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in the loop seal section on reflood behavior -~——
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The loop seal experiments, Cl1-18 and C1-8, were conducted in the
Cylindrical Core Test Facility (CCTF). For these experiments, the
saturated water was filled in four loop seal sectioms to the elevation
of 1.5 m from the bottom of them prior to the experiment initiation in
order to simulate the remaining water in the loop at the initiation of
a reflood phase during a loss—of-coolant accident (LOCA) in a pressurized
water reactor {(PWR).

The results of the loop seal experiment, C1-18, was mainly discussed
in this report because, in the other loop seal experiment, CI1-8, the
core power was prematurely turned off during the transient of it.

The significant steam penetration through the broken loop seal
section initiated at 32 seconds after flood, and most of the filled
water was blown away until 65 seconds. Before that time, the core water
accumulation was suppressed due to the water seal in the loop seal
section. The turnaround temperature was higher than that for the Cl-5
which was conducted under no filled water in the loop seal section.

The driving force of the steam penetration is the difference of the
differential pressures in the downcomer and the core. The driving

force was equal to the pump-side water head at the initiation of the

The work was performed under the contract with the Atomic Energy Bureau
of Science and Technology Agency of Japan.

* Nuclear Data Center
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steam penetration. The ECC injection rate affected the water accumula-
tion in the downcomer and controlled the timing of the initiation of

the steam penetration.

Keywords: PWR-LOCA, ECCS, Reflood, Blocked-loop-seal, Turnaround,

Core-heat-transfer, Reacter Safety
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1. Introductions

The Large Scale Reflood Test (LSRT) program has been conducted
since 1977 to study the Emergency-Core-Cooling System (ECCS) behaviors
during refill and reflood phases in a Loss-of-Coolant Accident (LOCA)
of a Pressurized Water Reactor (PWR).

The series of tests have been performed in two experimental
facilities. One is the Cylindrical Core Test Facility (CCTF) and the
other is the Slab Core Test Facility (SCTF).

The objective of the CCTF program are:

4. Demonstration of ECCS behavior during refill and reflood period.

b. Verification of reflood analysis codes.

c. Collection of information to improve the thermo-hydrodynamics
models in analysis codes, such as, (a) multi-dimensional core
thermo-hydrodynamics including the radial power distribution
effect, fallback effect and spatial oscillatory behavior,

(b) flow behavior in the upper plenum and hot legs, (c) behavior
of accumulated water at the bottom of the upper plenum including
possible counter—current flow and sputtering effects, {(d) hydro-
dynamic behavior of the injected ECC water and the water passing
through the steam generator, (e) multidimensional thermo-—
hydrodynamics behavior in the hot annular downcomer, and (f)

overall oscillatory behavior in the system.

The special objective of this work is to study the effect of the
water remaining in the loop seal section on a reflood behavior.

At the end of a refill phase in a PWR LOCA, there is a possibility that
some amount of the injected Emergency Core Cooling (ECC) water 1s accumu-—
lated in the loop seal section and blocks the primary loop piping.

The reflood experiments C1-18 (RUN 37) and C1-8 (RUN 17) were
performed in the CCTF with the filled water in the loop seal section
pipings.

In the test, C1-8, the objective could not be achieved, because
the heater rod surface temperature exceeded the maximum allowable tem-
perature and the core power supply was turned off at first 134 s,

C1-18 was performed with nominally the same experimental condition

as those for CI1-8. The experiment Cl—51)

has been completed under no
filled water in the loop seal section.

This report presents the investigation of the effect of the loop

-1
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seal section blockage on the reflood behavior. The experimental
facility and conditions are summarized im Chapter 2. Chapter 3 presents
the results and discussions of C1-18 and C1-8, together with C1-5,
The conclusions are described in Chapter 4.

For better understanding of the experimental results, selected

data of C1-18 and C1-8 are given in Appéndix B and C, respectively.
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2. Experimental Conditions
2.1 Facility design

The facility design is detailed in the reference 2. It consists
of a pressure vessel and four primary loops, as shown in Fig.2.1,
To simulate the system effect during refill and reflood phase of
a PWR LOCA, the following items were considered as the design criteria:
(1) The elevations of the components are maintained to be as close to
those of a PWR as possible.
(2) The lengthes of the flow pathes in the components are also
preserved.
(3) The flow areas of the components are scaled down in proportion to
the scaling factor of core flow area.
(4) The facility has three intact loops and one broken loop which

simulates double-ended cold leg break.

The reference reactor is the Torjan reactor in the USA, and the Ohi
reactor in Japan is also referred partly.

The pressure vessel contains a core, upper and lower plenum, and
a downcomer. The core has thirty—two 8 x8 bundles which simulate
15% 15 fuel assembly of which unheated rods are included. The core
configuration is shown in Fig.2.2.

The core is full height and has 1824 electrically heated rod, as
shown in Fig.2.3. An axial power distribution is chopped cosign.
There are high, medium and low power heaters in a bundle.

The downcomer is annulus as shown in Fig.2.2. The core baffle
region area in a PWR is scaled and included in the simulated downcomer
flow area to reduce a small gap effect in a downcomer. Then the gap
size of the annulus is 61.5 mm,

The internals in the upper plenum consist of control rod guide
tubes, support celums, short stubs, orifice plates and open holes, as
shown in Fig.2.4 and Fig.2.5. These internals simulate fhose of a
17 %17 type PWR. The radial dimensions of them ave scaled down in
proportion to the bundle array size.

The primary loop arrangement is shown in Fig.2.1. The loop con-
sists of a hot leg and a cold leg piping, an active steam generator,
and a pump simulator, as shown in Fig.2.6. U-tubes in the steam genera—

tor are about 5 m shorter than actuals and those of two loops are housed
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in a single shell.

2.2 Experimental procedure

Prior to the experiment initiation, the primary system was heated
to the saturation temperature except the downcomer wall which was
heated to 471 K, and pressurized to a specified pressure (0.2 MPa) by
the saturated steam. The saturated water was filled in the lower
plenum to (.9 m level. For the experiments Cl-8 and C1-18, the saturat-
ed water was also filled in each loop seal section to 1.5 m level.

This loop seal filling was not adapted for the reference experiment,
C1-5.

The power was supplied to the core after establishing the initial
condition. When the maximum temperature of the heated rod reached
775 K, the accumulator water directly injected into the lower plenum.
The rod temperature was expected to reach 873 K at the core flooding
initiation. At the expected flooding initiation, the core power was
initiated to simulate a decay heat which was obtained by the equation
of 1.2% ANS standard + 2°°U capture.

The accumulator injection port was switched from the lower plenum
to the intact cold leg ECC ports, when the assumed water level in the
core reached 0.5 m. The simulated low pressure coclant injection (LPCT)
took the place of the accumulator injection at 24 seconds after the
initiation of the accumulator injection. The LPCI rate was maintained
at the constant value of 8.33x107° m®/s.

For C1-18, after confirming the total core gquench, the power
supply to the core and LPCI were turned off, and the experiment was
turminated. TFor Cl1-8, since the maximum rod surface temperature
exceeded the allowable rod temperature, 1173 K, the power supply to the

core was turned off at 134 seconds after the experiment initiation.

2.3 Experimental conditions

The experimental conditions of the loop seal experiments, C1-18
and C1-8, and the reference test, Cl-5, are given in Table 2.1, 2.2 and
2.3, respectively. TFor the loop seal experiments, the saturated water
was filled in the four loop seal sections te 1.5 m elevation from the

bottom of the loop seal section. The other conditions were nominally
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the same as those of the reference test.

The chronology of the events for the three experiments are listed
in Table 2.4, 2.5 and 2.6, respectively. The time was defined as the
passed time from the initiation of the data recording. At the same
time, the power supply to the core was also initiated.

For Cl1-8, the power to the core central region was reduced by 20%,
since the maximum temperature exceeded 1133 K at 129.5 seconds, and all
the core power was turned off at 134 seconds when the maximum core tem—

perature reached the designed allowable temperature, 1173 K.
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Table 2.1 Experiment condition for C1-18
TEST TYPE :  LOOP SEAL WATER FILLING TEST
TEST NUMBER : RUN 037 3. DATE : March 10, 1981
POWER : A: TOTAL: 9.40 MW; B:LINEAR: 1.41 KW/M
RELATIVE RADIAL POWER SHAPE :
A: ZONE: A 8 C

B: RATIO: 1,153 _:_ 1.079 :_0.885

AXIAL POWER SHAPE : CHOPPED COSINE

PRESSURE (KG/CM2A) :

A: SYSTEM: 1.96 , B: CONTAINMENT _ 1.95 ,

C: STEAM GENERATOR SECONDARY: 53.6

TEMPERATURE (DEG.C) :

A: DOWNCOMER WALL 166 , B: VESSEL INTERNALS 103
C: PRIMARY PIPING WALL 120 , D: LOWER PELNUM LIquip 114
E: ECC LIQUID 38.8 , F: STEAM GENERATOR SECONDARY _ 263

G: CORE TEMPERATURE AT ECC INITIATION 597

ECC INJECTION TYPE: C
A: COLD LEG, B: LOWER PLENUM, C: LOWER PLENUM + COLD LEG

PUMP K-FACTOR : A 15

ECC FLOW RATES AND DURATION :
A: ACCUMULATOR 285 M3/HR FROM 0 TO 24 SECONDS

B: LPCI 30.2 M3/HR FROM 24 TO 805 SECONDS

C: ECC INJECTION TO LOWER PLENUM : FROM O To 17.5 SECONDS

(VALVE OPENING AND CLOSING TIMES ARE INCLUDED IN THE INJECTION
DURATION)

INITIAL WATER LEVEL IN LOWER PLENUM : 0.88 M.
POWER CONTROL : ANS x 1.2 + ACTINIDE ( 30  SEC AFTER SCRAM)

EXPECTED BOCREC TIME FROM ECC INITIATION 12  SEC
EXPECTED PEAK TEMPERATURE AT BOCREC 600 C

—6—
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Table 2.2 Experiment condition for Cl-8

TEST TYPE : LOOP SEAL WATER FILLING TEST

264

TEST NUMBER : RUN 017 3. DATE : Nov.29, 1979
POWER : A: TOTAL: 9.37- MW; B:LINEAR: -4 Ku/M

RELATIVE RADIAL POWER SHAPE :

A: ZONE: A B c

B: RATIO: 1.07 : 1.0 :  0.82

AXIAL POWER SHAPE : CHOPPED COSINE

PRESSURE (KG/CM2A) :

A: SYSTEM: 2.08 , B: CONTAINMENT 2.09

C: STEAM GENERATOR SECONDARY: 51

TEMPERATURE (DEG.C) :

A: DOWNCOMER WALL 183 , B: VESSEL INTERNALS _ 110
C: PRIMARY PIPING WALL 120 , D: LOWER PELNUM LIQUID 111
E: ECC LIQUID 37 , F: STEAM GENERATOR SECONDARY

G: CORE TEMPERATURE AT ECC INITIATION 516

ECC INJECTION TYPE: C

A: COLD LEG, B: LOWER PLENUM, C: LOWER PLENUM + COLD LEG

PUMP K-FACTOR : 15

ECC FLOW RATES AND DURATION :
A: ACCUMULATOR p79 M%/HR FROM g

TO 24  SECONDS

B: LPCI 30.9 M3/HR FROM 24

TO

355 SECONDS

C: ECC INJECTION TO LOWER PLENUM : FROM

0

To 17.5 SECONDS

(VALVE OPENING AND CLOSING TIMES ARE INCLUDED IN THE INJECTION

DURATION)
INITIAL WATER LEVEL IN LOWER PLENUM :
POWER CONTROL : ANS x 1.2 + ACTINIDE (

EXPECTED BOCREC TIME FROM ECC INITIATION

EXPECTED PEAK TEMPERATURE AT BOCREC

_7_

0.87
30

12
600

M.
SEC AFTER SCRAM)
SEC
C
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Table 2.3 Experiment condition for Cl-5
TEST TYPE : TEST C1-5 (CCTF MAIN TEST NO.5)
TEST NUMBER : RUN 014 3. DATE : Oct.19, 1879
POWER : A: TOTAL: 9.36 MW; B:LINEAR: 1-40 Kw/M

RELATIVE RADIAL POWER SHAPE :

A: ZONE: A B C

B: RATIO: 1.07 - 1.0 : 0.82

AXIAL POWER SHAPE : CHOPPED COSINE
PRESSURE (KG/CM2A)
A: SYSTEM:; 2.02 ~, B: CONTAINMENT 1.99 ,

C: STEAM GENERATOR SECONDARY: 20

TEMPERATURE (DEG.C)

A: DOWNCOMER WALL 182 , B: VESSEL INTERNALS 115
C: PRIMARY PIPING WALL _ 120 . D: LOWER PELNUM LIQUID 1%
E: ECC LIQUID 3% . F: STEAM GENERATOR SECONDARY €2
G: CORE TEMPERATURE AT ECC INITIATION 502

ECC INJECTION TYPE: ©
A: COLD LEG, B: LOWER PLENUM, C: LOWER PLENUM + COLD LEG

PUMP K-FACTOR : ™~ 15

ECC FLOW RATES AND DURATICN :
A: ACCUMULATOR 278 M?/HR FROM 0 TO 3.5 SECONDS

B: LPCI  30.2 M3/HR FROM 23.5 TO 585.5 SECONDS

C: ECC INJECTION TO LOWER PLENUM : FROM G 710 14.5 SECONDS

(VALVE OPENING AND CLOSING TIMES ARE INCLUDED IN THE INJECTION
DURATION)

INITIAL WATER LEVEL IN LOWER PLENuM : 0.87 M.
POWER CONTROL : ANS x 1.2 + ACTINIDE { 30 SEC AFTER SCRAM)

EXPECTED BCCREC TIME FROM ECC INITIATION 12 5:C

EXPECTED PEAK TEMPERATURE AT BOCREC 600 C

— 85—
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Table 2.4 Chronology of events for Cl-18

EVENT TIME (sec)

Test Initiated 0

{Heater Rods Power on)
{Data Recording Initiated)

Accumulator Injection [nitiated 55

Power Decay Initiated : 67.5 (67.5)
(Bottom of Core Recovery)

Accumulator Injection Switched 72.5
from Lower Plenum to Cold Leg

Accumulator Injection Ended and 72.0
LPCI Injection Initiated

A1l Heater Rods Quenched 626
Power Off 680
LPCI Injection Ended 860

1009

Test Ended

(Data Recording Ended)
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Table 2.5 Chronology of events for Cl-8

EVENT

Test Initiated
(Heater Rods Power on)
(Data Recording Initiated)

Accumulator Injection Initiated

Power Decay Initiated
(Bottom of Core Recovery)

Accumulator Injection Switched
from Lower Plenum to Cold Leg

Accumulator Injection Ended and
LPCI Injection Initiated

Power zone M5 reduced 20%
Power off

A1l heater rods quenched
LPCI injection ended

Test C1-8 ended
(Data recording ended)

TIME (sec)

0.0

53

65

70.5

77

129.5

134

287

408

500
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Table 2.6 Chronology of events for Cl-5

EVENT

Test C1-5 initiated
(Heater rods power on)
(Data recording initiated)

Accumulator

Power decay
(Bottom of

Accumulator
from Tower

Accumulator

injection initiated

initiated
core recovery)

injection switched
plenum to cold leg

injection ended and

LPCI injection initiated

A11 heater rods quenched

Power off

LPCI injection ended

Test

ended

(Data recording ended)

TIME (sec)

0.0

76

538

548

738

1068
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3. Results and Discussions

The system behavicr during the experiment is discussed in this
chapter. For C1-8, since the core power was prematurely interrupted
during the experiment, the C1-18 results are mainly discussed.

The discussion of the C1-18 results is divided into three groups.
The filled water behavior in the loop seal section is presented in
Section 3.1. The discussion of the vessel differential pressure
behavior is presented in Section 3.2, and the loop and the core.
behaviors are discussed in Section 3.3 and Sectiom 3.4: respectively.

The C1-8 results are compared with the C1-18 results in Section

3.5.

3.1 Water behavior filled in loop seal section

Before the initiation of the experiment, saturated water was filled
in each loop seal piping to 1.5 m level from the bottom of the piping.

Figure 3.1 shows the steam generator (SG) side and the pump-side
differential pressures in the loop seal section. The pump-side differ-
ential pressure was measured between the bottom and thé pump inlet
which is 0.92 m elevation from the bottom. The positive values of them
represent the higher pressure at the upstream,

The SG-side differential pressure significantly increases right
after flood. This indicates that the filled water was pushed from the
SG-side to the pump-side. That of the intact loop reaches about zero
value at 10 seconds after flood. After 10 seconds, the SG-side differ—
ential pressure of the intact loop is decreased again. This means that
some amount of the filled water returned from the pump side to the SG
side.

The water which was filled in the intact loop seal section is
pushed to the pump side again after 13 seconds because of the increase
of the upper plenum pressure. The steam initlated to penetrate through
the loop seal at 37 seconds after flood. The significant decrease of
the pump-side differential pressure indicates that this steam penetra-—
tion was remarkable after 55 seconds. The pump-side differential pres-
sure is stable at about zero value after 65 seconds. Most of the filled
water is considered to be blown away from the loop seal section to the
cold leg at that time. This trend is also observed in the broken loop,

however, the decrease of the SG-side differential pressure at 10 seconds



JAERI—M 83—115

is not observed.

Figure 3.2 shows the SG-side differential pressure of the intact
and the broken loop seal sections and the ECC injection rate into the
intact cold leg. In the experiment, the ECC water was injected into
the intact cold legs, but not into the broken cold teg. The differential
pressures in both the intact and the broken loops rise immedeatly after
the flood initiation. The steam was generated in the core after flood-
ing, and the generated steam resulted in the increase of the uﬁper
plenum pressure, therefore, the filled water in the loop seal section
was pushed from the SG-side to the pump-side. During the accumulator
injection period at the cold leg, the SG-side differential pressure in
the intact loop significantly increases and that 1s much greater than
in the broken loop. It is considered that the steam condensation in
the intact cold leg due to the subcocled water injection caused the
pressure decrease in the intact cold leg, as a result, the filled water
was pushed to the pump side. When the injection rate was reduced at
10 seconds, the steam condensation also diminished, and the filled
water reentered into the SG-side of the loop seal section. After that,
the filled water was pushed again to the pump side because of the
increasing pressure in the upper plenum, then, the steam could penetrate
through the filled water after about 50 seconds for the intact Loop-l.

Figure 3.3 shows the differential pressure between the bottom of
the loop seal piping and the pump inlet in each loop. The decrease of
them indicates the steam penetration through the loop seal section.

The initiation of the differential pressure decrease in each loop occurs
at the different timing between about 32 seconds and 50 seconds.

The exact water level in the loop seal section prior to the experiment
initiation and the reversed water mass during the accumulator injection
period are considered to affect the timing of the initiation of the
steam penetration., The differential pressures stay at nearly constant
value after the sudden decrease. Most of the water in the loop seal
gection was blown away.

These behaviors of the filled water were also confirmed by the
flow observation at -the locations in Loop-1 shown in Fig.3.1l. The steam
bubble passed through the horizontal bottom piping of the intact loop
seal section around 10 seconds, and the steam and water mixture flow
was observed at the pump inlet during the period from 50 seconds

through 70 seconds. The separate flow was observed at the bottom piping
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of the loop seal during 50 to 60 seconds. After that, water was mot
observed there. Much water was observed at the pump outlet through 70
seconds. After 70 seconds, the water intermittently passed through the
pump outlet piping. These flow observations indicated that the first
steam penetration occurred at 10seconds and the significant penetration
initiated at 50 seconds, then, most of the filled water was blown away

at about 70 seconds. -

3.2 Vessel differential pressure behavior

Figure 3.4 compares the differential pressure in the downcomér, the
lower plenum and the core. During the accumulator injection period, the
downcomer differential pressure steeply increases. When the ECC injec-
tion rate was reduced, the increasing rate of the downcomer differential
pressure lowers. At that time, the accumulated water mass in the down-—
comer is less for C1-18 than for Cl1-5. It is considered that some
amount of the injected water flowed into the loop seal section for C1-18,
as described in the former section, caused the less water mass supplied
into the downcomer, and the less accumulated mass in the downcomer.

The difference between the differential pressures in the downcomer
and the core is the driving force for the steam penetration through the
blocked loop seal section. This difference increased the upper plenum
pressure which pushed the filled water in the SG-side loop seal section
to the pump side. When the water level in the SG-side loop seal section
reached the top of the bottom piping of the loop seal section, the steam
penetration initiated. Since the flow area of the pump was about twice
of that of the loop seal piping, the calculated water level in the pump-
side loop seal section was about 2.05 m at that time. For Cl-18, when
the significant steam penetration occured in the broken loop at 32
seconds, the difference of the differential pressures in the downcomer
and the core reaches 20 kPa that is equivalent to the saturated water
head of 2.06 m. This value is nearly the same as the calculated water
level in the pump-side loop seal section.

As described above, the steam penetration initiated when the dif -
ference of the différential pressures in the downcomer and the core
oxceeds the effective water head at the top of the bottom piping of the
loop seal section when all of the filled water was assumed to be accumu-

lated only in the pump-side and the bottom pipings of the loop seal
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section, not in the SG-side.

For C1-18, the initiation of the significant steam penetration is
later in Loop-l and Loop-3 than in the broken loop (Loop-4) .
Because ECC water was not injected into the broken cold leg, the

potential cause of this delay was the reversed water mass.

When the significant steam penetration initiated, the filled water
in the intact loop seal sections and the accumulated water in the
intact c-1d legs were forced to flow into the downcomer, consequently,
the accumulated water mass in the downcomer increases consequently at
around 50 seconds. The downcomer differential pressure continues to
increase through the time when the filled water was almost discharged
from the loop seal section at 65 seconds. Since the peak value of the
differential pressure is greater than the saturated value of that which
is close to the downcomer overflow level, some of the accumulated water
could overflow into the containment. The downcomer dif ferential pressure

for C1-18 1is almost the same as that for C1-5 after 200 seconds.

The core differential pressure for Cl-18 is suppressed before the
significant steam penetration through the loop seal section at 50
seconds. That recovers at 65 seconds when the filled water in the loop
seal section was blown away. And that value is identical to the Cl-5
result after about 80 seconds, though the downcomer differential pressure
was still higher for C1-18 than for Cl-5. The core differential pressure
is nearly steady after that time.

- The differential pressure between the top of the core and the top
of the vessel is compared between C1-18 and Cl1-5 in Fig.3.5.
Water does mot accumulate above the core for C1-18 before 50 seconds due
to no significant steam flow in the core caused by the filled water in
the loop seal section, while the water accumulation for Cl1-15 initiates
immediately after the flood initiation. The accumilated water mass

above the core is slightly less for C1-18 than for C1-5 after that.

3.3 Loop behavior

The differential pressure in the broken cold leg nozzie is compared
in Fig.3.6. For C1-18, the steam generated in the core penetrated
through the filled water in the loop seal section at 37 seconds and

flows into the containment via the broken cold leg nozzle.
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This steam flow slightly increased the differential pregsure in the
broken cold leg nozzle. The steam penetration accompanied with the
water discharge increased the accumulated water mass in the downcomer,
and the downcomer overflow initiated. Since the steam flow increased
in the intact loops due to the cleared intact loop seal sections and
the downcomer water overflow, the differential pressure in the broken
cold leg mozzle significantly increases after 65 seconds. The differ-
ential pressure gradually decreases after that reaches the peak value
at 130 seconds. The value and the trend of the differential pressure
for C1l-18 are mearly the same as those for CL-5 after about 200
seconds . '

Figure 3.7 compares the differential pressure in the intact and
the broken loops. TFor C1-18, the differential pressures in both loops
before the significant steam penetration represent the difference of
the filled water heads between the pump-side and the SG-side of the
loop seal section due to no significant steam flow in the loops.

And after 65 seconds, those represent the pressure drop caused by the
flow resistance in the loop. For the broken loop, that reaches 19.5 kPa
when the significant steam penetration initiates at 32 seconds.

This value is almost the same as the difference of the differential
pressure of the downcomer and the core at that time, as mentioned in

the former section. For the intact loop {(Loop-1), the steam penetra-
tion delays about 20 seconds and the differential pressure reaches

24 kPa. This behavior shows that the filled water mass in the loop seal
section of Loop-1 was increased by the reversed water. The sudden
increase of the accumulated core water mass caused the increased steam
generation rate in the core, and the higher downcomer differential
pressure allowed the higher pressure drop in the loop for Cl-18 than

for Cl-5 after 65 seconds. The higher differential pressure in the
broken cold leg nozzle for Cl1~18 promoted this behavior for the broken
loop. After 200 seconds, the differential pressures in both loops for
C1-18 are nearly the same as those for Cl-5.

Figure 3.8 shows the comparison of the fluid temperatures in the
inlet and the cutlet plenum of the steam generator. The inlet tempera-
tures of both experiments are nearly identical to the saturation tem-
peratures, The outlet temperature for ¢1-18 increases at 50 seconds,.
This confirmes that the steam flow in this loop initiated at this time.

The value of the outlet temperature for Cl-18 is identical to that for
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Cl1-5 after 100 seconds.

3.4 Core behavior

Figure 3.9 compares the core flooding rate between C1-18 and Ci-5,
For Cl-5, the flooding rate is very high at the initiation of the
transient due to the steep increase of the downcomer differential
pressure which is the driving force of the core flooding. For Cl-18,
the steep increase of the downcomer differential pressure was also
observed, as shown in Fig.3.l, however, since the filled water head in
the loop seal section deducted the driving force, the flooding rate is
significantly lower in an early transient than that for Cl-=5.

The deduction of the driving force was taken out when the steam
penetrated through the loop seal section at about 32 seconds, then the
flooding rate increases. After the steam penetrated all of four loop
seal section, the flooding rate significantly increases until 60
seconds. The flooding rate reduces again after 60 seconds. The value
of the flooding rate for C1-18 is very similar to that for Cl-5 after
about 80 seconds.

The fluid temperature at the core inlet and the core saturation
temperature are compared in Fig.3.10. The fluid temperatures of both
experiments at the core inlet show the significant subcooling.

The direct injection of the subcool ECC water into the lower plenum
affected this fluid subcooling.

Figure 3.11 compares the clad surface temperatures of the average-
powered rod (TE18Y rod). For CL-5, the increasing rate of the surface
temperature reduces immediately after the flood initiation due to the
steam flow in the core caused by the steam generation in the lower
part of the core. On the contrary, for Cl-18, the increasing rate does
qot reduce because of no significant steam flow caused by the blockage
of the loop seal section. As a result, the surface temperatures are
significantly higher, the turnaround time is longer, especially on
1.015 m elevation, and the guench time is also longer for C1-18 than
for Cl-5.

The calculated heat transfer coefficients of the maximum-powered
rod (TF32X13) midplane are compared in Fig.3.12. The lower water
accumulation in the core and the lower flooding rate in an early tran-—

gsient resulted in the lower heat transfer coefficient for C1-18 than



JAERI—M 83-115

for Cl-5. That for CI-18 increases around about 65 seconds, however,
the value is still lower for Cl-18 than that for Cl-5. The void
fraction near the core midplane are compared in the Fig.3.13. The void
fractions for C1-18 decrease after about 50 seconds, while those for
C1-5 decrease immediately after the flood initiation., Though the
saturated value of each elevation for C1-18 is similar to that for
C1-5, the void fraction between 1.83 m and 2.44 m for C1-18 is higher
through 240 seconds than that for Cl-5. This higher void fraction

seems Lo cause the lower heat transfer coefficient.

Figure 3.14 presents the comparison of the turnaround times in the
core medium-powered region (B region). As expected from the rod surface
temperature responses, the turnarcund time at the elevation of 1.05 m 1is
significantly longer for C1-18 than for Cl-5 due to less water accumu-=
lation in the core. Since the core water accumulation was steeply
increasing during the period from 50 seconds to 60 seconds, as shown in
Fig.3.4, the steam generation rate must be significantly increased.

The increased steam flow promoted the heat transfer, as shown in
Fig.3.12, and resulted in the relatively earlier turnaround time at
1.83 m elevation for Cl-18. Figure 3.15 compares the turnaround tem-—
peratures in the core medium-powered region (B region). The turnaround
temperature at each elevation is quite higher for C1-18. This tendency
is significant for the elevation of 1.05 m. The maximum turnaround
temperature in the core is 1134 K for C1-18 and 1039 X for Cl-5.

The lower heat transfer coefficient in an early transient which was
caused by the loop seal section blockage resulted in the higher turn-—
around temperature. Figure 3.16 shows the comparison of the quench
times in the core medium—powered region (B region). The quench times
are also longer for C1-18, however, the difference is not so significant.
The early recovery of the core water mass contributed to reduce the

effect of the blocked loop seal section on the core quench behavior,

3.5 Comparison of C1-8 with C1-18

The C1~8 experiment was conducted under nominally the same condi-
tions as those for €1-18. TIn the test, since the rod surface tempera-
ture exceeded the designed allowable temperature, the power supply to

the core was prematurely interrupted at that time.
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The differential pressure in the SG-side loop seal section is com—
pared between Cl-8 and Cl1-18 in Fig.3.17. They are identical to each
other through about 30 seconds. The effects of the steam condensation
and the reversed water, as decribed in Section 3.1, are also observed
in C1-8 result. After 30 seconds, the differential pressure for C1-8
is slightly lower than that for C1-18. Figure 3.18 compares the differ-
ential pressure between the bottom of the loop seal section and the
pump inlet. Though the tendency of them is very similar to each other,
the timing of the initiation of the steam penetration through the loop
seal section delays for C1-8. For the broken loop (Loop-4), the delay
is not so significant, but for the intact loop (Loop-1), the steam
penetration is more than 20 seconds later, and it occurs after turning

off the core power supply.

Figure 3.19 shows the comparison of the differential pressure in
the downcomer, the lower plenum and the core. The tendency is quite
similar to each other. However, the downcomer differential pressure is
slightly lower for C1-8 than for C1-18 before the initiation of the
significant steam penetration. The downcomer differential pressure is
very important for these experiments, because that is the driving force
of the steam penetration through the loop seal section. The slightly
lower downcomer differential pressure for C1-8 reduces the differential
pressure between the hot leg and the cold leg and results the delayed
steam penetration into the loop seal section, as shown in Fig.3.18.

The steep increase of the core accumulated water mass due to the steam
penetration is also delayed and occurs after interrupting the corve power
supply.

The accumulator injection rate, as shown in Fig.3.20, is about
1.39x10"% m3/s lower on the average for Cl-8 than for Cl1-18.

The difference of the injected water mass between C1-8 and the C1-18 is
equivalent to about 0.15 m difference of the collapsed water level in
the downcomer. It is considered that the less injected water mass
caused the lower downcomer differential pressure, consequently, the
delayed steam penetration through the loop seal section.

Figure 3.21 compares the surface temperatures of the maximum
powered rod (TE32X). For ¢1-18, the temperature rise reduces at about
the same time as the initiation of the steam penetration. Since the

steam penetration is delayed for C1-8, the temperature continue to
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increase before that and reaches 1163 K, then the power to the core
central region was reduced by 20%. At last, the temperature reaches

1173 K which is the maximum allowable temperature, and the core power

was turned off.

The little lower accumulator injection rate for Cl-8 caused the

delayed steam penetration through the loop seal sectlon and resulted

in the higher rod temperature.



JAERI-M 83—115

1Ees doo spls-dund pur apTS-95 UT soInssaxd TRIIUSABIITA

MOPULM UOLIBALSSTO MO|J X

(apis dund)}

12|ul dwnd pue uciL}das |eas doo| 4o
Wwe110q Uaam1aq s4nssadd |eljusdafstg  12d0

1BWOILMOQ

LUo1129s teas doo| 40
3pLS 9§ Ul 34n5saad | BLluUBUdilo i 1d0 2ION

orge

Bvele

b

\..\. >

10d uolgelll o3

uGUDI 1D

P iesar o

dwng

8(0)7

uoTIO3s

1°¢°814

(S) POOlj oD Bw(l

00t 00¢ 00\ 0
I T _ G-
doo| usyoug ———--
}—doo| }jooju] ———o
n ¥y —0-
_
_A
|
!
- apis 95| —G-

|pHuaiaiiid

sanssaid

(OdX)



JAERT—M 83-115

5 ! I 1
= Differential .-~~~ 70.03
EE pressure —
= 0l »
% Intact E
g Broken * loop -0.02
P [4b]
(= -5 ??
= c
; :
5 -00t §
e 10 =
a =

——————————— '-.,“_ /.."‘-.————-.
0 20 40 60 80
Time after flood (s)
Fig.3.2 S5G-side differential pressure and ECC injection rate into
cold leg

{5 ,
©
o
x el
Q
| .
a1
N
17}
=
[N u—
=]
i
@
—
Qo
QE —
(]

-5 ] ] | |

0 20 40 60 80 100
Time after flood (s)
Fig.3.3 Differential pressure between bottom of loop seal sectiom

and pump inlet



JAERI—M 83—115

80— T | T 1
©
a
= 60~ -
L
3
w
&
= 40 -
=
5 L lenur
- B ower plenum ]
?GE) 20
- ——Ci-18
---=C{-5
O | | | ] [
0 100 200 300 400 500
Time after flood (s)
Fig.3.4 Differential pressures in downcomer, core and lower plenum
8 ! I
o Cl-18
=
61 —_——=Ci=5 7
L
=
wn
N
o
a 4 ]
I
=
L
L -
=
oK 1 | | |
0 100 200 300 400 500

Time after flood

Fig.3.5

(s)

Differential pressure above core



Differential pressure {kPa)

( kPa)

pressure

Differential

JAERT —-M 83—115

500

60 ; 1 i
— C1-18
——=-Ci-5
40 -
20— —
O \
o 100 200 300 400 500
Time after flood (s)
Fig.3.5 Differential pressure in broken cold leg nozzle
80
60 -
40 =
20 -
0 | ] ! |
0 100 200 300 400
Time after fiood (s)
Fig.3.7 Differential pressures in intact and broken loops



0

JAERT—M "83~1i16

00 : , 1 :
5050l ——i~18 |
———Ct-5
[ |
et rl .
500 ] -
o | Outlet N A/
3 |1 I [
2 Py
£ Inlet h
m.
2
3004 | | ] ]
100 200 300 100 500
Time after flood (s)
Fig.3.8 Fluid temperatures in inlet and ocutlet plenum of steam
generator
30 T T T 1
— —— C1-18
~
o ———Ci-5
— 20+ -
15 :
© I
= ]
[
2 ok =
.'.c !
O 4 ,r“\
O -\ \
T &
0  !

1
100 200 300 400 500
Time after flood (s)

Fig.3.9 Core flooding rate



(K)

Temperature

JAERI—M 83—115

500

700 T 1 T l
ci-18
600 |- -
———=Ci-5
O
[#]
— 500 =
et
E .
o Saturation temperature
L] e —— = -
5 T Core Inlet temperature
—
300 | i J I
0 {00 200 300 400 500
Time after flood (s)
Fig.3.10 Core inlet fluid temperature and saturation temperature
1500 I | T T !
——C1-18
1200} ——-=Ci-5 A
2.44m eglgvation
200 .
600 -
300 i | J I i
0 100 200 300 400
Time after flood (s)
Fig.3.11 Clad surface temperatures of average-powered rod (TEL8Y rod}



JAERI—M 83—115

=
Qa
£ 400
S
O
(]
S
2 200 -
S
= S — C1-18
D = ~—-Cl1-5
I - 0 L ] |
0 100 200 200 400

Time after flood (s)

Fig.3.12 Heat transfer coefficient on maximum-powered rod midplane

1.2 : , ,

\

—~ 0.9 |

[

[ o

S

S 0.6 > |

£ {,22-1.83m _

. —~ r"\.-"\"ﬁh-’ == y

- LW, v

5

> 0.3+ -
—— C1-18
-———=Ci{-5

0 | | |
0 100 200 300 400

Time after flood (s)

Fig.3.13 Core void fraction

_,33_



(m)

Elevation

JAER!{—M 83-115

(m)

Elevation

— (1-18
——=-Cl-5
0 I ] ! l
0 50 100 150 200 250
Turnaround time (s)
Fig.3.l4 Turnarcund times in core medium-powered region (B region)
4 | l |
= -
2 - —
1+ —
C1-18
7 ———— Ci-5
I ! ]
500 700 900 1100 1300
Turnaround temperature (K )
Fig.3.15 Turnaround temperatures in core medjum-powered regiom

(B region)



JAERI ~-M 83-115

{m)

Elevation

Fig.3.16

Fig.3.17

200 -

400 600

Quench time (s)

Quench times in core medium-powered region (3 region)
5 [ I |

£ ofF
a2
(2%
S
7
® 5
(1
=
§ _10k —— C1-8 |
8 ——— C1 —18
3

_1 5 ’“jﬂ ! |

0 100 200 300
Time atter flood (s)

Comparison of differential pressure in SG-side loop seal

section



JAERI—M 83-115

{kPa)

pressure

Differentiai

Power off

5 | | | l |
0 20 40 60 80 {00

Time after flood (s)
Fig.3.18 Comparisen of differential pressure between bottom of loop

seal section and pump inlet

80— T l
o
a. [
> Downcomer
[3] 60+ ]
2
[72]
bt
o
S 40} —
= | e T
L
2
O 20 —
Lower plenum
—C1-8
Power-off for C1-8
| —---CI-18
0 | ! ]
0 100 200 300

Time after flood (s)
Fig.3.19 Comparison of differential pressures in downcomer, lower

plenum and core



JAERTI—M 83-115

(m3/s)
[ @]
o
(@ 4]
|

rate
o
(]
(a)]

i

Injection

0 ] } ]
-40 -20 0 20 40

Time after flood (s)

Fig.3.20 Comparison of accumulator injection rate

1500 : , 1
—C!-8
-———Ci-18
1200 -
~
= N
) ST
.é 900 \\\‘ ~
o
x 2.44m elevation
=
[4}}
600 -
3()0'” | | 1 . -
0 100 200 300
Time after flood (s)
Fig.3.21 Comparison of surface temperatures of maximum-powered rod

(TE32¥X rod)



JAERI-M 83—-115

4, Conclusions

In order to study the effect of the water seal in the loop seal
section on the reflood phenomena, Cl-18 and C1-8 were conducted.
In these experiments, the loop seal section was filled with the
saturated water by the elevation of 1.5 m. The results of Cl-18 were
compared with those of C1-5 which was performed without the water seal
in the loop seal section. The Cl-8 results were alsc compared with the

C1=-18 results.

For C1-18

O Filled water behavior in the loop seal section

1) The filled water was pushed from the SG side to the pump side
of the loop seal section immediately after the flood initiation
due to the pressure increase in the upper plenum.

2) This movement was accelerated by the steam condensation in the
intact cold leg and/or in the upper part of the downcomer during
the period that the subcooled accumulator water was injected
into the intact cold ieg. A small amcunt of the steam penetrated
through the loop seal section in this period.

3) During this period, the reverse water flow was observed at the
outlet of the pump. The water mass in the loop seal section
seemed to increase.

L) The significant steam penetration through the broken loop seal
section occurred at 32 seconds after BOCREC and most of the
filled water was blown away until 65 seconds.

5) The initiation of the steam penetration in the intact loop was
about 18 seconds later than that in the broken loop.

The increased water masg due to the reversed water caused this

delay.

O System behavior

1) The core water accumulation was suppressed before the significant
steam penetration through the loop seal section. Therefore, the
differential pressure in the downcomer was much higher than that
in the core.

2) The difference between the differential pressures in the down-
comer and the core is the driving force of the steam penetration

through the loop seal section. The steam penetration initiates
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when the water level in the SG-side loop seal section reaches
just below the top of the bottom piping. For Cl-18, the
significant steam penetration through the broken loop seal
section initiated at 32 seconds after BOCREC and at this time,
the driving force was equal to the water head in the pump-side
loop seal sectiom.

Simultaneously with the significant steam penetration, the core
water mass increased and reached the identical value to that
for Cl-5,

Since the discharged water from the loop seal section increased
the accumulated water mass in the downcomer, the initiation of
the downcomer overflow was earlier for C1-18 than for C1-5.

The mixture of the steam and the overflowed water caused the
significant pressure drop in the broken celd leg nozzle.

The differential pressure of the each system component was
similar to that for Cl-5 after about 200 seconds. The effect
of the filled water in the loop seal section was considered to

disappear at that time,

Core behavior

1)

2)

3)

4)

No steam flow in .the core before the significant steam penetra-
tion resulted the low heat transfer coefficient in the core and
the low flooding rate.

After the significant steam penetration, the high flooding rate
was observed in a short peried. The accumulated water mass in
the core alsc increased at that time. Thus, the core heat
transfer coefficients increased.

Because of the low heat transfer coefficient in an early
transient for Cl1-18, the turnaround.temperatures were high.

The maximum turnaround temperature was 1.34 K which was about
100 K higher than that for Cl-5.

The quench times in the core were not so different with those
for Cl1-5. The early recovery of the core water mass reduced
the effect of the loop seal section blockage on the quench

hehavior.
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Comparison of C1-18 with C1-8

1)

2)

3}

4)

In C1-8, the initiation of the significant steam penetration
was later and the temperature rise of the core was higher than
those for Cl1-18.

The accumilator injection rate for Cl1-8 was slightly lower and
caused the slightly lower differential pressure in the downcomer,
accordingly the lower driving force of the steam penetration.
Therefore, it took more time for the steam to penetrate through
the loop seal section and that allowed the higher temperature
rise of the core. The maximum temperature in the core exceeded
the designed allowable temperature, then the supplied power was
prematurely turned off.

As described above, the ECC injection rate affected the initia-

tion of the steam penetration through the loop seal section.
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Appendix A

Definition of Tag. IDs in Appendix B through Appendix D
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power zones and bundle numbers

Tag.ID for void fraction (AG(EL.1) ™ AG(EL.6))
Tag.ID for average linear power.of heater rod
unit zone {(LPClA " LFPOYA)

Tag.ID for differential pressure through down-

comer, upper plenum, core, and lower plenum

(DSD55, DTO7JRTS, DSC75, DSCL5)

Definition of

Tag.ID for differential pressure through intact

and broken loop and broken cold leg nozzle

(DT23C, DTO1B,

Definition of

DPBCN)

Tag.ID for fluid temperature in inlet and outlet

plenun and secondary of steam generator

(TEO2GW, TEOSGW, TEO08GUH)
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1. Definition of Tag.ID for clad surface temperatures
Notation : TENNWAM
NN : Bundle number

WA : Power =zone

WA = X1, X2 : High power {(Local power factor 1.1)

WA = Y1, Y2 : Medium power {(Local power factor 1.0)
WA = z1, 22 : Low power (Local power factor 0.93)
M : Elevatien
Elevation (m) Axial power factor

1 0.38 0.568

2 1.015 1.176

3 1.83 1.492

4 2.44 1.312

5 3.05 0.815

2. Definition of power zone and bundle number

See Fig. A-1

3. Definition of Tag.ID for void fraction

See Fig. A-2

4. Definition of Tag.ID for average linear power of heater rod in

each power unit zone

See Fig. A-3

5. Definition of carry-over rate fraction (C.R.F)

m + 1w
cxp = VP iy

o .
Mep Ve 7L
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The calculated data within *25 s are averaged:.

i+50

1
(CRF), = 7= 2 (CRF)
1 101 k=l—50 k
where

APUP Average of measured data at four orientations
APCR : Same as above

. d
et Aup dt (APUP)
noo=a. S @ar )

CR CR dt CR

4

n, o= L m
mL k=1 rk
& : mass flow rate or mass accumulation rate

AP: differential pressure
suffix

UP: upper plenum

CR: core

L : loop

p : primary pump

6. Definition of Tag.ID for differential pressure through downcomer,

upper plenum, core and lower plenum

See Fig. A-4

7. Definition of Tag.ID for differential pressure through intact

and broken loop and broken cold leg nozzle

See Fig. A-5

8. Definition of Tag.ID for fluid temperature in inlet and outlet

plenum and secondary of steam generator

See Fig. A-6
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Steam
generator

Steam
generator

Core

DPBCN CulcﬁMted from data
. ‘ measured with DT43C ond DT23C

Contalnment tank

Containment tank

Fig. A-5 Definition of Tag.ID for differential pressure
through intact and broken loop and broken cold
leg nozzle (DT23C, DTOLB, DPBCN)

Temperature megsurement
{. Inlet plenum (TED 2GWI
| gl 2. Outlet plenum {TEDO 5GW)
3 2 3 Secondary side {TEQ8GOH)
I
o .
3
Top of
(=)
=1 1|2 of fube sheet
= ¢ I~
b
2
Hot leg Cold leg

Fig. A—6 Definition of Tag.ID for fluid temperature in
inlet and outlet plenum and secondary of steam
generator (TEo2CGW, TEOSGW, TEG8GOH)
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Appendix B

Main results for Test C1-18 (Run 37)
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Differential pressure through intact and broken locops
Differential pressure through broken cold leg nozzle

Total water mass flow rate from intact loops to downcomer

Total steam mass flow rate from intact loops to downcomer

Water mass flow rate through broken cold leg nozzle

Fluid temperature in inlet plenum, out let plenum, and
secondary of steam genmerator 1

Fluid temperature in inlet plenum, outlet plenum, and
gsecondary of steam generator 2

Total accumulator injéction rate

ECC water injection rates to lower plenum and to cold legs
Core inlet mass flow rates estimated by mass balance down-
stream and upstread of core inlet

Comparison of injected mass into core among two estimation

methods and evaluated mass
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Table B-1 Summary of test conditicns

TEST TYPE :  LOOP SEAL WATER FILLING TEST
TEST NUMBER : RUM 037 3. DATE : March 10, 1981
POWER : A: TOTAL: 9.40 MW; B:LINEAR:_ 1.41 KuW/M

RELATIVE RADIAL POWER SHAPE :

A: ZONE: A B C

B: RATIO: 1,153 :__1.079" :_0.885

AXIAL POWER SHAPE : CHOPPED COSINE

PRESSURE {KG/CM2A) :
A: SYSTEM: 1.96 ., B: CONTAINMENT _ 1.95 ,

C: STEAM GENERATOR SECONDARY: 53.6

TEMPERATURE (DEG.C) :

A: DOWNCOMER WALL 166 ., B: VESSEL INTERNALS 108
C: PRIMARY PIPING wALL 120 , D: LOWER PELNUM LIQUID 114
E: ECC LIQUID 38.8 . F: STEAM GENERATOR SECONDARY _ 263

G: CORE TEMPERATURE AT ECC INITIATION 597

ECC INJECTION TYPE: C
A: COLD LEG, B: LOWER PLENUM, C: LOWER PLENUM + COLD LEG

PUMP K-FACTOR : ~ 15

ECC FLOW RATES AND DURATION :
A: ACCUMULATOR 285 M*/HR FROM 0 To 24 SECONDS

B: LPCI 30.2 M3/HR FROM 24 TQ 805 SECONDS

C: ECC -INJECTION TO LOWER PLENUM : FROM 0 T0 17.5 SECONDS

(VALVE OPENING AND CLOSING TIMES ARE INCLUDED IN THE INJECTION
DURATION)

INITIAL WATER LEVEL IN LOWER PLENUM : 0.88 M.,
DOWER CONTROL : ANS x 1.2 + ACTINIDE ( 30  SEC AFTER SCRAM)
EXPECTED BOCREC TIME FROM ECC INITIATION 12 SEC

EXPECTED PEAK TEMPERATURE AT BOCREC 600 C
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Table B-2 Chronology of events

EVENT TIME (sec)

Test Initiated 0

(Heater Rods Power an)
(Data Recording Initiated)

Accumulator Injecticn Initiated 55

Power Decay Initiated 67.5 (67.5)
(Bottom of Core Recovery)

Accumulator Injecticn Switched 72.5
from Lower Plenum to Cold Leg

Accumulator Injection Ended and 3.0
LPCI Injection. Initiated

A1l Heater Rods Quenched 626
Power Off 680
LPCI Injection Ended 860

1009

Test Ended

(Data Recording Ended)
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Appendix C

Main results of Test C1-8 (Run 17)
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Table C-1  Summary of test conditions

TEST TYPE : LOOP SEAL WATER FILLING TEST
TEST NUMBER : RUN 017 3. DATE : Nov.29, 1979
POWER : A: TOTAL: 9-37 M4; B:LINEAR: 1-4  Ku/M
RELATIVE RADIAL POWER SHAPE :

A: ZONE: A B C
B: RATIO: 1.07 : 1.0 : 0.82

AXIAL POWER SHAPE : CHOPPED COSINE
PRESSURE (KG/CM2A) :
A: SYSTEM: 2.08 , B: CONTAINMENT 2.09 ,

C: STEAM GENERATOR SECONDARY: 51

TEMPERATURE (DEG.C) :
A: DOWNCOMER WALL 183 , B: VESSEL INTERNALS 110

C: PRIMARY PIPING WALL 120 , D: LOWER PELNUM LIQUID 111
E: ECC LIQUID 37 , F: STEAM GENERATOR SECONDARY 264

G: CORE TEMPERATURE AT ECC INITIATION 516

ECC INJECTION TYPE: . C
A: COLD LEG, B: LOWER PLENUM, C: LOWER PLENUM + COLD LEG

PUMP K-FACTOR : 15

ECC FLOW RATES AND DURATION :
A: ACCUMULATOR 79 M3/HR FROM g TO p4  SECONDS

B: LPCI 30.9 M3/HR FROM 24 70 355 SECONDS

C: ECC -INJECTION TO LOWER PLENUM : FROM 0 T0 7.5 SECONDS

(VALVE OPENING AND CLOSING TIMES ARE INCLUDED IN THE INJECTION
DURATION)

INITIAL WATER LEVEL IN LOWER PLENUM : 0-87 M.
POWER CONTROL : ANS x 1.2 + ACTINIDE { 30  SEC AFTER SCRAM)
EXPECTED BOCREC TIME FROM ECC INITIATION ¢  SEC

EXPECTED PEAK TEMPERATURE AT BocReC 00 ¢
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Table C-2 Chronology of events

EVENT

Test Initiated
{Heater Rods Power on)
(Data Recording Inftiated)

Accumulator Injection Initiated

Power Decay Initiated
(Bottom of Core Recovery)

Accumulator Injection Switched
from Lower Plenum to Cold Leg

Accumulator Injection Ended and
LPCI Injection Initiated

Power zone M5 reduced 20%
Power off

A1l heater rods quenched
LPCI injection ended

Test C1-8 ended
(Data recording ended)

TIME {sec)

0.0

53

65

70.5

77

129.5

134

287

408

500
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Fig. C-18 Quench time in high power region (A region)
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Fig. C-19 Quench time in medium power region (B region)
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Fig. C-25 Differential pressure through upper plenum
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Fig. C-28 Differential pressure through broken cold leg nozzle
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Fig. C-31 Water mass flow rate through broken cold leg nozzle
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