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ABSTRACT power, none of the active emergency core cooling safety
Station blackout transient (or TMLB' scenario) in a pressurized features will operate. If no corrective emergency operational
water reactor (PWR) was simulated using the INER Integral procedures EOPs) are taken, the continuing lost of coolant
System Test Facility (IIST) which is a 1400 volumetrically- inventory will result in uncovering of the core.
scaled reduce-height and reduce-pressure (RHRP) simulator of
a Westinghouse three-loop PWR. Long-term thennal-hydraulic The objectives of the present study are to improve the
responses including the secondary boil-off and the subsequent understanding of the system thermal-hydraulic response during
primary saturation, pressurization and core uncovery were station blackout transient and to use this as a means to assess
simulated based on the assumptions of no offsite and onsite the accuracy of system computer codes with the experimental
power, feedwater and operator actions. The results indicate that data. In this study, a series of significant events and physical
two-phase discharge is the major depletion mode since it covers phenomena during a PWR station blackout transient without
81.3 of the total amount of the coolant inventory loss. The operator intervention were experimentally simulated in the
primary coolant inventory has experienced significant re- Institute of Nuclear Energy Research (INER) Integral System
distribution during a station blackout transient. The decided Test Facility (IIST). The 11ST4 is a 1400 volurnetrically-scaled
parameter to avoid the core overheating is not the total amount model of a three-loop Westinghouse-type PWR. In view of the
of the coolant inventory remained in the primary core coolin IIST initial core power being lower than the normal operating

9 scaled value and the unscaled pump coastdown during initialsystem but only the part of coolant left in the pressure vessel.
'Me squence of significant events during transient for the IIST TMLB' transient would affect the system transient responses
were also compared with those of the ROSA-IV large-scale during the first few hundred seconds, this experiment was
test facility (LSTF), which is a 148 volumetrically-scaled full- designed to simulate the long-term system responses including
height and full-pressure (FHFP) simulator of a PArR. The the secondary boil-off and the subsequent primary saturation
comparison indicates that the sequence and timing of these and pressurization. The results of the primary and secondary
events during TMLB' transient studied in the RHRP IIST system responses are presented and discussed. The sequence
facility are generally consistent with those of the HFP LSTF. of significant events during transient for the IIST were also

compared with those of the ROSA-IV large-scale test facility5
(LSTF), which is a 148 volumetrically-scaled full-height and

1. INTRODUCTION full-pressure (FHFP) simulator of a PWR.

Plant-specific probabilistic risk assessment (PRA) on the
beyond-design-basis accidents have received increase attention
in recent years as a result of the Three Mile Island-2 accident. PRES E
Emphasis has been given to evaluations which would provide
information on both accident prevention and mitigation Thus, CM.UITOR

STE. EKR�TOR

the behavior of a light water reactor under these accident (S02)

conditions must be studied in order to assess the risk in reactor STE.. GE EMOR

operation and, to develop procedures which would mitigate the (SG')
consequences of such accidents. SIEA. A-ERMOR

(SG3) 1E.
PORT

The station blackout transient (or TMLB' scenario) is one �E PRT

of the postulated nuclear reactor accidents that is currently
K.IERbeing considered to be the dominant core degradation or even TERMIM

core meltdown accident scenario initiated by a total loss of
alternating current (AC) power and the associated reactor LOW3

scram causing unavailability of every active emergency safety P
system in the plant2.3. The transient responses of a
pressurized water reactor (PWR) during TMLB' are PI,
characterized by a slow boil-off of the steam generators (SGs) IE� PORT 0

�N PORT E. P

secondary coolant, while no make-up water from the auxiliary
feedwater system is available, this in turn will result to failure RE.CTOR CORE

of the decay heat removal capability of the SG secondary K. PORT

system. Followed by saturation, voiding and heating of the PRESSURE ASSEI

primary system, the pressure on the reactor primary side will
increase to open the pessurizer safety valves (PSVs), causing
the lost of primary coolant inventory. Without onsite and offsite Fig. I Schematic of INER Integral System Test Facility
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Fig. 2 Core Power Decay Curve for IIST Station Blackout Fig. 3 Primary System (Pressurizer) and Secondary System
Transient (SG-1 Steam Dome) Pressures

11. TEST FACILITY Ill. EXPERIMENTAL CONDITION AND PROCEDURE
The IIST4, as shown in Fig. 1, is a reduce-height and The experiment was initiated under the steady-state

reduce-pressure (RHRP) integral system test facility designed operating condition of the IIST for the primary pressure of 2.1
for simulating the thermal-hydraulics of a Westinghouse-type MPa and core power of 222 KW with hot and cold legs fluid
2775 MW Maanshan PWR under accident and abnormal temperatures of 471 K and 408 K, respectively. The secondary
operating conditions. The operating pressure is 21 Mpa and the pressure and water level for the three SGs were maintained at
scaling factors of volume and height in the pimary system are 0.28 Ma and 1.85 in, respectively, to limit the primary-to-
1/400 and 14, respectively. The core is simulated with 18 secondary heat transfer rate to the initial core power. This SG
electrically heated rods having n heated length. The maximum secondary level was lower than that for the reference PWR
core power is 450 KW, corresponding to 65% of the 1/400- rated operating conditions due to the lower initial core power
volumetrically scaled reference PWR. rated power. applied. During warmup period, the core power heat transport

and heat-up of various components in the primary system were
The IIST consists of 3 identical loops. Each loop contains a achieved by single-phase natural circulation. The primary and

coolant pump and an active SO which consists of 30 15.4 mm secondary pressures were maintained by adjusting the power of
i.d.) U-tubes having four different heights. The hot leg 10 KW immersion heater inserted at the bottom of pressurizer
transports the loop flow through the SG to remove the heat and by a pneumatic control valve installed at a common pipe of
generated from the core whereas the cold leg bings the cooled three steam discharged lines, respectively. The initial
flow back into the pressure vessel downcomer to cool the core. secondary coolant level was maintained by feeding the hot
'Me hot and cold legs 52.5 mm i.d.) were sized to conserve the water from a boiler as the level dropped to the preset value of
length-to-square root of diameter ratio /M) and the scaled 1.75 in. As the above-mentioned steady-state condition is
volume in order to simulate the two-phase flow regime reached, the station blackout transient experiment started out
transitions in the horizontal pipes. the simulation of the core power decay with time by regulating

The PSV which opened repeatedly during this experiment is the output of the DC power supply to the core heater rods.
connected to a loop seal located at the top of the pressurizer. For easy comparison, the core power curve used in this
The setpoints for the opening and closing of the valve were 2.21 study was scaled from the ROSA-IV new core power curve6
and 193 MPa, respectively. The flow through PSV was routed based on the power-to-volume scaling criteria. The scaling
into a heat exchanger before entering into a 40 cm inner factor is the volume ratio between IIST and LSTF. Thus the
diameter 4.5 in high collection tank. The water level increase core power decay curve for this test, as shown in Fig. 2 was
with time was measured by a Rosemount transducer to monitor developed by adding the system-overall heat loss 18.9 KW) to
the discharge flow rate through the PSV. The pressurizer surge
line 21.4 mm i.d.) is connected to the hot leg in loop at an
inclination angle of 45 degrees from the horizontal plane. Table Initial Steady-State Conditions of HST and LSTF

The U-tube primary-side fluid temperatures and plenum-to- in Station Blackout Transient
tube top differential pressures are measured for one of the four
longest tubes and for one of the nine shortest tubes per SG. The
loop flowrates are measured by venturi flowmeters located in Parameters ][[ST LSTF
the vertical section of the pump suction legs. Over 200 channels ' Core power 222 KW 10 MW
of inputs in the data acquisition system allow, access of
temperature, flowrate, pressure, level and power measuring ' Primary pressure 2.1 Na 15.6 Na
instrumentations in the IIST. The IIST facility also has fifty
view ports around the primary and secondary key positions for * Hot leg temperature 471 K 600 K
flow visualization which lead to significantly improved * Cold leg temperature 408 K 565 K
understanding of various two-phase flow phenomena. The
external surfaces of the test facility are thermally insulated " Pressurizer water level *HI 2.41 m / 2.93 rn 2.6 rn /4.2 rn
except for the pressure vessel upper head where power cables
penetrate. * SO secondary pressure 0.28 NlPa 7.3 Mpa

' SG secondary water level / *H2 1.85 rn / 2.95 rn 8.5 m / 17.7 TJ
*Hi Inner height of pressurizer, *H2: Inner height of SG secondary
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Fig. 4 Collapsed Liquid Levels of the Primary and the Fig. 5 Hot Leg and Cold Leg Fluid Temperatures
Secondary Systems

the above-mentioned scaled core power. The initial conditions of decaying of core power, secondary coolant level continued to
IIST and LSTF stadon olackout experiments are summarized in boil-off (Fig.4) and subsequently, the pressure (Fig.3) and
Table 1. water temperature ig.7) dropped accordingly. During the oil-

off period, the heat transfer across the tubes decreased as the
tube surface area in contact with the secondary liquid

IV. RESULTS AND DISCUSSION decreased. When the heat removal rate across the tubes
dropped elow the core heat generating rate to the coolant, the

The thermal-hydraulic responses of the major transient primary coolant began to heat-up. This SG heat transfer
parameters during this experiment are shown in Figs. 39. The degradation occurred at 2850 s as the secondary collapse liquid
experimental results of the following key events, such as initial level became less than 0.5 in above the tubesheet.
transients, secondary boil-off, and primary side natural
circulation, pressurization, coolant inventory depletion, core Several thermocouples were installed along the centerline
uncovering and heatup will be discussed. Table 2 provides a of the SG secondary to monitor the variation of fluid
summary of the sequence and timing of significant events that temperatures at the different elevations. The typical one is
occurred in the station blackout transient for both the IIST and shown in Fig. 7 which was measured by a thermocouple located
the LSTF7. at 0.5 in above the top of SG tubesheet. After uncovering this

thermocouple, the temperature apparently increase with high

A. Initial Transients Phenomena oscillation, which was mainly attributed to the counterpart
between heat transfer from the pimary side and the droplet

As the experiment startup at t=O, the power to the condensation from the remainder boiled off. As soon as the
pressurizer heater was turned off and te valve to the secondary water inventory boiled dry completely at about 6350
secondary feedwater line was closed. After keeping the initial s, the secondary pressure declined to atmospheric. For the
core power 222 KW) for 3 minutes, the core power decay curve remainder of the transient, the secondary steam temperature
as shown in Fig. 2 was simulated by regulating the output of sharply increased (in highly superheated) and eventually
DC power supply to the core heater rods. Following the rapidly attained to a thermal equilibrium with the primary temperature.
decaying of core power during the initial transient period, the
liquid-filled primary system was shrunk, rendering both the C. Primary Side Natural Circulation
system pressure (Fig. 3 and pressurizer liquid level (Fig. 4 to
decrease sharply. At the same time, both the primary side During the TMLB' accident, single-phase natural circulation
natural circulation flowrate (Fig. 8) and the secondary coolant plays an important role in decay heat transport. The core flow
level (Fig. 4 started to decrease. Consequently, the gravity rate, shown in Fig. 8, is a summation of three loops flowrates.
head driving the saturated water from pressurizer through the Basically, the driving force of natural circulation in the primary
surge line 4.77 in long pipe) and then penetrated into the hot coolant is the temperature difference between the hot and the
leg-1, kept the level of liquid-filled pressure vessel unchanged cold legs, which is mainly attributed to the differences found in
(Fig. 4 During the aforementioned process, the rather cold both the density and elevation between the heat source (reactor
water held in the surge line firstly entered into the hot leg-l and core) and the heat sink (SGs). Following the decay of core
then mixed with the fluid in the pressure vessel, causing the power, both the source and sink are decreased accordingly,
primary fluid temperatures (Figs. 57) on the decrease. The resulting in a decrease of natural circulation flowrate. As the
initial high fluid temperature near the surge line inlet region secondary water inventory boiled-dry completely at about
(measured at 03 in above the hot leg-1), as shown in Fig. 7 is 6350s, the effective heat sink was eventually lost that ftirther
due to the heat transfer from hot leg fluid during the warinup decreased the flowrate.
period. Thus, as the fluid in the pressurizer was pushed to the As shown in Fig. 5. the hot leg saturation occurred at 6760
hot leg, the fluid temperature near the surge line ilet decreased s as a result of the loss of effective heat sink. Consequently, the
suddenly. steam bubbles may accumulate in the hot leg without being

condensed. Soon after the hot legs saturation occurred at 7200
B. SG Secondary Boil Off s, the onset of a stratified two-phase flow in that legs was

As mentioned, the SG secondary pressure during the observed simultaneously from the three view ports. This time
steady state warmup period was maintained at 028 a by a lag after the hot leg saturation is due to the existence of a
pneumatic control valve installed at a common pipe of three rather lower decay core power (about 125% of the normal
steam discharged lines. After the transient startup, the opening operating power) remained to slowdown the steam bubble
of this valve remained the same as before. Following the transportation, whereas the view port in the hot leg is more

closer to the SG side. The driving force for the primary side
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natural circulation would be lost as the cold'Ieg attained to temperatures distributed from inlet to outlet were in convex
saturation at about 8785 s. Almost at the same time, a shape with the highest value near the top of the U-bend.
stationary steam bubble formed at the top of each U-tube and Following the transient in this region, not only the wider of the
thus the natural circulation flow was terminated. The timing of convex shape but also the higher of the temperature were
this phenomenon had been confirmed from a distinct pressure observed. In this region, the secondary coolant uncovering in
drop at 8785 s observed from the plenum-to-U tube top most part of the tubes (Fig. 4 and the drastic variation of the
differential pressures. secondary fluid temperature along the U-tube (Fig. 7 caused

the primary side natural circulation flow unstable. This
Moreover, at any instant of transient, the measured phenomenon also can be seen from the fluctuations of the core

pressure drops in both the upflow and downflow sides of the flow rate in this region, as indicated from Fig. .
individual U-tube were found to be equal. One also observed
that the overall SG pressure drop measured between inlet and The third region was found from the completely lost of SO
outlet plenums was close to zero. AR these evidences indicated secondary liquid level to the natural circulation flow termination
that the fluid in the SG primary side is either single-phase (8785 s). At any instant of time in this region, the U-tube
natural circulation flow or equal liquid columns stalled in both primary side fluid temperatures at each position appeared
sides of U-tubes after flow termination. almost of the same value. Following the transient, these fluid

temperatures monotonously increased due to the SG secondary
Recently, the steady-state single-phase natural circulation were completely boiled-dry and the secondary temperature at

have been simulated in several integral system test facilities different elevations was eventually attained to a thermal
under the constant core power and normal level of SG equilibrium with the primary temperature. From te above
secondary fluid condition. The results indicated that a single- dicussion, it should be noted that after the SG heat transfer
phase natural circulation would occur a much higher pmary degradation, the characteristics of flow were significantly
inventory condition, such as from 100% to 85% for IIST15, different from those of the 'steady-state' single-phase natural
100% to 89% for LSTF9 and 100% to 87% for BETHSY10. it circulation studied previously8-10 under the constant core power
is generally observed that the occurrence of a reverse flow in and normal level of SG secondary fluid condition.
several tubes was indicated by the fact that the measured fluid
temperatures were close to the secondary side temperature, D. Primary Pressurization
while fluid temperature appeared in normal decay along the
other tubes. As the SG heat transfer started to degrade, the

temperatures of hot leg, cold leg, and pressure vessel started
In this study, the primary system was 100% liquid-filled increasing, whereas the primary pressure continued declining in

inventory during te single-phase natural circulation. Three a relatively slower rate. Due to the heating of liquid-filled
distinct ansient regions were clearly identified from the U-tube volume, the primary coolant volume expanded through the surge
primary side fluid temperatures profile before the single-phase line, causing the pressurizer water level to rise again. The
natural circulation termination. Fig. 9 presented a, typical primary pressure started increasing until SG secondary liquid
primary fluid temperatures profile along one of the SG U-tubes level was completely lost at about 6350 s.
from inlet to outlet plenums. 'Me first region was found from the
initiation of the TMLB' transient (t=O s) to the beginning of SG It is interesting to note from Figs. and 6 that oly a short
heat transfer degradation 2850 s). The common feature of this time after the secondary boiled-dry, the primary system
region is that almost all the U-tube primary side fluid (pressure vessel and hot leg) started to saturate at 6760 s,
temperatures were gradually decreased with time and both rendering both the system pressure (Fig. 3 and pressurizer
normal flow and reverse flow were observed in different U-tubes level (Fig. 4 to increase sharply. However, even when
and in different SGs. This non-uniform flow distribution pressurizer water level reached to the top at 6915 s, the PSV
phenomena occurred in the initial period of TMLB' transient is did not open immediately until the primary pressure rose up to
similar to those previously observed in IIST, LSTF and the PSV pressure setpoint at 8130 s. As the PSV opened
BETHSY as mentioned above. cyclically, the fluid in the hot leg through the surge line

penetrated into the pressurizer, resulting in a drastic lost of
The second region was found from the beginning of SG heat primary coolant inventory (Fig. 4 The above-mentioned

transfer degradation to the SG secondary boiled-dry 6350 s).. . sequence of events regarding pressurizer level reached to the
As observed from Fig. 9 the prominent feature of this region is top and then PSV started to open is somewhat different from
that all of the U-tube primary side fluid temperatures were those studied in ROSA-IV LSTF7.1 . In the LSTF, the
increased in a highly oscillatory manner. Sometimes, these pressurizer level reached to the top at 4300 s after the first PSV

60C Lpower Trip 900 600 .. .... ... ... T,.t (Primary)

Pressurizer (0.5 m from the bottom)
550 . ....... Tsat Soo 550 Pressurizer 20 rn from the bottom)

0 M Surgeline 0.3mfromhotleg-1)
4; 500 700 2 500

0. 450 .600 lu 450

E

400 -500 400

Pressure vessel 258 rn from vessel �.'�'�or
350 Pressure vessel 141 rn from vessel bottom) 400 350 SG-1 2nd. (0.5 m from tubesheet)

3 � Heater rod (1.32 rn from vessel bottom) 300 301 Power Trip -I
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Fig. 6 Pressure Vessel Fluids and Core Heater Rod Surface Fig. 7 Fluid Temperatures of Pressurizer, Surge Line, and SG
Temperatures Secondary
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opened at 4200 . This may be due to the different initial levels A: 2850 s SG heat transfer degradation
B: 6350 SG 2nd. coolant boiled-dry

in'pressurizer and the SG secondary pressure resulting in C: 8785 s Natural circulation termination
different thermal expansion characteristics and thus affecting 230
the timing for PSV opening. The other reason may be attributed 210

- 190
to a higher heat loss in surge line and in pressurizer during the E
initial period of single phase volume expansion process. This 17

foeventually affect the primary pressurization and thus delay the I

'sooccurrence of PSV opening. lo

Fig. 7 indicates the fluid temperature histories of
pressurizer (0.5 and 20 m above the bottom), surge line 0.3 n
above the hot leg-1), and SG secondary (0.5 in above the
tubesheet). The saturation temperatures in the primary and
secondary sides were also shown in the figure. It can be seen C,
that the fluid in the pressurizer, initially saturated, became

0
subcooled due to the hot leg fluid which was subcooled until
6760 s, expanded through surge line and then mixed into the
pressurizer. The exceptional lower surge line temperature
before 5000 s indicated that the heat loss was dominant in this
slow primary thermal expansion period. This can be observed Fig. 9 U-tube Primary Side Fluid Temperatures Profile before
from the fact that a big pressurizer fluid temperature drop near the Single-phase Natural Circulation Termination during

PWR Station Blackout Transient
the inlet (or bottom) of the pressurizer from 5000 s to 8600 s. [ Thermocouple Location I - Inlet plenum; 2 - 4 -Along
At 8600 s, the whole pressurizer fluid reached to saturation the U-tube upflow side; - U-tube top; 6 - - Along the
again. Fig. 4 also indicated that the pressurizer was full of liquid U-tube downflow side; 9 - Outlet plenum
up to the PSV between 6915 s and 8600 s. This occurred due to
the primary fluid volume expansion following the secondary
dryout. liquid levels in pressurizer dropped accordingly. From Fig. 

one observed that major depletion of the primary coolant

E. Primary Coolant Inventory Depletion inventory took place within a relatively short time period
between 8600 s and 10620 s. During this period, the liquid

Same as the LSTF study7' three typical modes of primary coolant inventory was lost by about 257.8 kg which was 54.4%
coolant inventory depletion in station blackout transient have of the initial primary inventory and the time-averaged discharge
been identified. They are: liquid volume expansion; two-phase rate was risen to 0128 kg1s.

discharge; and pure steam discharge. Primary coolant inventory Pure steam discharge occurred after the hot legs became
depletion due to liquid-filled volume expansion occurred from the completely empty of liquid. As observed from the view ports in
first opening of the PSV 8130 s) to the pressurizer fluid IIST, the hot legs became completely empty at about 10750 s.
saturation 8600 s). The use of fluid temperature start From the slope of water accumulation curve as shown in Fig. ,
Saturation in pressurizer instead of those in hot leg as in LSTF7 one also confirmed that after the uncovering of the surge line
is due to the time lag of PSV opening in this study mentioned inlet 10620 s), the flow through the PSV was primarily
earlier. From Fig. 8, the total loss of coolant inventory during steamed. During this period, the total loss of coolant inventory
this liquid volume expansion period was about 24.5 kg, which was 34.7 kg, which was about 73% of the initial primary
was about 52% of the initial primary inventory 473.8 kg), and inventory and the time-averaged leak rate was 0029 kg/s. It is
the time-averaged leak rate was 0052 kg/s. interesting to note that the time lag between the uncovering of

Two-phase discharge occurred from saturation of the surge line inlet and the hot legs becoming completely empty is
pressurizer fluid 8600 s) to the uncovering of the surge line only about 130 s in IIST and aout 300 s in LSTF.

inlet 10620 s) at the hot leg-1. The pressurizer level drop was Among three types of primary coolant inventory depletion
initiated at almost the same time as the surge line inlet during station blackout transient, one can find that two-phase
uncovered. During this period, the void formation in the pimary discharge is the major depletion mode since it covered 81.3 of
loop increased the flow into the pressurizer, resulting in a large the total amount of the coolant inventory loss 317 kg) in this
two-phase mixture flow through the PSV making the collapse study. Similar phenomenon in LSTF7 also was observed.

1.0 400 F. Core Uncovering And Heatup

After the pmary coolant inventory depletion, the vessel
water level dropped due to the continuing coolant boil-off

0.8 ..... ..... ... 300 through the PSV. Finally the core upper regions were uncovered
at 11770 s signed by the heater rod temperature excursions,

i, It while the core power was decayed to about 1 of the normal
0.6 operating power. As one of the peak cladding temperatures

'4 reached the preset power trip temperature of 873 K, the power
200 11� supply was tripped automatically. As shown in Fig. 6 the

OA power trip was triggered at 11960 s by an embedded
thermocouple located at the top of heated zone, an elevation of

-100 1323 mm from the bottom of the pressure vessel. One also
0.2 observed from Figs. 57 that steam superheating up to about 25

K was detected in pressure vessel, pressurizer surge line, and
PowerTnp the hot leg-1, but not found in the other two hot legs and in the

0___ 4 0 pressurizer where liquid still remained. Similar phenomena in
0 5 10 15 20 LSTF also were observed but with a much higher steam

Time, x 103 sec. superheat up to I 0 K in that full pressure system.

From the station blackout transient history, it is noticed
Fig. Core Flow Rate and Time-integrated Mass Flow Rate that the primary coolant inventory has experienced significant

Discharged through PSV re-distribution. At the core uncovery, the remained primary
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coolant inventory estimated fom the amount of water depletion was lost in a short period of time between 8600 and 10620
is about 33.1% of the initial value. However, the effective S.
coolant usable for core cooling was only about 13 of that The primary coolant inventory experienced significant re-
remained inventory. Thus, in view of the reactor safety, the distribution during a station blackout transient. In view of the
decided parameter in avoiding core overheating is not the reactor safety, the decided parameter in avoiding core
amount of the coolant inventory remained in the primary system
but only the part of coolant left in the pressure vessel which overheating is not the amount of coolant inventory remained

in the primary system but only the part of coolant left in the
effectively cool the core. pressure vessel which effectively cool the core.

After the power tripped, te steam generation was The sequence and timing of significant events during TMLB'
decreased. Thus, the system pressure and pressurizer collapse
liquid level declined further (Figs.3 and 4 However, the transient studied in the RHRP IIST facility were generally
process of the core liquid level was not recovered immediately consistent with those of the FHFP LSTF.
from the fall back of pressurizer inventory until 15230 s. The
core recovery initiated nearly one hour later than the power
tripped is due to the release of store beat from the metal
structure making the amount of steam generation declined REFERENCES
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term thermal-hydraulic phenomena including the SO secondary BETHSY Facility," NURETH-4, Karlsruhe, FRG, 1989).
boil-off, primary side natural circulation, a subsequent primary I I.Y. KUKITA, Y. ANODA and K. TASAKA, "Summary of
system saturation and pressurization, primary coolant inventory ROSA-IV LSTF First-phase Test Program-Integral
depletion, and eventually core uncovering and heatup were Simulation of PWR Small-break LOCAs and Transients,"
studied in detailed. 'Me important results are summarized as Nucl. Engng. Des., 131, 101 1991).
follows:

eThe PWR station blackout transient was characterized by a
long-term (nearly 8785 single-phase natural circulation.
Three distinct transient flow regions were clearly identified
from the U-tube primary side fluid temperatures profile before
the termination of single-phase natural circulation. After the
SG heat transfer degradation, the characteristics of flow were
significantly different from those of the 'steady-state' single-
phase natural circulation studied previously8-10 under the
constant core power and normal level of SO secondary fluid
condition.

During station blackout transient, two-phase discharge is the
major depletion mode through the PSV since it covers 81.3%
of the total amount of coolant inventory loss. In this discharge
mode, approximately 54.4% of the primary coolant inventory
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