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Figure 1. Mod-2A system for IB test series.
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(approximately 3500 rpm). The resistance was incorporated by adding an
orifice plate in the vertical downflow pipe from the steam generator outlet
to the bottom of the Intact loop seal. It is reflected in the DPI*9*14

measurement .

The resistance was decreased in the Broken loop by replacing the
orifice plate at the pump discharge with one having essentially the same
diameter as the cold leqg 10. This resistance is reflected in the DPB*74*73
pump head measurement. Table 1 summarizes the general fluid system
configuration and Table 2 lists miscellaneous configuration information of

interest.

¢.1.¢ Control System Configuration

The functions of the control system of particular significance to
these tests are the control of the core power, primary coolant pump speed,
HPIS/LPIS pump speed and isolation of the steam generators. The normal
control tunctions involved in obtaining and maintaining steady-state
initial conditions and then ir the break initiation itself are not
discussed here.

The 2 MW of core power is provided via seven DC power supplies, three
units supplying the nine center rods and the other four units supplying the
fourteen neated peripheral rods. Control signals to the power supplies
come from a mini-computer, operating in an open loop mode, which has been
programmed to provide a specified power decay profile. The profile,

Figure 7, is based on the stored energy and the conduction characteristics
0t a nuclear fuel rod. The ANS decay heat curve was used as one input, the
other being the core hydraulics for a 100% break. The profile reflects an
attempt to sinulate the response of a nuclear core (rods having a clad/fuel

gap) with an electrical core {rods which have no interior aps).
9 4

Figure 8 shows the specified Intact and Broken loop pump speeds and
Figure ¥ the HPIS/LPIS flow rate versus pressurizer pressure. The Broken
loop pump speed was increased to reflect the expected effect of a break at
it's discharge (to the extent that such speed increase could be safely
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TABLE 2,

MISCELLANEOUS CONFIGURATION TTEMS

I tem

Broken Loop Pump
Uischarge
Resistance

treak flow spool
bleed flow

Accumulator
CI-T-3 ang
diptube (ECC
to Intact loop
only)

ECC injection
line valve
Ll-V-4

Pressurizer
surge line
orifice

bowncoiner/Upper
Head Bypass
Line Valve

Intact Loop
Steam Generator
Outlet Resistance

Urawing Number
or other
Reference 10

410748, Rev. A

404726, Rev.N

405207, Rev. H

Status

[nstalled orifice plate, part number -2
(orifice hole diameter = 3.25 cm)

Tubing connected trom tap located
between instrumented spool 76 and
rupture disc assembly to suction of
Broken loop pump (Spool 73). Flow
restricted by use of small diameter
tubing: Remotely controlled (on/off)
valve in tubing 'ine was closed before
break initiation.

Use 1.13 m diptube for water-followed-
by nitrogen injection

Adjust to achigve jnjection line R' of
8.1 ¢+ 0.8 x 10° m% (specified)

Provide orifice to achlexe surge line
R* of 1.1 + 0.1 x 102 m
(specified)

Adjust to achieve 9.3% pressure drop
ratio and record bypass/core flow
ratio (Pressure drop ratio: upper
head to upper plenum aAP/downcomer to
upper head aP)

Install orifice plate, part number -]
to give maximum Intact loop resistance.
(orifice hole diameter = 2,16 cm)
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accomplished in Semiscale). The pumped injection flows are combined into a
single trace since 1t is convenient, in Semiscale, to have a single,
computer-controlled pump provide the total flow. 1he specified rate
reflects the assumption that one of the two ECC and chargina pump PWK
trains fail, resulting in only 78% of the flow from two train operation.
The steam generator steam valves are closed at the normal 12.6 MPa
pressurizer pressure trip, but the feed valves are left open for an
additional 20 s as a means to obtain correct secondary side liquid level.

7.1.3 Measurement System Configuration

The 313 experimental measurements specified for this test are listed
in the Appendix along with the initial condition values for each. These
are preliminary data. Not necessarily have all obvious errors been found.
The measurement identifier code is explained in detail in Reference 3. In
general the code is intended to identify the measurea parameter (TF - fluid
temperatures) and the measurement location (I - Intact loop; 1 - spool
piece No. 1). Thus, TFI*1 is as explained. Fiqure 1 identifies the
locations of the instrumented spool pieces in the Intact and Broken loops.
The system elevation reference is the cold leg centerline, above which
elevations are positive. Generally, elevations in a vessel are listed in
cm measured from a reference point on tnat vessel, e.g., the top of the
stean generator tube sheet. The elevations of these vessel reference
points, relative to the cold leg centerline, are listed in Reference 3.

Figure 10 shows the measurements made in the core and downcomer
regions of the reactor vessel, as well as the location of the grid spacers
and of the cosine staircase steps. Figure 11 shows the azimuthal
orientations of tne heater rod thermocouples in the core, as well as a
cross section of a typical rod showing the radial location of the measuring
element, and finally, the x-y locations of the in-core fluid temperature
measurements. These thermocouples are attached to the core grid spacers
and measure the fluid temperature about 1.2 cm above the tops of the

spacers.

17
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Voltages were digitized by the data systems at the rate of 40 times
per second for those measurements on System 1 and 80 times per second on
System Il. System I/11 information is included with each measurement
listed in the Appendix. The instrument amplifier filter 3 db frequency was
set at 3 Hz for all channels except the absolute pressures, for which the
setting was 50 Hz. These channels are also identified in the Appendix
list., All measured-data plots in this report reflect the results of the
semiscale data compression process. Thus, for the compression rate of
three on a typical -10 to +60 s plot, each plotted point is the arithmetic
average ot the three succeeding values initially recorded on the data
system during the test. The present data reduction technique forms this
average value prior to conversion to engineering units, and some conversion
relations are non-linear. Software modifications in progress will reverse
this averaging/conversion processing of data for tests in later series.

2.2 Test Procedures

¢+2.1 Pretest Day Checkouts

Keference 1 lists the various measurement checks, controlled parameter
checks, injection line resistance checks, etc. which were specified and
accomplished in the two days before test day. These included such checks
as liquid level "drain condition" differential pressures, densitometer
empty/tull ratios, turbine and drag screen flow checks, pressure checks,
etc.

+@+< lest Day Warmup Operations

Un test day, the fluid system is warmed to initial fluig temperatures
ana pressures over a few hovr period and during this warmup, various
additional measurement checks are performed. These include flow/no-flow
comparisons, power pulse (to identify a sensitivity of any measurement to
time varying core zlectrical power), leak rates, etc. These checks are
done to establisnyand verify the operational readiness of the facility and
Measurement and control systems to perform the specified test.












TABLE 4, SPECIFIED SEQUENCE OF CONTROLLED EVENTS

Preblowdown
Final initial condition data set has been
taken and steadiness of initial
conditions (Table 3) has been verified.
1. T-60 seconds Start sequencer
2. T-30 seconds Start countdown
3. T-78 seconds Start continuous experimental data
acquisition
4. T-15 seconds Verify operational data system
5. T-2.5 seconds A. Valve out the primary coclant ion
exchanger if not done previously
B. Close isolation valve in the
circulation line from spool piece 76
to 73.
C. Turn off makeup pump system
D, Turn off pressurizer heaters
6. T-0.2 s Pressurize rupture disk assembly to
start blowdown transient
Blow:. 2wn
1. T = 0.0 seconds A. Core power computer begins
controlling electrical power to
heater rods. (See Figure 7.)
B. Primary coolant pump speeds begin
controlled transients. (See
Figure 8.)
Postblowdown
1. T+ 0.0] seconds Isolate rupture disk pressurization system
2. T + 1 second Valve off N2 supply to ECC accumulator
and enable accumulator liquid flow to
start (when accumulator pressure exceeds
system pressure).
3. Pressurizer pressure Close Intact and Broken
reaches 12.6 MPa loop steam valves

(t = 0.0 seconds)

25






TABLE 5.

™~

SPECIFIED, MEASURED AND CALCULATED INITIAL CONDITIONS

Primary Coolant System

Intact/Broken loop flow rate
(hot legs)

Pressurizer pressure, MPa

Core temperature rise, K

Lold leg fluid temperature
(average of hoth), K

fotal core electrical power, MW

Core flow rate, kg/s

Pressurizer liquid mass, kg

. Secondary Coolant System

Steam generator steam dome
pressures, MPa

Steam generator feedwater
temperatures, K

. Coolant Injection System

Intact loop accumulator

Pressure, MPa

Water volume, m3 (including
injection line)

Nitrogen volume, mo

wWater temperature, K

. Pressure Suppression System

Suppression tank pressure, MPa
Suppression tank water level, m

RELAPS
Specified Measurea Calculated
5:1 3.00 3.00
15.5 + 0.2 15.78 15.5
37 + 2 38.6 }
557 % 2 558 558
1.95 + 0.05 2.02 1.90
9-10 9.86 9.35
10.4 + 0.1 1n 13.6
5.8 + 0.2 I - 5.53 5.84
B - 6.15 5.87
495 + 2 [ - 497 495
B - 492 495
4.24 + 0.1 4.45 4.24
0.048 + 0.001 0.040 0.045
0.025 + 0.001 0.033 0.026
300 + 10 296 300
0.24 + 0.01 0.25 0.24
0.25 + 0.02 0.78 -

27
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TABLE 6. (continued)

Event

Time, seconds

Broken loop pump tripped

[l Towdown 15 over

Accumulator empties of liquid (N» gas flow follows)
Upper head liquid level falls below 173 cm

Lower plenum refilled, reflood starts

Data acquisition system shutdown

50
55
58
60
140
487

35



1 PVsUP-13

- !

!YYYTYTTYIVTYT"TYYYIYITYIYVTYTH |||Tt TTTTT] YTT"vTTT'YTY'T'IUT‘Y’ l,
! ! | !

—

)

|

‘1’
S

-4

(MPa)

o
L
2
w
w
L
-
Q.

llllillllllll1llilllllllllllllillllllllllllliilliLlJ lilll lll‘

-16 -5 © S 10 15 20 25 30 35 40 45 S@¢ SS

Time (s)




LE
3
Density (kg/m°)

1 RV=23+342

800 | lTTITTITIYllTI]ITII'IIIITIITIIITIITTTIITIUTIYIIIIYITTIIUY-'ITIYTIIT

700
600
500
400
300

c00
100

""l'""lll"rﬂ”"”ll”l""l'"ll”"llIIHI""PH”HH'!"

tuﬂlll nmmlmmm]uunmhuuuu‘muuu‘mmmluumulmu

_100 llllljlllllllllll]lllllllljllllllllllllllllllllljlllllllllllllll

10 -5 @ 5 10 1t 20 25 30 35 40 45 S0 55 69

Time (s)
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volume-change condition pushed fluid up the guiae tube to the upper head,
out the broken loop hot leg, and down into the lower plenum and then back
up tne downcomer.

In a two cycle, density wave oscillation liquid reappeared in the
lowest part of the core twice, betore leaving the vessel empty (Figures 18,
I19). The initial downward, flashing flow in the vessel was apparently
condensed an the lower plenum, since no vapor appeared at the bottom
downcomer densitometer. The second vapor surge did appear there (at about
10 seconds) and initiated the subsequent decrease in fluid density seen
throughout the downcomer in the tollowing 10 seconds (Figures 20 and 21),

A< can be seen in Figures 22 through 24, the broken loop piping and
loop seal voideu by 5-6 seconds, and the large increases in volumetric flow
rates in that leop (typified in Fiqure 25) subsequent to that time reflect
the clearing of tnis path to the break. The liquid in the other path to
the break (downcomer inlet annulus to break via part ot biroken loop cold
leg) saturated at 8 seconds, bu® the break did not uncover until
13 seconds. The decrease in breai mass flow rate with the flashing in the
broken loop at 5-6 seconds as well as the uncovering of the break orifice
at 12 seconds is shown in Figqure 26. This break mass flow rate (also shown
in Figure 43) is calculated from two phase mass flow measurements
(densitometers, full flow drag screens and full flow turbine meters)
located in the two sections of the broken loop cold leq leading to the
break orifice,?

Alse at 13 seconds, pressures in the upper head and upper plenum
interchanged and upper head liquid again flowed down the guide tube into
the upper plenum (Figure 27), albeit only for the 6 seconds until the
liquia level feli below the top of the tube (Figure 28). This upper head

e e ——————— —

a. The backup turbine meter had to be used for the flow in the cold leg
section between the downcomer and the break. The calibration relation of
Such a device under horizontal pipe, stratified fiow conditions is unknown
and the resulting calculated mass flow during accumulator injection is in
error to some greater extent during that time span.
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Core Heater Temperature (K)
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Figure 41. Comparison of core axial temperatures in heater rod B3.






about 63 seconds, with containment pressure being reached at about

43 seconds (so accumulator liquid started down the downcomer at that

time). In S-1B-1, accumulator liquid flow (properly) started later

(27 seconds), ended earlier (58 seconds) due to a smaller liquid volume and
containment pressure was (properly) reached later (55 seconds). The net
result of these differences was that the downcomer and lower plenum were
promptly filled in S-07-6 and reflood initiated at about 58 seconds,
whereas they never completely filled in S-1B-] and reflood didn't start
until about 140 seconds.

subsequent to refill, oscillatory level behavior and loss of fluid out
the break (“"mass depletion” or "geysering") was observed in 5-07-6, and
relatively low (1950 K) heater rod temperatures resulted. No similar
long term (100 second period) oscillation was observed in density, fluid
nor heater rod temperature, downcomer ncr vessel differential pressure
level measurements in S-1B-1. In tact, none of these parameters showed
oscillatory behavior of any frequency above the amplitude of the small
noise background. Presumably this lack of oscillatory behavior was in part
due to the lack of liguid in the vessel and downcomer at early times and
resultant low steam generation and concomitant liquid displacement., As a
result, however, heater rod and indicated core fluid temperatures rose
substantially above those existing during the blowdown in S-1B-1; the peak
clad temperature recorded being 1295 K at 370 seconds. Thus the reflood
portions of the two experiments were totally different, while the blowdown
portions were qualitatively simiiar.

3.3 Research lssues

[ssues of interest in this test includea:

l. were any new phenomena observed in the blowdown and reflood?

na
.

did oscillatory fluid conditions occur during reflood (as in
Test $-07-6)7?

3. was the system response more typical of a large or small break?
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4. COMPARISON OF SELECTED DATA TO PRETEST CALCULATIONS

This section presents a comparison of selected data from Test S-18-1
With results of the blind pretest prediction calculation. A detailed
description of the calculated results is qiven in Reference 5. The pretest
prediction was performed using the RELAPS/MOD] (Cycle I5) computer code.
The calculation was performed through 49 s of the blowdown portion of the
transient until computational problems terminated the calculation.
Comparisons presented in this section provide a basis for evaluating the
capabirlity of tne present analytical model to predict the system response
resulting from a 100% communicative cold leg break in the Semiscale Mod-2A
facility. Table § Compares the significant initial conditions specified,

measured, and calculated for Test S-1B-1, and Table 6 presents a chronology
of significant events for Test S-[8-1.

A comparison of measured and predicted upper-plenum pressures is
presented in Figure 42, Both the measured and predicted upper-plenum
pressures were characterized by rapid decreases from 15.5 to 7.5 MPa during
the first 6 5 of the transient. During, approximately the first 0.5 s of
Lhe transient the calculatea system depressurization rate was somewhat
wigher than the measured. At approximately 8 s in the test and 6 s in the
calculation the 'iquid upstream of the break reached the saturation
temperature and flashed. The subsequent flasning caused the
deprescurization rate to decrease in both the test and the prediction.a
After the Broken loop cold leg fluid flashed, the measured and calculated
depressurization rates were in qood agreement. This initial disparity

between the measured and calculated gepressurization is due to differences
in the break mass flow rates.

Presented in Figure 43 are the measured and calculated mass flow
rates. During the initial 0.5 s of the transient, the measured break mass

a. The Intact and Broken loop cold legs were calculated to flash
simultaneously. However, the Intact loop was measured to flash ? s after
the Broken loop flashed. This difference was caused by the initial Intact
loop cold leq temperature being 8 K below the Broken loop temperature,
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3. BROKEN LOOP (continued)
1.8 Loop aP's

Measurement
ID

DPB*65%73

DPB*74* 76U
DPB*76U*79
D*B79+VD29

4. ECCS
4.1 Accumulator
LCI*A3+277
PCI*A3+277
QCI*A3

TECI*A3+76
TECI*122

4.2 HPIS/LPIS

LCI*T7+4277

Initial Condition

4.76 xPa
9.81 kPa
3.37 kPa
0.10 kPa

0.65 kPa
4.45 Mpa®
0.0 l/ﬁd
296.34 K
496,16 K

25.51 kPa

BREAK FLUW AND PRESSURE SUPPRESSIUN

5.1 Break Flow"
DPB*76.250D
DPB*76.500
DB*76F*76D

FB*76

PEB*76L

99

-2.38 kPa
0.17 kPa
2.95 kPa
0.01 N

3.53 Mpa"sC






NOTES

a. b - failed during warmup or during test,
b. These measurements supplied with 50 Hz amplifier filters,

C. These are low range transaucers. They are saturated at initial
conditions, thus this reading is not the true value of the parameter.

d. There is nc flow in this 103 at initial conditions.

€. These tanks are isolated from the primary coolant system at initial
conditions, but pressurized by their own pressurizing source.

f. The pitot tubes point toward the downcomer, and so du not provide
readings of the initial condition flow, which is toward the downcomer.

9. The above listea 316 entries consist of 313 measurements and three
calculated vaiues (power on the high and low power buses and total core
power). The 313 measurements coincide with those on the final copy of the
log sheet for this test. The other 17 channels on the log sheet consist of
six for calibration, ground noise monitoring and sequencer checking; three
destinghouse RVLIS measurements; three experiwental temperature
measurements in the steam generator downcomers; four spare channels; and
one channel (PB*76U) duplicated on System 11 for blowdown t ime
determination for that System.
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