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ABSTRACT

Results of a preliminary analysis of the fifth test performed in the
Semiscale Mod-28 Steam Generator Tube Rupture Series are presented.
Test 5-56-8 simulated a pressurized water reactor accicent initiated Ly a
double-ended offse” shear of one cold side steam generator tu,e. The
transient included an initial 600-second period during which only automatic
plant protection system response to the initiating event occurred. This
period was followed by an operator-induced recovery procedure to establish
3 primary feed and bleed with the PORYV assumed stuck in an open position,
followed by intact loop secondary steam and feed operation, The test
results provided a measured evaluation of the impact of a stuck open PORY
on primary inventory and system recovery as well as the effectiveness of
intact loop secondary steam and feed in reducing primary system pressure,
The test showed that the prescribed imited operator response was adeguate
Lo recover the Semiscale system from a simulated one-tube rupture.



SUMMARYY

This report presents a preliminary analysis of the Semiscale MOD-28
Steam Generator Tube Rupture Series (SG) Test 5-56-8. $-56-8 is the fifth
test of the 5G series to De conducted. The test series is designed to
study the effect of the number of tubes ruptured (break size), the location
of the rupture (hot side or cold side of the steam generator) and the
effect of limitea operator responses to the accident following an initial
10-minute simulated identification period.

Test 5-56-8 simulates a pressurized water reactor transient initiated
Dy & double-ended offset snear of one cold side steam generator tube. [Data
from this experiment will pe examined to evaluate event signatures, event
severities in Semiscale and recovery procedures, with the principal
objective of providing cata to benchmark computer code calculations.

Test 5-36-8 was designed in two parts: (a) an initia) 600 s -2riod in
which only automatically functioning plant protection systems were assumed

to operate, followed by (b) an operator controlled recovery period
incluging a primary feed and bleed with a simulated stuck open PORV, and an
intact Toop secondary steam and feed operation.

The signature of a single-tube rupture is characterized by a
relatively rapid decrease of the primary coolant system pressu-e to a
saturation condition in the hot legs as primary coclant system fluid flows
through a simulated single-tube break conical flow tube into the broken
loop steam generator secongary. Automatic protective actions that
influence the pressure response during this early period are core scram and
main steam isolation valve (MSIV) closure. Both are initiated by a low
pressurizer pressure trip at 13,1 MPa (1900 psia). Main coolant pump trip,
feedwater termination, auxiliary feedwater start, and safety injection
start are all initiated on a safety injection signal at a pressurizer
pressure of 12.5 MPa (1814 psia). Part of tne pressure response during
this early periog is a rapid increase in secondary pressure in botn loops
as primary-to-secondary heat transfer raises the pressure of the




secongaries after MSIV closure. Following the attainment of a saturation
condition in the hot legs the primary and secondary system pressures
remained fairly constant as safety injection (SI) fluid enters the primary,
and Dreak flow leaves the primary system to the broken loop steam generator
secondary. QDecay heat is removed by natural circulation.

Thé recovery procedure in 5-5G-8 was not initiated until 600 s, so as
to simulate a period necessary for operators to identify the tube rupture.
At 600 s the simulated pressurizer PORY operation was initiated in an
attempt to depressurize the system using a primary feed and bleed
Operation. The simuls*ed PORV was latched open to simulate the condition
of a stuck open PORY, A quasi-steady state primary feed and bleed
condition was established followed Dy an intact loop secondary steam and
feed to further reduce primary pressure. Upon opening the PORV, primary
pressure dropped to a point just above the secondary pressures, The vesse!
Tevel fell to the top of the core, and the pressurizer filled. A
Quasi-steady primary feed and bleed congition was established with combined
PORV flow and break flow matched by SI flow, and steady liquid levels in
the vessel and pressurizer. A cyclic primary mass distribution developed
with the broken loop U-tubes f1lling and dumping which resulted in flow
into the vessel. Primary pressure gradually dropped until intact loop
steam and feed was initiated. The intact loop secondary pressure then
yropped rapidly, with the primary pressure following closely. The test was
terminated after an extended intact loop steam and feed, and primary
pressure reducec to the accumulator injection setpoint,
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1. INTRODUCTION

Tnis report documents preliminary results from Semiscale Mod-28
test 5-56-8, the fifth experiment performed in the Semiscale Steam
Generator Tube Rupture (SG) Test Series.] $-56-8 was performed
December 21, 1983. The test series includes experiments gesigned to
investigate botn tube rupture initiated transients and transients otherwise
induced but concurrent with tube rupture. Data from these experiments will
be examined to evaluate event signatures, event severities in Semiscale,
and recovery procedures, with the objective of providing data to assess
computer code capability. Although inherent scaling distortions and
facility lTimitations preclude interpreting the results of the SG Test
Series as precise replications of pressurized water reactor response, the
experiments are designed to provide thermal-hydraulic behavior that will pe
representative of PWR behavior. Subsequent references in this document on
simulation of a full-scale PWR address the design of the experiment rather
than the guantitative results.

Test 5-56-8 simulated a pressurized water reactor transient initiated
by a double-ended offset shear of one cold side steam generator tube. The
test was designed in two parts, an initial 600 s period in which only
automatically functioning plant protection systems were assumed to operate,
followed by an operator induced recovery period, which included 51
operation, latching open the pressurizer PORV, and steaming and feeding the
intact loop secondary. Automatic signals started safety injection (SI),
closed main steam isolation valves, turned off main feeawater, started
duxiliary feedwater, tripped the main coolant pumps, and shut off
pressurizer heaters. Recovery operations were initiatec at 600 s after the
occurrence of the break, (A time of 600 s is within the range of transient
identification and response times that have occurred, or are expected to
occur, in actual plant transients.) The $-5G-8 recovery consisted of
primary feed and bleed with 2 simulated stuck open PORYV, anad intact loop
seconcary steam and feed operation. The primary feed and bleed consisted
of feeding with S and bleeding through the pressurizer PORV which was
latched open to simulate a stuck open condition. A quasi-steady state
primary feed and bleed was established and maintained for 1000 s. During
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this period, pressurizer and vessel levels, and primary pressure remaired
staple, while PORY and break flow were matched by SI flow. [ntact loop
secondary steam and feed was established late in recovery using auxxl1ary
feedwater and ADY operation to further reduce primary system pressure. Tne
test was terminated after primary pressure was reduced to the accumulator
setpoint, and intact loop steam and feed had been maintained for 1000 s.

A preliminary analysis of test S-5G-8 is presented in the following
sections. Section 2 describes the system configuration and test conduct.
Section 3 presents results from test data analysis. Section 4 presents a
comparison of test data to the RELAPS pretest analysis, and Section §
summarizes conclusions drawn from the preliminary analysis.




2. SYSTEM CONFIGURATION AND TEST CONDUCT

2.1 ZIsstem Configuration

The Semiscale M2d-28 system configuration is illustrated in Figure 1,
The system is scaled from a reference four-loop PWR system based on the
core power ratic, Z(MH)/3411(MH).2’3 Component elevations, dynamic
pressure heads, and liquid distribution were maintained as similar as
practical. The two-loop test configuration consisted of the vessel with a
25-rod electrizally heated core® with external downcomer, tube-and-shell
steam generaturs and associated loop piping with circulation pumps. The
broken ioop (the loop in which the steam generator tube rupture occurs) is
scaled to represent one loop of a four-loop PWR and the intact loop
represents three loops of a four-loop PWR. The Semiscale Steam Generator
Tube Rupture Experiment Operating Specification gives more detail about
the specific components,

Special modifications to the Semiscale Mog-28 system are incorporated
to properly control and measure boundary conditions for the steam generator
tube rupture series. These include condensing systems and catch tanks to
accurately measure system effluent from the steam generator secondaries,
special effluent flow contrels in the steam generator secondaries to give
properly scaled steam relief flow rates, and a tube-rupture break assembly
to simulate the primary to secondary flow path created by the tube rupture.

In both the intact and broken loops, a simulated power operated
atmospheric dump valve (ADV) and a staged safety relief valve (SRV) system
are situated on the main steam line. They represent scaled ADV and SRV
flow capacities and operation.3 The SRV orifice is designed to pass a
scaled flow corresponding to only the first stage of relief of the SRV in a
PWR (PWR_SRV's typically have 5 stages of relief). The ADV orifice is
designed to pass scaled flow corresponding to ADV operation in a PWR. On a

3. For Test 5-5G6-8, only 22 rods were powered.
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PWR, the pressure relief setpoint for the ADV stage is encountered before
the various multistaged SRV relief setpoints. Figure 2 shows the
orientation used in Semiscale to simulate this operation in both the broken
and intact lToops. The parallel flow path arrangement allows ADV flow
through the ADV block valve and orifice, and stage one SRV flow through the
compination of both block valves and orifices. The block valves operate in
an open or shut mode only, with the orifices controlling the flow rates.
The ADV block valve opens automatically at the ADV pressure setpoint, If
the pressure continues to rise after the ADV opens, the SRV block valve
opens automatically at the SRV pressure setpoint. As the pressure
decreases, the block valves close automatically, 69 KPa (10 psi) below
their respective pressure setpoints. In Semiscale, the ADV relief setpoint
is 5.85 MPa (848 psia) in the broken loop and 6.55 MPa (949 psia) in the
intact loop. The first stage SRV relief setpoint is 5.94 MPa (861 psia) in
the broken loop and 6.74 MPa (977 psia) in the intact loop.a Figures 3

and 4 show mass flow rate versus pressure for ADV and SRV operation for the
broken and intact loops, respectively. The ADV can alsc be latched open
manually during the recovery procedure with the SRV block valve shut.

The pressurizer PORV provides a means of manually relieving primary
system pressure from the top of the pressurizer. Semiscale uses a single
valve with a flow control orifice to simulate the two PORV's of a full
scale PWR. A 0.141 cm (0.055 in.) sharp edged orifice was sized to pass
0.03 kg/s (0.069 1b/s) of saturated steam at 16.2 MPa (2350 psia). The
scaling criteria are presented in Appendix A of Reference 1.

The tube rupture break assembly connects the primary coolant system
with the secondary side in the vicinity of the broken loop steam generator
tube sheet (see Figure 5). The break assembly can be connected to either
the hot leg or cold leg side of the primary at the broken loop steam

a. The ADV and SRV relief setpoints were set to different values for the
two steam generators, and artificially low, to ensure ADV operation during
the transient. The scaling of these relief setpoints is discussed in
getail in Reference 1.
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generator rlenum, 57.1 cm (22.5 in) below the top of the tube sheet. The
break assembly connects to the secondary at one lacation, 36.5 cm (14.4 in)
above the top of the tube sheet on the cold leg side of the generator. Ffor
test 5-56-5, the break assembly was on the cold leg side of the primary.
The break assembly consists of a break orifice and venturi flow meters to
measure single phase break mass flow rate. The break orifice is an
interchangeable symmetric conical flow tube as depicted in Figure 6.
Figure 6 shows the dimensions for a 1-, §-, and 10-tube break orifice.

Test 5-5G-8 used the 1-tube break orifice with a 0.079 cm (0.0308 in.) 1D.
The flow tube was calibrated in single phase water and can be used to
monitor break mass flow rate,

Heat loss makeup in the Semiscale system is accomplished by . ing
external heaters distributed fairly uniformly throughout the Semis 1le
system. These heaters are controlled Dy six separate power suppl ' :s
incluging: vessel, not legs, cold legs, intact loop pump suction, broken
loop pump suction and pressurizer. The tota! power provided by these
heaters is about 47 kW. An additional 20 kW of heat loss makeup was
provided by augmenting core power throughout the transient. Control of the
heaters 1s as follows: [f the maximum allowable temperature level (900 k)
s reached on the inside surface of the pipe insulation, external power to
that component is reduced by half, I[f the temperature trip 11 it continues
L0 De exceeded, power to that -omponent is terminated. Pressurizer
external heaters were not used in 5.5G-5. Power to the vessel upper head
and upper plenum heater banks was terminated when the indicated liguid
Tevel fell below 20% of full for the portion of the vessel coverea by the
particular heater,

Pressurizer internal heaters were used in the following manner during
$-5G-8 to establish initial conditions. Three types of pressurizer heaters
were used, dack-up heaters, variable heaters, and warm-up heaters. The
Dack-up heaters were operated in an on/off mode only, supplying a total
maximum power of 1170 watts from 2 heater rods. These heaters were
controlled automatically to energize when the primary pressure decreased to
16.3 MPa (2219 psia) and to turn off when pressure returned to 15.4 MPa
(2233 psia). The'vcriaoIQ heaters suppliied up to 1185 watts tota! power

10
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from 2 heater rods. The controller was set to maintain primary pressure at
15.6 £ 0.14 MPa (2262 + 20 psia). These heaters were energized at

5.6 MPa (812 psia), and as the primary pressure decreased, the power
increased to a maximum at 15.4 mpa (2233 psia). As the pressure rose,
POwer was reduced until it was terminated at 15,74 Mpa (2282 psia).

Warm-up heaters were controlled manually and supplied up to 14 kW tota!

power from 6 rods if back-up and variable heaters were unable to maintain
pressure control.

2.2 Test Conduct

The system was filled with demineralized water and vented to ensure a
Tiquid full system. Instrumentation was calibrated and zeroed as
necessary. The system was heated to initial conaitions using core power
and forced flow with the primary coolant pumps running. Specified and
measured initial conditions are listed in Table 1.

The test was initiated at ¢t = 0 by opening a block valve in the break
assembly allowing primary fluid to flow into the broken loop secondary,
Table 2 contains a sequence of sfgnificant events for 5.56-8. The first
600 s involved automatically occurring events such as core scram, main
steam isolation valve closure, auxiliary feedwater start and main feedwater
stop, main coolant pump trip and HPIS/charging flow initiation. The
initiating events for these actions were a Tow pressurizer pressure trip
(13.1 MPa (1900 psia)) and §I signal (12.51 MPa (1814 psia)). The recovery
procedure for $5.56-8 involved primary feed and bleed, and intact Toop
secondary steam and feed. S| included both high oressure injection flow
and charging pump flow as cescribed in Reference 1.

The recovery procedure started at 600 §, the simulated time required
for operator identification of the tube rupture. [ntact loop auxiliary
feed was controlled by maintaining the secondary water leve! between
800 ana 1050 cm (315 and 413 in.). Broken loop auxiliary feed was
terminated at 600 s in an attempt to isolate the secondary. The
pressurizer PORYV was latched open at 600 s to simulate the condition of a
Stuck open PORV. It was not shut until test termination. S] was also
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TABLE 1. [NITIAL CONDITIONS FOR $-56-8

Specified Measured

Primary Cola Leg Flow Rate (Nominal)
Broken Loop 2.7 v/s (43 gpm) 3.03 1/s (48 gpm)
Intact Loop 8.1 t/s (128 gpm) 8.65 1/s (137 gpm)

Pressurizer Pressure 15.6 + 0.4 15.54 MPa
(22637+ 20 psia) (2253 psia)

Pressurizer Liquid Volume 0.0102 + 0.0008 93 0.0108 m3 3
(0.36 » 0.028 ft*)  (0.3708 ft°)

Core Power 2.0 # 0.01 Mw 1.99 MW

Loop to Loop Cold Leg Fluid 2.0 K (3.6°) 0.7 K (1.3°)
Temperature Differential

Core Fluid Temperature Rise 37 + 1.5K 37.8 Kk (68.0°F)
(66.6 + 3°F)

Steam Generator Pressure
Broken Loop ’ " 5.58 MPa
(809 psia)
Intact Loop . 5.49 MPa
(796 psia)

Steam Generator Secondary Fluid
Mass 4
Broken Loop 100 + 40, - 20 k?
(220 + 88, - 44 lom)
Intact Loop 100 + 40, - 20 g§
(220 + 88, - 44 lom)

97 kg® (214 1om)
88 kg® (194 1bm)

Primary Leakage at t = <0.006 kg/s 0.002 kg/s
- (<0.0132 Tom/s) (0.004 Tom/s)

a. These values were determined from data acquisition system levels following
main steam isolation valve closure.

?. Measured with LIS 1117 + 51 for intact loop or LBS 1117 + 51 for broken
ocﬂ.




TABLE 2. SEQUENCE OF EVENTS FOR TEST $-56-8

Specified Criteria

Actual Time (s)

Event

0s 0 Break flow initiated

0s 0 Pressurizer internal heaters
of f

Pprz = 13.1 MPa (1900 psia) 146 SCRAM

SCRAM 148 Core power shut off

SCRAM 149 MSIV closure

PpRZ = 12.5 MPa (1814 psia) 152 SIS

SIS 153 Main feedwater secured

SIS 153 Auxiliary feedwater
initiated

SIS 183 S1 turned on

SIS 154 Pumps off

600 s 600 PORYV is opened

= mp 3000 Quasi-steady state primary

We1S ORY feed and bleed condition
established

Steady state + 1000 s 4000 Intact loop steam
generator steam and feed
initiated

Pp < 4.22 MPa (612 psia) 5100 Test terminated

1Rtact loop secondary steam

and feed for 1000 s

14



maintained throughout the test. An extensive period was allowed during the
primary feed and bleed operation to assess the effect on primary pressure
and inventory. The intact loop steam and feed was initiated at 4000 s, by
opening the ADV. Auxiliary feedwater was used in an attempt to maintain
secondary level, The test was terminated at 5100 s when the primary
pressure fell below the accumulator injection setpoint of 4.22 MPa

(612 psia), and intact loop steam and feed had continued over the minimum
1000 s. Pressurizer external heaters were not used. Tne vesse! upper head
and upper plenum external heaters were shut off at 650 s and 780 s
respectively as these vessel sections voided. A1) other external heater
power for heat loss makeup remained on for the entire transient. No
external heater temperature limits were exceeded.




3. RESULTS

This section discusses the overal) thermal-hydraulic response of the
Semiscale system during Test $-5G-8. Test S5-5G-8 was a simulation of a
double-ended offset-shear of one steam generator tube on the cold side of
the steam generator near the tube sheet. The discussion is organized into
three areas: the early response to automatically occurring events (0 to
600 s), the effect of primary feed and bleed (600 to 4000 $), and the
effect of intact loop steam and feed (4000 to 5100 s).

3.1 System Behavior--Tube Rupture Signature
Ear1¥ in Time (0 to 600 s)

The occurrence of a one-tube rupture event during normal operation in
a PWR has a very distinctive signature response, as shown in the comparison
of primary and secondary pressure in Figure 7. The tube rupture (occurring
in the broken loop steam generator) initiated the transient at 0 s.
Primary fluid originally at 15.54 MPa (2253 psia) flowed through the
conical flow tube break orifice into the broken loop steam gererator
originally at 5.58 MPa (809 psia). The 10ss of mass from the primary loop
caused a fairly steady primary depressurization until the pressurizer
emptied at approximately 134 s. The pressure then fell faster until the
low pressurizer pressure setpoint of 13,1 MPa (1900 psia) was achieved at
about 146 s. Prior to achieving the low pressurizer pressure trip, both
the broken and intact loop steam generator pressures remained fairly
constant as core power was removed via normal secondary steaming conditions
with the primary loop pumps running (see Figure 8). The energy addition to
the broken loop secondary from break flow was small enough to cause a
negligible pressure rise during this period. At the low pressurizer
pressure trip point, two prominent events occurred which greatly affected
the depressurization rate: the core power was scrammed to the ANS decay
power Curve and the main steam isolation valves were closed on the steam
generators.

Upon MSIv closure, the heat transfer to both the broken and intact
loop steam generator secondaries caused a rapic pressurization of the

16
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secondaries as shown in Figure 8. The secondary pressure in the intact
Toop steam generator achieved the ADV setpoint of 6.55 MPa (950 psia)
cycling the ADV once. The broken loop secondary pressure achieved the ADV
setpoint of 5.85 MPa (848 psfa) ana cycled twice during this early period.

Following the core scram at 13.1 MPa (1900 psia), the system pressure
showed an 1ncreased depressurization rate as the system 1iquid shrunk due
to primary to secondary heat transfer (see Figure 7). The safety injection
signal was achieved at 12.5) MPa (1814 psia): (a) terminating power to the
primary coolant pumps, (b) starting SI flow, and (c) terminating main
feedwater and starting auxiliary feedwater to the secondaries. NO major
change in depressurization rate occurred from these events as the effect of
these events were overshadowed by the effect of core scram. Following pump
trip and coastdown, the loop flow reduced to typicai natural circulation
values4 as shown on Figure 9. Eventually, the primary system
depressurization was sufficient for the hot Teg fluid to reach a satuyration
condition at about 220 s (Figure 10). Flasning in the system then caused a
major reduction in the depressurization rate. The primary pressure made 2
slignt recovery bDetween 190 and 240 s. Tn's repressurization was 11k01}
Caused Dy supernheated steam in the pressurizer (Figure 10), flashing in the
reactor vessel, and reduced heat transter to the secondaries. Primary
pressure remained above both secondary system pressures for the entire
600 s period, causing a primary-to-broken loop secondary mass flow.

The primary-to-secondary break flow persisted throughout the initial
period as shown on Figure 11, As long as break flow exceeded total 5] flow
primary system mass inventory depleted, Figure 12 shows the pressurizer
interfacial liquid level essentially depleted after the initial 130 s. By
170 s 51 flow exceeded break flow and the primary inventory started to
recover. The vessel upper nead collapsed liquid level® showed little

8. The indicated level auring the first 200 s was influenced by frictional
pressure drops and velocity effects on the differential pressure
measurement., Once the loop pumps coasted down these flow effects were
removed.
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voiding in the first 600 s (Figure 13)., The steam generator U-tube primary
side collapsed !iquid levels are shown on Figure 14, The readings showed
essentially full tuoes once the flow effects of pumped flow were removed,
Indicating there was little draining of the U-tubes due to break flow,

Ouring the initial 600 s, the steam generator collapsed liquid leve!
was affected by ADV flow and auxiliary feea flow in the intact loop; and
break flow, ADV flow, and auxiliary feed flow in the broken loop .

Figure 15 shows the collapsed liquid leve! in both the intact and broken
loops. Following main steam isolation valve closure, the collapsed liquid
level settled to 800 cm (315 in.) in the intact Toop steam generator and
about 990 cm (90 in.) in the broken loop steam gancretor.‘ The broken
100p steam generator collapsed |iquid leve! continued to increase until
about 600 s. Figure 16 shows that the break flow dominated the broken loop
mass balance. There was a slight increase in intact steam generator liquid
level during the initial 600 s period (Figure 15) as auxiliary feedwater
flow added mass with little depletion due to ADV operation (see Figure 17),

3.2 Recovery Phase Signature

The system recovery in 5.5G-8 involved a primary feed and bleed
followed by an intact loop steam and feed cperation. Recovery in this case
meant the operation of intact loop steam and feed for a minimum of 1000 s
ana reduction of primary pressure to 4.22 MPa (612 psia).

Recovery operation commenced at 600 s when the pressurizer PORV was
latched open in an attempt to reduce primary pressure., The PORV was
assumed stuck in the open position and remained so for the duration of the
test. A quasi-steady state primary feed and bleed resulted from the
compined PORV flow and safety injection., [ntact loop steam and feed was
inftiated at 4000 s and maintained until test termination at 5100 s.

a. Prior to main steam is0lation valve closure the liquid level was
affectea by flow affects in the sezondary,

24



5“ """"""7'"Tl["""'T""'rr""""""T'l""""'
475
450 |~ top of vessel 4 175 :
425 E—/
- 400 E -
o : -
3 F 150 -
~R L s .
> -

" 5 e 3 S
© - ©
s 3 F 4125
o - pump flow o
- 300 - effects -

e?’s L

250 4 100
ces

200 FETRIFTETS FYTRL AU INITI YUY FOUTI ITOTY

@ S0 100 150 200 250 200 350 400 450 S0 SSQ 600

Time after SGIR (s)

Figure 13. Vessel upper head collapsed liquid level during a cold side,
one-tube rupture tramsient (S-SG-8).




2800 L R R RN R AR RN RR R AR RARRE AR RAREE 1100
2600 |— itier \\/broken loop 1000
r |
2400 \ -
& ‘| 4 900
~ 2200 |- . -
¢ - ) -
: 2000 |- intact loop : i 800 :
: - | .
o - 1800 |— : 4 700 -
o \ ©
| g - : | 600 3
- 1400 |— —
o 1 500
1200 |—
-
1000 |- | 400

@ 50 100 150 200 250 300 350 400 450 500 550 600

Time afrter SGTR (s)

Figure 14. Broken and intact loo

P steam generator primary tube colla
level during a cold s P y psed liquid

ide, one-tube rupture transient (S-56-8).




L

(cm)

Liquld Leve]

1100
1050
1000
950
900
850
800
750
700
650
600

550
500

lIl'lIII'llll'l!lr[lUlTIlITT[lllIlIITTTTTTTTTTTTTTTTTTTTTT

4 400

- - - e -

350

4 300

intact loop

E
-
I
-

B
-
-
B
=
—
E
—
p —
e

I

~

-4

-~

-

P ! -

K

e

B

—

-

P

P

A

b

-

-

e

-

=

—

-

p— —

-
=

4 250

IIIIHITTH]I

lllllllllllllllllllllLlllllljlllJlJJJllllllllllllllllllll“ 200

@ SO 100 150 200 250 300 350 400 450 500 550 600

Time after SGTR (s)

Figure 15. Collapsed liquid level in the iroken and intact loop secondary
during a cold side, one-tube rupture transient (5-5G-8).

(in)

Liquid Leve!



82

Mass Flow 'kg/s)

0 09
0.08
0.07
0.06
0.05
0 04
9.03
0. .02
@ 01
6E-16
-0.01
-0.02
-0 .03

I
i
I
|
| ‘ﬁ___——ADV flow )
|
|
Y
:.
' -
:' break flow
|
xr -1
:u
'
: U auxiliary feedwater flow 3
) p
L, s !
) ] N - e l‘
P o l' = N e o= o \“‘\’\f-\w‘

@ 50

Figure 16.

12

.08

04

0 00

- 04

100 150 200 250 300 350 400 450 500 S50 600

Time after SGTR (s)

Comparison of break flow, ADV flow, and auxiliary feed flow in
the broken loop steam generator during a cold side, one-tube
rupture transient (5-5G-8).

Mass Flow ()bm/sec)



62

Mass Flow (kg/s)

e & & o & & o & o o o

|
@

250
ees
200
179
150
125
100
.075
050
.025
000
. 025

flow

I TIIIIIIIIITIIIIIIIIIIIITTIIT[TI|IIITTIIYTITIII

‘IE
-
>
"
l-
- - -
-
-~
-
-
&
-
.-
- -
F 4
>
1

@ 50 100 150 200 250 300 350 400 450 500 550 600

Figure 17.

Tll'l111l['1llllil'lllllllllTIlTr[lIlrIﬂlll‘fﬂ'TllI'TTII

auxiifary feedwater<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>