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This report presents a data evaluation of the CCTF Core-II test

C2-4 (Run 62), which was conducted on May 12, 1983. This test was

conducted to investigate the reproducibility of tests in the CCTF

Core-11 test series. Therefore, the initial and boundary conditions

of the present test were determined to be the same as those for the

previously performed base case test {Test CZ-SH1).
Comparing the data of the present test with those of Test (¢2-8Hl,
the following results are obtained.

(1) The initial and boundary conditions for the two tests were nearly
identical except the temperature of the core barrel and the lower
plenum f£luid. The difference in the latter is considered to
result in the difference in the core inlet subcooling of about
6 K at most.

(2) The system behavior was almost identical.

(3} The core cooling behavior was also nearly identical except a
little difference in the rod surface temperature in the upper part

of the high power region.

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

# Mitsubishi Atomic Power Industrvy, Inc.

(1)



{(4) Taking account that the difference mentioned above in item (3)
is small and can be explained qualitatively to be caused by the
difference in the core inlet subcooling mentioned above in item
(1), it is considered practically that there is the reproducibility

of the thermo-hydrodynamic behavior in the CCTF Core-IT tests,

Key words: Reactor Safety, LOCA, ECCS, PWR, Reflood, Thermo-hydrodyna-

mics, Two-phase Flow, Heat Transfer, Quenching, CCTF Core-II
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1. Introductien

A reflood test program(l) using large scale test facilities has
been conducted at the Japan Atomic FEnergy Research Institute (JAERI).
The facilities are the Cylindrical Core Test Facility (CCTF) and the
Slab Core Test Faciidity {SCTF). This report presents the evaluation
for the CCIF Core-II base case test, Test C2-4 (Run 62).

The CCTF is an experimental facility designed to model a full-
height core section, four primary loops 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 carrycver 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 capability of emergency core cooling system

(ECCS) during refill and reflood period.

b. Verification of reflood analysis codes.
c. Collection of infermation to improve the thermo-hydrodynamic
models in the analysis codes, such as, (a) multi-dimensional

core thermo~hydrodynamics including the radial power distribution

effect, fall back 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 effect, (d) hydro-
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 (f)

overall oscillatory behavior in the system.

As the. first series of the CCTF tests, twenty-seven CCTF Core-l
tests were conducted. This series of tests presented a lot of infor-

(2)

mation 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 1979 and terminated
in April 1981. Subsequently, as the second series of the CCIT tests,
the CCTF Core-II test series was initiated in March 1982. The special

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
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well as to extend the experimental range of the Core-I test series.
Test C2-4 (Run 62) was conducted on May 12, 1983 in order to

investigate the reproducibility of the CCTF Core-II tests. Therefore,

the test conditions of the present test were set to be the same as

those for the previously conducted base case test (Test CZ—SHl)(B).

In this report, the data of those two tests are compared and discussed.
The selected data of the present test are presented in Appendix B

for better understanding of the test results.



JAERI-M 85-02Z6

2. Test Description

2.1 Test Facility

The CCTF Core-II was designed in consideration of the feollowing

ohjectives and criteria:

a. Design objectives

(1)

(2)

(1)

(2)

(3

(4)

(5)
(6)

(7

(8)

(9

(10)

(11)

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 Trejan reactor in the USA and in
certain aspects the Ohi reactor in Japan.

The vertical dimensions and locations of system components are
kept as close to those of the reference reactors as possible.
The flow areas of the system 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 broken Iloop.

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

The maximum allowable pressure of the facility is 5388 kPa

{6 kg/cm2 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 appreximately 2,000 electrically
heated rods simulating the fuel rods.

The design of upper plenum internals is based on that of a new

17x17 type Westinghouse fuel assembly.
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{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'sQeye 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-I1 facility from the
Core-I are:
(1) Axial peaking factor of heater rods
(2) TLocal peaking factor of heater rods in a bundle
(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 in proportion to the core
.flow area scaling, that is, 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 Z-loop PWRs in Japan and the USA. TFour vent valves and
two downcomer ECC water injection nozzles, which are called Core Flood-
ing Nozzle (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
also exist in a couple of recent Japanese Z-loop PWRs. The location of
Core Flooding Nozzles 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 configu-
ration and simulates a Westinghouse 15x15 type fuel assemblies.

The downcomer is an annulus of 61.5 mm gap. In 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
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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 cladded
with the 5 mm thick stainless steel plate. The wall is 90 mm thick teo
simulate 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 17x17 type fuel assemblies instead of the eld type simu-
lated in the Core-I facility. The internals consists of ten control
rod guide tubes, ten support columns and twelve open boles 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~II facility as shown in Figs. 2.1l and

2,12 to simulate the flow resistance 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 Fig. 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 beated rods in a bundle have the same power density in the Core-I1
facility.

A heater rod consists of a nichrome heating element, magnesium
oxide (Mg0) and boren nitride (BN) insulators, and Inconel-600 sheath,
BN is used for only central part of the heated region and MgO for the
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 correspending dimensions of actual PWR fuel rods.

The sheath wall thickness is 1.0 mm and is thicker than the actual fuel
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cladding, because of the requirements for thermoccuple 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-I rod,

Non-heated rods are either stainless steel pipes or solid bars of
13.8 mm 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
gird spacers which are located at six elevations along the axial length
as shown in Fig. 2.15., A grid Sﬁacer is a lattice structure composed
of stainless steel plates of 0.4 mm and .8 mm thick and 40 mm high.
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 facilitate 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 interconnected to each other.

2.1.3 Primary Loops and ECCS

Primary loops consist of three intact loops and a broken loop.
Zach 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 counected
to two containment tanks through blowdown valves. The primary iloop
arrangement is shown in Figs. 2.16 and 2.17.

The inner diameter of the piping is scaled down in preoportion
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 simulators are of the U-tube and shell type as
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 tharn in the reference PWR. The primary coolant
passes through the tube side and the secondary ceolant is stagnant in
the shell side. The steam generator simulators ¢f two loops are housed

in & single shell assembly which has two compartment, one simulator for
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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
simulatoer.

The pump simulator consists of the casing and duct simulators and
an orifice plate as shown in Fig. 2.19. The loop flew resistance is
simulated with the orifice 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 cold leg, lower plenum, upper plenum and downcomer. The upper
plenum and downcomer injectioﬁ system was newly installed after Test
C2-2 (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
pressures, 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. 1In 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 JAERT-
supplied instruments is 1338 channels as summarized in Table 2.2 and
the signals from these instruments are recorded on a magnetic tape.

The other group of the instrumentation is 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.
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2.2 Test Conditions and Procedures

2.2.1 Test Conditions

The summary of the test conditions are presented in Table 2.4,
The test conditions of the present test were set to be the same as

those for the base case test {(Test C2-SH1).

2.2.2 Test Procedures

In preparation for the test, the accumulator tanks, the LPCI tank,
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 fér
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 nitrogen gas
in the system. The water in the accumulator tanks was electrically
heated to its speclified temperature (308 X} and pressurized with
nitrogen gas to provide sufficient head to drive the injection 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 LPCT line so as to preheat the line to the same tempera-
ture as the water. The water in the saturated water tank was heated
up near saturation temperature (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 pressure {5.3 MPaj.

‘ After éstablishing 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 stabilized at the allowahle tol-
erance, electric power was applied to the heater rods iIn 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
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computer. When a specified clad temperature (995 K) was reached, Acc
injection (0,105 m?/s) into the lower plenum was initiated., This
specified initial clad temperature (995 X) of the heater rods for
initiation of coolant injection was predetermined by interpolation
between the clad temperature (393 K) after preheating and the cald
temperature (1073 K) assumed for the time of bottom of core recovery
(BOCREC) . Decay of power input to the rods was programed to begin at
the time of BOCREC. The specified power decay was obtained by normali-
zing the decay curve of the ANS standard x 1.2 + 2380 capture decay x 1.1
at 30 seconds after shutdown.

At a specified time, Acce injection location was switched from the
lower plenum to three intact cold legs. Slnce the BOCREC was scheduled
to occur a few seconds before this time, some amount of steam generated
in the core was expected to flow in the primary ;oops prior to switching
of the Acc injection location. This procedure was for preventing an
unrealistlic condensation from occurring at the cold legs. At a speci-
fied rime (23 s) after the initiation of Acc injection, the Acc injec-
tion mode was transferred to the LPCI injection mode. A specified LPCI
injection rate (0.011 m3/s) was maintained constantly until the ECC
injection was turned off.

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).

When all thermocouples on the surface of heater rods indicated
quenching of the rods, the power supply te 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 CCTF component scaled dimensions

COMPONENT PWR JAERI RATIOC

PRESSURE VESSEL |

VESSEL INSIDE DIAMETER (mm) 4394 " 1084

(173"
VESSEL THICKNESS () 216 90
(8 1/2")

CORE BARREL OUTSIDE DIAMETER (rm) 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 {um) 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 1/21.4¢
FUEL (HEATER ROD) ASSEMBLY

NUMBER OF BUNDLES (—) 193 32

ROD ARRAY (—) 15% 15 8§x8

ROD HEATED LENGTH (mm) 3660 3660 1/1

ROD PITCH (mm} 14.3 14.3 1/1

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

THIMBLE TUBE DLAMETER (mm) 13.87 13.8 1/2

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 (n?) 5.29 0.25 1/21.2

CORE FLUID VOLUME (=) 17.95 0.915 1/19.6
PRIMARY LCOP

HOT LEG INSIDE DIAMETER (mm) zgg;? 155.2 1/4.75

HOT LEG FLOW AREA (m?) 0.426 0.019 1/22.54

HOT LEG LENGTH {mm) 3940 3940 1/1

PUMP SUCTION INSIDE DIAMETER {mm) zgi;; 155.2 1/5.07

PUMP SUCTION FLOW AREA (m?) 0.487 0.019 1/25.17

"PUMP SUCTION LENGTH {mm) 7950 7950 1/1
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Table 2.1 (Cont'd)

COMPONENT PWR JAERI RATIC
698.5
COLD LEG INSIDE DIAMETER (mm) (27.5") 155.2 1/4.50
COLD LEG FLOW AREA (m?) 0.383 0.019 1/20.26
COoLD LEG LENGTH () 5600 5600 1/1
STEAM GENERATOR SIMULATOR
NUMBER OF TUBES (—) 3388 158 1/21.44
TUBE LENGTH (AVERAGE) (m) 20.5 15.2 1/1.35
' 22.225
TUBE QUTSIDE DIAMETER (mm) (0.875") 25.4
TUBE INSIDE DIAMETER (mm) 19.7 19.6 1/1
{0.05")
TUBE WALL THICKNESS (mm ) 1.27 2.9
2 4784
HEAT TRANSFER AREA {n®) (51500 Fr?) 192 1/24.92
TUBE FLOW AREA (2?) 1.03 0.048 1/21.44
INLET PLENUM VOLUME (m?) 4.25 0.198 1/21.44
QUTLET PLENUM VOLUME (m?) 4.25 0.198 1/21.44
3 30.50
PRIMARY SIDE VOLUME (m?) (1077 £¢%) 1.2 1/25.41
3 ‘ 157.33
SECONDARY SIDE VOLUME (@?) (5556 £t%) 2.5 1/62.93
CONTAINMENT TANK - I (m?) 30
CONTAINMENT TANK - I (n?) 50
STORAGE TANK (m?) 25
ACC. TANK (m’) 5
SATURATED WATER TANK (m?) 3.5
ELEVATION
BOTTOM OF HEATED REGION IN CORE (um) 0 0
TOP OF HEATED REGION IN CORE {mn) 3660 3660 0
TOP OF DOWNCOMER (mm) 4849 4849 0
BOTTOM OF DOWNCOMER () 0 ) 0
CENTERLINE OF COLD LEG . () 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 2.1 (Cont'd)
COMPONENT PWR JAERI RATIO

CENTER OF HOT LEG (rom) 5198 4927 - 271
BOTTOM OF HOT LEG (INSIDE) (o) 4830 4849 + 19
BOTTOM OF UPPER CORE PLATE (mm) 3957 3957 0
TOP OF LOGWER CORE PLATE (ram) - 108 - 50 + 58
BOTIOM OF TUBE SHEET OF STEAM _

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

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

SDMULATOR (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
DC wall temperature 40
LP fluid temperature 8

LP wall temperature

SG primary side fluid temperature 24
SG secondary side fluid temperature 66
Primary loop 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

SG primary side differential pressure 8
Primary loop differential pressure 52
Pressure 15
Water level 7
. Flow rate 39
Electric power : 9
Total : 1338
Note
UP : UPper plenum, DC : Downcomer
LP : Lower plenum, SG : Steam generator
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Table 2.3 List of USNRC-provided instruments

Instrument Number of sets Number of sensors
DC FDG 18 162
DC VOF 1 1
DC drag disk 4
Core velocimeter 4 4
Core flag probe 12 24
Core LLD ‘ 6 96
LP LLD 3 15
End box turbine meter 3 8
UP turbine meter 4 4
UF FDG 11 110
UP film probe 2 4
UP prong probe 2 4
UP 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: Fluild distribution grid,

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



10.

11.
12.
13.
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Table 2.4 Summary of test conditions

Test type: Reproducibility
Test No.: C2-4 (Run 62)
Test Date: May 12, 1983

Power: Total; 9.37 MW, Average linear; 1.40 kW/m

. Radial power distribution:

A B C
1.92 ¢ 1.67 : 1.07 kW/m

Pressure (MPa):
Upper plenum ; 0.26
Containment ; 0,20

Temperature (K):
Downcomer wall; 467, Vessel internals; 394
Primary piping; 394, Lower plenum liquid; 394
ECC 1iquid; 308, Steam generator secondary; 539

FCC injection type: Cold leg injection

Pump K-factor:~15
ECC injection rates and duration:

Accy 91 x 1072 m3/s from 9%9.5 to 111.0 s (at half maximum)

LPCI; 11 x 1672 m?/s from 120.0 to 1005.0 s

LECC injection to lower plenum; from B4,5 to 97.0 s

Tnitial water level in lower plenum: 0.8l m

Power decay: ANS X 1.2 + Actinide X 1,1 (30 s after scram)

Peak clad temperature at BOCREC: 1072 K



JAERI-M 85-026

Table 2 5 Chronology of events for test

Event

Test inditiated
{Heater rods power on)
(Data recording initiated)

Accumulator injection initiated

Power decay initiated

Bottom of core recovery (BOCREC)

Accumulator injection switched from
lower plenum to cold legs

LPCI injection initiated

All heater rods quenched

Power off

LPCI injection ended

Test ended
(Data recording ended)

Time (s)

0.0

B4.5

93.5

94.0

97.0

120,0
652.0
1005.0
1005.,0

1035.0
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Upper head

Upper support plate

Upper ring S
C 9 f
é 5 —] Bottom of support plate
Vent Valve —_ | = 124
I 1084 ? o
9612 ©
9d9 #
L]
Core flooding nozzle - Loop nozzie center
: ] )
Upper core support plate \N\ iy
Downcomer ~__ == Bottom of core plate
M ] bt ol Top of heated section
Core ~_ |
. \\4 |
Baffle region ~_ | [~ 3
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N O
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Barrel \\\\ v
Lower core support plate ~
\*:E*___'____ s _~Bottom of heated section
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. O
Lower grid ~ ©)
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L - Bottom of qrid
o
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- - (D
Bottom plate ~ | 7] _ 1 1] R
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Fig. 2.2 CCTF Core~I1I1 pressure vessel
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High power zone
Downcomer {4 Assembiles)
injection
nozzle

Medium power zone
12 Assemblies !

Cold Low power zone

(16 Assemblies)

Cold leg

Cold feg roken cold leg

injection
nozzle
Broken hot leg g

vv . Vent vaive

Fig. 2.3 Cross section ¢f CCTF Core-II pressure vessel

Header 151

Upper ring
Water —— h
‘/U—éli/lzea = | Upper support plate
==
Orifi Pre
rifice 33% ’/’/ | Pressure vessel
Injection pipe / " Barrel
45 ¢
I B/—Hﬂf leg
lF ,/j}’ “‘J _-ﬁ
o /*/ /—Upper core
Injection nozzte L support plote
3o J———A’?
> L i
Irig. 2.4 Configuration of upper plenum injection pipe
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PN Upper plenum injection header
[] Guide tube
[O] Support column
leq
Fot Le ot leg D Open hole

Downcomer

injection nozzle < Upper plenum injection pipe and

flow direction of injected water

Cold leg Cold leg

Number : Identification of
bundle in core

Cold leg Broken cold leg

Downcomer
injection nozzie

YV Vent valve

Fig. 2 5 Arrangemént and location of upper plenum injection pipe

8647 —i + UPPER END OF
VENT NCZZLE DOWNCOMER
8183 ° a . o (TOP OF PRESSURE
T L VESSEL )

PRESSURE TAP+NOIZLE FOR VENT VALVE

CORE FLOODING NOZZLE
COLD LEG yot LEG

7027 OE G -O- {10606 LOOP NOZZLE CENTER
COLD LEG BROKEN E’S’?Eé COLDLEG
HOT LEG HOT LEG

e PRESSURE TAP

4\

¢ 4
6167 5 [ ° O o o O
% \< \_< k< VIEWING WINDOW
\ |

Fig. 2.6 Location of Core Flooding Nozzles
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Fig. 2.7

90 1084 J
615 961 |
16 929 !
686
458

v Vessel wail
. Downcomer
.- Barrel

AN

Baffle regicn
Core
Pipes for

pressure
measurement

Core Unit : mm

- 32 Bundles
- Bundle size 113.4
Bundle pitch (14 .4

Dimension of CCTF Core-II1 pressure vessel cross section
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3. Test Results and Discussion

3.1 Comparison of Initial and Boundary Conditions

In this section, the initial and boundary conditions for the
present test are compared with those for Test CZ-SH1 in order to
confirm that they are identical. The initial conditions for these
two tests are compared in Table 3.1. The boundary conditions, such as
the ECC water injection rate and temperatures and the containment tamnk
pressure, are compared in Figs. 3.1 through 3.4,

Table 3.1 indicates that the initial conditions for both tests are
almost identical except the temperatures of the lower plenum water and
the core barrel wall (downcomer side). The difference in the lower
plenum water temperature was caused by the Insufficient preheating of
the water supply piping connected to the lower plenum in Test CZ-SHI.
The difference in the core barrel wall temperature was caused by the
pressurization of the system up to 4 bars prior te the imitiation of
Test C2-SH1 in order to prevent the glasses of view windeows from
collecting moisture. Since the pressure was reduced to 2 bars after-
ward, the temperature cof the primary loop piping wall decreased to
the saturation temperature for 2 bars. However, the temperature of the
core barrel wall did not decrease, precbably because of the influence of
the superheated downcomer wall, which was heated up teo 471 K.

The difference in the lower plenum water temperature is expected
to result in the difference in the core inlet subcooling. Also, the
difference in the ccre barrel wall temperature is expected to result
in the difference in the downcomer water temperature, and hence, the
downcomer differential pressure. The magnitudes of difference in those
data are investigated in the following sectiom.

Figure 3.1 is the comparison of the Acc injecticn rates and shows
almost the same history. Figures 3.2 and 3.3 are the comparisons of
the ECC water injection rates and temperatures at three intact cold leg
ECC pofts. These figures show that those data are almost identical
between the two tests. Figure 3.4 shows the comparison of the pressure
of the  containment tank 2 and indicates the system pressures are almost

identical.

‘,31 —
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3.2 System Behavior

The downcomer differential pressures are compared in Fig. 3.5,
They are almost identical to each other. Tigures 3.6(a) through (e)
show the downcomer fluid temperatures. They are alsc almost identical
to each other except for the initial period. As mentioned in the
previous section, the initial temperature of the core barrel wall was
higher by about 20 K in Test C2-SHL. However, the effects of this
difference are not noticeable in the downcomer differential pressure
and fluid temperatures as shown in Figs. 3.5 through 3.6(e). The
sectional downcomer differential-pressures are also presented in Figs.
3.7(a) through (e), which show the almost identical behavior between
the two tests.

The core differential pressures are compared in Fig. 3.8 and the
sectional core differential pressures are compared in Fig. 3.9(a)
through (f). As described later, there was a trouble in the core
differential pressure measurement for Test CZ-SH1 and the data above
1.83 m are judged to be unreliable before 200 s. After 200 s the core
differential pressures are almost identical between the two tests. The
sectional differential pressures are almost identical below 1.83 m
elevation through the whole transient. Above 1.83 m elevation, however,
the behaviors of the differential pressure for Test C2-SH1 are unreason-—
able and different from those For Test C2-4 in the early period. This
was caused by the trouble in the core differential pressure measurement
system as explained below.

The core differential pressure data above 1.83 m elevation are
presented in Figs. 3.10(a) through (c) for Test C2-SH1. There observed
significant zero-shift of the data in these figures at 0 s and the data
at the different orientation differ from each other in the periocd before
200 s. THowever, except for the data at the orientation 6 shown in Figs.
3.10¢a) and (b), the data of the other three orientations become almost
the same after 120 s and 200 s for Figs. 3.10(a) and (b) and Fig.
3.10(c), respectively, and in this period these data are almost identi-
cal to those for Test C2-%4 as shown in Figs. 3.9(d) through (f).
Therefore, judging from the information above, the trouble seems to be
as follows. In test C2-SH1, the system was pressurized at 4 bars and
then depressurized to 2 bars before the initiation of test. This

procedure seems to cause the flashing or vaporization of some water

— 32_
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filled in the pipings for the differential pressure measurement in the
upper region of the core, resulting in the significant zero-shift
mentioned above. As the reflooding proceeds, however, the water in
the core seems to fill the piping gradually and then the differential
pressure measurement seems to recover by 200 s,

Figure 3.11 shows the comparison of the upper plenum differential
pressures (above UCSP). They are almost 1dentical. Figures 3.12 and
3.13 show the intact and broken loop differential pressures, respectively.
Also, Fig. 3.14 shows the pressure losses through the broken cold leg.
They are almost identical between the two tests. Figure 3.15 shows the
comparison of the upper plenum pressure and they are nearly identical.

Figure 3.16 shows the core flooding rate evaluated by the mass
balance calculation. Although the peak value for Test CZ2-SHLl is slightly
smaller, they are generally almost identical. It should be noted that
these core flooding rates were calculated with the core differential
pressure data shown in Fig. 3.8, and hence, the value for Test CZ-SHIL
is not correct in the early period. Figures 3.17 and 3.18 show the core
inlet fluid temperature and subcooling, respectively. The core inlet
subcooling for Test C2-8H1 is larger than for Test C2-4. This is
probably because the initial fluid temperature in the lower plenum was
about 40 K lower in Test C2~-5H1 as mentioned in the previous section.
However, the megnitude of difference in the core inlet subcooling is

about 6 K at most.

3.3 Core Cocling Behavior

The quench envelopes are compared in Fig. 3.19. This figure
indicates the quenching occurs at almost the same time between the two
tests. This figure shows the average quench times for the three (A,

B and C) power regions. The standard deviations (on—l) of the quench
time are presented in Figs. 3.20{a) and (b) as well as the average
values.

Figures 3.21(a) through (c) show the comparisons of the rod surface
temperatures in A, B and C regicns, respectively. The data in the upper
part (above 2.44 m elevation) of A region differ slightly between the
two tests and the data for the present test are siightly lower. Figure
3.22 shows the rod surface temperatures above 3,05 m elevation, indicat-

ing the same trend of the comparison. Figure 3.23 shows the comparisons
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of the heat transfer coefficients in the high power region (A region),
corresponding to Fig. 3.21(a}. The reason for the difference in the
rod surface temperature might be the difference in the core inlet
subcooling shown before (Fig. 3.18), as described in the following.

In Fig. 3.24, the core inlet subcooling for the twe tests in the
CCTF Core-T test series are compared. These tests are Tests ClL-2 and
Cl—3(4). Except for the core inlet subcooling, the cenditions for core
cooling were almost identical between the two tests(4). The temperature
histories are compared in Fig. 3.25 in order to show the effects of cecre
inlet subcooling on core cooling in the typical CCTF tests. The figure
indicates that the turnaround temperature is slightly lower for the
lower core inlet subcooling test (Test C1-2), whereas the quench time
igs later. The slightly better core cooling around the turnaround time
for the lower core inlet subcooling case can be explained to result
from the larger generation of vapor and liquid entrainments due to its
lower subcooling. However, this effects on core cooling is considered
to beccme recessive as core cooling advances and be replaced by another
effect, that is, the retarded core cecoling caused by the slower propa-
gation of quench front due to higher carryover rate(a).

Concerning to Tests C2-4 and C2-SH1, the slightly better core
cooling around the turnaround time 1s also obseved in Test C2-4 (Fig.
3.21¢a)), in which the core inlet subcocling is lower (Fig. 3.18).
Figure 3.26 shows the comparison of core outlet steam mass flow rate
measured with speol pileces in het legs. From this figure, it is
comfirmed that the core outlet steam mass flow rate is higher in Test
C2-4. However, the differences in the temperature shown in Fig. 3.21(a)
are larger than in Fig. 3.25. This might result from the higher initial
rod surface temperature, that is, the higher initial stored energy, in
Tests C2-4 and C2-SHL than in Tests Cl1-2 and Cl-3. After the turnaround
time the rod surface temperatures for Test C2-4 become closer to those
for Test C2-SH1., However, in general, the temperatures for Test CZ-~4
do not become higher than those for Test CZ2-SH1. This might be because
the difference in core inlet subcooling, and hence, core outlet steam
mass flow rate beccmes very small at later times as shown in Figs. 3.18

and 3.726.
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3.4 TInvestigation of Reproducibility

As presented in Section 3.1, the initial and boundary conditions
are almost identical between the two tests except the initial tempera-
tures of the lower plenum fluid and the core barrel wall. The former
seems to cause a little difference in the core inlet subcooling, which
is 6 K at most.

As discussed in Section 3.2, the system behavior is nearly identi-
cal. The core cooling behavior is also almost identical as discussed
in Section 3.3 except a little difference in the yod surface tempera-
tures at the upper part in the high power region. Furthermore, the
maganitude of this difference is small and can be explained qualitatively
to be caused by the difference in the core inlet subcooling mentioned
above. Therefore, it can be practically concluded that there is the
reproducibility of the thermo-hydrodynamic behavier in the CCTF Core-II

tests.
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Tabie 3.1 Comparison of initial conditiens

Measured Measured
Power Planned (Test C2-SH1) (Test CZ2-4)
Total (MW) : 9.345 9.354 5.365
Average linear (kW/m) : - 1.40 1,40 1.40

Radial power distribution ¢ 1.36:1,20:0,76 1.37:1.20:0.76 1.37:1.20:0.76

Pressure (MPa)

System : 0,2 0.2 0,2

Steam generator Secendary @ : 5.2 3.2 5.4
Temperature (K}

Downcomer wall : 471 469 467
Core barrel wall : 393 423 404
Primary piping wall : 393 401 394
Steam generator secondary @ : 539 546 . 9239
Peak clad at ECC initiatdion : 995 1001 1013
Peak clad at BOCREC : 1073 § 1066 1072
Lower plenum filled ligquid : 393 355 394
ECC liquid : 308 308 308
Water level (m)

Lower Plenum : 0.90 0.95 0.81
Steam generator seccondary 7.4 7.5 7.4
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Conclusions

In order to investigate the reproducibility of the CCTF Core-IIT

tests, the data of the present test (Test C2-4) are compared with those

of Test (2-SHL. The following results are obtained,

(1)

(2)
(3)

(4)

The initial and boundary conditions for the two tests were almost
identical except the temperatures of the core barrel and the lower
plenum fluid. The difference In the latter is considered to result
in a little difference in core inlet subcooling of abeut & K at
most .

The system behavior was élmost identical.

The core cooling behavior was also nearly identical except a little
difference in the rod surface temperature in the upper part of the
high power regiom.

Taking account that the difference mentioned above in item (3) is
small and can be explained gqualitatively to be caused by the dif-
ference 1n the core inlet subcooling mentioned above in item (1),
it is practically concluded that there is the reproducibility of

the thermo-hydrodynamic behavior in the CCTF Core-1I tests,
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Appendix A

Definitions of Tag 1Ds
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Figure List

Definition of power zones and bundle numbers

Definition of Tag. ID for void fraction (AG(EL.1) v AG(EL.6))
Definition of Tag. ID for average linear power of heater and
in each power unit zone (LPOlA ~ LPOYA) A

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

(DSD55, DTO7RTS, LTOBRMS, DSC75, DSCLS)

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

(DT23C, DTOLB, DPBCN)

Defimitien of Tag. ID for fluid temperature iniiniet and outlet
plenum and secondary of steam genrator

(TED2GW, TEOSGW, TENRCONH)

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

(MLEC1, MLECZ2, MLEC3, MLECLF, MLECUP, MLECDC1, MLECDCZ,
TE11OW, TE210W, TEO1JW, TECLUW, TEQGZ2UW, TEO3UW,- MGVENTI)

Definition of initial temperature, turnaround temperature,

quench temperature, temperature rise, turnaround time and

quench time
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plenum and

See

Definition of Tag. ID for clad surface temperatures and heat
fransfer coefficients
Notation TEnnYlm (temperature)
HTEmmYlm (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 Fip. A.3
Definition of Tag. ID for differential pressure through downcomer,
upper plenum, core and lower plenum
See Fig. A.4
Definition of Tag. ID for differential pressure through intact
and broken loop and broken cold leg nozzle
See Fig. A.5
Definition 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)
AT : Temperature rise (= T_ - T,)
T t i
T : Quench temperature (Clad surface temperature at

q quenching)

10, Definition of quenching

See Fig. A.8
Quench time tt is determined as
tt =1 x at - (refloed initiation time)

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

> + A
Ti Tsat T

{(2) Decreasing rate of c¢lad surface temperature is large.

T, - T,
i+r 1 < - C
st

At

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

' T.. < T + AT
i+ ks sat !

(4) If the determined i 1s inadequate, the value 1 is manually

re~determined.

At @ Data sampling period (s)
Ti : Clad surface temperature (K)
qut: Saturation temperature at the pressure in upper

plenum (K)



JAERI-M 85-026

ATy : Temperature discrepancy (K)
Default value = 50.0

Decreasing rate of clad surface temperature (K/S)

C
st 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 : MLCRID (Q = N, 1 or 11)

(2) Time~intefral core inlet mass flow rate : JFﬁth
Notation : IMLCRIC (D = N, 1 or 11)

(3) Carry-over rate fraction : (mF - mCR)/mF
Natation : CRFOZ (O = N, 1 or 11)

where m_, : Core inlet mass flow rate (See item 12)

F
éCR: Water accumulation rate in core
- Suffix éF based on
N Fg.(A.2)
1 Eq.{A.1) with K=15
11 Eq.(A.1) with K=20
12, Evaluation of core inlet mass flow rate

The reflood phenomena is a relatively slow transient and a steady
state condition can be applied. 1In a steady state condition, based
on the mass balance relations of the svstem, the core flooding mass

flow rates s can he written as follows:
g

By using the data measured at the downstream of the core inlet, m
is derived as,

rnF=mC+mU+mB-i-},_mI . (A.1)

where ™o and m, are the mass accumulation rates in the core and the upper

plenum respectively. The &B and éI are the mass flow rates in the broken

loop and the intact loop, respectively.



JAERI-M 85-026

By using the data measured at the upstream of the core inlet, ﬁF

is derived as,

. - .

Mp = Mg - My T Mg Meecsp ' (A.2)

where ﬁDL and ﬁo are the mass flow rates of the water flowing into and

overflowing from the downcomer, ﬁECC/IP and &D 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 ﬁB 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'.mD and éU can be evaluated with the

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

m = d(aP S /jg)/dt (n : C, D, U) , (&.3)
n nn .

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

area, The value of ﬁo can be cbtained from the liquid level X in the

Containment tank 1 as,

m. o= d(Xr S )/dt , (A.4)
i i 0 )

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

v

containment tank 1.

The value of ﬁUI’

flow rate and enthalpv of two phase mixture downstream each ECC port

ﬁDV and h, which are liquid flow rate, steam

respectively, are obtained from the following mass and energy balance

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

ﬁDV.+ r;‘DL i r.“Ecc * 51 ’ (A.5)
(M My ) E = mpechpee o mh ‘ (A.6)
if hg zh2h o, (r;ll)\f + T;LDI,,)h élDth + [;L[fil.hi‘
if h 2 hg . &DL = Q0 . (A.7)
if hozh . .auv -0
where b is enthalpy of fluid and hp and hﬂ are enthulpies 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 h1 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 cvaluated 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 ﬁeasurement in a
typical reflood condition assuming the flat velocity profile in the
pipings. In the differentiation, higher frequency components of the
.data tends to be amplified mere. ‘Therefore, in the differentiation of
the differential pressure data, the smoothing procedure was used to
suppress the hiph {requency components of the data. ‘

In the Acc injection period, the calculated ﬁFs with Egs. (A.l) 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
volume in the injection line. In this period, especially before the
steam generation from the core becomes noticeable, the mass flow rate,
ﬁF' calculated with Eq. {(A.1) 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 encugh 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 &FS’ their average values are nearlyv proportional. The
discrepancy was inferred to be caused by the disrepard of the bypass
of steam and liquid from the upper plenum without going through the hot
legs in thé calculation with Eg. (A.1). And additionally the discrepancy
was caused by the disregard of the steam gencration in the downcomer
due to the hot wall of the pressure vessel in the calculation with Eg.
(A.2). 1t was estimated that the disvepard of the downcomer steam
generation causes the error of 0.25 kg/s on predicted ﬁF. The estima-

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

downcomer conditions.
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Fig. A.8 Definition of initial tempercture, turnaround temperature, quench
tempercture, tempercture rise, turnaround time and quench time
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Appendix B

Selected data of CCTF Test CZ2-4 (Run 62)



Fig. B.1
Fig. B.Z
Fig. B.3
Fipg. B.4

Fig. B.S

Fig. B.b

~d

Fig. B.

Fig. B.8

Fig. B.10

Fig. B.1t
Fig. B.12
Fig. B.13
Fig. B.14
Fig. B.15
Fig. B.16
Fig. B.17
Fig. B.18
Fig. B.19

Fig. B.20
Fig. B.21
Fip. B.22

Fig., B.,23

Fig. B.24
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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. '

{lad surface temperature at various elevations alonpg a heater
rod in high power region (A region).

Clad surface temperature at various elevations along -« heater
rod in mediur power region (B region).

Clad surtace temperature at various elevations along a heater
red in low power region (C region).

Heat transfer coefficient at various elevations along a
heater rod in high power region (A regien).

Heat transfer coefficient at various elevations along a
heater rod in medium power region (B region).

Heat transfer coefficient at various elevations along a
heater rod in low power reglon (C region).

Initial clad surface temperature.

Temperature rise.

Turnaround temperature.

Turnaround time.

Quench temperature.

Quench time.

Void f{raction in core.

Differential pressure through upper plenum.

Differential pressure through downcomer, core, and lower
plenum.

Differential pressure through intact and breken loops.
Differential pressure through broken cold leg nozzle.

Fluid temperature in inlet plenum, outlet plenum, and
secondary of steam generator 1.

Fluid temperature in inlet plenum, outlet plenum, aned
secondary of steam generator 2.

Core flooding mass flow rates evaluated with Egs. (A1 and

(A.2)



Fig.

Fig.
Fig.
Fig.

B.25

B.26
B.27
B.28

JAERI-M 85-026

Time-integral mass flooded into core evaluated with Egs.
(A.1) and (A.2).

Carry-over rate fraction.

Core inlet subcooling.

Exhausted mass flow rate from containment tank 2.
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O--MLEC1 (62) &a--MLEC2 (62) +--MLEC3

(62}
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o pq — 150 ng — 4850 —— BOO f' 760
TIME (§5)
Fig. B.1 ECC water injecticon rates into the primary system.
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Fig. B.2 ECC water temperature.
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O--LPOILAR {62) a--LPB2R (62) +~--LPO3A {62)
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Fig. B.3 Average linear power of heater rod in each power unit zone.
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0 1E0 sco 460 BOD 760
TIME {81
Fig. B.4 Pressure history in containment tank 2, upper plenum and

lower plenum.
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Clad surface temperature at various elevaticns along a heater

rod in high power region {A region).
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Clad surface temperature atl various elevaticns along n heater

rod in medium power region (B regien).
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Fig. B.7 Clad surface temperature at various elevations along a heater

rod in low power region (C region).
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Fig. B.8 Heat transfer cecefficient at various elevations along a

heater rod in high power region (A region).
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B.9  Heat transfer coefficient at various elevations along a

heater rod in medium power region (B regian),.
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Fig. B.10 HMeat transfer coefficient at various elevations along a

heater rod in low power reglon (C region).
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Fig. B,11 Initial clad surface temperature.
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Fig. B.14 Turnarcund time,
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Fig. B.13 Turnaround temperature.
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Fig. B.15 QGuench temperature.
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Fig. B.16 Quench time.
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Fig. B.17 Void fractien 1n core.
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Fig. B,19 Differential pressure through downccmer, core, and lower
plenum.
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Fig. B.20 Differential pressure through intact and broken loops.
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Fig. B.21 Differential pressure through broken cold leg nozzle.
O--TE22GH (62) &--TE25GW (62) +--TEOQBGZH (B2)
700 T T T T w
BOD
- o ) | i
[ 1 T ¥ T [y _f_ v .J'.... —
500
- -
400 |Ciac—rmm MM——& i
| L T A P Lo Lo
300 g 160 300 450 800 750
TIME (8)
Fig. B.22 Fluid temperature in inlet plenum, outlet plenum, and

secondary of steam generator 1,
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Fig. B.25 Time-integral mass flooded into core evaluated with Eqgs.

(A.1) and (A.2).
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Fig. B.26 Carry-over rate fraction.
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Fig. B.28 Exhausted mass flew rate from containment tank 2,



