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This report presents the results of the following CCTF CORE I tests
conducted in FY. 1980.

(1) Multi-dimensional effect test

(2) Evaluation model test

(3) FLECHT coupling test

On the first test, cne-dimensional treatment of the core thermo-
hydrodynamics was discussed. On the second and third tests, the test
results were compared with the results calculated by the evaluation
model codes snd the results of the corresponding FLECHT-SET test (Run
27143), respectively. '

The work was performed under contracts with the Atomic Energy

Bureau of Science and Technology Agency of Japan.
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1. Introduction

The Cylindrical Core Test Facility (CCIF) is ome of the facilities
of the Large Scale Reflood Test Program. This program is being performed
at Japan Atomic Energy Research Institute (JAERI) to study the effective-
ness of Emergency Core Cooling System (ECCS) during refill and reflood
phases of a postulated Loss-cf-Coolant Accident (LOCA) of a Pressurized
Water Reactor {(PWR).

The objectives of the program are:

(1) Demonstration of effectiveness of ECC system in a PWR during
refill and reflood phases of a LOCA.

(2) Provision of information for analytical modeling of thermo-
hydrodynamic behaviors of refill and reflood phases.

(3) Verification of JAERI-develcped reflood analysis code REFLA
and US-developed three-dimensional code TRAC.

The CCIF is the facility for the integral system effect test.
Results of the CCTF CORE I test series in 1979(1) reported at the
Eighth Water Reactor Safety Research Information Meelting were as follows:

(1) The present safety evaluation model closely represents the
phenomena observed in the tests with some conservatisms eXcept in the
downcomer portiom.

(2) Water accumulation in the upper plenum and the significantly
large pressure drop at the broken cold leg nozzle were observed.

(3) The slow water accumulation was observed in the downcomer
due to the partial ECC bypass through the downcomer,

(4) The temperature response of the heated rods was affected
by the radial and local power distribution in the core, however, the
quench front propagation was nearly one-dimensional.

This report presents the results of the following CCTF CORE I tests
conducted in 1980.

(1) Multi-dimensional effect test

(2} Evaluation Model (EM) test

(3) FLECHT coupling test

The‘objective of the Muti-dimensional effect test was to confirm
the one-dimensional core cooling behavior assumed in the system amnalysis
of the safety evaluation model.

The EM test was run under the initial and the beoundary conditions

based on the safety evaluation calculation. Twec analyses were made
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with the EM codes, WRAP in the US and WREM in Japan, to compare the
prediction with the experiment.

The water accumulation rate in the downcomer will be examine, under
the higher ECC injection rate than that of previous tests. The ECC flow
rates of the previous tests were thought to be too conservative.

The FLECHT coupling test was run to examine the similarity between

(2

CCTF and the FLECHT and/or FLECHT-SET facilities and to verify the
safety evaluation model which has been developed based on the results of

the FLECHT experiments.

2. Test Description

2.1 Test Facility

The CCLF was designed to reasonably simulate the flow conditioms
in the primary system of a four-loop PWR during the refill and reflood
phases of a LOCA. The reference reactors are the Trojan reacteor in USA
and, in certain aspects, the Ohi reactor in Japan. The vertical dimen-
sions and the length of the flow pathes of the system components are
kept as close to those of the reference reactors as possible. The each
flow area of the system component is scaled down in proportion to the
scaling factor, 1/21.4, of the core flow area. The primary loop system
consists of three intact loops and a broken loop. The primary loop
piping is shown in Fig.l.

Each loop has an active steam generator, a loop seal section,

a pump simulator, and an ECC injection port as shown in Fig. 2.

Figure 3 shows the cross section of the pressure vessel. The
initial wall temperature of the vessel wall is adjusted to simulate the
heat Telease from the wall te the fluid in the downcomer.

The core consists of thirty-two 8x8 electrically heated rod bundles
and simulates the 15x15 array fuel assemblies, The core is subdivided
into nine power regions. It is possible to control the specific power

of each region separately.

2,2 Test Conditions

A series of test was conducted through 1979 to 1980 with varing

one parameter at a time from the base case conditions. Test conditions
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one parameter at a time from the base case conditions. Test conditions
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of the base case test are shown in Table 1.

Two Tests, an azimuthal asymmetric power distribution test (Asym-
metric power test) and an azimuthal asymmetric initial temperature
distribution test (Asymmetric temperature test), were conducted.

In the Asymmetric power test, the total core power was equal to
that of the base case. In the Asymmetric temperature test, the total
energy stored in the core was equal to that of the base case. Test
conditions of both tests are shown in Fig.é4.

In the EM test, the radial power distribution, the initial rod
gurface temperature and the ECC flow rate were different from the base
case conditions as shown in Table 2.

In the FLECHT coupling test, the test conditions were equivalent
to those of FLECHT-SET 2714B as shown in Table 3. The initial downcomer
wall temperature was the saturation temperature, and the ECC water was

directly injected into the lower plenum.

3., Results and Discussion

3.1 Multi-dimensional effect test

In the Asymmetric power test and the Asymmetric temperature test,
the water accumulation was axi-symmetric in the core, the downcomer and
the upper plenum. The void fractions In the core of the both tests are
shown in Fig.5. The behavior of the quench front propagation is shown
in Fig.6 for the Asymmetric power test and in Fig.7 for the Asymmetric
temperature test. In the former test, the quench fronts advanced
upwards nearly one-dimensionally. In the latter test, the tendency was
significant up to 100 sec after the Bottom of Core Recovery (BOCREC),
i.e. the reflood initiation. The asymmetry of the guench propagation
decreased slowly after that time, however, it remained for a long period.
Although the thermal behavior in the core was asymmetric, it was notice-
able that the water accumulation were symmetric. Hence it can be con-
sidered that the hydrodynamic behavior in the core is one-dimensional

even in cases of thermally multi-dimensional condition.

3.2 EM test

Figure § shows the core flooding rate of the EM test in comparison
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of the base case test are shown in Table 1.

Two Tests, an azimuthal asymmetric power distribution test (Asym-
metric power test) and an azimuthal asymmetric initial temperature
distribution test (Asymmetric temperature test), were conducted.

In the Asymmetric power test, the total core power was equal to
that of the base case. In the Asymmetric temperature test, the total
energy stored in the core was equal to that of the base case. Test
conditions of both tests are shown in Fig,4,

In the EM test, the radial power distribution, the initial rod
surface temperature and the ECC flow rate were different from the base
case conditions as shown in Table 2.

In the FLECHT coupling test, the test conditions were equivalent
to those of FLECHT-SET 2714B as shown in Table 3. The initial downcomer
wall temperature was the saturation temperature, and the ECC water was

directly injected into the lower plenum,

3. Results and Discussion

3.1 Multi-dimensional effect test

In the Asymmetric power test and the Asymmetric temperature test,
the water accumulation was axi-symmetric in the core, the downcomer and
the upper plenum. The void fractions in the core of the both tests are
shown in Fig.5. The behavior of the quench front propagation is shown
in Fig.6 for the Asymmetric power test and in Fig.7 for the Asymmetric
temperature test. In the former test, the guench fronts advanced
upwards nearly one-dimensionally. TIn the latter test, the tendency was
significant up to 100 sec after the Bottom of Core Recovery (BOCREC),
i.e. the reflood initiation. The asymmetry of the gquench propagation
decreased slowly after that time, however, it remained for a long period.
Although the thermal behavior in the core was asymmetric, it was notice-
able that the water accumulation were symmetric. Hence it can be con-
sidered that the hydrodynamic behavior in the core is cone-dimensional

even in cases of thermally multi-dimensional conditionm.

3.2 EM test

Tigure 8 shows the core flooding rate of the EM test in comparison
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with the predictions using WRAP and WREM. The core flooding rate of
the CCTF test was evaluated by the mass balance over the system. Both
WRAP and WREM predict the core f£looding rate well. The core flooding
rate is less than 1 in/sec after 170 sec. Since the flooding rate
might be influenced by many factors in the integral test, it is very
important to analyze the reason why the EM codes predict the core flood-
ing rate well.

Figure 9 presents the scheme of the mass and momentum balance in

a PWR system. The core flooding rate, mp, can be expressed as follows;

ﬁ1F=1hc+ﬁ:U+i§lrhli+ziB s

mp = V20PT Pr/Xp ig = Y24Pg Pp/Kg
APg = AP + APpen R and

AP = APp + 4P¢ .

The contribution of the each term to the core flooding rate is
summarized in Table 4. WREM overestimates the water accumulation rate
in the core and underestimates the water accumulation rate in the upper
plenum and the mass flow rate through the four loops at 100 sec aftexr
BOCREC. The same tendency appears at 200 sec after BOCREC. These
discrepancies cancel with each other and the predicted core flooding
rate agrees well with the measured flooding rate.

Figure 10 shows the loop K factors in the CCTF test. The K factors
increase with time gradually and appreaches 25 that is used in the EM
calculation. This causes the underestimation of the my and mp in the
WREM calculation.

Figure 11 shows the measured and the predicted clad surface tempe-
ratures at the location of the maximum power density. Both EM codes
predict similar temperatures with each other. The predicted temperatures
are higher than the measured. The predicted vessel pressure was lower
than thermeasured as shown in Table 4.

Giving the measured core boundary conditions, the post-test calcula-
tion with the WREM code was performed to check the core heat transfer
model. The post-test calculation gives almost the same tendency as the

pre-test prediction. It indicates that the discrepancy of the clad
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surface temperature is mainly caused by the conservatisms of the core-
model.

The collapsed water levels in the downcomer and in the core are
compared with the WREM predictions in Fig.l2, respectively. The meas-
ured collapsed water level in the downcomer is lower than the overflow
level, while the predicted collapsed water level in the downcomer is
nearly equal to the overflow level. The void generation in the downcomer
and the carry over by the steam flowing through the downcomer may result
in the lower downcomer water level in the CCIF test. The slow water
accumulation observed in the base case test was not appeared in the EM
test. That is thought to be due to higher ECC flow rate.

The predicted core collapsed water level has the tendency to in-
crease at a constant rate, while the measured level in the CCTF test
approaches a constant level. The measured water accumulation rate is
higher than the predicted rate in the initial pericd, however, the
measured rate decreases with time.

As indicated in Table 4 and Fig.l1l2, the significant difference has
been recognized in the core water accumulation behaviors between the
WREM prediction and the CCTF results.

The core thermo-hydrodynamic model in the WREM code has been de-
veloped hased on the FLECHT tests. The void fractions of CCTF and
FLECHT Run 04516(3> (Variable flooding rate test) are compared in Fig.
13, The FLECHT test with hot flow housing gives high void fraction,
nearly unity. Therefore 1t is reasonably thought that the flow pattern
in the FLECHT test is the dispersed flow. On the other hand, the void
fraction of the CCTF test is relatively low. This indicates that the
flow pattern is the slug fiow. When the dispersed flow appears above
the gquench front, the total liquid mass in the core is nearly the same
as the liquid masg below the quench front and the total liquid mass in
the core is gradually increasing with the quench front propagation.

The carry-over rate correlation develeped based on the FLECHT test
data should predict the same history of the core liquid mass as the
FLECHT test. Therefore the EM codes with the carry-over rate correlation
developed based on the FLECHT test data give the gradual water accumula-
tion in the core. The discrepancy of the heat transfer between the CCTF
test and EM prediction is probably caused by the difference of the flow
pattern between the CCTF and the FLECHT tests.
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3.3 TFLECHT coupling test

Figure 14 shows the comparison of the core and the downcomer dif-
ferential pressures between the CCTF and the FLECHT-SET (2714B) tests.
The core collapsed water level is higher in the CCIF than in the FLECHT-
SET test.

The pressure drops in the loops are shown in Fig.l15. In the
FLECHT-SET tést, the pressure drop in the broken loop is approximately
the same as that in the intact loop, while, in the CCIF test, the pres-
sure drop in the broken loop is significantly larger than that in the
intact loop. This is caused by the higher pressure of the pressure
vessel due to the higher pressure drop at the broken cold leg nozzle.

The overflow piping of the FLECHT-SET downcomer has larger flow
area than the correctly scaled. The ECC injection rate was adjusted to
prevent the overflow of the downcomer water during the test. On the
contary, in the CCTF, the broken cold leg has the same flow area as
that of the intact loop and the overflow of the downcomer water was
allowed. The overflow water was accerelated by the exhausting steam
flowing from the intact loops. Therefore, the higher pressure drop was
induced at the broken cold leg nozzle of CCTF.

The pressure drop at the broken cold leg nozzle of CCIF is one of
causes of the increase of the core flooding rate, as shown in Fig.16,

Figure 17 and 18 show comparison of the clad surface temperature
at the location of the maximum power density and the quench front enve-
lope between the CCTF and the FLECHT-SET tests, respectively. The tem-
perature response of the CCTF test is different from that of the FLECHT-
SET test, however, the quench front envelopes show o significant dif-
ference between both tests.

The void fractions and the heat transfer coefficients at the core
midplane are compared in Fig.l19 and 20, respectively. The lower void
fraction in the CCTF test than the FLECHT-SET test appears to be due to
the higher flooding rate and the higher vessel pressure in the CCTF test.
The void fractionms of the CCIF and the FLECHT-SET tests indicate that
the flow pattern is not the dispersed flow but the slug flow.

The heat transfer coefficients were calculated with the saturated
film boiling correlation developed by Murao and Sugimoto(a) for the
flow like the slug flow. In this calculation, the measured void fraction

shown in Fig.l19 or the assumption of no void was utilized. The calcu-
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lated results for the CCTF and the FLECHT-SET tests are shown in Fig.20
in comparison with test results. The measured heat transfer coefficients
are in the range of the calculated.

1t can be considered that the flow patterns in the CCTF and also in

the FLECHT-SET cores are the slug flow as thought in the discussion of

the EM test.

4. Conclusion

The results of the Multi-dimensicnal effect test, the EM test and
the FLECHT coupling test have been studied, and the following conclu-
sions were obtained:

(1) In the Multi-dimensional effect test, the hydrodynamic be-
havior in the core was one-dimensional even in the case of thermally
multi-dimensional conditions.

{2) In the downcomer in the EM test, the slow water accumulation
rate, which was observed in the base case test, was not appeared, however,
the water accumulation was lower than the predicted with the EM codes,

(3) The measured core water accumulation behavior in the EM test
had a tendency to approach a nearly constant level in a short time, while
the predicted had a tendency to increase at a nearly constant rate.

(4) The good agreement of the core flooding rates between the EM
test and predictions was obtained, however, the agreement was introduced
by cancelling the discrepancy of several factors which influence the
flooding rate.

(5) The pre~ and post-test predictions for the EM test showed
higher turnaround temperature than the test result.

(6) In the FLECHT coupling test, the significantly high pressure
drop at the broken cold leg nozzle and the resultant higher flooding
rate were observed.

{(7) 1t can be considered that the flow pattern in the FLECHT core
is the dispersed flow but those in both CCTF and FLECHI-SET cores are
the slugrflow. It is theought that the correlations of the EM codes,
which were developed from the FLECHT test data, predict the gradual
water accumulaticon in the core and probably the different heat transfer

history from the measured,
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Nomenclature

Mass flow rate

=]

AP : Differential pressure
K : K factor ( = APf% ovl )
P : Pressure

P : Density

v : Velocity

(Subscripts)

C : Core

F Core flooding
U Upper plenum
I Intact loop

B Broken loop

BCN: Broken cold leg nozzle

D : Downcomer
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Nomenclature
t : Mass flow rate
AP : Differential pressure

K factor ( = A?ﬁ% ovZ )
P : Pressure
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Test conditions of the base case
test and their data bases

Itenms

Values

Data bases

System pressure

Initial average
linear power

ECC injection
ACC flow rate
ACC water temp.
ACC injection period
LPCI flow rate
LPCI water temp.

Maximum initial
clad temp.

SG secondary side
water temp.

Downcomer wall temp.
(wall temp. of vessel)
below cold legs

Wall temp. of
non-specified structures

Kfactor of primary loops

Decay curve of power

Radial power factor
Axial power factor
Local power factor

Total peaking factor

2 kg/sza

1.4 kw/m

280 m3/n
a5 °¢
14 sec
30 m3/h
35 °cC

600 °C
265 °C

198 °C

119 °C
(Saturation temp.)

25

ANS x 1.2+
Actinide x 1.1
Delayed neutron
effect is considered
in the initial power
1.15
1.49,
1.1

1.885

- 10 -

3\

)

2.5v1.5 kg/em?a
(Takahama 3.4)

1.34~1,37 kw/m
(Trojan 2% over power )
30 sec after shutdown

(Data referred)
in FLECHT-SET
378~ 287 m3/h

35 °c
14 sec
40 m3/h
35 °C

870 °C
{Sendai 1)

265 °C

v 176 °C
(Equivalent)
wall temp.

24.45
(FLECHT-SET)

ANS < 1.2+
Actinide x 1,1
+ Delayed neutron

1.435
1.546
1.027

2.278
(Sendai 1)
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Table 2 Test conditions of EM test

EM test Rase case test

Average power (kw/m) 1.4 : 1.4
Peak powef (kw/m) 2.95 2.64
System pressure (MP&) 0.2 0.2
ACC flow rate (m°/h)

from lower plenum 369 (3 sec) 280 (3 sec)

from cold leg 324 (11 sec) 280 (11 sec)
LPCI flow rate (m°/h) 39.9 30
ECC water temp. (°C) 35 35
Maximum initial clad
surface temp. (°c) ' 870 600

Table 3 Test conditions of FLECHT coupling test

CCTF FLECHT FLECHT-SET
coupling test ( Run 2714B )
Average power (kw/m) 1.49 1.37
Peak power (kw/m) 2.82 2.76
System pressure (MPa) 0.152 0.145
ACC flow rate (kg/m°s) 386 (15 sec) 388 x 1l(sec)
LPCI flow rate (kg/mzs) 42.6 variable
ECC water temp. (°C) 67 67.2

Maximum initial clad
surface temp. °0) 594 593
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Fig. 5 Symmetry of void fraction in the core
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Appendix | Description in Japanese
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m, ECCHAOSZSE=GAT S, Ry 7EEHIz, [EHEALEEAA ) 7 ¢+ 2, KOWHKE
Mg A ONRERERLOERSNS,
FEAREOKEMEASFig 3i0md, EFOo 7 vy 7 EH4OWERE, #F7vA<D
WHBCMESNATE, Fry v A8, ¥F0osy v A Ep o ONBEEET S 72D
HEIHE S L IR AT S, B, 15X 15 REREOBMEEL EE L /cBE REK S
X 8RLVLABE Y F 32X OIS, FEHITIC 2B SRR E B A
MHEE LIS TN D,

2.2 HRBRFE

VIRIOREBIEEE LT Table | iWRTEERMHICESE, SEAF-HEORBHFELZ
7z,

BWRTHRAR BT . OEAFR S5 EETRERE, @R 77 a R JET R
BAIT -7, QICHOTH, BignAE, EERGLE—E Ui, @IZB0TE, VBEER
BARMEZELR—ERAL S LI, ERFELESFig 4CBRT 5,
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4) FLEKEECO>NTR, BEMEETFAEE OB O—EMBESHIH, TR 20
EEETOGENITE LE-MERTHD I &b s 1,

{5) #HE&FT, %O FH (Pre - test and Post-test analysis) & &2, BHlShid
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{1l &E, #24&: Correlation of heat transfer coefficient for saturated
film boiling during reflood phase prior to quenching,

J. Nuc! Sc¢i and Technol, 18 (42 PP, 275~ 284, (1981)
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