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ABSTRACT

Results of a preliminary anaiysis of the sixth test performed in the
Semiscaie Mog-ZB8 Steam Generator Tube Rupture Series are presenteaq.
Test S-5G-3 simulated a pressurized water reactor accicent initiated by a
double-ended offset snear of ten cold side steam generator tubes. The
transient was characterized by five distinct phases of operation. Phase !
involvea an initial 500 s period during which oniy automatic plant
protection system response to the initiating event occurred. Phase 2
fncluded an operater induced recovery involving pressurizer auxiliary spray
to reduce system pressure below broken loop ADV setpoints. This pressure
reduction was aidea oy intact loop generator feed and steam. Phase 3
involved using pressurizer heaters to subcool the system by increasing
primary pressure. Phase 4 used the intact lcop pump to reuistribute the
system fluid energy an. promote core cooling. Finally, phase 5 involved a
combination of pressurizer spray, intact loop pump flow, SI, pressurizer
neaters, ana intact lcop generator feed ana steam to establish a subcooling
margin and to slowly depressurize the primary system. These procedures
were all accomplished without sufficient core uncovery to cause a core rod
heatup.
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SUMMARY

Tnis report presents a preliminary analysis of the Semiscale Mou-2B
Steam Generator Tube Rupture Series {SG) test $-56-3. $-56-3 is gesigned
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) anc
the effect of operator responses to the accident following an initial
10-minute simulated identification period.

Test 5-56-3 simulated a pressurized water reactor transient initiated
by a douole-ended offset shear of ten cold side steam generator tubes.
Data frem this experiment will be examined to evaluate event signatures,
event severities in Semiscale and recovery procedures, and provide data to
assess computer coge capability.

Test S-56-3 was primarily designed to investigate the effectiveness of
pressurizer auxiliary spray to depressurize the primary system. An
agditional objective was to examine the effectiveness of using the combined
methods of pressurizer auxiliary spray, pressurizer internal heaters,
safety injection, main coolant pump flow, and intact loop generator reed
and steam to obtain an acceptable primary fluid subcooling margin and
depressurization rate. To accomplish these objectives test S-5G-3 was
designed in five parts: (a) an initial 600 s period in which only
automatically functioning piant protection systems were assumed to operate,
(b) an initial recovery period using pressurizer spray and intact loop feed
and steam to depressurize the system below broken loop ADV setpoints, (c) a
period of repressurization to establish subcooling using pressurizer
internal heaters and auxiliary spray, (d) a period involving a
redistribution of primary fluid using the intact loop pump, pressurizer
heaters and auxiliary spray, and (e) a period of establishing primary fluid
subcooling and a depressurization using pressurizer internal heaters,
pressurizer auxiliary spray, intact loup pump operation, intact loop steam
generator feed and steam, and SI.

The ten-tube rupture signature was characterizec by a relatively rapid
decrease of the primary coclant system pressure to saturated conditions in
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the hot legs as primary fluid flowed through the break to the broken Toop
secondary. Automatic protective actions that influenced the pressure
response during this early period were core scram and main steam isolation
valve (MSIV) closure. Part of the pressure response during this early
period was a rapid increase in secondary pressure in both loops as
primary-to-secondary heat transfer ralised the pressure of the secondaries
after MSIV closure. Accompanying this secondary pressure increase was a
11fting of the atmospheric dump valve (ADV) in both the intact and broken
loop steam generators. The ten tube break was sufficient to leave the
vessel collapsed 1iquid level 10 ¢cm (3.9 in) below the top of the core at
the end of 600 s. Th's amount of vessel voiding 1s a direct result of a
break flow higher than safety injection during this period.

The overall system response of the 10 tube rupture transient was
compared to other Semiscale 1 and 5 tube rupture transients and the results
were found to be similar. The 1, 5, and 10 tube rupture transtents all
exhibited the same primary and secondary pressure response with the timing
of events being the main difference. The most fundamental difference
between the one-tube, five-tube, and ten-tube rupture transient was the
relationship between break flow and SI. The break flow was much higher in
relationship to the SI flow for the five and ten tube rupture transients
resulting in more extensive vessel volding at the end of 600 s. Vessel
collapsed level was 15 c¢cm (5.9 in) above the top of the core for the 5 tube
case, 10 cm (3.9 In) below the top of the core for the 10 tube case and

about 530 c¢m (209 in) above the top of the core for the 1-tube case.

The Semiscale system was successfully recovered from a 10 tube rupture
transient using a four phase recovery scenaric based on emergency operating
procedures for a US PWR. Recovery procedures started after phase 1 (0 to
600 s) which was a time assumed for operator identification of the ten tube
rupture transient.

At 600 s, phase 2 began by iInitiating pressurizer auxiliary spray in
an attempt to depressurize the primary pressure significantly below the
broken loop AQV setpoint. Auxiliary pressurizer sprdy alone was capable of
reducing the primary pressure to the broken loop ADV setpoint; [5.85 MPa
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(836 psig)]. However further reduction of primary pressure to a gesired

value of 5.6 MPa (800 psig) was not possible in a timg}y manner (within a
predetermined 900 s period). Therefore the intact loop seconaary ADV was
latcheg open briefly and the primary pressure was quickly requcea to

predetermined value of 5.6 MPa (800 psig). This predetermined value was
set so that there would be consistency between test data ang pretest
computer calculations.

Phase 3 involved using the pressurizer internal heaters and auxiliary
spray to pressurize the primary system and thus subcool the primary fluid.
Pressurizer variable ana backup heater operation (2.35 kW) alone when
combined with auxiliary spray were not sufficient to raise the system
pressure from 5.6 MPa (800 psig) to 5.85 MPa (836 psig) as desirea.
However, warm-up heaters (13.3 kW) combined with auxiliary spray,
pressurized the primary to 5.85 MPa (836 psiy). There was a net increase
in the vessel liquig inventory during this spray and heater operation as
well as an increase in primary fluig subcooling.

During phase 4 the overall effect due to intact loop pump operation
was to cause a lowering of primary system pressure anu cause a termination
of SI on a high pressurizer level trip. The lowering of primary system
pressure was caused by mixing of subcooled cola leg and saturated hot leg
fluid thus collapsing voids in the system. Because the voids were
collapsed in the mixing operation, SI flow was aole to fill the pressurizer
to the high pressurizer level trip point [381 cm (150 in)] since the
pressurizer representea one of the few voids left in the system.

Phase 5 combined intact loop pump operation, pressurizer auxiliary
spray and internal heater operation, a latchea open ADV and SI to cause an
increase in system fluid subcooling [from 5 to 37 K (9 to 67°F)]. The
reauction in primary fluid temperature gue to an increased heat sink
provided by the latched open ADV was the main contributor to loop fluic
subcooling. Once 37 K (67°F) fluia subcooling in tne loop hac been
achieved, an attempt was made to control the primary pressure on 2
0.172 MPa/5 min (25 psi/S min) depressurization rate using the pressur:zer




internal heaters as necessary. t was necessary to leave the heaters off
for most of this depressurization period as the system depressurization
rate was slower than specified.

The system response during the operator aiagnostic psriod, pressurizer
auxiliary spray use; and initial intact loop steam generator feed and steam
operation were well predicted by RELAPS. The calculated response to the
internal pressurizer heaters and intact loop pump restart were not well
predicted which resulted in poor event timing agreement.
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1. INTROOUCTION

This report documents preliminary results from Semiscale Mog-28
test 5-56-3, the sixth experiment performed in the Semiscale Steam
Generator Tube Rupture (SG) Test Series.! Test 5-5G-2 was performec
January 18, 1984, The test series includes experiments designed to
investigate both 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 principle objective of providing data to
assess computer code capability. Although inherent scaling distortions and
facility limitations | “eclude interpreting the results of the SG Test
Series as precise rep’ zations of pressurized water reactor response, the
experiments are desigrod to provide thermal-hydraulic behavior that will be
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 gquantitative results.

Test $-5G6-3 simulated @ pressurized water reactor transient initiated
by a double-endec offset shear of ten cold side steam generator tubes. The
test basically siiulated a ten tube rupture transient with a recovery
scenario consisting of a combination of pressurizer auxiliary spray and
internal heater power, intact loop secondary feeu and steam, safety
injection (SI), and main coolant pump operation. The test consisted of
five distinct phases. Phase 1 was an initial 600 s period in which only
automatically functioning plant protection systems were assumed to
operate. The tube rupture, which was simulated in the broken loop of the
Semiscale system was the initiating event. Automatically occuring events
during the first 600 s included main steam isolation valve closure,
termination of main feedwater, auxiliary feedwater initiation, coastdown of
the main coolant pumps, and start of safety injection. A four phase
recovery operation was initiated at 600 s after the break occurred (a time
of 600 s is within the range of transient identification and response time
that have occurred, or are expected to occur, in actual full scale plant
transients).



Starting at 500 s, phase 2 involved using pressurizer auxiliary spray
aided by intact loop secondary feed and steam to bring the primary pressure
down below the broken loop secondary atmospheric dump vaive (ADV) trip

point thus isolating the broken loop generator secondary from atmospheric
release.

Upon achieving a primary pressure below the broken loop ADV setpoints,
the primary pressure was increased to the broken Toop AOV setpoint using
pressurizer internal heaters and pressurizer spray (for pressurizer level
maintenance) to establish a subcooling margin (phase 3).

Phase 4 involved turning on the intact loop pump (at initial operating

speed) to redistribute system fluid energy and increase core cooling
capability.

Phase 5 included intact loop secondary steam and feed (latched open
ADV), pressurizer internal heater cperation, SI, pressurizer auxiliary
spray and main coolant pump operation to subcool the primary system fluid
and then promote a slow (0.172 MPa/S min (25 psi/5 min)) primary
depressurization.

A preliminary analysis of test 5-56-3 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 5
summarizes conclusions drawn from the preiiminary analysis.



2. SYSTEM CONFIGURATION AND TEST CONDUCT

2.1 System Configuration

The Semiscale Mod-28 system configuration is illustrated in Figure 1.
The system is scaled from a reference four-loop PWR system based on the
core power ratio, 2(HH)/3411(MN).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 electrically heated corea with external downcomer, tube-and-shell
steam generators and associated loop piping with circulation pumps. The
broken Toop [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 Specif1cation] gives more detail about
the specific components.

Special modifications to the Semiscale Mod-28 system are incorporated

to properiy control and measure boundary conditions for the steam generator
tube rupture series. These include condensing systems and catch tanks to
accurately measure system mass flow rate from the steam generator
secondaries, special effluent flow controls 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 c2pacities 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

a. For test S-55-3, only 21 rods were powered.
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Figure 1. Semiscale Mod-28 system as configured for the SG
test series.




designed to pass scaled flow corresponding to ADV operation in a PWR. In a
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 loops. The parallel flow path arrangement allows ADV flow
through the ADV block valve and orifice, and stage one SRV flow through the
combination 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 Semiscaie, the ADV relief setpoint
s 5.85 MPa (836 psig) in the broken loop and 6.55 MPa (937 psig) in the
intact loop. The first stage SRV relief setpoint is 5.94 MPa (849 psig) in
the broken loop and 6.74 MPa (965 psig) in the intact loop.2 Figures 3

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

The pressurizer POva 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) at 16.2 MPa (2350 psia). The scaling criteria are
presented in Appendix A of Reference 1. The pressurizer surge line
hydraulic resistance was 1.8 x 109 a" for test S-56-3. Pressurizer
internal heaters can be operated in the variable mode, backup mode or
warmup mode. The variable and backup mode total power was 2.35 kW

a. The ADV and SRV relief setpoints were set to different, and artifically
Tow, values for the two steam generators to ensure ADV operation during the
transient. The scaling of these relief setpoints is discussed in detail in
Reference 1.

b. The PORV was not used on $-3G
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and the warmup mode is 13.3 kW. Pressurizer auxiliary spray [296 K (73°F)]

/4

was introduced into the top of the pressurizer at a constant rate of
13.75 g/s (0.029 lom/s) using positive displacement pumps.

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 (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 generator
plenum, 57.1 cm (22.5 in) below the top of the tube sheet. The break
assembly connects to the secondary at one location, 36.5 cm (14.4 in) above
the top of the tube sheet on the cold leg side of the generator. For
test 5-5G-3, 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-, 5-, and 10-tube break orifice.
Test $5-56-3 used the 10-tube break orifice with a 0.249 cm (0.0975 in) ID.
The flow tube was calibrated in single pnase water and can be used to

monitor break mass flow rate in both directions because of the symmetry of
the flow tube.

Heat loss makeup in the Semiscale system is accomplished by using
external heaters distributed fairly uniformly throughout the Semiscale
system. These heaters are controlled by six separate power supplies
including: vessel, hot legs, cold legs, unaffected loop pump suction,
affected loop pump suction and pressurizer. The total power provided by
these heaters is 47 kW. An additional 20 kW of heat loss makeup was
provided by augmenting core power throughout the transient. Control of the
heaters is as follows: If the maximum allowable temperature level [900 K
(1160°F)] is reached on the inside surface of the pipe insulation, ¢ xternal
power to that component is reduced by half. If the temperature trip limit
continues to be exceeded, power to that component is terminated.
Pressurizer external heaters were not used during S-5G-3. Power to the
vessel upper head and upper plenum heater banks was terminated Just before
the transient initiation because rapid vessel voiding was anticipated.
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2.2 Test Conduct

The system was filled with demineralized water and vented to ensure a
liquia 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.

Test 5-356-3 consisted of five phases including automatically occurring
events and manually operated recovery procedures. 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 significant events for S-SG-3. The first 600 s (phase 1) involved
automatically occurring events such as core scram, main steam isolation
valve closure, SI initiation, auxiliary feedwater start and main feedwater
stop, and main coolant pump trip. The initiating events for these actions
were 3 low pressurizer pressure trip (13.1 MPa (1888 psig)) and SI signal
(12.51 MPa (1803 psig)). Power to the pressurizer external heaters and
vessel upper head and upper plenum external heaters was terminated at t = 0.

At 600 s, a four phase recovery operation was intiated including
pressurizer auxiliary spray, pressurizer internal heaters, intact loop
secondary feed and steam and intact loop pump operation. First, at 600 s,
phase 2 began when pressurizer auxiliary spray was operated at 13.75 g/s
(0.029 1bm/s) in an attempt to reduce the primary pressure to 5.6 MPa
(800 psig). The pressurizer spray was operated to maintain the hot
collapsed pressurizer level between 240 and 260 cm (95 and 102 in) once the
level reached 250 cm (98 in). After pressurizer auxiliary spray was
operated for a preselected period of 300 s, the intact loop ADV was latched
open until the primary pressure reached 5.6 MPa. Upon reaching 5.6 MPa
primary pressure the ADV was closed. This operation was designed to bring
the primary pressure down below the broken loop (the loop with the ruptured
tubes) secondary ADV setpoint (5.85 MPa (836 psig)) thus effectively
fsolating the broken loop secondary from atmospheric release. SI was
operated during phase 2 to maintain the hot collapsed pressurizer liguid
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TABLE 1.

INITIAL CONDITIONS FOR TEST $-56-3

Pressurizer pressure
Pressurizer liquid volume

Core power

Loop to loop cold leg fluid temperature
differential

Core fluid temperature rise

Steam generator pressure
8roken Toop
Intact loop

Steam generator secondary fluid mass?
8roken 1oop®

Intact loop®

Primary leakage

Specified Measured
15.6 + 0.14 MPa 15.45
(22507+ 20 psig) (2240 psig)
0.0102 + 0.0008 g*  0.0106 mg
(0.36 +70.028 ft3) (0.37 ftd)
2.0 + 0.01 MW 1.99 MW
2.0 0.1K
(3.6F) (0.18F)
37 + 1.5 37.5K
(6676 + 3°F) (67.5°F)
§.55 + 0.07 MPa 5.50 MPa
(793 + 10 psig) (785 psig)
5.55 + 0.07 MPa 5.52 MPa
(793 * 10 psig) (788 psig)
100 + 40 - 20 kg 93 kg
(220 + 88 - 44 Tom) (204 1bm)
100 + 40 - 20 kg 88 kg
(220 + 88 - 44 Tbm) (194 1bm)
<0.006 kg/s 0.0031 kg/s

(<0.0132 1bm/s)

(0.0069 1bm/s)

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

b. Measured with differential pressure cell LBS+1117+81.,

€. Measured with differential pressure cell LIS+1117+51,




TABLE 2. SEQUENCE OF SIGNIFICANT EVENTS FOR TEST S-SG-3

Actual
Speciried Criteria Time(s) Event
Phase |
Cs 0 Break flow initiated

PPRZ = 13.1 MPa (1888 psig) 16.4 SCRAM

SCRAM 17.1 Core power on ANS decay
SCRAM 16.9 MSIV closure

PPRZ = 12.5 MPa (1803 psiy) 18.1 SIS

SIS ) 18.1 Main feedwater secured
SIS 18.9 Auxiliary feedwater initiated
SIS 20.0 Pumps coastdown initiated
SIS 19.1 Safety injection an

Phase 2
600 s--pressurizer spray 600 Pressurizer spray started to reduce
aided by intact loop ADV system pressure to 5.6 MPa
operation to lower primary (800 psig). Spray cycled to maintain
pressure below broken loop pressurizer level betweeen 240 to
secondary pressure 260 cm (95 to 102 in), SI on to

maintain pressurizer level between
75 and 381 cm (30 and 150 in)

1500/ Intact Toop ADV opened/closed
1518
1518 Pp = 5.6 MPa (800 psig)
Phase 3
Pressurize the primary to 1518 Turn on pressurizer variable and
5.85 MPa (836 psig) using backup heaters; pressurizer spray
pressurizer heaters cycled several times to maintain

pressurizer level between 75 and
250 cm (30 to 98 in), SI on to
maintain pressurizer level between
75 and 381 c¢m (30 and 150 in)
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TABLE 2. (continued)

Actual
Specified Criteria Time(s)

Event

Phase 3 (continued)

2408
3635

Redistribute system fluid 3667
energy using intact loop
pumps

3740
3987

4567

Use intact loop ADV, intact 4567
loop pump, pressurizer

spray, SI, and pressurizer
heaters to subcool and
depressurize the system

in controllied manner

6730

7220
8000

Turn on warmup heaters

Py ® 5.85

Phase 4

Intact loop pump on to initial
conditions

Primary pressure reached a2 minimum
value

SI turned off on high pressurizer
level

Primary pressure recovered and
stabilized after reaching minimum
value

Phase 5

Latch open intact loop ADV

37.2 K (67°F) subcooling reached;
start 1200 s depressurization
period; SI cycled to maintain
pressurizer level between 75 to
100 cm (30 to 39 in). Pressurizer
spray cycled to maintain pressurizer
;;vel)botueon 75 to 250 e¢m (30 to

in

Pressurizer heaters off

Test terminated (subcooling 29.4 K
(53 F)




level between 75 and 381 cm (30 and 150 in). If the level reached 381 cm
(150 in) SI was terminated until the level dropped to 75 cm (30 in) at
which point SI was restarted.

Phase 3 began when the primary pressure first reached 5.5 MPa and
invoived pressurizing the primary system to 5.85 MPa (836 psig) using
pressurizer internal heaters to pressurize and effectively subcool the
primary system, First an attempt was made to pressurize the primary system
using variable and backup heaters (nominally 2.35 kW total). After a
preselected 900 s period of varible and backup mode without effective
pressurization the warmup mode heaters, (total nominally 13.3 kW) were
activated eventually resulting in pressurizing the primary system to

5.85 MPa (836 psig). The pressurizer spray was operated during this period
to maintain the pressurizer hot collapsed level between 75 and 250 cm

(30 and 38 in). If the level reached 250 cm the spray was terminated until
the level dropped to 75 cm. SI was operated during phase J the same as
phase 2.

Phase 4 began when the primary pressure reached 5.85 MPa by turning on
the intact loop pump to the initial speea. After the primary pressure
dropped to a minimum (due to cold leg fluid mixing with hotter regions of
the system) the primary pressure was allowed to float from its minimum |
value to a quasi steady pressure for a preselected 300 s period at which
time phase 5 began. Ouring phase 4 the pressurizer variable and backup
heaters (2.35 kW) were on if the hot collapsed level was above 75 cm
(30 in) and the spray and SI was operated as in phase 3.

Phase 5 involved latching open the intact loop ADV to stimulate system
subcoolinga while maintaining the intact loop secondary level with |
auxiliary feedwater between 800 and 1050 cm (315 and 413 cm). If the
secondary level fell below 250 ¢cm (98 in) the ADV was shut until the level |
recovered to 400 c¢cm (157 in). The pressurizer spray was operated as in

a. Subcooling was defined as saturation temperature minus the average the
intact and broken loop hot leg temperatures.
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phase 4 and SI was operated to maintain the hot collapsed pressurizer level
between 75 and 100 cm (30 and 39 in). The system was subcooled to 37 K
(67°F) using the ADV operation at which time an attempt was made to
depressurize the system for 1200 s using the variable and backup
pressurizer heaters as a main point of control. If the primary
depressurization was higher than 0.172 MPa/5 min (25 psi/s min) the heaters
were left on ana if the depressurization was slower than 0.172 MPa/5 min
(25 psi/5 min) the heaters were turned off. The test was terminated after
1200 s of this depressurization operation.
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3. RESULTS

This section discusses the overall thermal-hydraulic response of the
Semiscale system during test $S-5G-3. The discussion is organized into two
areas: (a) the initial response to automatically occurring events (phase !
0-600 s) including a comparison of $-5G-3 (10 tube break) with SG-7 (5 tube
break)‘ and SG-8 (1 tube break)5 and (b) a four phase recovery period
involving operator actions.

3.1 System Sehavior--Tube Rupture Signature-Early in Time
(Phase 1, 0 to 600 s)

The occurrence of a 10-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 15.45 MPa (2228 psig) flowed through the
conical flow tube break orifice into the broken loop steam generator
originally at 5.50 MPa (785 psig). The loss of mass from the primary loop
. Caused a fairly steady primary depressurization until about 17 s, at which
time a marked increase in the depressurization rate occurred. At about
17 s the low pressurizer pressure setpoint of 13.1 MPa (1888 psia) was
achieved which initiated two prominent events which greatly affected the
depressurization rate: the core power was scrammed to the ANS decay power
curve and the main steam fsolation valves were closed on both steam
generators. The large decrease in system pressure following core scram at
17 s was due to dropping core power and the primary liquid shrinking due to
primary to secondary heat transfer. Upon MSIV closure, the heat transfar
to both the broken and intact loop steam generator secondaries caused a
rapid pruvssurization of the secondaries as shown in Figure 8. The
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secongary pressure in both generators briefly reacheg the ADV setpoints
(6.55 MPa (538 psig)] in the intact loop and 5.85 MPa (836 psig) in the
broken loop).a

Prior to achieving the low pressurizer pressure trip, both the broken
and intact loop steam generator pressures remained fairly constant as core
power was removec via normal secondary steaming conditions with the primary
loop pumps running (Figure 8). The energy addition to the affected loop
secondary from break flow had a negligible effect on secondary pressure
during this period because it was overpowered by the overall primary to
secondary heat transfer.

The safet, injection signal was achieved at 12.5 MPa (1803 sig) ang
initiated: (a termination of power to the primary coolant pum: :
(o) termination of main feedwater and starting auxiliary feedwater to the
secondaries, and (c) starting safety injection (SI). No major change in
primary depressurization rate occurred from these events as their effects
were overshadowed by the effect of core scram.

Following pump trip ana coastdown, the loop flows reduced to typical
natural circulation values6 as shown on Figure y. The term nation of
pump flow and subsequent transition to natural circulation resulted in
reduced heat transfer from primary to secongary in the intact loop as
evidenced by a slight decrease in intact loop secondary pressure (see
Figure 8). Eventually, the primary system depressurization was sufficient
for the hot leg fluid to reach a saturation condition at about 35 s
(Figure 10). Flashing in the system then caused a major reduction in the
depressurization rate (Figure 7). The primary pressure made a slight
recovery between 50 and 60 s. This repressurization was mainly caused by
superheated steam in the pressurizer (Figure 10) and reduced heat transfer
to the broken loco secondary, aided by flashing in the reactor vessel.

a. On Figure 8 the intact loop ADV operatec at a slightly lower pressure
than 6.55 MPa (938 psig) because<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>