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This report presents the evaluation for the CCTF Core-II test C2-3
(Run 61), which was conducted on April 21, 1983. 1In this test, the
effects of the downcomer water accumulation velocity in the initial
period on the thermo-hydrodynamic behaviors during the reflood phase of
a PWR-LOCA was investigatéd. This is because the higher downcomer water
accumulation velocity in the initial period may result in the higher
core flooding rate, and hence, promcte the core cooling and increase
the U-tube type oscillation. Since the downcomer flow area is larger
than the PWR scaled value in the CCIF being expected to result in a
lower downcomer water accumulation velocity than in the PWR during the
initial period, it 1s important to investigate this effects in the
CCTF in order to confirm that the CCTF test results are applicable to
the PWR analyses without any difficulty on the scaling of downcomer
flow area.

Comparing the data of the present test with those of the base case

test, the following results are obtained:

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

%% Mitsubishi Atomic Power Industry Inc.
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The time teo f£ill the downcomer was about 8 s in the present test
and was significantly shorter than that in the base case test
(i.e. 16 s).

The higher downcomer water accumulation velocity in the initial
perioed is .considered to result in the observed higher core flood-
ing rate and the larger U-tube type oscillation in the initial
periecd.

The intact loop differential pressure, i.e. the steam binding, and
the core differential pressure were also observed to increase
rapidly. These are considered to reduce the core flooding rate
rapidly.

By 20 s the core flooding rates for the present test and the bése
case test were observed to become almost identical. The larger
oscillation in the present test was also observed to be damped by
30 s.

After 20 s the thermo-hydrodynamic behaviors in the system of
both tests were observed to be almost identical, and the effects
of the initial downcomer water accumulation velocity became un-
noticeable. -

The core cdoling behavior was observed to be almost identical in
both tests through the whole transient including the initial
period.

Therefore, it is concluded that although the downcomer flow area
of the CCTF is larger than the scaled value, with respect to this
peint, there is no problem for applying the CCTF test results to

the PWR analyses.

" Keywords: Reactor Safety, LOCA, ECCS, PWR, Reflood Experiment, Heat

Transfer, Two-phase Flow, Downcomer
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1. Introduction.

A reflood test program(l) using 1arge scale test facilities has
been conducted at the Japan Atomic Energy Research Institute (JAERI).
The facilities are the Cylindrical Core Test'Facility (CCTF) and the
Slab Core Test Facility (SCTF). This report presents the evaluation
for the CCTF Core-II test, Test C2-3 (Run 61).

The CCTF is an experimental facility designed to model a full-
height core section, four primary loeps and their components of a
pressurized water reactor (PWR). This facility is used to provide
information on fluid behaviors in the core, downcomer and upper plenum
including the steam and water carryover phenomena, and integral system
effects during the refill and reflood phases of a hypothetical loss-of-
coolant accident (LOCA) of a PWR.

The objectives of the test program using the CCTF are:

a. Demonstration of capabilitvy of emergency core cooling system
(ECCS) during refill and reflood period.

b. Verification of reflood analysis codes.

c. Collection of information tec improve the thermo-hydrodynamic
models in the analysis codes, such as, (a) multi-dimensional
core thermo-hydrodynamics including the radial power distribu-
tion effect, fall back effect and spatial oscillatory behavior,
(b) flow behavior in the uppér plenum and hot legs, (c).behavior
of accumulated water at the bottom of the upper plenum including
possible counter—current flow and sputtering effect, (d) hvdro-
dynamic behavior of the injected ECC water and the water
passing through the steam generator, (e) multi-dimensional
thermo-hydrodynamic behavior in the hot annular downcomer,

and (£) overall oscillatory behavior in the system.

As the first series of the CCTF tests, twentv-seven CCTF Core-1
tests were conducted. This series of tests presented a lot of informa-
tion{2) on the system thermo-hydrodynamic behavior as well as the core
behavior during the refill and reflood phases of a LOCA in a PWR. The
CCTF Core-I test series was initiated in March 197% and terminated in
April 198l. Subsequently, as the second series of the CCTF tests, the

CCTF Core-II test series was initiated in March 1982, The special
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purposes of the CCTF Core-II test program are to investigate the effects
of alternative ECCS such as the combined and the downcomer injections as
well as to extend the experimental range of Core-I test series.

Test C2-3 (Run 61) was conducted on April 21, 1983 in order to
investigate the effects of initial downcomer water accumulation velocity
on the thermo~hydrodynamic behaviors during the reflood phase of a PWR-
LOCA, The downcomer flow area of the CCIF was designed to include the
additional flow area of the barrel-baffle region as described in Section
2.1.1. Accordingly, the water accumulation velocity in the downcomer is
expected to be lower than that in the reference PWR. The difference in
the downcomer water accumulation velocity may result in the difference
in the core flooding rate(a), and hence, the core cooling, the core
water accumulation, the U-~tube type oscillation and so forth. Therefore,
the present test was conducted in order to clarify the items mentioned
above.

In the present test, the ECC water was injected into the downcomer
as well as the lower plenum and intact cold legs during the Acc period
in order to increase the initial downcomer water accumulation velocity.
The injection rate of the additionél downcomer injection was determined
to simulate the situation of the PWR as closely as possible.

In this report, the results of the present test are analyzed by
being compared with those of the base case test(”). The selected data
of the present test are presented in Appendix B for better understaﬁding

of the test results.
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2, Test Description

2.1 Test Facility

The CCTF Core-1T was designed in consideration of the following

objectives and criteria:

a. Design objectives

(1)

(2)

(1)

(2)

(3)

(4)

(5)
(6)

(7)

(8)

(9

(10)

The facility should provide the capability to reasonably
simulate the flow conditions in the primary system of a PWR
during the refill and reflood phases of a LOCA.

The downcomer design should provide ECC water flow behavior
throughout the test which is reasonably representative of

that of the PWR downcomer.

Design criteria

The reference reactors are the Trojan reactor in the USA and
in certain aspects the Ohi reactor in Japan.

The wvertical dimensional and locations of system components are
kept as close to those of the reference reactors as possible,
The flow areas of the syvstem components are scaled down in
proportion to the scaling factor of core flow area.

The facility is equipped with four loops which are composed

of three intact loops and one breoken loop.

A 200% cold leg large break is simulated in the broken loop.
The ECCS consists of two accumulator systems (Acc) and a low
pressure coolant injection system (LPCI), and the injection
locations are the upper plenum, the downcomer and the hot legs
as well as the lower plenum and the cold legs.

The maximum allowable pressure of the facility is 588 kPa

(6 kg/cm? absolute).

The maximum allowable temperature of the simulated fuel rods is
1173 K (900°C).

The maximum allowable temperature of the components in the
primary system except the simulated fuel rod assembly is 623 K
(350°C).

The reactor vessel contains approximately 2,000 electrically

heated rods simulating the fuel rods.
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(11) The design of upper plenum internals is based on that of a new
Westinghouse 17x17 type fuel assembly.

(12) The flow resistance of each loop is adjusted by an orifice in
the pump simulator.

{13) The containment system consists of two tanks.

A bird's-eye view of the CCTF is shown in Fig. 2.1. The scaled
dimensions of the components are given in Table 2.1.
The differences in the design of the Core-II facility from the

Core-I are:

(1) Axial and local peaking factors of heater rods

(2) TEdge shape of grid spacers

(3) Upper plenum structures (upper plenum internals, plugging
devices in end box region and a upper ring)

{4) Vent valves

(5) Alternative ECCS (downcomer injection and upper plenum injection)

(6) Instruments

2.1.1 Pressure Vessel and Internals

The pressure vessel is of a cylindrical type as shown in Figs. 2.2
and 2.3. The height is the same as the reference reactor pressure
vessel. The radial direction is scaled down by the flow area scaling
ratio of 1/21.44, The upper ring was newly installed in the Core-II
facility for the installation of the upper plenum ECC water injection
lines and the instruments. The upper plenum injection lines are shown
in Figs. 2.4 and 2.5. The upper plenum injection is adopted in some
2-loop PWRs in Japan and the USA. TFour vent valves and two donwcomer
ECC water injection nozzles, which are called Core Flooding Nozze (CFN),
are also newly equipped in the Core-II facility as shown in Figs. 2.2
and 2.3. Vent valves and CFNs are for the simulation of a Babcock &
Wilcox (B & W) type PWR. Downcomer injection nozzles alsc exist in a
couple of recent Japanese PWRs. The downcomer injection is also
adopted in a couple of recent Japanese 2-loop PWRs without vent valves.
The location of CFNs are shown in Fig. 2.6 in detail.

The cross section of the pressure vessel is shown in Fig. 2.3 and
the dimensions are given in Fig. 2.7. The core consists of thirty-two

8x8 electrically heated rod bundles arranged in a cylindrical configuration
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and simulates a Westinghouse 15x15 type fuel assemblies,

The downcomer is an annulus of 61.5 mm gap. 1In determining the
gap size, the flow area of the core baffle region was added to that of
the downcomer region, Thus, the core baffle flow area is included in
the downcomer simulation and is not simulated separately in the vessel
inserting stainless steel fillers to prevent fluid flow.

The wvessel wall is constructed of carbon steel which is caldded
with the 5 mm thick stainless steel plate. The wall is 90 mm thick to
gimulate the stored energy as reasonably as possible during ECC water
injection.

The design of upper plenum internals is based on that of the new
Westinghouse 17%17 type fuel assemblies instead of the old type simu-
lated in the Core-1 facility. The internals consists of ten control
rod guide tubes, ten support columns and twelve open holes as shown in
Fig. 2.8. The radius of each internals is scaled down by factor 8/15
from that of an actual reactor. They are illustrated in Fig. 2.9. Flow
resistance baffles are inserted into the control rod guide tubes. The
baffles consist of two kinds of baffle plates and a shaft. The baffle
_plates are shown in Fig. 2.10. '

End boxes are attached beneath the UCSP. The structure for one
heater rod bundle is shown in Fig. 2.11. Plugging devices are installed
newly in the Core-1I1 facility as shown in Figs. 2.11 and 2,12 to simu-

late the flow registance more correctly.

2.1.2 Heater Rod Assembly

The heater rod assembly simulating the fuel assembly consists of
thirty-two 8x8 array rod bundle. Each bundle consists of fifty-seven
electrically heated rods and seven non-heated rods as shown in Fig. 2.13.
The core is usually subdivided into three regions to achieve a desired
radial power distribution. This is shown in ¥ig. 2.3. The high, medium
and low power regions are named A, B and C regions, respectively. The
local peaking factor of heated rods in a bundle is unity, that is, all
heated rods in a bundle have the same power density in the Core-TII
facility.

A heater rod consists of a nichrome heating element, magnesium
oxide (MgQ) and boron nitride (BN) insulators, and Inconel-600 sheath.

BN is used for only central part of the heated region and MgQ for the
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other part as shown in Fig. 2.14. The heated length and the outer
diameter of the heater rods are 3.66 m and 10.7 mm, respectively, which
are identical to the corresponding dimensions of reference PWR fuel
rods. The sheath wall thickness is 1.0 mm and is thicker than the
actual fuel cladding, because of the requirements for thermocouple
installation. The heating element is a helical coil with a varying
pitch to generate a 17-step chopped consine axial power profile as
shown in Fig. 2.15. The peaking factor is 1.40, instead of 1.492 for

a Core-T rod.

- Non-heated rods are either stainless steel pipes or solid bars of
13.8 mn 0.D. The pipes are utilized for installation of instruments
such as superheated steam probes and thermocouples. The bars are used
for supporting the assembly loads.

The heated rods and non~heated rods are held in radial position by
grid spacers which are located at six elevations along the axial length
as shown in Fig. 2.15. A grid spacer is a lattice structure composed
of stainless steel plates of 0.4 mm and 0.8 mm thick and 40 mm high,
whoes edges are sharpened in the Core-IT. The rod pitch is 14.3 mm
which is the same as that of the reference PWR.

The heater rods penetrate through the bottom plate of the vessel
to facilite lead out of the power cables from the bottom of the vessel.
The outer diameter of the rods in the lower plenum is reduced to 8.6 mm.
Three-phase electric current is used for heating the heater rods and the
electrical neutral point is at the top of the rods where they are inter-

connected to each other.

2.1.3 Primary Loops and ECCS

Primary loops consist of three intact loops and a broken loop. .
Each loop consists of hot leg and cold leg pipings, a steam generator
simulator and a pump simulator. The 200 percent cold leg large break
is simulated for the broken loop. The broken cold leg is connected to
two contaimment tanks through blowdown valves. The primary loop
arrangement is shown in Figs. 2.16 and 2.17.

The inmer diameter of the piping is scaled down in proportion to
the core flow area scaling. The length of each piping section is almost
the same as the corresponding section of the reference PWR.

The steam generator simulaters are of the U-tube and shell type as
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shown in Fig. 2.18. The tube length is about 5 m shorter than in the
reference PWR. The vertical hight of the steam generator simulators

is also about 5 m lower than in the reference PWR. The primary coolant
passes through the tube side and the secondary coclant is stagnant in
the shell side. The steam generator simulators of two loops are housed
in a single shell assembly which has two compartments, one simulator
for each loop in one compartment. The wall thickness of the U-tube is
2.9 mm compared to 1,27 mm of the reference PWR, because of a higher
pressure difference between the primary and secondary sides in the
simulator,

The pump simulator consists of the casing and duct simulators and
an orifice plate as shown in Fig. 2.19. The loop flow resistance is
simulated with the crifice plate. Each orifice plate has a hole with
diameter and thickness of 95 mm and 10 mm, respectively.

ECCS consists of two Accs and a LPCI. The injection points are
at each hold leg, lower plenum, upper plenum and downcomer. The upper
plenum and downcomer injection system was newly installed after Test
€2-2 (Run 56) for the alternative ECCS tests. In the new injection

system, two accumulator tanks are used for ECC water injection.

2.1.4 Instrumentation

The instrumentation is divided into two groups. One of them is
JAERI-supplied instruments measuring the temperatures, absolute pres-
sures, differential pressures, water levels and flow rates. Thermo-
couples measure the temperatures of the rod surface, fluid and structure.
The absolute pressures are measured in the upper and lower plena, steam
generator plena and containment tanks. The differential pressure
measurements are carried out at many locations covering the whole system
almost completely. In the ECC water supply tanks and the containment
tank 1, the liquid levels are measured. The flow meters measure the
ECC water flow rates. Furthermore, flow rates in the downcomer, loop
seal pipings and the vent line from the containment tank 2 to the
atmosphere are measured with drag disk flow meters, pitot tubes and a
venturi tube, respectively. The total number of the JAERI-supplied
instruments is 1338 channels as summarized in Table 2.2 and the signals

from these instruments are recorded on a magnetic tape.
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The cother group of the instrumentation iIs the USNRC-supplied
instruments. They are the advanced instrumentation for the two-phase
flow measurement. The kinds and quantities of those are tabulated in

Table 2.3. The total number is 540 channels.

2.2 Test Conditions and Procedures

2.2.] Test Conditions

The summary of the test conditions are presented in Table 2.4,
The distinctive feature of the present test is that the ECC water was
injected into the downcomer as well as the lower plenum and intact cold
legs to increase the Acc injection rate. Except the difference in
injection location and rate, the other conditicns were set equal to

those in the base case test.

2.2.2 Test Procedures

In preparation for the test, the accumulator tanks, the LPCI tanks,
the saturated water tank and the secondary sides of the steam generator
simulators were filled with water which was purified with ion exchange
resin. After all the components and Instruments were inspected for
mechanical and electrical leakages, the instruments were checked for
zero points and sensitivity.

After these preparatory operation, the primary system was heated
with the preheaters to its specified temperature (393 K) and pressurized
to a specified pressure (200 kPa) by substituting steam for air in the
system. The water in the accumulator tanks was electrically heated to
its specified temperature (308 K) and pressurized with nitrogen gas to
provide sufficient head to drive the injectiomn flow required. The water
in the LPCI tank was also heated to its specified temperature (308 K)
and was circulated through the circulation line including the LPCI line
s0 as to preheat the line to the same temperature as the water. The
water in the saturated water tank was heated up near saturation tempera-
ture (393 K) of the expected primary system pressure (200 kPa). The
water in the secondary side of each steam generator simulator was also
heated and pressurized to the specified temperature (539 K) and pres-

sure (5.3 MPa).
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After establishing the initial conditions of the test, electric
power for preheating was turned off and the lower plenum was filled to
a specified level (0.9 m) directly from the saturated water tank., When
the water level in the lower plenum reached the specified level and
other initial conditions of the test were stabilized at allowable toler-
ance, electric power was applied to the heater rods in the core and
the data recording was started. This is the initiation of the test,
i.e. 0 s. The temperature rise of the rods were monitored by using a
computer. At 85 s, Acc injection (0.105 m3/s) into the lower plenum
was initiated. The initiation time for ECC injection, i.e. 85 s, was
scheduled to coincide with the timing when the clad temperature of 995 K
was reached by four rods. This specified clad temperature (995 K) of
the heater rods for initiation of coolant injection was predetermined
by interpolation between the clad temperature (393 K) after preheating
and the clad temperature (1073 K) assumed for the time of bottom of core
recovery (BOCREC). Decay of power input to the rods was programmed to
begin at the time of BOCREC. The specified power decay was obtained by
normalizing the decay curve of the ANS standard x 1.2+438y capture x 1.1
decay at 30 s after shutdown.

The BOCREC time was scheduled to be 94 s in this test. The down-
comer iniection (0.048 m3/s) was initiated at 94 s using the new Acc.
At 101 s, Acc injection location was switched from the lower plenum to
three intact cold legs and the downcomer injection was terminated.
Since the BOCREC was scheduled to occur at 94 s, some amount of steam
generated in the core was expected to flow in the primary lecops prior
to switching of the Acc injection location. This procedure was for
preventing an unrealistic condensation from occurring at the cold legs.
At a specified time (23 s) after the initiation of Acc injection, the
Acc inijection mode was transferred to the LPCI injection mode. A speci-
fied LPCI injection rate (0.011 m®/s) was maintained constantly until
the ECC injection was turned off. The sequence of the ECC water injec-
tion of the present test is compared with that of the base case test in
Fig. 2.20.

The generated steam and the entrained water flowed via broken and
intact loops to the containment tank 2. The steam was then vented to
the atmosphere to maintain the pressure in the containment tank constant

at the specified initial pressure (200 KPa).
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When all thermocouples on the surface of heater rods indicated
quenching of the rods, the power supply to heater rods and the ECC
water injection were turned off. After this the data recording was
ended terminating the test.

The chronology of events is presented in Table 2.5.
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Table 2.1 CCTIF component scaled dimensions

COMPONENT PWR JAERI RATIO

PRESSURE VESSEL

VESSEL INSIDE DIAMETER (ma) 4?3?3") 1084

VESSEL THICKNESS (mr) 216 90

(8 L/2")

CORE BARREL OQUTSIDE DIAMETER (rarm) 3874 961

CORE BARREL INSIDE DIAMETER (mm) 3760 929

THERMAL SHIELD OUTSIDE DIAMETER (mm) 4170

THERMAL SHIELD INSIDE DIAMETER (mm) 4030

DOWNCOMER LENGTH (mm) 4849 4849 1/1

DOWNCOMER GAP (mm) 114.3 61.5

DOWNCOMER (+ BUFFLE) FLOW AREA  (m?) 4.23 0.197 1/21.44

LOWER PLENUM VOLUME (m?) 29.6 1.38 1/21.44

UPPER PLENUM VOLUME (m?) 43.6 2.04 1/21.44
'FUEL (HEATER ROD) ASSEMBLY

NUMBER OF BUNDLES (—) 193 32

ROD ARRAY (—) 15 x 15 8 x 8

ROD HEATED LENGTH (@) 3660 3660 1/1

ROD PITCH (mm) 14.3 14.3 1/1

FUEL ROD OUTSIDE DIAMETER (e ) 10.72 10.7 1/1

THIMBLE TUBE DLAMETER (mm) 13.87 13.8 1/1

INSTRUMENT TUBE DIAMETER (mm) 13.87 13.8 1/1

NUMBER OF HEATER RODS (—) 39372 1824 1/21.58

NUMBER OF NON-HEATED RODS (—) 4053 224 1/18.09

CORE FLOW AREA (m?) 5.29 0.25 1/21.2

CORE FLUID VOLUME (m?) 17.95 0.915 1/19.6
PRIMARY LOOP

HOT LEG INSIDE DIAMETER (mm) Zgg;? 155.2 1/6.75

HOT LEG FLOW AREA (m?) 0.426 0.019 1/22.564

HOT LEG LENGTH (om) 3940 3940 1/1

PUMP SUCTION INSIDE DIAMETER  (mm) zg;;§ 155.2 1/5.07

PUMP SUCTION FLOW AREA (m?) 0.487 0.019 1/25.77

PUMP SUCTION LENGTH (mm) 7950 7950 /1




JAERI—M 86— 185

Table 2.1 (Cont'd)

COMPONENT PWR JAERI RATIO

COLD LEG INSIDE DIAMETER {mm) (23?52) 155.2 1/4.50
COLD LEG FLOW AREA (n?) 0.383 0.019 1/20.26
COLD LEG LENGTH (mm) 5600 5600 1/1

STEAM GENERATOR SIMULATOR
NUMBER QF TUBES {(—) 3388 158 1/21.44
TUBE LENGTH (AVERAGE) (m) 20.5 15.2 1/1.35
TUBE OUTSIDE DIAMETER (om) (o?gigﬁi ' 25.4
TUBE INSIDE DIAMETER (oma) 19.7 19.6 1/1

(0.05")
TUBE WALL THICKNESS {om) 1.27 2.9
HEAT TRANSFER AREA (m?) 4784 2 192 1/24.92
(51500 fc*)

TUBE FLOW AREA (m?) 1.03 0.048 1/21.44
INLET PLENUM VOLUME (=) 4,25 0.198 1/21.44
OUTLET PLENUM VOLUME (n?) 4.25 0.198 1/21.44
PRIMARY SIDE VOLUME (m?) (1032'?23) 1.2 1/25.41
SECONDARY SIDE VOLUME (=?) (5§§Z'2i3) 2.5 1/62.93

CONTAINMENT TANK - I (m?) 0

CONTAINMENT TANK - IT (m?) 50

STORAGE TANK (m?) 25

ACC. TANK (m’) 5

SATURATED WATER TANK (m?) 3.5

ELEVATION
BOTTOM OF HEATED REGION IN CORE (mm) 0 0
TOP OF HEATED REGION IN CORE (mn) 31666 3660 0
TOP OF DOWNCOMER (mm) 4849 4849 0
BOTTOM OF DOWNCOMER (rom ) Q 0 4]
CENTERLINE OF COLD LEG (zm) 5198 4927 - 271
BOTTOM OF COLD LEG (INSIDE) (mm) 4849 4849 0
CENTERLINE OF LOOP SEAL LOWER END (mm) 2056 2047 - 9
BOTTOM OF LOOP SEAL LOWER END  (mm) 1662 1959 . + 297
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Table 271 “(Cont'd)

COMPONENT PWR JAERI RATIO

CENTER OF HOT LEG (mm) 5198 4927 - 271
BOTTOM OF HOT LEG (INSIDE) (mm) 4830 4849 + 19
BOTTOM OF UPPER CORE PLATE (mm) 3957 3957 0
TOP OF LOWER CORE PLATE ' (mm ) - 108 - 50 + 58
BOTTOM OF TUBE SHEET OF STEAM

GENERATOR SIMULATOR (zm) 7308 7307 - 1
LOWER END OF STEAM GENERATOR

SIMULATOR PLENUM (mm) 5713 5712 - 1
TOP OF TUBES OF STEAM GENERATOR (tm) 17952.7 14820

SIMULATOR (avg)
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Table 2.2 List of items measured with JAERI-supplied instruments

Item Number of channels
Rod surface temperature 673
Core fluid temperature 40
Core barrel wall temperature 10
UP fluid temperature 120
UP wall temperature 36
DC fluid temperature 20
BC wall temperature 40
. LP fluid temperature : 8

LP wall temperature

SG primary side fluid temperature 24
SG seccndary side fluid temperature 66
Primary locp piping fluid temperature 94
Primary loop piping wall temperature 4
Water supply tank fluid temperature 12
Core differential pressure 28
DC differential pressure 20
UP differential pressure 8
LP differential pressure 1
5G primary side differential pressure 8
Primary loop differential pressure 52
Pressure ‘ 15
Water level 7
Flow rate 3G
Electric power 9
Total 1338

Note

UP : Upper plenum, DL : Downcomer

LP : Lower plenum, SG : Steam generator

- 14—
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Table 2.3 List of USNRC~provided instruments

Instrument Number of sets Number of sensors
DC FDG 18 162
DC VOP 1 1

DC drag disk

Core velocimeter 4 ‘ 4
Core flag probe 12 24
Core LLD 6 96
LP LLD 3 15
End box turbine meter 8 8
UP turbine meter 4 4
UP FDG 11 110
UP film probe 2 4
UP prong probe 2 4
TP VOP 1 1
VV turbine meter 2 2
VV string probe 2 2
HL film probe 2 4
HL VOP 1 1
Reference probe 1 1
Spool piece 8 89
Total 92 540
Note
DC : Downcomer, FDG: Fluld distribution grid,

VOP: Video optical probe, LLD: Liquid level detector,
LP : Lower plenum, UP : Upper plenum,
W : Vent valve

St Gl e b S Sk
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Table 2.4 Summary of test conditioms

Test type: Initial downcomer water accumulation velocity effects

test

Test No.: C2-3 (Run 61}

Test date: April 21, 1983

Power: Total; 9.35 MW, Average linear; 1.40 kW/m
Radial power distribution:

A B C

1.91 : 1.68 : 1.07 kKW/m

Pressure (MPa):

~Upper plenum ; 0.26
Containment  0.21
Temperature (X):
Downcomer wall; 467, Vessel internals; 395
Primary piping; 396, Lower plenum liquid; 395
ECC liquid; 309, Steam generator secondary; 540

ECC injection type:: Cold leg injection

Pump K~-factor: 15

ECC injection rates and duration;
Accy 89 x 1072 m®/s from 104,00 to 111.0 s (at half maximum)
LPCI; 11 x 107® m®/s from 112.0 to 1008.0 s
New Accy 48 x 1072 m3®/s from 94.0 to 104.0 s

ECC injection to lower plenum; from 85,0 to 101.5 s

Initial water level in lower plenum: 0.80 m

Power decay; ANS x 1.2 + Actinide x 1.1 (30 s after scram)

Peak clad temperature at BOCREC: 1078 K
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Table 2.5 Chronology of events for test

Event

Test initiated
(Heater rods power omn)
(Data recording initiated)

Accumulator injection dnitiated

Power decay initiated
(Downcomer injection initiated)

Bottom of core recovery (BOCREC)

Accumulator injection switched from
lower plenum to cold legs

LPCI injection initiated
All heater rods quenched
Power off

LPCT injection ended

Test ended
(Data recording ended)

Time (3)

0.0

85.0

94.0

94.5

161.5

112.0
633.0
1008.0

1008.,0

1038.0
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Fig. 2.5 Arrangement and location of upper plenum injection pipe
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3. Discussion on Initial Dewncomer Water Accumulation Velocity

3.1 TInvestigation of Time of Fill Downcomer

The time to f£ill the downcomer is about.lo s in the safety evalua-
tion for the reference PWR(5) and is about 8 s in the recent safety
evaluation for a Japanese 4-loop PWR(B). However, in the base case
test(”) of the CCTF, it took about 16 s to fill the downcomer as shown
in Fig. 3.1 and the average water accumulation velocity is evaluated to
be 0.3 m/s.

The main reason for the difference in the time to fill the downcomer
between the CCTF test and the safety evaluations is considered to be the
larger flow area of the CCTIF than the scaled value as mentioned in
Section 1. The flow areas of the downcomer, barrel-baffle region and
core are compared in Table 3.1 among the reference PWR, CCTF and SCTF.

The downcomer flow area of the CCTF is

0.197
0.115

= 1.71 (1)

times larger than the scaled value.
Since the Acc injection rate (from cold legs) in the base case test

is set to 0.0892 m®/s as shown in Fig. 2.20, it is evaluated to take

0.115 x 4.849

0.0892 = 6.25s (2)

to fill the scaled downcomer. The length of downcomer is 4.849 m as
presented in Table 2.1. Until the downcomer is filled, the core and
barrel-baffle region are also filled partly. Assuming 0.5 m of the core
and barrel-baffle region are filled based on the safety evaluation for

the reference PWR(5), it is evaluated to take additionally

(0.247 +0.082) x0,5
0.0892

= 1.84 s (3)

Adding this value (3) to the wvalue (2), the total time to fill the

scaled downcomer is evaluated to be

6.25 + 1.84 = 8.09 s ' (4)
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and this means the water accumulation velocity is 0.6 m/s. The value
(4) is close to the values of safety evaluations presented above.
Therefore, in order to simulate the initial water accumualtion velocity
in the downcomer of the PWR with the CCTF, the Acc injection rate is

suggested to be increased up to
1.71x0.0892 = 0.153 m3/s (5)

based on the value (1) to compensate the largeness of the CCTF downcomer.

3.2 Review of CCTYF and SCTF Tests Results

Since the measured Acc injeétion rate was 0.091 m3/s in the CCTF

base case test(”), the time to fill the downcomer is evaluated to be

0.197 x 4.849
0.091

10.5 s (6)

As shown in Fig. 3.1, it took 16 s to fill the downcomer in this test and
by this time 0.9 m of the core was filled. Accordingly, it is evaluated

to take

0.260x0.9

= H01 = 2.6 8 (N

additionally, and hence, the total time becomes
10.5 + 2,6 = 13.1 s (8)

This estimated value (8) is larger than that for the scaled PWR, i.e.
(4), by 5 s and this difference is attributed to the largeness of the
CCTF downcomer, However, the value (8) is not equal to and is smaller
than the experimental value, i.e. 16 s. The reason for this difference
will be discussed later.

In the SCTF, the downcomer flow area is simulated almost satisfac-—
tory, and hence, the time to fill the downcomer is expected to be almost
the same as that for the scaled PWR, i.e. value (4). However, it took
17 s to fill the downcomer in Test S$1-14 (Run 520)(7) as shown in Fig.
3.2, Since the Acc injection rate in the test was 0.089 m3/s, the time
to fill the downcomer is evaluated to be (the length of downcomer is
4,777 m)

0.121 x4.777

= . 9
0089 6.5 s (9
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and the additional time to fill the core and the barrel-baffle region

is evaluated to be

(0.35 + 0.10) x 1.3

0689 = 6.6 8 (10)

assuming 1.3 m of these regions above the bottom of the heated section
is filled based on the data shown in Fig. 3.2. Accordingly, the total

time is evaluated to be
6.54+6.6 = 13.1 s (11)

However, the value (1l1) is not ecual to and is smaller than the experi-
mental value, i.e. 17 s, as also observed in the CCTF base case test.
The reason for these difference is investigated in the following.

In both the CCTF and SCTF tests, the evaluated times te fill the
downcomer were shorter than the experimental values by 3 to 4 s. This
difference is attributed to the time delay of the Acc water delivery
from the cold leg ECC injection ports to the downcomer due to the water
accumulation in the cold leg pipings when the injection locatliom was
switched from the lower plenum to the intact cold legs. The flow area
and the piping length between the ECC ports and the downcomer are 0.0189
m2 and 4.022 m, respectively, in the CCTF and 0.0697 m? and 3.3 m,

respectively, in the SCTF. Therefore, it is evaluated to take

1 -
3x0.0189x 4,022 x 5091 - 2.5 s (12)
and
1
0.0697 x 3.30 x 0089 = 2.6 s (13)

to fill the cold leg piping for the CCTF and the SCTF, respectively.
These values (12) and (13) are close to the difference mentioned above.
The data of the downcomer water level shown in Figs. 3.1 and 3.2
show the decrease in the water accumulation rate between about 6 s to
10 s. This decrease is considered to suggest the water accumulation in
the cold leg pipings. The Acc injections into cold legs were initiated
at 3 and 4 s for the CCIT and SCTF tests, respectively.
In the CCTF and SCTF tests, the intact cold legs were empty at
the dnitiation of the reflood phase, whereas they are considered to be
filled with the ECC water during the LOCA., This difference induced the
delay of the Acc water delivery of about 3 s in the CCTF and SCTF tests.
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Therefore, in order to simulate the initial downcomer water accumulation
rate correctly with the CCTF, this delay should be prevented from occurr-

ing.

3.3 Determination of ECC Water Injection Sequence

Based on the investigation presented in Sectionm 3.1, the Acc injec-
tion rate was determined to be 0.153 m3/s (see (5)). 1In order to elimi-
nate the delay of the ECC water described in Section 3.2, this injectiomn
was determined to be conducted with the downcomer injection line as well
as the lower plenum injection line because the maximum injection rate for
the lower plenum injection line is about 0.1 m3/s.

The duration of this injection (0.153 m3/s) was determined to be 7 s
and is shorter than the evaluated value of 8 s (see (4)), taking account
that the injection rate does not decrease to zero momentarily.

The temperature of the ECC water of the lower plenum injection was
determined to be 308 K, which is the same as in the base case test.

The temperature of the ECC water of the downcomer injection was deter-
mined to be 393 K, i.e. the saturation temperature for 0.2 MPa, to prevent
the unrealistic condensation, which is expected to occur when the sub-
cooled ECC water is injected at the top of the downcomer in the very
initiation peried of the reflood phase. This saturation témperature ﬁas
also expected to reduce the excess subcooling of the ECC water injected
from the lower plenum. During the LOCA, the ECC water injected into. the
cold legs are considered to be heated up to some extent due to the con-
densation of the steam flowing there and the heat release from the
structure, and hence, the water temperature of the ECC water flowing
into the downcomer is expected to be higher than that at the time of
injection inte cold legs.

There are two downcomer injection ports in the CCTF as shown in
Figs. 2.3 and 2.6. In the present test, only one of them, which is
located at the opposite side of the broken locop, was determined to be

used,
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Table 3.1 Comparison of flow areas

Note:

Reference PWR
Actual | Scaled CCTF SCTF
Downcomer 2.47 | 0.115 | 0.197 0.121
Barrel-baffle 1.76 0.082 — 0.100
region
0.250 , 0.259
Core 5.29 0,247 (0.260)< (0.350)
(1) Unit is m?.
(2) Scaling ratic is 1 : 21.44.
(3) Value with symbol * was obtained by measured
water filling curve (level vs. volume).
(4) Length of downcomer is 4.849 m, but 4.777 m

in SCTF (bottom is defined to be the same
as that of core).
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4. Results and Discussion
4,1 System Behavior

4.1.1 Downcomer Differential Pressure

The downcomer differential pressure of the present test is compared
with that of the base case test in Fig. 4.1. In order to see the data
in the initial period in detail, the data plots for the time period of
0 to 100 s are presented in Fig. 4.2. This figure shows that the water
accumulation in the downcomer is much rapider in the present test.
Although the time to £ill the downcomer is 16 s in the base case test, it
is 8 s in the present test and the corresponding water accumulation
velocity is evaluated to be 0.6 m/s. That value is almost the same as
the estimated value (4) in Section 3.1, and hence, the water accumulation
in the downcomer of the present test is considered te simulate the situa-
tion in a PWR well.

Figure 4.2 also shows that the oscillation of the downcomer differ-
ential pressure of the present test in the initial period is larger in '
the amplitude. This result is reasonable because the rapider water
accumulation in the downcomer is expected to cause the larger U-tube type
oscillation due to the higher core flooding rate in the initial period.
Figure 4.3(a) shows the comparison of the core flooding rates, which were
obtained by the mass balance calculation, and supports above discussion
indicating the evaluated core flooding rate is higher in the initial
period in the present test than in the base case test. The period of the
U~tube type oscillation is about 3 s for both tests.

The important points Fig. 4.2 shows are that the differemtial pres-
sures are almost identical after 20 to about 90 s and the U-tube type
oscillations become very small after 30 s in both tests. These results
suggest that the difference in the downcomer water accumulation velocity
causes the difference in the downcomer differential pressure only in the
very initial period and within a short time (about 25 s for those two
tests) after the downéomer is filled the difference becomes unnoticeable.

Although Fig. 4.1 shows some difference in the downcomer differen-—
tial pressure from 90 to 310 s, this difference is considered not to be
attributed to the difference in the water accumulation velocity in the

initial period but to the other phenomena described in the following
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because the differential pressures for both the tests are almost identical
from 20 to 90 s. The decreases in the downcomer differential pressure
after about 20 s in Fig. 4.1 are considered to be caused by the boiling

of the downcomer water due to the heat release of the downcomer outside
wall(B), which was superheated initially, as well as the bypass of the
water to the break due to the steam flow from the infact cold legs,

According to the results presented in reference 8, the smaller down-
comer water subcooling tends to result in the rapider decrease in the
downcomer differential pressure. This explains the rapider decrease in
the downcomer differential pressure for the present test because the
fluid temperatures in the downcomer were generally higher before 100 s in
the present test as shown in Figs. 4.4(a) through (d).

The water mass flow rates bypassing the downcomer to the break are
compared in Fig. 4.5. They were obtained from the liquid level data in
the containment tank 1 shown in Fig. 4.6 by performing time differentia-
tion. Figure 4.5 indicates that the bypass becomes small after 120 to
180 s in the present test and this seems to be the reason for increasing
in the downcomer differential pressure in that period shown in Fig. 4.1,
The decrease of water bypass above seems to be caused by the increase of

contalnment tank pressure shown later in Fig. 4.14.

4.1.2 Core and Upper Plenum Differential Pressures

The core differential pressures are compared in Figs. 4.7 and 4.8,
In the initial period before 12 s, the core differential pressure is
larger in the present test on the average as shown in Fig. 4.8. Also,
in this period, the U-tube type oscillation is larger in the magnitude
for the present test and this is the same tendency as observed for the
downcomer differential pressure. The periods of the oscillation are
almost identical between those two tests.

From about 150 to 280 s, the core differential pressure for the
present test is larger than in the base case test (Fig. 4.7). 'This dif-
ference is mainly caused by the difference in the section between 0.61
and 1.22 m elevations as shown in Figs. 4.9(a) through (f). The reason
for this difference has not been clarified yet. As described in Section
4.1.1, the downcomer differential pressure for the present test is also
larger for almost the same time period (Fig. 4.1). The evaluated core

flooding rates are, however, almost identical on the average during that
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period as shown in Fig. 4.3. Figure 4.3(b) shows the time-integrals of
core flooding rates.,

As recognized from Figs. 4.9(c) through (f), there is the same
trend in the compariscns of differential pressures in the sections
above 1.22 m elevation. That is, the data for the present test are
slightly smaller from 25 to 85 s, whereas they are slightly larger from
150 to 280 s. Although the reason for this trend has not been clarified
yet, this trend seems to influence the core cooling as described in
Section 4.2 later.

The upper plenum differential pressures are compared in Fig. 4.10.
In general, they are almost identical as also observed for the differen-
tial pressures in the core (Figs. 4.9(c) through (£)). In detail, the
data for the present test become slightly smaller after 25 s but become
slightly larger by 220 s. This trend is similar to that observed for the

core differential pressured described above.

4.1.3 Thermo-hydrodynamic Behaviors in Other Parts of Primary System

The intact loop differential pressures are compared in Figs. 4.11
and 4.12., The latter is the detailed plot to investigate the behavior
in the initial period. This figure shows that the differential pressure
for the present test increases much rapider than for the base case test.
It takes only 8 s to reach the maximum value in the present test, whereas
16 s in the base case test. These timings are the same as those for
filling the downcomer (Section 4.1.1). Therefore, it is found that the
intact loop differential pressure, which represents the steam binding,
also increases rapidly corresponding to the rapid increase in the down-
comer differential pressure.

The downcomer differential pressure acts as the driving force for
core flooding and the core and intact loop differential pressures act as
the negative feed-back for it(a). Therefore, the rapider increase in
the downcomer differential pressure for the present test is expected to
induce the higher core flooding rate in the very initial period, but
soon after that the rapider increases in the core and intact loop dif-
ferential pressures are expected to reduce the core flooding rate
achieving the balance with the downcomer differential pressure(3).

Figure 4.3(a) supports this discussion, Therefore, the discussion
presented in reference 3 is confirmed to be valid even in the much higher

Acc injection rate case than concerned in the reference.

—— 41 _
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Figure 4.3(a) shows an Interesting phenomenon. That is, the evalu-
ated core flooding rate for the present test is lower between 7.5 and
20 s than for the base case test. This is explained as in the following.
In the present test the downcomer differential pressure increased
rapidly and so did the intact loop and core differential pressures.

Since the downcomer differential pressure reached the overflow level
value in a short time and could not increase any more, the driving force
for core flooding became small scon. On the other hand, in the base case
test, the downcomer differential pressure increased more slowly than in
the present test and so did the intact loop and core differential pres-
sures. Therefore, the decrease in the core flooding rate was slower,

and hence, the core flooding rate between 7.5 and 20 s became higher than
that for the present test.

At 20 s, the downcomer differential pressures become almost identi-
cal. At 90 s, they start to differ from each other. However, the average
values are almost identical in the two tests. Comparing Fig. 4,11 with
Fig. 4.1, the tendency for the behavior of the intact loop differential
pressures can be recognized to be the same as that of the downcomer dif-
ferential pressures.

Figure 4.13 shows the broken loop differential pressures, At about
115 and 420 s, the data for the present test decreases significantly.
These decreases seem to be caused by the increases in the containment
tank pressure shown in Fig. 4.14. These are caused by the trouble of
the pressure regulation system in the present test. The upper plenum
pressures are compared in Fig. 4.15. TIn the initial period, the value
for the present test is significantly larger than for the base case test.
This seems to be caused by the larger steam generaticn in the present
test due to its higher core flooding rate in the initial period.

The fluid temperatures and subcoolings at the core inlet are com-
pared in Figs. 4.16 and 4.17, respectively. Although there are some
differences between the two tests, the magnitude of differences are 10 K
at most. These differences seem to be caused by the difference in the
amount of the subcooled Acc water injected into the lower plenum. The
amount of the Acc water injected into the lower plenum was about 30
percent larger in the present test than in the base case test and this
difference seems to cause the fluid temperature in the lower plenum to

be lower in the present test, although the saturated water was injected

j— 42i
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into the downcomer. Figure 4,18 shows the fluid temperatures in the
lower plenum and these data support the discussion above.

The lower fluid temperature in the present test due to the larger
amount of the subcooled Acc water injected is also observed in the down-
comer at 2.423 m elevation as shown in Fig.'4.4(a). In this figure,
however, the fluid temperature becomes higher than in the base case
test after 20 till 110 s. This increase is attributed to the saturated
Acc water injected into the top of the downcomer (6.9494 m) in the
present test and the higher downcomer fluid temperatures presented in

Figs. 4.4(b) through {(d) are alsoc caused by this saturated Acc water.

4.2 Core Cooling Behavior

Quench envelopes are compared in Fig. 4.19. It is the comparison
of the average quench times of each power region. Figures 4.20(a) and
(b) show the mean values (lines)} and standard deviations (symbols) for
the present test and the base case test, respectively. Figure 4.19
indicates that although, in detail, the quench time of the present test
is slightly shorter, the gquench times are almost identical in both tests.

Figures 4.21(a) through (c) show the rod surface temperatures at
four elevations in A, B and C regions, respectively. The rod surface
temperatures for the present test are not higher than those of the base
case test at 1.015 and 1.83 m elevations in every power regicn. On the
other hand, at 2.44 and 3.05 m elevations, the temperatures for the
present test are slightly higher than for the base case test before they
turnaround, and then become slightly lower after they turnaround.

Figure 4.22 shows the rod surface temperatures at the upper part of the
core above 3 m elevation in A region. These data indicate the same
tendency as observed at 2.44 m elevation. However, these differences in
the rod surface temperatures are relatively small, and hence, they can
be said to be almost identical.

Figure 4.23 shows the comparison of the heat transfer coefficient
at four elevations in the higher power region, corresponding to Fig.
4.21(a). Comparing these data with the core differential pressure data,
it is recognized that a consistent relation exists between them. In
order to confirm this, the heat transfer coefficients at 2.44 m elevation
and the core differential pressures in the section between 1.83 and 2.44

m elevations are compared in Fig. 4.24., When the core differential
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pressure for the present test is larger than for the base case test,
the heat transfer coefficient for the present test is also larger, and
vice versa. However, the differences in the heat transfer coefficient
between the two tests are relatively small, and hence, they can be said

to be almost identical.

4.3 Investigation of Effects of Initial Downcomer Water Accumulation

Velocity on Reflooding Behavior

The higher downcomer water accumulation wvelocity during the initial
period in the present test shown in Fig, 4.2 is considered to result in
the higher core flooding rate in the initial period as shown in Fig,
4.3(a). The U-tube type oscillation between the core and-the downcomer
was larger in the magnitude during the initial period and the thermo-
hydrodynamic behaviors in the primary system also showed the larger
oscillation during the initial period in the present test.

The evaluated core flooding rate, however, started to decrease
earlier and became smaller than in the base case test at 7.5 s (Fig.
4,3(a)). This decrease in the core flooding rate is considered to result
from the rapid increases in the intact loop and core differential pres-
sures (Figs. 4,12 and 4.8, respectively), because they tend to reduce the
core flooding rate. That is, the downcomer differential pressure acts
as the driving force for core flooding, whereas the intact loop, core
and upper plenum differential pressures act as the negative feed-back
for it(a). The contribution of the upper plenum differential pressure is
usually much smaller than the others,

The results of the present test Indicate that when the downcomer
differential pressure increases rapidly, the intact loop differential
pressure and the core differential pressure also increase rapidly, and
hence, reduce the core flooding rate rapidly. The important point is
the intact loop differential pressure, which represents the steam binding
effects, increases rapidly being able to follow promptly the increase in
the downcomer differential pressure. By this reason, the core flooding
rate for the present test is considered to become almost identical to
that for the base case test by 20 s.

After 20 s, the thermo-hydrodynamic behaviors in the primary
system were almost identical as shown in the previous sections. Also,

the oscillations became small by 30 s. Therefore, the effects of the
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initial downcomer water accumulation velocity was unnoticeable after
about 30 s.

The core cooling behavior was observed to be almost identical in
both tests through the whole transient including the initial period.
Therefore, the effects of the initial downcomer water accumulation
velocity on the core cooling was not observed between those two tests.
The reason for this is as follows. Although the difference in the core
flooding rate was observed in the initial period, the duration when the
core flooding rates &iffered was very short, i.e. 20 s. Furthermore,
from 0 to 7.5 s, the core flooding rate for the present test was larger,
whereas from 7.5 to 20 s that for the present test was smaller which
seems to cancel the difference from 0 to 7.5 s.

Therefore, it is concluded that although the downcomer flow area of
the CCTF is larger than the scaled wvalue of the reference PWR, this
difference does not make any significant difference in the reflooding
behavior, and hence, with respect to this point there is no problem for

applying the CCTF test results to the PWR analyses.
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5. Conclusions

Analyzing the data of the present test and comparing these with

those of the base case test, the following results are obtained:

(1) The time to f£ill the downcomer was about 8 s in the present test
and was significantly shorter than that in the base case test
(i.e. 16 s5).

(2) The higher downcomer water accumulation velocity in the initial
period is considered to result in the observed highef core flood-
ing rate and the larger U-tube type oscillation in the initial
period.

{3) The intact loop differential pressure, I.e. the steam binding,
and the core differential pressure were also observed to increase
rapidly, and hence, are considered to reduce the core flooding
rate rapidly.

(4) By 20 s the core flooding rates for the present test and the base
case test were observed to become identical. The larger oscilla-
tion in the pfesent test was also observed to be damped by 30 s.

(5} After 20 s the thermo-hydrodynamic behaviors in the system of
both tests were observed to be almost identical, and the effects
of the initial downcomer water accumulation velocity was un-
noticeable.

{6) The core cooling behaviors were observed to be almost identical
in both tests through the whole transient including the initial
period.

(7) Therefore, it is concluded that although the downcomer flow area
of the CCTF is larger than the scaled value, with respect to this
point there is no problem for applying the CCTF test results to

the PWR analyses.
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Appendix A

Definitions of Tag IDs
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Figure List

Definition of power zones and bundle numbers

Definition of Tag. ID for void fraction (AG(EL.I1} ~ AG(EL,.6))

Definition of Tag. ID for average linear power of heater and
in each power unit zone (LPOLA ~ LPO9A)

Definition of Tag. ID for differential pressure through down-
comer, upper plenum, core, and lower plenum

(DSD55, DTO7RT5, LTO8RMS, DSC75, DSC15)

Definition of Tag. ID for differential pressure through intact
and broken loop and broken cold leg nozzle

{DT23C, DIO1B, DPBCN)

Definition of Tag. ID for fluid temperature iniinlet and outlet
plenum and secondary of steam genrator

(TED2GW, TEO5GW, TEO8GOH)

Definition of Tag. ID for ECC water injection rate, ECC water
temperature and vented steam flow rate

(MLECl, MLEC2, MLEC3, MLECLPF, MLECUP, MLECDCl, MLECDCZ,
TE11QW, TE21QW, TEOLJW, TEOLlUW, TEO2UW, TEO3UW, MGVENTL)

Definition of initial temperature, turnaround temperature,
quench temperature, temperature rise, turnaround time and

gquench time

— 69 —
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Definition of Tag. ID for clad surface temperatures and heat
fransfer coefficients '
Notation : TEnnYlm (temperature)
HTEmmY1lm (heat transfer coefficient)
nn : Bundle number (see Fig. A-1)
m : Elevation number
Elevation (m) | Axial power factor
3 0.38 0.651
5 1.015 1.147
7 1.83 1.40
9 2.44 1.256
A 3.05 0.854
Definition of power zone and boundle number
See Fig. A-1
Definition of Tag. ID for void fraction
See Fig. A-2
Definition of Tag. ID for average linear power of heater rod in
each power unit zone
See Fig. A-3
Definition of Tag. ID for differential pressure through downcomer,

upper plenum, core and lower plenum

See

Definition
and broken

See

Definition
plenum and

See

Fig. A-4

of Tag. ID for differential pressure through intact
loop and broken cold leg nozzle

Fig. A-5
of Tag. ID for fluid temperature in inlet and outlet
secondary side of steam generator

Fig. A-6
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8. Definition of Tag. ID for ECC water injection rate, ECC water
temperature and vented steam flow rate

See Fig. A-7

9. Definition of initial temperature, turnaround temperature quench
temperature, temperature rise, turnaround time and quench
time. (See Fig. A-8)

Ti ¢ Initial temperature (Clad surface temperature at
reflood initiation)

Tt : Turnaround temperature (Maximum clad surface temperature
in each temperature history)
: Temperature ris = - T,
AT, emp u e (=T, i’
T : Quench temperature (Clad surface temperature at
! quenching)

10. Definition of quenching
See Fig. A-8
Quench time tt is determined as

tt = 1 X At - (reflood initiation time)

In above equation, i is determined by the following criteria.
(1) Clad surface temperature is high, compared with the saturation
temperature,

>
Ti Tsat + AT,

(2) Decreasing rate of clad surface temperature is large.
Tig 14

st
At

(3) Clad surface temperature falls around the saturation temperature.

< +
Ti + k1 7 Tsat ATy

(4) If the determined i is inadequate, the value i is manually

re—-determined.

At : Data sampling period (s)

Ti : Clad surface temperature (K)

Tsat: Saturation temperature at the pressure in upper
plenum (K)

—— 7]_*
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AT; : Temperature discrepancy (K)
Default value = 50.0

CSt Decreasing rate of clad surface temperature (K/S)
Default value = 25,0
ky : Number of referred data (-)

Default value = 6

11. Definition of Tag. ID for core inlet mass flow rate, time-integral

core inlet mass flow rate and carry-over rate fraction

(1} Core inlet mass flow rate : me

Notation : MLCRIO (O = N, 1 or 11)
{2) Time-intefral core inlet mass flow rate : J’ﬁth
Notation : IMLCRID (DO = N, 1 or 11)

(3) Carry-over rate fraction : (mg = mep) /my

Natation : CRFO (O = N, 1 or 11)

where m_ : ' Core inlet mass flow rat (See item 12)

°F
ﬁCR: Water accumulation rate in core
Suffix ﬁF base on
N Eq.(A.1) with K=20
1 Eq.(A.1) with K=15

11 Eq.{A.2)

12. Evaluation of core inlet mass flow rate

The reflood phenomena is a relatively slow transient and a steady
state condition can be applied. In a steady state condition, based
on the mass balance relations of the system, the core fleoding mass
flow rates &FS can be written as follows:

By using the data measured at the downstream of the core inlet, My

is derived as,

IR . . .
m =@, + o, + my + I m, s (A.1)

where Mo and m, are the mass accumulation rates in the core and the upper
plenum respectively. The &B and m, are the mass flow rates in the broken

loop and the intact loop, respectively.



JAERI - M 86— 185

By using the data measured at the upstream of the core inlet, &F

is derived as,

Mp = LMy T My T Ty T Meee/rp ’ (4.2)

where ﬁDL and ﬁo are the mass flow rates of the water flowing into and
overflowing from the downcomer,.mEcc/LP and m, are the mass flow rate
of the ECC water injected into the lower plenum and the water accumula-
tion rate in the dowmcomer respectively.

The ﬁls and QB can be obtained from the pressure drops at the pump
simulators with orifices by assuming the K-factor of the orifice is
constant, The values of ﬁc, ﬁD and ﬁU can be evaluated with the

differential pressure APC, APD and APU, respectively, as follows:

mo= d(APnSn/g)/dt (n : C, D, U) , (A.3)

where g is the gravitational acceleration and Sn is the cross sectional

area. The wvalue of ﬁo can be obtained from the liquid level X in the

Containment tank 1 as,

ﬁo = d(Xp S )/dt , (A.4)

where p_ is the liquid density and SO is the cross sectional area of the

2
containment tank 1.

The value of mDL’ mDV and h, which are liquid flow rate, steam
flow rate and enthalpy of two phase mixture downstream each ECC port
respectively, are obtained from the following mass and energy balance

relations at each ECC port under the assumption of thermal equilibrium:

1;‘DV + r;IDL - r;’Ecc * I;‘I ’ (82
(ﬁDv * &DL)i - n.“EcchEcc N I1?‘1%11 ’ -6
i hozh2h (Mg +mp b = mp b+ mp by

if h2h , &DL =0 , (A.7)
if h 2 hE , ﬁDV =0

where h is enthalpy of fluid and hR and hg are enthalpies of liquid and

steam at the saturation temperature, respectively.
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The fluid temperatures can be measured with thermocouples immersed
in the fluid and the enthalpies hI and hECC can be estimated.

Mass balance calculations were performed with Egs. (A.1} and (A.,2).
The K-factor of the orifice in the pump simulator was evaluated in the
following two ways.

The K-factor of 20 was obtained with the steam and water single
phase calibration tests using the flow meter and spool piece data,

The K-~factor of 15 was obtained with the Pitot tube measurement in a
typical reflood condition assuming the flat velocity profile in the
pipings. 1In the differentiation, higher frequency components of the
data tends to be amplified mecre. Therefore, in the differentiation of
the differential pressure data, the smoothing procedure was used to
uppress the high frequency components of the data.

In the Acc injection period, the calculated ﬁFs with Egs. (A.1l) and
(A.2) are significantly different from each other. This discrepancy
may be caused by inaccuracy of the mass flow rate injected into the
system and by the unaccounting of the storage of water in the cold leg
pipe. The former might be introduced from the slow time response of
the flow meter (time constant 1 second) and the change of the gas
Golume in the injection line. 1In this period, especially before the
steam generation from the core becomes noticeable, the mass flow rate,
&F’ calculated with Eq. (A.l) is probably reasonable, since the
calculation uses the increasing rates of the masses in the core and the
upper plenum and their accuracy is good enough for our estimation.

In the LPCI injection period, the calculated ﬁFs are slightly
different from each other. Judging from the time-integral values
of both ﬁFs, their average values are nearly propeortional. The
discrepancy was inferred to be caused by the disregard of the bypass
of steam and liquid from the upper plenum without going through the hot
legs in the calculation with Eq. (A.l1). And additiomally the discrepancy
was caused by the disregard of the steam generation in the downcomer
due to the hot wall of the pressure vessel in the calculation with Eg.
(A.2). 1t was estimated that the disregard of the downcomer steam
generation causes the error of 0.25 kg/s on predicted &F. The estima-

tion was made by comparing the results of the tests with hot and cold

downcomer conditions.
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Upper plenum
MLECUP, TEQIUW ﬁ

|

Broken loop Intact loop 1,2.3 J
Vent line T - — '/————ﬁ— Cold leg
o e o
MLECDC2, TEQ3UW | '

Lower plenum
<= MLECLP
TEC1IW

Containment tanks Pressure vessel <= ECC water injection
location
MLEKER : Mass flow rate
TERRRR : Fluid temperature

Fig. A-7 Definition of Tag. ID for ECC water injection rate,
ECC water temperoture and vented steam flow rate

Ti © Initial temperature
X g ] Ty ¢ Turaround temperature
é (AT i { : Tq, - Quench temperciure
2 l ATr @ Temperature rise (=Ty— Ti}
g T { Turnaround )
s ! \ time
s 1 { Quench )
8 % I \ time
5 1
. |
= ! ~BOCREC time
/ (Reficod initiation)
i
0 |
i Time (5)
$
0 Time ofter flood (s])

Fig. A-8 Definition of initiol temperature, turnaround temperature, quench
temperature, temperature rise, turnaround time and quench time
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Appendix B

Selected data of CCTF Test (2-3 (Run 61)
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Figure List

ECC water injection rates into the primary system.

ECC water temperature.

Average linear power of heater rod in each power unit zone.
Pressure history in containment tank 2, upper plenum and
lower plenum.

Clad surface temperature at various elevations along a heater
rod in high power region (A region).

Clad surface temperature at various elevations along a heater
rod in medium power region (B region).
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Fig. B.12 Temperature rise.
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Fig. B.20 Differential pressure through intact and broken loops.
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secondary of steam generator 1.
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Fig, B.23 Fluid temperature in inlet plenum) outlet plenum, and

secondary of steam generator 2.
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