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EVALUATTON REPORT ON CCTF CORE~I REFLOOL TEST Cl-1 {RUN C1l0)

Investigation of the loop flow resistance effect

Takashi SUDOH® and Yoshio MURAO
Department of Nuclear Safety Research,

Tokai Researcnh Establishment, JAERI

(Received August 9, 1983)

This report describes the effects of the loop flow resistance on the
thermohydraulic behavior in the primary system during the reflcod phase.
The investigation is based on the results of the test Cl1-1 which was
performed with increased loop flow resistance in the Cylindrical Core
Test Faciiity (CCTF) at Japan Atomic Energy Research Institute.

The loop flow resistance was about 407 higher in the present test
than in the reference test Cl-5. The results of two tests were compared
and the following conclusions were obtained:

1) The total loop flow rate and the core flooding rate were reduced
by about 207 with the increéased loop flow resigtance

2) The core heat transfer was also lowered, then, the turnaround and
the quench times extended at the locations above the core midplane.

-3) The measured maximum temperature in the core was 50 K higher for

the present test than for the reference test,

Keywords: PWR, LOCA, ECCS, REFLOOD, Heat-transfer, Loop-Flow-registance,
Quench, Turnaround

Thg work was performed under contract with the Atomic Energy Bureau of
Science and Techrnolegy Agency of Japan.
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1. Introduction

)

The Cylindrical Core Test Facility (CCTF)1 is an experimental
facility designed to study the integral system behavior of a Pressurized
Water Reactor (PWR) during the refill and the reflood phases of a
postulated Loss-of-Coolant Accident (Loca) .
The objectives of the CCTF program are:
(1) Demonstration of effectiveness of Emergency Core Cooling {ECC)
system in a PWR during the refill and the reflood phases,
(2) Provision of information for developing analytical methods of
thermo-hydraulic behaviors in the system, and
(3) vVerification of reflood analysis codes, REFLA which is ome-dimensional
code developed at JAERI, and TRAC which is three—dimensional code
developed in the USA.
Test series Core-I was conducted with changing various parameters
in order to investigate their effects on the integral system behavior.
The purpose of this work is to examine the effects of the loop flow
resistance on the thermo-hydraulic behavior in the system during the
reflood phase.
The increased loop flow resistance test was also performed in
FLECHT—SETZ) and PKLB). The result of the FLECHT-SET test showed
that the 357 increase of the loop flow resistance caused the about 15%
decrease in the loop flow and the flooding rates, the longer turnaround
and quench times. The percentage change of these was smaller than the
percentage increase of the loop flow resistance. The temperature rise
was only 12 K or 5% higher and the quench time extended by only 25 seconds

or 8%.

In the PKL test, the loop flow resistance was increased remarkably.
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The increasing rate was twice in the broken loop and more than three
times in the intact loops. The temperature rise was 69 K or about 657
higher and the quench time at the midplane was 55 seconds or 837 longer.

The remarkable increase of the loop flow resistances caused the signifi-

cant effects on the core behavior.

For the purpose, the results of the increased flow resistance test
(High K) are compared to those of the reference test (Base-case).
The loop flow resistance for Base-case, €l-5, was referred from the
FLECHT-SET facilitf designz). That for High K, Cl-1, was about 407

higher than for the Base-case test.
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2. Experimental Conditions
2.1 Facility design

The primary system of CCTF consists of a pressure vessel and four
primary loops, as shown in Fig.2.l.
To simulate the system effect during refill and reflood phases of
a postulated PWR LOCA, the following items were considered as the design
criteria:
(1) The elevations of the components are kept as close to those of a
PWR as possible,
(2) The length of each component flow path is also preserved,
(3) The flow areas of the components are scaled down in proportion to
the scaling factor of core flow area, and
(4) The facility has three intact loops and one broken loop which
simulates double-ended cold leg break.
The reference reactor is the Trojan reactor in the USA, and the Ohi
reactor in Japan 1is partly referred.
The pressure vessel contains a core, upper and lower plena, and
2 downcomer. The core has thirty-two 8 x 8 bundles which simulate 15%15
type fuel assemblies including unheated rods. The core configration is
shown im Fig.2.2,
The core has 1824 full-height electrically heated rods, as
shown in Fig.2.3. An axial power distribution is chopped cosine.
Each bundle has high, medium and low power heated rods.
The annular downcomer is shown in Fig.2.2. The core baffle region
area in a PWR is scaled and included in the simulated downccmer flow
area to reduce a small gap effect in a downcomer. The resulted gap size

of the annulus is 61.5 mm.
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The internals in the upper plenum consist of control rod guide
tubes, support columns, short stubs, orifice plates and open holes, as
shown in Fig.2.4 and Fig.2.5. These internals simulate those of a 17x17
type PWR. The radial dimensions of them are scaled down in proportion
to the bundle array size.

The primary loop arrangement is shown in Fig.2.l. The loop consists
of hot leg andicold leg pipings! , an active steam generator, and a
pump simulator, as shown in Fig.2:6. U-tubes in the steam generator .are
about 5 m shorter than actuals and those of two loops are housed in a
single shell.

The flow resistance in the loop can be adjusted by the orifice

plates in the pump simulator, as shown in Fig.2.7.

2.2 Test procedure and conditions

The test procedures were as folléws: After establishing the initial
conditions of the test, the electric power foxr the preheating was turned
off and the lower plenum was filled with saturated water to
a specified level. When the water level in the lower plenum
reached 0.90 m and other initial conditions of the test stabilized, the
electric power was applied to the heated rods in the core and the data
recording was started. When a specified initial temperature was reached,
direct injection of the accumulator water into the lower plenum was
initiated.  Decay of the power imput to tﬁe rods was scheduled to begin
when the water reached the bottom of the heated length of the rods.

The specifiéd initial clad temperature of the heated rods for the initia-
tion of the coolant injection was predetermined by interpolation between

the initial clad temperature and the clad temperature assumed for the
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time of the core reflood initiation. The specified power decay is
based on the decay curve of the ANS standardx 1,2 + “*®U capture decay
at 30 seconds after shutdown.

When the assumed water level reachzd the specified height from the
bottom of heated length, the injection port was changed from the lower
plenum to the three intact cold leg ECC ports. At about 17 seconds after
the initiation of the accumulator injection, the valves in the accumulator
line and LPCI circulation line were closed and the valve in LPCI injection
line was opened. These actions transferred the ECC injection from the
accumualtor injection mode to LPCI mode.

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

Wﬁen all thermocouples on the surface of heated rods indicated
temperature close to the saturated temperature, the power supply to the
heated rods and the ECC injection were turned off, thus terminating the test.

The conditiens of the High K and the Base-case tests are listed in
Table 2.1 and Table 2.2, respectively. The test conditions of Base-case
were based on results of typical safety analysesl). The major conditions
of two tests were similar except the loop flow resistance.

The orifice diameter in the puwmp simulator was 95 mmdD for Base-case
and 85 mm¢ for High K. The pump flow resistance was about 1.7 times of
that of Base-case, and the loop total flow res:istance increased by about

407. The K-factor listed in the table was difined as:
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where AP : differential pressure through pump
G : mass velocity in loop piping
0 : steam density at pump
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Table 2.1 Test condition feor CI-1

TEST TYPE : TEST C1-1 (CCTF MAIN TEST NO.1)

TEST NUMBER : RUN 011G 3. DATE : JUNE 21, 1979
POWER : A: TOTAL: 9.35 MW; B:LINEAR:_ 1.4 KWw/K
RELATIVE RADIAL POWER SHAPE :

A: ZONE: A [ C

B: RATIO: _1.08 1.0 0.82

AXIAL POWER SHAPE : CHOPPED COSINE

PRESSURE (KG/CMA) :
A: SYSTEM: 2.07 , B: CONTAINMENT 2.07 ,

C: STEAM GENERATOR SECORDARY: 50

TEMPERATURE (DEG.C)

A: DOWNCOMER WALLS 188 , B: VESSEL INTERNALS 117
C: PRIMARY PIPING WALLS_ 122 , D: LOWER PLENUM LIQUID 116
£: eCC LiQUIU 35 JF: STEAM GENERATOR SECONDARY__ 263
G: CORE TEMPERATURE AT ECC INITIATION 506

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

PUMP K-FACTOR : 25 (UNCERTAIN)

ECC FLOW RATFS AND DURATIODN :
A: ACCUMULATOR 264 M3/HR FROM__ 0 TO__ 21 SECONDS

B: LPCI__ 30.6 M3/HR FROM 21 TO_705.5 SECONDS

C: ECC INJECTION TO LOWER PLENUM : FROM__ 0  TO_15.5 SECONDS

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

INITIAL WATER LEVEL IN LOWER PLENUM : 0.87 M.

POWER CONTROL : ANS x 1.2 + ACTINIDE ( 30 SEC AFTER SCRAM)
EXPECTED BOCREC TIME FROM ECC INITIATION _12  SEC

EXPECTED PEAK TEMPERATURE AT BOCREC 600 C
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Table 2.2 Test condition for Cl-5
TEST TYPE : TEST €1-5 {CCTF MAIN TEST NO.5)
TEST NUMBER :  RUN 014 3. DATE : O0Oct.19, 19/9
POWER : A: TOTAL: 9.36 MW; B:LINEAR: !-40 u/M
RELATIVE RADIAL POWER SHAPE :

A: ZONE: A B C
B: RATIO: 1.067 : 1.0 : 0.82

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

C: STEAM GENERATOR SECONDARY: 50

TEMPERATURE (DEG.C) :

A: DOWNCOMER WALL 182 , B: VESSEL INTERNALS 115
C: PRIMARY PIPING WALL _ 120 , D: LOWER PELNUM-LIQUID 114
£: ECC LIQUID 39 , F: STEAM GENERATOR SECONDARY _2€<
G: CORE TEMPERATURE AT ECC INITIATION 002

ECC INJECTION Typg: C
A: COLD LEG, B8: LOWER PLENUM, C: LOWER PLENUM + COLD LEG

PUMP K-FACTOR : " 15

ECC FLOW RATES AND DURATION :
A: ACCUMULATOR 278  M*/HR FROM 0 TQ 23.5 SECONDS

g: LPCI  30.2 M*/HR FROM 23.5 TO 585.5 SECONDS

C: ECC INJECTION TO LOWER PLENUM : FROM U 70 14.2 SECONDS

(VALVE CPENING AND CLOSING TIMES ARE INCLUDED IN TRE INJECTION
DURATION)

INITIAL WATER LEVEL IN LOWER PLENUM ;. ©.87 M.
POWER CONTROL : ANS x 1.2 + ACTINIDE ( 30 SEC AFTER SCRAM)
EXPECTED SOCREC TIME FROM ECC INITIATION 17  SEC

EXPECTED PEAK TEMPERATURE AT BOCREC 600 C

.78_
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3., Results and Discussion
3.1 System behavior

O Vessel differential pressure

The core and the downcomer differential pressures are compared
between High K and Base-case in Fig.3.l. Since the frictional and the
acceralational pressure drops are negligible in the vessell), the differ-
ential pressure is equivallent to the static water head of the accumulated
water. During the accumulator injection period, the injected water
accumulated in the core and the downcomer, so that the differential
pressures in the downcomer and the core are nearly identical. After
reduction of the ECC injection rate, the downcomer differential pressure
increases gradually during first 100 seconds, and stays at nearly
constant value after that; This value is very close to the.downcomer
overflow level. The tendencies of the differential pressure responses
of the downcomer and the core in the present test are similar to those of

Base-case, though the value of the core differential pressure is slightly

lower for High X than for Base-case.

© Flow behavior in loops

The loop differential pressures are compared between two Ctests in
Fig.3.2. The differential pressures of the intact loops in each test are
almost identical, so that one of those is presented in the figure.

The differential pressure of the intact loop 1is slightly higher for High
K than for Base-case. This tendency is not observed in the comparison
of the broken loop differential pressures. It will be discussed later.

The calculated mass flow rates through the loops are shown in

Fig.3.3. The mass flow rates through the intact and broken loops are
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about 20% lower for High K than for Base-case. 1In a system effect test,
the driving force for the loop mass flow is the difference between the
differential pressures of the downcomer and the core with ignoring the
accumulated water head in the upper plenum. As shown in the previous
figure, the value of each differential pressure for High K is roughly
similar to that for Base-case. The higher locp flow resistance under
the similar driving force caused the lower loop mass flow rate for

High K. Then, the steam generation in the core was suppresséd and
resulted in the slightly lower core differential pressure for High K.
And the intact loop differential pressure balanced with the core and the
downcomer differential pressures at the slightly higher value for High K

than for Base-case.

© Pressure drop at the broken cold leg nozzle

Figure 3.4 presents the differential pressure in the broken cold
leg nozzle. The generated steam in the core flowed through the intact
loops and the broken loop. The steam flowed through the intact loops
was vented to containment tank-1 through the broken cold leg nezzle.

The lower mass flow rates through the intact loops in High K caused

the lower differential pressure in the brcken cold leg mozzle in an

early transient. The differential pressure for High K increases steeper
after 85 seconds. At that time, the water level in the downcomer carry-
over tank (containment tank-1) indicates the initiation of the water
accumulation, as shown in Fig.3.5, and the downcomer differential pressure
was close to the maximum value. According to the flow observation at

the broken cold leg nozzle with video cameras, the carryover from the

downcomer was observed even in an early transient, however, water
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fraction appeared to significantly increase after about 80 seconds.
These facts support that the downcomer overflow was initiated at 80
seconds, and the mixture of water and steam increased the pressure drop
at the broken cold leg nozzle. For Base-case, the earlier initiation

of the carryover from the downcomer is observed in Fig.3.5. The flow
observation at the broken cold leg in Base-case also revealed that the
significant carryover initiated at about 15 seconds. It is thought that
the higher mass flow rate in the intact loops in Base-case caused the
earlier carryover initiation and resulted in the higher pressure drop
across the broken. cold leg.

In a system effect test, this pressure drop directly affects the
pressure in the vessel. The broken loop differential pressure, which
is the difference between the upper plenum and containment tank-2
pressures, is also affected by the pressure drop across the broken cold
leg nozzle. This is the reason why the tendency of the broken loop

differential pressure was not similar to that of the intact loop one.

3.2 Core behavior

The comparison of the differential pressure in the upper plenum is
shown in Fig.3.6. These differential pressures represent the accumulated
water head in the upper plenum., The water accumulation for High K is
about a half of that for Base-case. It is considered that the less mass
flow rates through the locps for High K reduced the carryover water
mass from the core and resulted in less water de-entrainment in the upper
plenum.

The flooding rates of.High K and Base-case are compared in Fig.3.7,

The flocding rate for High K is about 20Z lower than that for Base-case.
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According to the mass balance calculation of the core, the flooding rate
is the sum of the mass accumulation rates in the core and upper plenum,
and the mass flow rates in the four loops, however, the mass accﬁmulation
rates in the core and the upper plenum were negligible as comparing with
the loop flow rates except for an early reflood transient. Therefore,
the about 207 lower mass flow rates in the loops for High K resulted

in the about 207% lower flooding rate.

Figure 3.8 shows the comparison of the saturation tempefature and
the water temperature at the core inlet. The saturation temperature for
High K is nearly tﬁe same as that for Base-case and the tendency and the
value of the inlet water temperature for High K are very similar tc
those for Base-case. Those indicate that the boundary condition of
the core was similar between two tests except for the flooding rate and
the steam flow rates.

Figure 3.9 shows the comparison of the temperature responses of the
maximum powered rod in the core. The temperature is higher in High K
than in Base—case and the extended turnaround and quench times are
observed in High K.

Figure 3.10 shows the turnaround times of the maximum powered rod.
The significantly delayed turnarcund is observed in High K at the
elevations of 2.44 and 3.05 m. The turnaround times of the midplane
(1.83 m elevation) are slightly longer than those of Base-case.

The turnaround temperatures of the maximum powered rods are compared in
Fig.3.11. Though the initial temperatures are almost identical, the
turnaround temperature is about 50 K higher in High K than that of
Base-case except the lower portion of the core, The maximum temperature
rise at the midplane of High K is 210 K, which is 31% higher than that of

Base—case.
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The quench times of the maximum powered rods are shown in Fig.3.12.
The effect of the loop flow resistance is weak at the elevations below
the midplane. The quench times at the higher elevations are longer for
High K than for Base-case. This trend is significant at the 3.05 m
elevation. In Base-case, four of six quench times at the 3.05 m
elevation are shorter than the quench times at the 2.44 m elevation where
as only two are shorter in High K. The lower water accumulation in the
upper plenum of High K may affect the quench front propagation from the
top of the core. The maximum quench time at 2.44 m elevation for High K
is 65 seconds or 137% longer than that for Base-case.

Figure 3.13 shows the comparison of the void fractions in the core.
The quench times at the elevations of 1.015, 1,83 and 2.44 m in High K,
as shown by arrows, are about 120 seconds, 330 seconds and 500 seconds,
respectiﬁely. It is found that the void fraction above the quench front
is higher in High K than that of Base-case.

Figure 3.14 shows the comparison of the heat transfer coefficients
of the maximum powered rod at 1.83, 2.44 and 3.05 m elevationms.
The heat transfer coefficient at each elevation is significantly lower
in High K than in Base-case. The comparison of the core pressure, as
shown in Fig.3.15, indicates no significant difference, and the water
temperature at the core inlet of High K was similar to that of Base-case,
so that the contribution of them to the difference of the heat transfer
coefficients can be ignored. It is considered that the lower flooding
rate for High K caused the higher void fraction above the quench front
and reduced the heat transfer coefficient. The lower heat transfer
coefficient resulted in the higher turnaround temperature and the longer
turnaround and quench times for High K.

The increasing rate of the loop resistance in CCTF was bigger than
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that in FLECHT-SET and smaller than that in PKL, and the changing rates
of the temperature rise and the quench time in CCTF are bigger than in
FLECHT-SET and smaller than PKL. Since the run conditions are net the
same between the three facility tests, the results cannot be compared
directly. However, it is found that the effect of the flow resistance

is rather significant on the temperature rise than on the quench time.
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4. Conclusions

The effects of the loop flow resistance on the reflood phenomena

in the CCTF test were investigated and the following conclusions were

obtained.

(1) The effects on the Jdifferential pressures across the components in
the system were weak, however, the 407 increased loop flow resistance
reduced the steam flow rated through the loops by about 20 %,
and caused about 20% lower core flooding rate.

(2) 1Induced lower heat transfer rate in the core caused the higher
temperature rise and the longer quench time.

(3) Above result was consistent with the PKL and the FLECHT-SET results

under considering the increasing rate of the loop flow resistance.



JAERI-M 83-140
Acknowledgement

The authors are very grateful to Dr. Mf Nozawa, Deputy Director
General of Tokai Research Establishment, JAERI, Dr. S, Katsuragi, Director
of Nuclear Safety Research Center, and Dr. K. Hirano, Deputy Director of
Department of Nuclear Safety Research for their hearty suggestion and
encouragement.

They are deeply indebted to Mr. T. Iguchi, Mr. J. Sugimoto,

Dr. H, Akimoto, and Mr. T. Okubo for their analytical support. They would
like to express their appreciation to Mr. H. Adachi, Dr. Y. Sudo,

Mr. M., Sobajima, Mr. T. Iwamura, Mr. M. Osakabe, and Mr. A. Ohnuki for
their useful discussions, Messrs. K. Sekiguchi, Y. Fukaya, N. Suzuki,

T. Oyama, T. Wakabayashi, Y. Niitsuma, J. Matsumoto, T. Nishikizawa, and
H. Sonobe for their contribution to the facility operation, to

Messrs. R.K. Fujita and D.H. Miyasaki, resident engineers froﬁ USNRC,

and to Dr., P.J. Schally, resident engineer from BMFT, for their devoted

helyp.



JAERI-M 83-140

References

1) Murao, Y., et al.: Evaluation report on CCTF Core~I reflood test
C1-5 {(Run 14), JAERI-M 83-027, (1983},

2) Waring, J.P. and Hochreiter, L.E.: PWR FLECHT-SET Phase Bl
evaluation report, WCAP-8583, (1975).

3) Kirmse, R., et al.: Zusammenfassende Darstellung von Wichtigen
Ergenbnissen der PKL Versuche der Testserien IA und IB (in German},

CRS-A-360, (1979).



JAERI-M 83-140

Appendix A

Definition of Tag. IDs in Appendix B
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‘Figure list

Fig.
Fig.
Fig.

Fig.

Fig.

Fig.

A-1
A-2
A-3

A-4

A-5

Definition of power zones and bundle numbers

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

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

(DSD55, DTO7RTS5, DSC75, DSCL5)

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

(DT23C, DTO1lB, DPBCN)

Definition of Tag.ID for fluid temperature in inlet and outlet
plenum and secondary of steam generator

(TE2GW, TEOS5SGW, TEQ8GOH)
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1. Definition of Tag.ID for clad surface temperatures
Notation : TENNWAM
NN : Bundle number

WA : Power zone

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

WA = Y1, Y2 : Medium power (Local power factor 1.0)
WA = Z1, Z2 : Low power (Local power factor 0.93)
M : Elevation
Elevation {m) . Axial power factor

1 0.38 0.568

2 1.015 1.176

3 1.83 1.492

4 2.44 1.312

5 3.05 0.815

2. Definition of power zone and bundle number

See Fig. A-1

3. Definition of Tag.IDb for void fractiom

See Fig. A-2

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

each power unit zoue

See Fig. A-3

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

m +
cry = L
T T p T
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The calculated data within *25 s are averaged:

1 i+50 (
(CRF), = =— L CRF)
1 101 k=1-50 k
where
APUP Average of measured data at four orientations
AP, : Same as above
CR

A=A 9= (8P )
)2 up dt Up
doo= A S ap )

CR CR dt CR

m : mass flow rate or mass accumulation rate
AP: differential pressure
suffix

UP: upper plenum

CR: core
L : loop
P @ primary pump

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

upper plenum, core and lower plenum

See Fig. A-4

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

and broken loop and broken cold leg nczzle

See Fig. A-5

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

plenum and secondary of steam generator

See Fig. A-6
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Steam
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Fig. A-5 Definition of Tag.ID for differential pressure through intact
and broken loop and broken cold leg nozzle

(DT23C, DTO1B, DPBCN)
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Fig. A-6 Definition of Tag.ID for fluid temperature in inlet and outlet
plenum and secondary of steam generator

(TEQ2GW, TEDSGW, TEOBGOH)
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Appendix B

Main results of Test Cl-1 {(Run 10)
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Fig. 3-23
Fig. B-24
Fig. B-25
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Table and Figure List

Summary of test conditions

Chronology of events

Surface temperature on low power rod (2-rod) in medium power
region (8 region) (average power rod)

Surface temperature on high power rod (X-rod) in high power
region (A region) (peak power rod)

Surface temperature on low power rod (Z-rod) in low power
region (C region) ﬁlowest power rod)

Heat transfer coefficient at midplane of low power rod
(Z-rod) in medium power region (B region)
Heat transfer coefficient at midplane of high power rod
(X-rod) in high power region (A region) (peak power rod}

Initial rod surface temperature in high power region

{A region)

Initial rod SUfface temperature in medium power region
(B reglon)

Inital rod surface temperature in low power regiom

(C region)

Turnaround temperature in high power region (A region)

Turnaround temperature in medium power region {B region)

Turnaround temperature in low power region (C region)

Turnaround time in high power region (A region)

Turnaround time in medium power region (B region)

Turnaround time in low power region (C region}

Quench temperature in high power region (A region)

Quench temperature in medium power region (B region)

GQuench temperature in low power region (C region)

Quench time in high power region (A region)
Quench time in medium power region (B region)
Quench time in low power reglon (C region)}

Void fraction in core

Evaluated core inlet mass flow rate

Average linear power of heater rod in each power unit zone
Carry-over rate fraction )

Differential pressure through upper plenum

Differential pressure through downcomer, core, and lower plenum

{average power rod)



Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

B-27
B-28
B-29
E-30
B-31
B-32

B-34
E-35
B-36

B-37
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Differential pressure through intact and broken loops
Differential pressure through broken ccld leg nozzle
Total water mass flow rate from Intact loops to downcomer
Total steam mass flow rate from intact loops to downcomer
Water mass flow rate through broken cold leg nozzle

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

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

Total accumulator injectlon rate

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

Comparison of injected mass into core among Lwo estimation

methods and evaluated mass
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10.

11,

12.
13.
14.
15.
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Tabtle B-1 Summary of test conditilons

TEST TYPE : TEST Ci-1 (CCTF MAIN TEST NO.])

TEST NUMBER : RUN 010 3. DATE : JUNE 21, 1979
POWER : A: TOTAL: 9.35 MW; B:LINEAR: 1.4 KW/M
RELATIVE RADIAL POWER SHAPE :

A: ZONE: A B c

B: RATIO: _1.08 1.0 0.82

AXIAL PCWER SHAPE : CHOPPED COSINE

PRESSURE (KG/CM:A) :
A: SYSTEM: 2.07 , B: CONTAINMENT 2.07

C: STEAM GENERATOR SECONCARY: 50

TEMPERATURE (DEG.C) :

A: DOWNCOMER WALLS __ 188 , B: VESSEL INTERNALS_ 117
C: PRIMARY PIPING WALLS_ 122 , D: LOWER PLENUM LIQUID_ 116
E: ECC LIQUID___ 35 JF: STEAM GENERATOR SECONDARY__ 263
6: CORE TEMPERATURE AT ECC INITIATION 506

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

PUMP K-FACTOR : ~25 (UNCERTAIN)

ECC FLOW RATFS AND DURATION :

A: ACCUMULATOR 264 M3/HR FROM__ 0 TO 21 SECONDS
B: LPCI__ 30.6 M3/HR FROM 21 TO 705.5 SECONDS

C: ECC INJECTION TO LOWER PLENUM : FROM__ 0 7O 15.5 SECONDS

(VALVE OPENING AND CLOSING TIMES ARE INCLUDED IN THE INJECTION

DURATION)
INITIAL WATER LEVEL IN LOWER PLENUM : 0.87 M.
POWER CONTROL : ANS x 1.2 + ACTINIDE { 30 SEC AFTER SCRAM)
EXPECTED BOCREC TIME FROM ECC INITIATION 12  SEC

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

EVENT

Test initiated

(Heater rods power on)

(Data recording initiated)
Accumulator injection initiated

Power decay initiated
(Bottom of core recovery) -

Accumulator injection switched
from lower plenum to cold leg

Accumulator injection ended and
LPCI injection initiated

A1l heater rods quenched
Power off
LPCI injection ended

Test ended
(Data recording ended)

TIME (sec)

0.0

54

66

69.5

75

633

664

759.5

1073
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Fig. B-~7 Initial rod sufface temperacure in medium power region
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