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ABSTRACT 

This document reports a portion of the results of the Semisc ale Blowdown 
and Emergency Core Cooling {ECC) Project tests conducted at the National 
Reactor Testing station as part of the Water Reactor Safety Program of the 
Atomic Energy Commission. The purpose of the· Semiscale Blowdown and 
Emergency Core Cooling Project is to provide the experimental data base 
required for development and assessment of analytical models for predicting 
the thermal hydraulic behavior occurring in a large PWRduring a loss-of­
coolant accident { LOC A). 

The results reported in this document were obtained from decompression 
experiments on a circulating loop connected to a simulated reactor vessel {without 
internals) that constitute an extension of previous decompression tests with only 
a vessel. All tests were initiated from isothermal fluid conditions. Reported are 
pressure, temperature, strain, momentum flux, thrust. and limited flow ann 
density information for various break sizes, configurations, and initial conditions. 
The amount of water remaining, blowdown time, and indications of the thermo­
dynamic processes are also reported. 
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SUMMARY 

This report presents the- results from 21 tests performed to investigate 
the hydraulic phenomena occurring during rapid decompression of a simulated 
PWR reactor system. The system for these tests (800 series), which included 
an empty vessel with one .operating loop, represents an extension of previous 
systems with only a vessel ( 700 series). Phenomena of particular interest 
for model development included: decompression rates, hydraulic loading during 
subcooled and saturated blowdown, mass flow rates, phase separation, and 
water remaining in the system after blowdown. Fifteen of the tests were 
performed with a single-ended break configuration and six were performed 
with a double-ended break configuration. Break size, location, and configuration 
and initial fluid temperature were the test variables. 

The addition of a loop to the vessel reduced the amount of water remaining. 
in the system compared with the "vessel-only" tests to the extent that only 
the smallest breaks (2%) resulted in significant water remaining in the system. 
Results from tests in which different break configurations (both single-ended 
and double-ended) were used indicate that the reduction in residual water 
is independent of the blowdown configuration and is due solely to the addition 
of the primary loop. Blowdown time appears to be primarily a function of the 
ratio of initial fluid mass in the system to the break area. Thus, the addition 
of the primary loop and its components increased the blowdown time (compared 
to that of the vessel-only tests) according to the increase in system volume. 
Little difference in blowdown time was noted between top and bottom breaks. 

The subcooled decompression was found to be almost isentropic; thus, 
an isentropic decompression from initial conditions could be used to estimate 
the pressure at which the saturated portion of the blowdown starts. The limited 
density data available indicate that the enthalpy at the vessel outlet nozzle in­
creased for a top break. However, the enthalpy at the inlet nozzle is essentially 
constant for an inlet line rupture. This difference is attributed to phase sepa­
ration; however, insufficient data are available for further evaluation. 

The subcooled decompression for the semiscale loop causes substantial 
pressure differences across loop components such as the steam generator. 
Component loads during the saturated portion of blowdown result primarily 
from thermal expansion and thrust forces. 
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SEMISCALE SLOWDOWN AND EMERGENCY CORE COOLING (ECC) 

PROJECT TEST REPORT -- TEST 803 THROUGH 820 

I. INTRODUCTION 

The Semiscale Blowdown and Emergency Core Cooling (ECC) Project[!] 
is an experimental project to investigate the hydraulic, thermodynamic, and 
mechanical behavior of a pressurized water reactor (PWR) system during a 
loss-of-coolant accident (LOCA). Specifically, the purpose of the project 
is to obtain experimental data for use in assessing the capability of analytical 
models to predict the response of the semiscale system to a simulated accident. 
The models, if experimentally verified, may be used with greater confidence 
and understanding to evaluate the LOCA for a large pressurized water reactor. 

Previous investigations in the semiscale blowdown project were: (a) the 
500 test series performed with a Bettis Flask, (b) the 600 series with a modified 
Bettis Flask, and (c) the 700 series in the LOFT semiscale vessel. These 
blowdown tests were primarily intended to provide subcooled and saturated 
blowdown information with the simplest possible systems[2]. 

The 800 test series is a series ofexperiments with an increasingly complex 
test configuration. For the first group of tests in this series (Tests 801 through 
820), a piping loop containing a circulating pump, pressurizer, and steam 
generator has been added to connect the vesselinlet and outlet nozzles. The data 
from this group of tests are contained in this report. In subsequent tests of the 
800 series, an electrically heated core will be installed in the reactor vessel, 
and emergency core cooling will be simulated. 
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II. OBJECTIVES 

The initial 800 series tests were the first tests with an operating primary 
loop and were conducted from an initially isothermal fluid condition. 

The objectives for these isothermal tests were to: 

(1) Obtain reference information on system and coolant response 
to pipe ruptures of varying .size under test conditions that are 
relatively uncomplicated in comparison to those planned for 
future tests 

(2) Obtain pressure data throughout the loop for the subcooled 
portion of blowdown 

("3) Determine the effect of initial coolnnt circulation on blowdown 
behavior 

( 4) Determine . whether a double-ended break geometry signifi­
cantly affects the amount of water remaining 

( 5) Determine the thrust loads developed durjng bl.owdown 

(6) Obtain an indication 6f strains induced in the piping as a 
· result of decompression and cooling during blowdown 
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Ill. EXPERIMENTAL APPARATUS AND OPERATION 

The following section describes the experimental hardware and the test 
procedure. 

1. TEST APPARATUS 

The test equipment used for these experiments consists of a simulat~d 
single-loop reactor system containing a reactor vessel (without internals), 
steam generator, pump, control valve, and piping. An isometric drawing of 
the basic system is shown in Figure 1. This configuration was used for Tests 
803 through 817. It was then modified to the configuration shown in Figure 2 
to provide a double-ended break. This arrangement was used for Tests 818 
through 820-1 [a]. 

A more detailed description of the system, providing such features as 
nodal volumes, pressure drops, and pump characteristics may be found in 
Appendix A. A brief description of the instrumentation system and data pro­
cessing equipment is also provided in Appendix A . 

[a] In those cases in which a test was repea~ed, the repeated tests are desig­
.nated by a numeral following the base test number. For example; Tests 
818-1 and 818-2 are the first and second repeats of Test 818. 
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2. TEST PROCEDURE 

The test procedure consisted of filling the system with demineralized. 
water and heating the system to the desired test temperature by use of the aux­
iliary heaters. Coolant circulation through the auxiliary heaters and around the 
loop was provided by the coolantcirculationpump. The pressurizer heaters were 
used to maintain system pressure at the desired value. The system flow rate was 
set at about 330 gal/min for all tests by the control valve. After the test temper­
ature and pressure were obtained the auxiliary heaters were shut off and the block 
valve in the heater circulation line was closed leaving the pressurize.r connected 
only to the hot leg. All single-ended break tests (Tests 80.3 through 817) were 
initiated by overpressurizing the cavity between the two rupture discs (Figure 9, 
Appendix A) • The pump was shut off 0 .5 sec after rupture. by a signal from a 
breakwire placed across the rupture disc. 

A different procedure was used in the double-ended break series. The cross­
tie valve just upstream from the two break nozzles in Figure 2 was open during 
warmup to permit circulation of coolant around the system. Prior to blowdown 
this valve was closed and the primary pump was stopped. Hence all tests with 

·this configuration were initiated when the coolant was at static conditions. 
Rupture was achieved by simultaneously venting the cavity between each set 
of rupture discs. 
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IV. INITIAL TEST CONDITIONS AND VARIABLES 

Twenty-three tests were performed: 17 with a single-ended break con­
figuration (Figure 1) and 6 with the double-ended break configuration (Figure 2). 
In the first two tests with a single-ended break configuration no data were obtained 
because of premature rupture and leakage. Table I lists the total number of 
tests and the conditions from which they were initiated. All tests were initiated 
at a nominal system pressure of 2300 psig. The variables consisted of break 
size, break location, initial coolant temperature, number of break locations, 
and initial flow rate. 

A double-ended break was not achieved for all tests in the double-ended 
break series because simultaneous venting of the cavities between the rupture 
discs was not achieved. Three attempts were required before simultaneous [a] 
ruptures were achieved in both rupture ass.emblies for a double-ended break 
test. The first successful simultaneous ruptures were achieved in Test 818-2. 
The previous attempts (Tests 818 and 818-1) resulted in opening of only the 
line connected to the reactor vessel nozzle and hence resulted in a total break 
area of 15%. In Test 820, a rupture disc was installed only in the line from the 
steam generator to obtain data for a break initiated at that location. Comparative 
data on the three breaks (vessel nozzle, steam generator line, and the combination 
of both the vessel nozzle and the steam generator line) possible with the double­
ended break configuration are thus provided by Tests 818-1, 820, and 818-2 
for the 15% break case. Simultaneous rupture was achieved for the 10% test (Test 
819) and the 200% test (Test 820-1) without difficulty. 

[a] The ruptures of both assemblies were . separated by no more than 4 msec. 
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TABLE I 

INITIAL TEST CONDITIONS FOR TESTS 801 THROUGH 820 

Initial Conditions 
·~ 

[a] Break Flow 
Break Size Pressure Temperature Rate 

Test Location (%) (Esig) (OF) (gal/min) Comment 

801 Top 2 1900 )40 Leak devel-
oped, no data. 

802 Top 10 Premature 
rupture, no 
data. 

803 Top 10 2320 540 323 

8u4 'l'op ~ 2300 542 326 

805 ~('op 1() 2300 5ti.Q 330 

806 Top 30 2310 540 323 

807 Top 30 2300 545 0 

Boa· Top 100 2290 525 324 

B09 Top 30 2305 585 327 

810 Top 100 23,00 584 340 

811 Top 10 2315 584 352 

812 'T'np ;::> ?.300 )811 32)1 

813 To~ 30 2310 583 327 

814 Top 100 2300 582 327 

815 Top 10 2300 584 327 

816 Bottom 100 2290 584 321 

817 Bottom 100 2300 585 335 

·. 
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. • 

Test 

818 

818-l 

818-2 

819 

820 

820-l 

TABLE I ( Contd. ) 

INITIAL TEST CONDITIONS FOR TESTS 801 THROUGH 820 

Break 
Location 

Top 

Top 

Top 

Top 

Top 

Top 

Break[i:l.] 
Size 
(%) 
15 

15 

30 
(15 each) 

10 
(5 each) 

15 

200 
(100 each) 

Double-End Break 

Initiai Conditions 

Pressure 
(psig) 

2290 

2310 

23?.0 

2280 

2350 

2250 

Temperature 
(OF) 

582 

583 

583 

588 

Flow 
Rate 

(gal/min) 

0 

0 

0 

0 

0 

0 

Comment 

Orifice on 
vessel noz­
zle and 
steam gen­
erator line 
15% each. 
Steam gen­
erator line 
did not 
rupture. 

Rupture disc 
installed in 
steam gener­
ator line 
only. 

[a] The break size is expressed as a percent of the cross-sectional area 
of the five-inch double extra strong pipe (100% = 0.09 ft2). For 
double-ended breaks the combined break size is given with the size of 
each break in parentheses . 
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V. EVALUATION OF TEST RESULTS 

The results of 21 tests are summarized in this section. During these 
tests primary emphasis was directed toward obtaining information on the sub­
cooled pressure relaxation around the loop, the fluid pressure-temperature 
conditions at various locations in the system, and the effect of primary coolant 
loop ·on the amount of water remaining in the vessel after the tests. For most 
tests, eight to ten pressure measurements and five to eight fluid temperature 
measurements were obtained. In addition to these measurements, measurements 
of piping strain, momentum flux, and thrust were obtained. Attempts to measure 
component acceleration and displacement were generally unsuccessful because 
the system had been designed for a high natural frequency and the resulting 
stiffness did not permit sufficient displacement for reliable measurements. Lim­
ited density measurements were available for the last eight tests, and thus flow 
rates could be calculated from momentum flux. Density measurements (in con­
junction with temperature) also permit determination of the thermodynamic pro­
cess at the measurement location. 

The following subsections provide a general appraisal of the te~t re~ult15. 
Specific data, including break size, pressure, temperature, thrust, momentum 
flux, density, and flow are presented in Appendix B. 

1. BLOWDOWN TIME 

The previous test series ( 700 series) demonstrated that the blowdown time 
(time from rupture to zero nozzle pressure) is nearly a linear function of the 
ratio of system volume to break area. To provide a comparison with the pre­
vious test results that were obtained without a loop connected to the vessel, 
the blowdown time has been plotted as a function of the ratio of initial fluid 
weight to break area. The data shown in Figure 3 for the 800 $e:ries tests are for 
blowdown at two temperatures ( 540 and 584°F), for single- and double-ended 
break configurations, and for a break size ranging from 2 to 200% of the loop pip­
ing flow area. The end of blowdown was estimated by reviewing pressure, thrust, 
and drag disc data; however, the approximate time that the slope of the pressure 
trace reached zero was the primary means of establishing the blowdown time. 
The data scatter in Figure 3 is in part due to the inaccuracy in reading the point 
of zero slope. Comparison of the data from the 800 test series with that from the 
700 test series in which the vessel volume and hence weight of initial fluid was 
slightly less than half of the volume and weight for the 800 test series shows 
the results to be in good agreement. 

The blowdown time appears to deviate slightly from a linear relationship 
with the fluid weight-to-break-area ratio. However, a rough "rule of thumb" 
that can be obtained from Figure 3 is tna..t the J:>lowdown time in seconds is 
about 1/8 to 1/10 of the weight-to-break-area ratio (in the units shown on 
Figure 3). Thus, a large PWR that undergoes decompression due to a large 
break such that a fluid weight-to-break-area ratio of 425 lb/in.2 results would 
be e'-.'Pected to have a blowdown time of about 42 to 52 seconds. For small 
breaks, on the order of 0.5 ft2, the blowdown time would be on the order of 12 
minutes. This type of extrapolation presumes that the presence of a core does 
not alter the blowdown time significantly. 
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2. WATER REMAINING IN THE SYSTEM AFTER BLOWDOWN 

Tests conducted with the Bettis Flask ( 500 and 600 series) and the reactor 
ve:s:sel without piping ( 700 series) showed that the amount of water remaining 
in the vessel was a function of break size and vessel internal geometry[:l]. 
For those tests substantial amounts of fluid (up to 50% of the initial fluid) 
remained in the vessel (without internals) subjected to a top nozzle break. 
As evidenced in Figure 4, the current series of tests with a circulating loop 
attached to the vessel and a blowdown tee configuration has exhibited con­
sj(IP.rahly clifferent results. Only very small breaks (2% of pipe area) resulted 
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in significant residual wntP.r (?.5 to 32% of the initiai amount). For break sizes 
of 10 and 30% the water remaining was usually less than 2% of the initial 
amount and no water remained for any of the 100% breaks. 

A double-ended break configuration was installed (Tests 818 through 820-1) 
to . determine whether flow from the vessel past the tee at the vessel outlet 
would result in fluid being drawn from the rest of the system. The only double­
ended break test for which water remained was Test 819 (10%) in which about 
2% of the initial amount was collected. The conclusion reached from the double­
ended break tests is that the tee configuration does not influence the amount of 
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water remammg after blowdown and that the lack of water was due solely to 
the addition of the primary loop . 

3. FLUID DEPRESSURIZATION 

Following rupture, the pressure relaxes around the system until the 
fluid reaches the saturated fluid condition. This process is shown on Figures 

- 5 and 6 for 10 and 100% top breaks, respectively. The initial drop in pressure 
at the vessel outlet is the result of the rupture disc yielding. This drop is 
followed immediately by the large drop due to rupture. The magnitude of the · 
initial decompression wave is greatest for the larger break size. The wave 
is immediately dissipated upon entering the vessel and therefore does not 
appear at the vessel inlet. Similar damping occurs by the time the wave passes 
through the steam generator. 

The time required for the decompression wave to reach other locations 
can be computed by assuming that the wave travels at sonic velocity (3480 
ft/sec at 2300 psi and 540°F and 3100 ft/sec at 2300 psi and 584°F). Thus, 
the pressure wave noted at the vessel outlet nozzle is the result of yielding 
and rupture that occurred about 1.4 msec earlier. The decompression of 
the system atdifferenttimescanproducelargepressure differences across com­
ponents as seen in Figures 5 and 6. For example, steam generators for large 
PW R's which have an average tube length of over 60 feet would be subjected 
to large differential pressures for a considerable time during the acoustic 
decompression period. 

The saturated portion of blowdown starts at the end of the subcooled 
decompression and consists of the initial transition period during which the 
flow direction becomes established and the remaining period during which 
flow fluctuation is minor. Pressure and temperature data indicate that the 
fluid is at or very near saturation conditions throughout blowdown. (The agree­
ment of the measured pressure and temperature with the saturation pressure and 
temperature is within the measurement capability.) Typical pressure and 
temperature behavior is shown in Figure 7. Saturation conditions are indicated 
and agreement of measured pressures with the saturation pressure obtained 
from fluid temperatures is within less than 50 psi. The deviations that occur 
toward the end of blowdown are, the result of the sensitivity of the pressure 
detectors to the large temperature change that occurred. 

The failure of certain temperatures (Figure 7) to decrease all the way to 
a final saturation condition of 205°F is assumed to be caused by a loss of 
flow (cooling) and by voiding in the vicinity of the detector so that the detector 
receives thermal radiation from the wall. Strain changes occurring at various 
system locations on the outside of the piping also are shown. The maximum 
strain change occurs well into the blowdown and is primarily thermal in origin. 
The eventual return toward initial strain values is due to temperature equi­
libration within the pipe. 

1\ comparison of these three variables --temperature, pressure, and strain 
at the reactor vessel outlet nozzle -- for various break sizes and an initial 
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fluid temperature of 584°F is given in Figure 8. From this figure, the pressure 
at the end of subcooled blowdown is seen to be essentially independent of break 
size. The maximum piping circumferential strains (except for the 2% case) 
are also independent of break size. Figure 9 is a similar cpinparison for an 
initial temperature of 540°F. Comparison of Figures 8 and 9 shows the following: 
The temperature and strain behavior are nearly the same for both initial tem­
peratures. The lower initial temperature is reflected in a lower pressure at the 
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end of subcooled blowdown. The pressure for the smaller breaks is maintained 
somewhat longer after the end of subcooled blowdown for lower initial temper­
atures; as a· result, blowdown is approximately the same for both initial tern-

, peratures. 

Two 100% bottom-break tests (Tests 816 and 817) were performed and the 
pressure and temperature at the vessel nozzles were compared with similar 
measurements obtained during a 100% top break test. No apparent difference 
was found in the pressure or temperature information-between top and bottom 
break tests. 

4. FLUID BEHAVIOR 

·Flu1c1 hP.hRvin-r is discussed in terms of etugn.o.tion ·looo.tion3 and flow 
rate during blowdown. 

4.1 Stagnation Locations 

Thermocouples measuring fluid temperature exhibit an erratic behavior or 
a rapid increase in temperature late in the blowdown as shown in Figure 7. 
This behavior, referred to as temperature breakaway, is believed to occur 
when the thermocouples are surrounded by a high quality mixture that permits 
the thermocouples to receive radiation from the high temperature wall and 
when insufficient flow is present to maintain the thermocouple at fluid temper­
·a.ture. 

The sequence of temperature breakaway is given in Table II by station 
number. The sequence is that observed during the majority of the tests. The 
thermocouple at the vessel outlet nozzle did not normally indicate temper­
ature breakaway until very late in the blowdown. The 10 and 30% break tests 
show a different sequence of breakaway than that for the 100% break tests 
and this behavior is independent of the break configuration. Two possible 
explanations of these data are:· 

(1) Disregarding locations close to the break (because of higher 
void fraction) the stagnation point is near the point indicating the 
first breakaway and succeeding breakaways occur as the void 
region increases. 

(2) The high quality front recedes from the break indicating that 
the stations that Axhibitod brcnlmway later i11 the se4ueuc~ a1·t':l 

nearest the stagnation location. 
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TABLE II 

THERMOCOUPLE TEMPERATURE BREAKAWAY SEQUENCE 

Break Size (%) 
- - . [a] 

Order of Station 

10 2 or 5, 6' 14' 15 

Single-Ended Breaks 30 2 or 5, 15, 6, 9, 10 

100 9, 10 or 6, 5, 2 

10 3·, 5' 9 

Double-Ended Breaks 30 5' 6, 9 

200 10, 9' 6' 5 

[a] From first to last. 

The latter view is least likely in view of the sequence given for 100% 
break data and the fact that the temperature at station 1 never shows a break­
away within the time that the data were recorded; howevert it is supported 
by limited flow data for the smaller break sizes. In almost every case the 
thermocouples at the vessel inlet and outlet were the last to exhibit temper­
ature breakaway indicating that the vessel is the last component to empty. 

Initial water temperature for all tests was uniform throughout the system. 
Temperature uniformity (within measurement accuracy) was exhibited as tem­
peratures decreased during blowdown for all except the 100% break tests in 
which a deviation as great as 25°F has been noted. The largest temperature 
difference ·during blowdown occurred across the control valvet which is the 
component providing the highest system resistance and largest pressure dif­
ference. In all cases in which the fluid temperature difference is apparent . 
across the control valvet the temperature drop is in the same direction as the 
expected pressure drop (downstream toward vessel inlet). 

Generally t the fluid between the pump and control valve exhibits the highest 
temperature throughout the 100% break tests, indicating that the general 
location of the stagnation point is between these two components. An exception 
was noted for the double-ended test (Test 820-1) in which the fluid temperature 
upstream from the pump (Station 6) was sometimes greater than that downstream 
from the pump (station 9 or 10). In additiont a temperature drop across the 
steam generator in the direction from Station 6 to station 5 existed throughout 
blowdown. Interpretation of data for this test indicates that the flow stagnation 
point was initially between the pump and control valvet then between the pump 
and steam generatort and finally again between the pump and control valve. 

In summaryt the primary flow stagnation point (as indicated by temper­
ature breakaway) in the test system for the 100% breaks is between the pump and 
control valve. For the smaller break sizes the temperature data indicate that 
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the first determinable stagnation point is at or near the steam generator inlet. 
Other stagnation points may have existed in the system prior to the time indi­
cated by the thermocouples. 

4 .2 Flow Rates 

Momentum flux ( pv2
) was measured during nearly all tests by drag discs. 

This quantity provided the only direct indication of flow from the system in 
tests prior to Test 816. For tests subsequent to Test 816, data from a single 
density detector were also available. Data from this detector were used in 
interpreting the drag disc data in terms of mass flow rates. Typical momentum 
flux data are provided in Appendix B. 

The rate at which fluid passes from the system is the controlling variable 
in the isothermal blowdown tests. Th~ flow data a.vl'lilrthlP. pl:'m.ridf?i infr.)r.mation on 
critical flow u.t high ma:<~l'i vAl.-x::ili~~- Chold.ng ocouro at the exit.plane or 
restricting orifice. -

Flow rate as a function of time is given in Figu:res 10 and 11 for 10 and 30% 
breaks with the double-ended break configuration. In each case a larger flow 
oscillation was noted in the hot-leg line than· at the vessel outlet and the flow 
rate was slightly higher in the hot leg throughout' most of the test. The total 
mass ejected from each nozzle was calculated for the 10 and 30% break area 
tests. For both tests the division was about 35% through the vessel nozzle and 
the remainder throughthe hot leg. In terms of system volume this division cor­
responds to an average stagnation point between the control valve and the reactor 
vessel inlet and does not agree with the ·interpretation of the temperature data 
discussed in Section 4.1. Hot-leg flow data for the 200% break test are not 
available to provide a similar comparison. · 

The leak flow during the 100% bottom break test (Test 81 7) was determined 
by using the density data obtained at the inlet nozzle in conjunction with the.clat::~ 
f1·um the drag disc at b'tation 13 (the only density measurement obtained for thi 8 
Lest was at the vessel inlet nozzle). The flows, computed on this basis and shown 
in Figure 12, show th,at 85% of thP. m::~RR P.jf;letP.d paisad through tho vessel i11let 
nozzle indicating a flow division near the pump inlet. If the actual density in the 
cold leg was lower than at the vessel outlet, the division may have occurred in 
the cold leg as indicated by the temperature data. 

The flow rate information given in Figures 10, 11, and 12 were computed 
from the data obtained from the drag disc and density detector.· Numerical 
integration of the flow rate curves provided an estimate of the total mass 
ejected from the system. A comparison of thesecalculations with tb.e 524 pouncls 
uf inltlal fluid i<eSu1t::; in the following errors: -17.6% for Test 819,-1.9% for 
Test 818-2, and -i-12% for Test 817. 

Mass velocity at the exit plane or orifice as a function of reactor vessel 
pressure is compared in Figure 13 with the values predictecl by Moody[ 3] for 
an ideal nozzle at the same values of stagnation pressure and enthalpy. For these 
comparisons critical flow is assumed to exist because the orifice pressure ratio 
is less than Oo25 over the range indicated. The ideal nozzle prediction when 
corrected by multiplying by the sharp-edged orifice discharge coefficient (0.62) 
is in close agreement with the test data obtained when an orifice was used to 
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limit the break area. Also shown in l''igure 13 are the data obtained for a 100% 
break (Test 820-1) which produced flow much closer to the ideal nozzle flow. 

The maximum brenk size (100%) resulted in the maximum initial mass 
velocity (G ,...13,000 lb/sec-ft2); however, other tests with orifice sizes of 
5 and 15% of the pipe area produced values almost as high. Mter the initial 
surge the mass velocity for all orificed flows dropped to a value of G "'5,000 
lb/sec~ft2 . 

5. THERMODYNAMIC PROCESS 

In any process in which an exchange or transfer of energy occurs within 
a system, the system behavior may be viewed in terms of some of the conven­
tional thermodynamic processes. The series of tests covered in this report 
was conducted without heat addition (no core installed) or heat removal from the 
fluid excellt between the tluid and syste~ boundary material and thus provides 
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good reference information for comparison with future results from tests in 
which core heat is simulated. 

The subcooled decompression process is nearly isentropic as can be seen 
by comparing the fluid temperature drop (about 6°F) and the final pressure 
at the end of the subcooled blowdown with values obtained from the assumed 
process. The processes are displayed in Figure 14 and 15 for initial temper­
atures of 540 and 584°F, respectively. By assuming isentropicity, the fluid 
state at the start of the saturated portion of blowdown can be determined. 
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The process evaluations during the saturated blowdown are limited to 
those locations where density was measured. Density was determined by 
gamma attenuation across the piping and hence is an average value. The 
majority of the density data are availabJe only for the double-ended break series, 
and then only two measurements for each test were obtained, generally one 
at the reactor vessel outlet and one in the hot leg. For top breaks, the fluid at 
the vessel outlet nozzle initially followed an isenthalpic process, then increased 
in enthalpy. In contrast to this behavior, the fluid at the reactor inlet nozzle for 
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a bottom break followed an isenthalpic process throughout most of the blowdown. 
If the assumption is made that the fluid in the vessel during either the top or 
bottom blowdown remains at its initial enthalpy, the enthalpy increase noted 
at the reactor vessel outlet nozzle during a top break is attributable to phase 
separation. the quality at the outlet nozzle being about twice that in the vessel. 
Figure 16 indicates the process at the vessel outlet nozzle for different size 
top breaks. 
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During the bottom break test the enthalpy in the common discharge line 
was considerably greater than that at the vessel inlet nozzle indicating that 
the cold leg fluid quality was higher than that at the vessel inlet shown in 
Figure 17. 
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Figures 18, 19, and 20 provide comparisons of the fluid condition. at 
the vessel outlet nozzle and the cold leg for the double-ended (top) break 
tests. Both the 10 and 30% breaks indicate a change in the location of highest 
quality and a sharp shift in the hot leg quality. The shift is thought to be due to the 
fluid from the auxiliary heater and pressurizer reaching the measurement 
station. This behavior is not noted during the.200% break test. 
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6. THRUST 

Horizontal reaction forces due to the expulsion of fluid from the system· 
can result in high loads on the piping sections. The semiscale blowdown-tests 
have shown that the thrust is initially large and of very short duration. The 
thrust data for the subcooled portion of blowdown are masked by a ringing of 
the system due to the sudden. application of loads. As a result, separation of the 
response of the system from the applied force is difficult. The subcooled thrust 
data are included in Appendix B. 

The pressure at the end of the subcooled decompression is about 1300 psi 
for all tests with an initial temperature of 584°F. The thrust load at this 
time· is gi"ven in Figure 21 as a function of break size. Also shown for reference 
is a curve of pressure (1300 psi) times break area. The deviation j.s caused by 
pressure downstream of the orifice. The empirical equation 

where 

T = (P - P ) A + P (A - A ) v e -o e p -o 

P = vessel pre~H:mre v 

P e = pressure downstream of the orifice 

A =pipe area 
p 

~ = break area 

(1) 

has previously been shown to describe the thrust reasonably well for an ori­
f~ced system [ 1] •.. Previous studies have also shown that P x A m ::~y hP. u ~ed 
when no restriction is provided[!]. Equation (1) is only applicable to the thrust 
forces during saturated blowdown and to only the semiscale system. Although 
use of the normal thrust equation that is more generally applicable is preferred, 
lack of data prevents extensive use of the normal thrust equation during the 
blowdown. Test 818-1, a test with the double-ended break configuration in which 
only the vessel nozzle ruptured, provides data for a limited evaluation. The 
thrust equation is 

where 

w = mass flow rate 

T=~v +P A 
g e e e 

g = gravitational constant 

v = fluid velocity. 

(2) 

The subscript applies to the exit condition. This equation can be modified to 
the form 

G2 
T = (- + P ) A 

p g e e e . 

30 

( 3) 



16,000 

.Q 12,000 -

-., 
:::1 ... 

.J:. 
1-

0 
, 

c Test 

/ 0 
N 8000 ... 
0 
:I: 

, 

4000 

/•3oo.,;,. 
, 

0~--~~--~----~----~-----L----~----~----~----~----L---~ 
0 10 20 30 40 50 60 70 80 90 100 120 

Break (0/ol INC-A- 16487 

Fig. 21 Thrust at the start of saturated blowdown for various break sizes. 

where 

G = mass velooity 

p = fluid density. 

From the momentum equation, the following relation can be obtained for 
Station l and the exit 

(4) 

Since Ae = ~, the resultant thrust load can be computed from 

( 5) 

if the losses are small. For use in evaluating the available data, the preceding 
equation must be modified to reflect the losses, especially across the orifice. Use 
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of the static pressure data at station 18 and the enthalpy of the fluid permits 
an estimate of the total pressure loss and calculation of thrust. The results, 
shown in Figure 22, agree quite well with the thrust measured for the first. few 
seconds of blowdown (before shifts in experimental measurements due to ·drift 
and system temperature changes become signifieant). Much better agreement 
would be expected for a full size break for which an estimate of total pressure 
loss across an orifice is not required. Also shown in Figure 22 is the thrust 
computed from the pressure-area relation of Equation (1) through use. of the 
pressure at station 18 for P e. 
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Fig. 22 Comparison of calculRtP.d and measured thrust fo1· Test 818-1. 
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7. PIPING STRAINS 

Piping strains on the outside walls of the pipe were measured at several 
locations in the system. The variation during blowdown is shown in Figure 7 
for a 10% break. A comparison of the circumferential strain at the vessel outlet 
nozzle for four different break sizes is given in Figures 8 and 9. The strain 
change that was recorded at the end of the subcooled blowdown was checked 
against that predicted by the thick-wall cylinder hoop strain equation. Calculated 
values were found to exceed the measured values by less than 10%. 

The maximum strains measured near the end of the saturated portion of 
blowdown are the greatest near the rupture location and occur in the circum­
ferential direction. Axial strains are between 60 to 80% of the circumferential 
strain measured at the same location. The principal strains had nearly the same 
magnitudes and directions as the circumferential strains. 

The major portion of the strains are thermally induced. The temperature 
gradient in the reactor vessel outlet was determined for a number of tests 
and used to compute curcumferential strain. The comparison of calculated 
and measured strains is given in Table III. Agreement was within 7% in all 
cases except that of the small break. Small breaks do not cause as large tem­
perature gradients as the larger breaks and hence errors in the initial temper­
ature distribution and strain measurements can cause significant errors in the 
results for the small breaks. The large deviation for the 2% case shown on 
Table III is attributed to the errors in the temperature distribution and strain 
measurements. 

TABLE III 

. COMPARISON OF CALCULATED AND MEASURED MAXIMUM CIRCUMFERENTIAL STRAINS 

Test Conditions 

Deviation 
Break Calculated Measured From 
Size Temperature Pressure Strain Strain Measured 

Test (%) (OF) (:esi€i) ( ll in. /in. ) (llin./in.) (%) 
808 100 52) 2290 687[a] 640 6.8 

809 30 585 2305 595 560 5.9 

812 2 584 2300 236 295 -27.5 

814 100 584 2300 637 610 4.2 

815 10 584 2300 618 590 4.5 

[a] Yield strain at test conditions j.s about 800 llin./in. 
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VI. CONCLUSIONS 

'The 800 series test results provide a significant increase in the experimental 
data base available for development and assessment of analytical models for 
predicting the decompression behavior of large PWR' s in the event of a loss­
of-coolant accident. The addition of the loop to the previous vessel-only system 
has provided a means of obtaining information on subcooled pressure differences 
that can be used for assessment of appropriate computer codes. In addition, 
the ·hydraulic behavior of the system during saturated blowdown has been 
investigated for a more complex system; however, the unavailability of good 
fluid measurements throughout the system limits the usefulness of these data 
for quantifying processes such as phase separation and two-phase pressure drops. 
As is apparent from the text, the required fluid measurement techniques are, 
of necessity, being developed and checked out in conjunction with the decom­
p~ession experiments. The development of devices capable of measuring 
momentum and density in the decompression environment will in itself represent 
a significant accomplishment for the overall semiscale project. 

The following specific conclusions are drawn from the results presented 
in previous portions of this report. 

(1) The blowdown time for vessel-with-loop tests increased over 
that obtained during vessel-only blowdown tests in proportion 
to the increase in initial fluid mass in the system. The blow­
down time for the double-ended break configuration did not 
differ from that of a single-ended break of the same total 
break area. 

(2) The addition of a loop to the vessel resulted in no residual 
water following blowdown except for the very small break 
case (2% of the pipe area), and in this case the amount was 
reduced from that observed in the vessel-only blowdowns. 
Tests with hoth thP. hlnwrlnwn tPe config1.1ration and a double 
ennf:n hrP.ak nnnfignr::~-tion prodw;:cd similar reflultn voT'ifying 
that the residual water was not dependent on break con­
figur athm. 

(3) The position of the first decompression front can be com­
puted accurately by using the isentropic sonic velocity. The 
initial wave is largest in magnitude and decays rapidly as the 
distance from the rupture is increased. Application of the 
results to large PWR' s indicates that large pressure differ­
ences can occur during subcooled blowdown as a result of 
the time for various sectionR nf t.hr. Rystern to decompress;. 

(4) In terms of thermodynamic processes, the subcooled decom­
pression is nearly isentropic. Hence, the fluid state at the 
start of the saturated portion of blowdown can be determined 
on the baE:io of ioontropic assumption~. 

(5) The stagnation point appears to shift from the- vicinity of 
the steam generator outlet to the cold leg for full size breaks. 
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(6) The thrust calculated from measured fluid properties during 
saturated blowdown agrees well with the measured thrust. 

(7) The maximum piping strains are thermally induced and occur 
late in the blowdown. The direction of the principal strain is 
circumferential.· 
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APPENDIX A 

DESCRIPTION OF THE FACILITY AND THE DATA ACQUISITION AND 

PROCESSING SYSTEM FOR TESTS 803 THROUGH 820 OF THE SEMISCALE 

SLOWDOWN AND EMERGENCY CORE COOLING (ECC) PROJECT 

A-1. INTRODUCTION 

This appendix presents sufficient information on the test configuration and 
instrumentation used in single-loop semiscale blowdown Tests 803 through 820 
that the reader reviewing or analyzing the data presented in the body of the 
report will have ready access to the information needed to facilitate under­
standing of the test results. 
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A-11. TEST CONFIGURATION 

The equipment used in Tests 803 through820 of the Semiscale Blowdown and 
Emergency Core Cooling (ECC) Project is described in this section. For this 
group of tests the system consisted of a single operating loop and a vesseL 
devoid of interna~s. Both single- and double-ended break tests were performed. 

1. SYSTEM LAYOUT 

The general layout of the major components and interconnecting piping 
is shown in Figure A-1. This figure indicates the various instrumentation 
stations located throughout the primary coolant circulationJoop. These stations 
start with Station 1 located at the discharge (top) nozzle of the vessel. The. 
additional numbere listed to identify the stntions arc the distance, il1 feet, 
downstream from Station 1 and the elevation, in feet, from the test cell floor. 
For example: Station 6, having designations 6, 32.8, and (lU.l), is 32.8 feet 
downstream from Station 1 and is at an elevation of 10.1 feet above the test 
cell floor. 

All piping in the main loop, except the transition pieces at the coolant 
circulating pump, is constructed of five-inch double-extra-strong, A-106 carbon 
steel. The transition pieces are carbon steel but are of reduced pipe size 
to accommodate connections to the pump. 

Modification of this basic system for Tests· 818 through 820 to permit 
study of the effect of the double-ended break configuration is shown in Figure A,-2. 
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2. SUSPENSION SYSTEM 

The vessel is mounted in the test cell as shown in Figure A-3. Six load 
cells (each having two readout systems) are incorporated into the trunnion 
supports for measurement of vertical and horizontal thrust forces during 
blowdown. Figure A-3 also shows a restraining trolley on the blowdown nozzle 
that prevents excessive movement of the blowdown nozzle during decompression. 

The primary coolant piping is supported on flexible pipe hangers as 
shown on Figures A-4 and A-5. The steam generator is supported on a pedestal 
as shown in Figure A-5. Additional support for the piping is provided by the 
support trolley· at the blowdown nozzle and the pipe attached to the reactor 
vessel and pump. 

The primary pump rests on a steel platform but is not bolted down. Thus, 
the pump is free to slide as necessary to prevent excessive stress loads that 
might be caused by pipe expansion. during heatup of the system. 
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E'ig. A-5 Pipe hanger locations -- elevation. 

3. STEAM GENERATOR 

A cutaway isometric of the steam generator is shown in Figure A-6. 
Primary coolant flows into the lower plenum, upwards through forty-three, 
3/4-in.-OD, 12-gauge tubes, 33-1/4-inches long (between tube sheets), into 
the upper plenum, and out the exit nozzle. No provision was made to pressurize 
the steam generated from the secondary coolant; therefo-re, the secondary 
side of the steam generator operates only at atmospheric pressure. These 
tests did not require the use of the secondary system because no core heat 
wa!3 added and all tests were initiated from isothermal conditions. · 

The volume distribution within the steam generator is as follows: 

3 Component Volume ( ft ) 

Inlet nozzle and lower plenum 

Tuba volumn 

Upper plenum and outlet nozzle 

Total 

46 

0.47 

0.20 

0.47 

1.14 
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4. PRIMARY COOLANT PUMP 

The primary coolant pump is a canned rotor-type pump with a bottom 
vertical inlet and a top horizontal outlet. The pump is rated for a nominal 
flow· of 300 gal/min at a total head· of 150 feet of water when operated at 3550 
rpm. The inertia of the moving parts is 3.5 lb-ft2. The internal volume· of 
the pump including inle~ and outlet nozzles- is 0.25-ft3. 

5. VESSEL 

The vessel, which is made from Type 316 stainless steel, is shown in the 
isometric, cutaway view of Figure A-7. st~tion_ numbers for instrumentation 
are shown in Figure A-8. The li~id volume of th!;l empty vessel, including 
t.he inlet and outlet nozzles, is 6.40 ft . 

48 



Fig. A-7 Vessel. 
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Fig. A-8 Single-loop semiscale vessel. 
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6. BLOWDOWN NOZZLE 

The configuration and dimensions of the blowdown nozzle for the single­
ended break tests are shown in Figure A-9. In some tests, extra instrument 
washers (Component 2) are installed between the tee (Component 3) and the 
extension spool (Component 4). Instrument washers may also be installed 
between Components 4 and 5. Depending on the type of test, the orifice plate 
(Component 5) can be changed to simulate the desired break size or left out 
completely to provide a 100% opening. 

The modification for the double-ended break tests made use of a second 
nozzle assembly similar to the one depicted in Figure A-9, except that no 
nozzle spindle (Component 7) was mounted downstream from the rupture disc 
assembly (Component 6). 

Initiation of the rupture during a test is accomplished by use of two rupture 
discs as shown in Figure A-9, Component 6. These discs are designed to 
rupture at a pressure less than the primary coolant system pressure. A buffer 
pressure between the discs can be controlled to subsequently control the pressure 
and time at which rupture occurs. 

When the primary system reaches operating conditions, rupture can be 
initiated in two ways: (1) by overpressurizing the downstream disc causing 
it to break and allowing the system pressure to rupture the upstream disc, or 
(2) by relieving the pressure between the two discs thereby allowing the primary 
system pressure to rupture first the upstream then the downstream disc. 
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7. PRESSUIDZER 

The pressurizer is an electrically heated vessel connected to the hot 
leg piping (between the vessel and the steam generator) of the primary syst~m 
through an auxiliary heater as shown in Figure A-1. This auxiliary heater and 
the second auxiliary heater, also shown in Figure A-1, are used to increase 
the system temperature to the desired initial conditions. These heaters are 
turned off and the block valve connected to the cold leg is closed prior to 
initiation of the blowdown. The semiscale pressurizer operates in a manner 
similar to its counterpart in a large pressurized water reactor in that the 
water in the pressurizer is heated sufficiently to maintain a steam dome at 
the pressure desired in the primary system. The pressurizer volume is 1.61 ft3. 
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A-111. SYSTEM HYDRAULIC PARAMETERS 

The usual approach to the analysis of a pressurized water reactor system 
is to break the system into nodes or volume regions and to use the steady state 
pressure drop throughout the system to initialize the analysis. For the con­
venience of those readers who may be performing analysis based on the Semiscale 
Blowdown and Emergency Core Cooling (ECC) Project test results, the system 
pressure drop at steady state conditions and the volume distribution are included. 

1. PRESSURE DROP 

During normal operation at 2300 psig, 585°F, and at a flow of 330 gal/min 
the system pressure drops are as given in Table A-I. 

TABLE A-I 

PRESSURE DROP ACROSS SEMISCALE COMPONENTS 

Instr.ument 
a 

Station Component ~p (:esi) 

9 to 14 Cold leg (pump to 32.0 
vessel) 

14 to 1 Vessel 1.2 

1 to 5 Hot leg (vessel to 1.0 
steam generator) : 

~5 to 6 Steam Generator 2.5 

6 to 31 Pipe (steam generator to 0.4 
pump.) 

Total 37.1 

[a] Instrument stations are identified in Figure A-1. 

2. SYSTEM VOLUME DISTRIBUTION 

The system volume distribution is as given in Table A-II. 
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Instrument 
Station 

8 to 14 

14 to 1 

1 to 5 

5 to 27 

27 to 31 

31 to 8 

Total 

a 

TABLE A-II 

SEMISCALE SYSTEM VOLUME DISTRIBUTION 

Component 

Cold Leg Pipe 

Vessel 

Hot Leg Pipe 

Steam Generator 

Pipe (steam generator to 
pump) 

Primary Pump 

Pressurizer 

Pressurizer Piping 

[a] Instrumentation stations are identified in Figure A-1. 
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6.40 

2.22 

1.14 

1.21 

0.25 
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A-IV. DATA ACQUISITION AND PROCESSING SYSTEM 

The instrumentation system is designed for versatility and to accommodate 
rapid changes in measurements that may be required by the v:arious tests. 
In general, the test equipment and instrumentation system was assembled to 
acquire transient and steady state information regarding hydrodynamic, mechan­
ical, and thermal phenomena that occur during blowdown. 

1. DETECTORS· 

Depending on the particular test being conducted, detectors of various types 
are installed at locations throughout the system. If the measurement of a par­
ticular phenomena is crucial to the evaluation of the test results, multiple 
detectors may be used at some locations to assure that data will not be lo::;t 
because of a single failure. Multiple detectors at a specific location also 
provide a check on the accuracy and response of the detectors, the acquisition 
system, and the data processing techniques. 

Typical test measurements employ the following types of detectors: 

Measurement Detector Designation 

Fluid pressure both strain gage and crystal P-

Fluid temperature thermocouples of various types TF- or TC 

Metal temperature thermocouples of various types TM- or TC 

Pump coastdown back EMF meter PCV- or PMC 

Thrust load cells (of strain gage type) LC-

Acceleration both crystal and impedance type AC-
Mass velocity drag disc type and turbinemeters v-
Density gamma attenuation device D- or XD-

Displacement potentiometers M-

Strain strain gages of various types S- or SG 

Flow direction various devices FD 

2. DETECTOR PATCH FACILITIES 

A termination point for signal cabling, referred to as the detector patch 
panel, serves ~s an interface between the dete~tor wiring from the test cell 
and the signal cabling from the signal conditioning equipment. All instrumen­
tation cabling, with the exception of the thermocouple cabling, terminates at 
the detector patch panel. The detector patch panel is designed to facilitate 
continuity of cable shields through the patch and to maintain electrical isolation 
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in order to keep electrical noise to a minimum. Thermocouple patch panels 
are installed at various locations on the test equipment to reduce the length 
of thermocouple cabling. 

3. SIGNAL CONDITIONING 

The signal conditioning equipment consists of low-level amplifiers, strain 
gage completion networks and power supplies, attenuation networks, thermo­
couple reference junctions, and the equipment necessary to record, monitor, 
and calibrate data channels. Signal cables from the detector patch panel are 
terminated at appropriate conditioning equipment. 

Cabling from the signal conditioning equipment, with the exception of 
that from the charge amplifiers and attenuator networks, and all remaining 
signal cabling from the detector patch panel are terminated at the low-level 
input patch panel. The low-level input patch panel allows channel changes 
and provides system versatility by providing convenient detector-amplifier 
pairing to form the various instrumentation cha:imels. 

Requirements for amplifiers to accommodate accelerometers and pressure 
transducers of the piezoelectric crystal type are fulfilled by electrostatic 
charge amplifiers. The charge amplifiers provide charge-to-voltage conversion 
and voltage gain. The gain is adjustable in discrete steps in order to avoid 
the uncertainties associated with continuously adjustable gains. The outputs of 
the charge amplifiers are routed to attenuator networks to increase the number 
of gain changes. Five modes of signal conditioning are accommodated: 

(1) Voltage gains at bandwidths of de to 100 Hz 

(2) Voltage gains at bandwidths of de to 1 kHz 

( 3) Voltage gains at bandwidths from de to 20 kHz withhigh­
common-mode rejection 

( 4) Voltage gains at bandwidths from 300 Hz to 250 kHz 

( 5) Signals not requiring gain. 

A patching facility, termed the low-level output patch panel, is provided 
between the data recording equipment and the signal conditioning equipment 
to route and channel the conditioned data signals conveniently. All signal 
outputs and all data recording inputs terminate at the low-level input patch 
panel for convenient pairing. 

4. DATA RECORDING 

Recording equipment used in the blowdown tests consists of nine 14-
channel, high performance, magnetic tape recorders and one 18-channel oscillo­
graphic recorder. For data recording, the magnetic tape recorders are operated 
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in the frequency modulation mode at 60 in./ sec producing a de to 20 kHz 
frequency response with an overall record, store, and reproduce accuracy 
within #% of full scale. The tape recorders can also be operated in the direct 
mode to produce a 0.3 to 250kHz frequency response with an amplitude accuracy 
to within about ±15% of full scale. 

The oscillographic recorder is used as a diagnostic tool during system 
assembly and to provide a readily available record of pertinent data immediately 
after a test. 

5. DATA PROCESSING 

The semiscale analog data that are recorded on magnetic tapes are converted 
to the digital domain through use of a data processing computer that serves 
as, an interface between the analog acquisition systems. and a digital computer. 
T:Qis interface is designed to: 

(1) Input, convert, and format data acquired on analog magnetic 
tape for further processing by the digital computer 

(2) Establish a time reference for data required from any single 
test or experiment 

( 3) Display the reduced data values in the form of listings or 
plots as functions of an independent variable (for example 
time). 

The data processing computer, through use of an X-Yplotter, is capable 
of producing preliminary plots for most of the test data. Prior to submittal 
to th,~ d12'1.tal cornputP.r fnr proof;'!ssing, the dab oan bo oditod, linearized, 
smoothed, filteredp sorted, averaged, or di~ferenced. 

Although much of the data involving a single variable can be plotted with 
the X-Y plotter, processing involving the use of two or more variabl~s requires 
the use of the digital computer. The test data are digitized by the digital 
computer to provide data plots th::~t are useful from an engineering analysis 
standpoint (for example, plots involving time on a logarithmic scale and di­
mensionless paramters). 
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APPENDIX 8 

SEMISCALE DATA-- 800 SERIES TESTS 803 THROUGH 820 
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APPENDIX B 

SEMISCALE DATA 800 SERIES TESTS 803 THROUGH 820 

B-1. INTRODUCTION 

The bulk of the data contained in this appendix are pressure and temperature 
data as functions of time. -W'here available, thrust, density~ and momentum flux 
are also given. 

All tests were reviewed and those providing the best composite of data in 
each break size category were selected. A tabulation of the data given in this 
appendix is provided in Table B-1 for reference. 
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TABLE B-I 

TABULATION OF DATA 

Total Initial Conditicns Station Locations for l!easurenents[t] 

B~eak[al Break Pressure Hor~~ontel lbmentum Thoust S1Ze Con fig- Pressure 'fempo:ra-oure Flow Ra'-e Shor; Long FJ~ 
% Test uratior (tsig) ('F) (gpm) E':'1Cort Term Long Tern Temperature 

Tern Term 
(~v ) Density Comments 

2 8:..2 Top 23CO 584 324 1, 3S, :..4 1 14 
Single 2, '7 5 

8:..1 Top 23:5 584 352 18' 15, 1, 39, 14 l 15, 14, 10, 9 3A,4_, 3A,4F 
Single 3, -~' J 2, 5, E 

10 
8:9 Top 22:0 583 0 18, 15, l, 39, 14, 9 l l, 14, 9 l 1 5% bro:ak in vessel line, 

Double 181'!, 15J'-, 3, 5, 6, 7 3 5, 6 3 3 !c l 5% bro:ak in hot leg. 

813 Top 2310 583 327 18, 17' l, 39, 14 1 15, lA, 10 3A,L~ 3A,4A l 
Single 3, ~' 7 2 

30 
818- Top 23£-0 583 J 18 ~ 15 !t l, 39, 14, 9 l l, 14, 9 l ~(c] 15% b::-eak in vessel line, 

Double l8A, l5A, 3, 5, 6, 7 3 5' 6 3 15% b::-eak in hot leg. 

810 Top 23CO 534 34J 18, 17, 1,5' l, 14 l 15, 9 3A,~fl. 3A '4A.j l 
Single 2, ~, ~ 7 2, 5, 6 2 

100 
816 Bot torr. 22s;:J 584 321 18, 15, 13 7 9 :..7. 13 17 

Single 14, 3~. 1, 3 14 lA, 5, 5 :..4[d] 14[d] 

15 818- rap 23:...:J 585 0 18, 1, 39, 40, 14, 9 1, 9 1, 9 3A,4A. 1 1 Hot leg rupture disc 
Double 5, I 7 5, 6 failed to rupture; 15% 

break in vessel line only. 

15 820 Top 235·) 583 0 1, 39, 37. 14, 13 1, 39, 9 38, 37, 9 :3 1~ [c] Rupture in hot leg only. 
Jouble l8A, l~A., 3, 5, 6, 7 3, 5, 7 5, 6 3 

200 820- Top 225) 588 0 18, 1, 39. 14, 9 l, 14 9 I 1 100% break in vessel line, 
Jouble 3, :., &, 7 3 5, 6 3 100% break in hot leg. 

[a] Break size is expr=ssed as percent of primary coolant pipe flow area (0.09 ft2 ). Restriction w!<S obtair.ed ·oy use of a sharp-edged orifice 
upstream of rupture disc assembly. 

(b] Numbers appearing ·.mder data coluoms represent station numbers vithin the system except for thrust whe~e tte numbers designate external load 
cells (Appendix A) . The e.tation numbers are arra;~geG in sequential order of distance from brea~ Locatio~ first through vessel and up cold 
leg, followed by along the hot leg. For the only bott-om break test (Test 816), stat~ons E.re re:;::o::-ted up ccld leg, followed by through the 
vessel, and along ~ot leg. 

[c] Flow rate, mass velocity, and mass integration ineluC.ed~ 

[d] Data at Stati-on 14 obtained from Test 817. 



B-11. DISCUSSION OF DATA 

The major categories of data are discussed in the following sections with 
respect to accuracy and correction methods that have been applied. 

1. PRESSURE 

The pressure data falls in two categories: short term, which covers the 
subcooled decompression, and long term, which includes the entire test period. 
All pressure data were initialized to the known pressure in the system prior 
to blowdown. The reference pressure was determined by a Heise gage connected 
to the vessel. Each pressure was initialized to this value (with allowance made 
for system pressure drop). The large temperature change that occurs during 
blowdown frequently causes a drift in the strain gage pressure transducers and 
as a result the raw data do not always go to zero. To account for this drift, 
the shift has been assumed to be linear and .the raw data have been corrected 
accordingly. 

Because of thermal sensitivity, the error of the strain gage pressure 
transducers, as specified by the manufacturers, is 0.04% of full scale per °F 
where full scale is 3000 psig. Therefore, the maximum error for subcooled 
blowdown associated with the maximum temperature change of 6°F would be 
7 psig if the instrument responded to the full temperature change. 

During the saturated portion of blowdown in which the fluid temperature 
change can approach 400°F, the maximum error can be as great as 480 psig. 
Generally, however, the measured uncorrected long term pressure error 
does not exceed 250 psig and the uncorrected error is less than 100 psig for 
about 75% of the data. 

All pressure data except that from stations 18 and 18A in the rupture disc 
cavity start at nearly the same pressure. The pressure behavior in the region 
between the rupture discs can be used to determine a time when rupture is 
achieved by the overpressure technique. The pressure in this region increases 
until the outer disc ruptures at about 1200 psi~ The pressure then drops to nearly 
zero, then suddenly increases as the inner disc ruptures and flow is established. 

When the underpressure technique is used (all tests after Test 81 7) the 
cavity is vented; hence, the pressure between the discs decreases until rupture 
of the inner disc is achieved. When the inner disc ruptures a pressure spike 
occurs and is succeeded by rupture of the outer disc. The pressure then drops 
and rises rapidly as flow is established. 

In some cases the long term plots show an undershoot in pressure at the 
end of the subcooled blowdown. This undershoot has been found to be a char­
acteristic of the data processing system and does not indicate fluid behavior. 
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2. TEMPERATURE 

All tests were initiated with an isothermal system; hence, the differences 
in initial temperature are due to instrument error. Where necessary, the tem­
perature data presented in this report have been initialized to a reference 
temperature so that all temperatures start from the same value. 

Prior to initialization, a variation as great as about 30°F was noted in the 
data; this variation is about 5% of full scale and is typical of uncalibrated 
thermocouples. Much of this error is removed by initializing the temperatures; 
the temperatures reported are considered to .be accurate to within ±4°F. 

Blowdown of the system results in a final fluid temperature of about 205°F 
which corresponds to saturation conditions at the 4700-foot elevation of the 
National Reactor Testine- station. Most fluir:l t.P.mpE>z·atures never roached this 
value during the recorded interval but deviate or merely level out at a highP.r 
value because of voiding in the region ofthe thermocouple when the velocity is low 
or nonexistent. Such voiding allows thP. thermocouple to be influenced by radi­
atlun fl'uiiJ lhe wall. 

3. DENSITY 

Density is measured by gamma attenuation techniques. The known density 
of the water represents the initial condition and the final density of the air 
or vapor is assumed to be zero. Very little drift is associated with this instru­
ment and thus no drift correction has been applied. 

The density measurements have a specified accuracy to within ±5% of 
full scalP.. 

The g::tmm::~ ::~ttE'mHl.tion method uood to obtain the deu:slly measurements 
utilized a cesium-137 source. The beam diameter is about 0. 75 inch. 

4.THRUST 

Piping expansion during warmup preloads the load cells; thus only the 
dynamic data recorded are used. Since the temperature drops during blowdown 
the thrust data frequently do not return to the initial loac;l but continue to r.h::mgP. 
after blowdOwn is complete. No corrections have been applied to the thrust 
data contained herein. The load cells have an accuracy to within ±200 pounds. 

The horizontal thrust is measured by twoloadcells (LC-3 and -4) connected 
through links to trunnions on the vessel such that thP.y ::tre on the same plane 
as the top blowdown nozzle. Thus, to obtain the total measured thrust; the output 
from both load cells must be combined. 
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Occasionally the initial impulse provides a momentary load exceeding 
the range of the data tape which accounts for the clipped data noted on some 
of the thrust figures. 

The short term thrust data have large load fluctuations with a super­
imposed frequency of about 80 Hz that is apparently caused by the system 
response to the sudden loading. 

In using the long term thrust data, consideration must be given to the 
distortion due to a shift in the pipe load resulting from the temperature change 
of the system and the instrument drift. The greater distortions occur for the 
smaller breal{ tests that produce longer blowdown times. 

5. MOMENTUM FLUX AND FLOW RATE 

All momentum flux and flow rate data have been initialized to values 
existing at the start of the test and, where necessary, a drift correction has 
been applied to ensure that the flux is zero at the end of the test. 

The detectors have been calibrated in water and air and were found to 
have only a minor difference in output for the two media. The accuracy for the 
tests varies because of ranging. Generally, low flows result in considerably 
less accuracy than the higher flows. Although no means of determining the 
absolute accuracy under the two-phase flow condition exist, the errors appear 
to vary between ±10% for the larger breaks ( 30% and larger) and ±20% for the 
smaller breaks. These error bands are based on computations of the total 
weight of fluid discharged from the system for those tests from which sufficient 
density measurements are available. The output has been filtered to remove 
frequencies above 10 Hz. 

Momentum flux is obtained from drag disc flow meters. The output of 
these detectors is obtained from strain gages located on the beam, and although 
thermally compensated, drift results from the large temperature change that 
occurs during blowdown. This drift is frequently significant compared with 
the flow obtained for the small break tests. The use of larger targets to obtain 
a greater output signal with available instruments was impossible because 
the high initial impulse would over-stress the beam. In addition, the signal 
obtained for small break tests is frequently of the same order as the noise in the 
data acquisition system and thus no usable data are available for 2% and sonie 
10% break tests. 

To remove much of the noise from the drag disc data, the data have been 
filtered. As a result, the initial spikes do not appear in the data. The fitering 
is particularly evident in the data from the 100% break tests. 

Where sufficient data are available to estimate the total mass flow from 
the system, such information is included. The curves labeled "mass ejected" 
are an integration of the flow past the station indicated. Any mass accrued 
prior to rupture should be deducted frorq the total because it is the result 
of failure to obtain an initial reference of zero in the data reduction program. 
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8-111. PRESENTATION OF DATA 

The curves contained in this appendix were obtained from digitization of 
the analog tapes ano thus represent actual test data except for the corrections · 
previously discussed. All plots consist of 2000 digital points regardless of 
the time covered by the plot. The curves were reproduced from micro-film 
obtained from a data processing program . 
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