 5  Junction - 6.015 lnch 

Gamma Attenuation 
Diameter 0.440 in. Beneath Cladding OD 

Density System 
TM -I- I; Thermocouple 
hnctlon in lnsulation 

Line of Sight for Angular Location of 
Gornma Attenuation Mounting Rack for Fluid 

Thermocouples Designate 
TF-0-#,TF-C-#,TF-I-# 

Typical lnstrumented 
Instrument Legend Heater Pin 

5 Thermocouples Each on 
19 Instrumented Pins : Pins 12,13,16,29,30,37, 

- 1  W l - P i  61- 
In lnsulat~on 

50,61,62,63,65,66, 
85,89,92,93,106, 

m-38-B Tempemture Metol- Pin 38- 
90° Ref Bottom of Heated Lenpth, Imbedded in Cladding 

110 and 116 

m-LK)-T Temperature Metol- Pin 4 0  - To of 
Heoted Length, Imbedded in INC -c- 15888 

TM:61-0 li?.mpemtue Metal -Pin 61 - Canter of Heated 
, I I Length, Imbedded in Clodding ., I TM-61 -M Temperature Metal -Pin 61 - Center of Heated 

Length, Imbedded in Cladding ( Rotated 90° 
from TM-61-01 . 

Fig. A-3 Heater pin and thermocouple locations. 
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APPENDIX B 

METHODS USED T O  NORMALIZE T E S T  DATA T O  ACCOUNT FOR 

INSTRUMENT DRIFT AND THERMAL EFFECTS 

The data reported for Tests 848, 849, and 850 have, in many cases, been 
corrected to account for instrument drift and detector thermal sensitivity. The 
purpose of this appendix is to explain the methods used to normalize the 
test data. 

. - 

B-I. PRESSURE 

The majority of the pressure transducers used are of the strain gage 
type with a 3000-psi range. On the basis of the manufacturer's specifications, 
at constant temperature the absolute value of the pressure measurements 
is within f 5% of full scale. In addition, the manufacturer's specifications 
indicate that for a 400°F temperature.change the e r ro r  for a full scale reading 
i s  less than 480 psig and for a zero pressure reading the e r ro r  i s  less than 
60 psig. 

. 
In a typical decompression experiment, starting at  2250 psig, the pressure 

drops about 1000 psi during subcooled blowdown in less than 100 msec and 
i s  accompanied by a fluid temperature change of .about 5 to 6°F. For the re-  
mainder of the decompression (saturated blowdown), ' the 'pressure changes 
relatively slowly down to atmospheric pressure; fluid temperatures, however, 
decrease about 400°F during the time required to reach atmospheric conditions. 
The information obtained from the pressure transducers was modified in the 
following manner: 

(1) With the semiscale system at  steady state pretest condi- 
tions (approximately 2250 psi and 580°F). each pressure 
transducer output was normalized to agree with pretest' 
pressures obtained from a precision pressure gage lo- 
cated on the vessel head, with appropriate corrections made 
for fluid pressure drop. around. the.. loop., . . . 

(2) The total pressure change measured for each transducer 
a s  the system drops from the saturation pressure to atmos- 
pheric was 'modified by use of a linear correction factor to 
obtain the required total pressure drop. For example, if a 
pressure transducer indicates a pressure of - 50 psi at the 

' end of the. transient (pressure at atmospheric conditions), 
the entire pressure history would be modified to decrease 
the measured drop, from saturation to atmospheric pressure - by 50 psi in a manner linear with time. 



B-II. DIFFERENTIAL PRESSURE 

Several different types of differential pressure transducers are used 
in the semiscale blowdown experiments. These devices have ranges from 
f 100 in. of water to f 1000 psi. The instruments are frequently recalibrated 
following a test to determine the zero shift in the instruments. The differential 
pressure traces are  then modified in the following manner. 

(1) The zero shift determined from the calibration of the trans- 
ducer i s  applied to the data. 

(2) The initial prerupture output i s  normalized to the initial 
differential pressure which is known from system flow tests 
and pump characteristic curves. 

(3) If the zero shift correction did not result in a zero output 
indication at the end of the transient, a linear (with time) 
correction for thermal drift similar to that used for the 
pressure transducers i s  applied. 

' B-111. TEMPERATURE 

The only modification of the temperature data for Tests 848, 849, and 
850 consisted of assigning the initial-condition temperature to all fluid tem- 
perature data at the time of rupture (as much as  a 2 0 T  correction). For 
materials temperatures this modification of the data was not made. 

B -1V. DE NSI TY 

Fluid density measurements are processed using a computer data con- 
version program. Initial output from density detectors i s  in volts which must 
be converted to lb/ft3 based on the detector sensitivity. 

With the semiscale system at pretest steady state conditions, the initial 
voltage output of the detectors is assigned the appropriate initial density 
value. The. final voltage recorded i s  assigned a value of 0.03 lb/ft3 (essentially 
zero) and a linear (with time) calibration factor i s  applied between these two 
points. The estimated accuracy of the density measurements i s  within & 5% 
of full scale, or within approximately f 2.2 lb/ft3. 

Momentum flux' measurements are  made using calibrated drag disc devices 
which give an output in volts. On the basis of the initial density and the cali- 
bration curve for a particular detector, the initial voltage from the detector 



is assigned . a value commensurate with ,initial pretest steady atate flow con- 
ditions. To compensate for thermal sensitivity of the detector, a computer 
data-conversion program supplies a linear (with time) correction to the data 
based on the detector calibration curve and on the initial and final conditions. 
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SELECTED EXAMPLES OF DIGITIZED DATA -- SEMISCALE 

TESTS 848, 849, AND 850 

The  figure,^ included in this appendix are intended to illustrate the type 
of - information received from Semiscale Tests 848, 849, and 850. Unless other- 
wise indicated, this information is as  received directly from the digitized 
analog data prior to application of any corrective process.   he method of data 
processing requires a 10-second lead time prior to rupture; therefore, the tims 
of rupture on the plots given in this appendix is 10 sec. 

,- 

C-I. PRESSURE HISTORIES 

Figures C-1 through -12 present the total pressure histories at three loop 
locations and one vessel location for each of the three tests. The corrective 
process outlined in Section I of Appendix B has been applied to these data. 

C-11. DIFFERENTIAL PRESSURES 

Figures C-13 through -24 present the complete differential pressure measure- 
mgn'ts around the ' loop and across the vessel for the three tests discussed in 
this report. Corrective procedures a s  outlined in Section I1 of Appendix B 
have been applied to these data. 

MATERIAL TEMPERATURE BEHAVIOR 

Figures C-25 through -29 present typical material temperature behavior 
during decompression. The identification and location of detectors are given 
la Appendix A, Figure A-3. These aelected traces give typical rod behavior 
during. the transient for different elevations and locations in the core structure. 
In all cases, the onset of DNB and the pin response during tests with and without 
ECC are  evident. 

- 
C-IV. FLUID DENSITY - 

Figures C-40 through -51 show the fluid density behavior for three-loop 
locations and two vessel locations. In all cases the data have been corrected 
according. to' the method outlined in Section IV of Appendix B. 



C-V. MOMENTUM FLUX 

Figures C-52 through -54 present a representive drag disc output from 
each of the three tests. The data in these figures have been initialized for zero 
shift and a linear correction for thermal drift applied as  outlined in Section 
V of Appendix B. 



Fig. C-1 Outlet nozzle pressure -- Test 848. 
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Fig. C-2 Outlet nozzle pressure -- Test 849. 
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Fig. C-3 Outlet nozzle.pressure -- Test 850. 
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Fig. C-4 Steam generator outlet pressure -- Test 848. 
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I 
~ 1 ~ .  C-5 Steam generator outlet pressure -- Test 849. 
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Fig. C-6 Steam generator outlet pressure -- Test 850. 
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Fig. C-7 Inlet nozzle pressure -- Test 848. 
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Fig. C-8 Inlet nozzle pressure -- Test 849. 
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Fig. C-9 Inlet nozzle pressure' -- Test 850. 

Fig. (2-10 Outlet plenum pressure -- Test 848. 
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Fig. C-11 Outlet plenum p res su re  -- Test  849. 
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Fig. C-12 Outlet plenum p res su re  -- Test  850. 
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Fig. C-13 Differential pressure -- inlet to outlet plenum -- Test 848. 
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Fig. C-14 .Differenlitll pressure -- inlet to outlet plcnum -- Test 849. 
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Fig. C-15 Differential pressure -- inlet to outlet plenum -- Test 850. 

0 

3 I 

(D 2 
9 - 
v, 
[L 

2 

8 

cd %! 

I00 

TEST 848 848 73 OP-14-3 

+ T I M E  ISECl 0 1 /20/72 

Fig. C-16 Differential pressure across the vessel -- Test 848. 
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Fig. C-17 Differential pressure across the vessel -- Test 849. 
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Fig. C-18 Differential pressure across the vessel -- Test 850. 
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Fig. C-19 Differential pressure across the steam generator -- Test 848. 
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Fig. C-20 Differential pressure across the steam generator -- Test 849. 
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Fig. C-24 Pump differential pressure -- Test 850. 
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Fig. C-23 Pump differential pressure -- Test 849. 
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Fig. C-25 Cladding temperature of the oenter pin - bottom -- Test 848. 
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. . Fig, C-26 Cladding temperature of the center pin - bottom -- Test 849. 
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~ i ' ~ .  C-27 Cladding temperature of the center pin - bottom -- Test 850. 
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Fig. C-28 Cladding temperature of an outside pin - bottom -- Test 848. 
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pig. C-29 Cladding temperature of an outside,pin - bottom -- Test 849. 

E ,  - 

0 0 

0 

0 
0 m 

,g 

P 

0 
W 
n 

H 

0 
0 VI 

% 1 TIME (SECI 1D/18/71 
Fig. C-30 Cladding temperature of an outside pin - bottom -- Test 850. 
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Fig. C-31 Cladding temperature of an inside pin - midplane -; Test 848. 
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Fig. C-32 Cladding temperature of an inside pin - midplane -- Test 849. 
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-Fig. C-33 Cladding temperature of an inside piii - midplane -- Test 850. 
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Fig. C-34~Cladding temperature of an outside pin - top -- Test 848. 
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Fig. d-36 Cladding temperature of an outside pin - top -- Test 850. 
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Fig. C-35,Cladding temperature of an outside pin - top -- Test 849. , 
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Fig. C-38 Cladding temperahire of an outside pin - bottom -- Test 849. 
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Fig. C-39 Cladding temperature of an outside pin - bottom -- Test 850. 
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Fig. C-40 Hot leg density -- Test 849. 



I 
0 

I 1 1 I 1 I 1 I 1 

3 :  I0 20 30 'to 50 60 70 BO 90 100 ' 

TIME ISECI 10/14/71 

TEST 850 850.. 70 ~ 0 . ~ 3  r r  . t . * a i s  

Fig. C-42 Tnlet nozzle density -- Test 848. 
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Fig. C-41 Hot leg de~lsity -- Test 850. 
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Fig. C-43 Inlet nozzle density -- Test 849. 
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Fig. C-44 Blowdown nozzle density -- Test 848. 
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Fig. C-45. Blowdown nozzle density -- Test 849. 

Fig. C-46 Blowdown nozzle density -- Test 850. 
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Fig. C-47 Inlet plenum density -- Test  848. 
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Fig. C-48 Inlet plenum density -- Test  849. 





Fig. C-52 Drag disc output - cold leg -- Test 850. 
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Fig. C-51 Core density -- Test 849. 
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Fig. C-53 Drag disc output - inlet nozzle -- Test 849. 
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