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Slab Core Test Facility (SCTF) and Cylindrical Core Test Facility
(CCTF) are large scale experimental facilities of Japan Atomic Energy Re-
search Institute (JAERI) for the investigation of reflooding behavior
during a postulated loss-of-coolant accident (LOCA) in PWRs. Although the
flow area scaling ratios of both facilities to a 1,000 MWe class PWR are
the same and 1/21.4, the SCIF has the same core width as the radius of the
reference PWR while the CCTF has a 1/4.5 times shorter core radius. There-
fore, a few SCTF/CCTF counterpart tests were conducted in order to inves—
tigate the difference in core reflooding behavlor between in the SCTF and
CCTF tests as well as the effect of core radial length on core two-
dimensional thermo-hydrodynamic behavior. This report present the test
results and an analysis on them. Major results obtained are:

(1) Taking account of the differences in test conditions and facility
design, core reflooding behavior is considered to be similar between
the SCTF and the CCTF tests. Main difference of the facility design
is in the effective core flow area and this is considered to result in
the difference in core water accumulation behavior.

(2) The effect of core radial length on core two-dimensional thermo-

‘ hydrodynamic behavior has been observed to be significant aud heat
transfer enhancement or degradation in radial direction is more

significant for the longer radius core.

+ Department of Fuel Safety Research

(1)
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(3) In addition, where the core power varies significantly In the radial
direction, significant heat transfer enhancement has been observed
in the higher power bundle during the LPCI period. Also, in the
peripheral region, heat transfer degradation has been observed more
significantly in the outer bundle even they have the same bundle
power .

(4) Magnitude of these heat transfer enhancement or degradation was larger
at the higher elevation than the midplane level in the SCTF test,

whereas smaller in the CCTF test.

Keywords: Reactor Safety, LOCA, ECCS, PWR, Reflooding, Two-phase Flow,

Heat Transfer, SCTF Core-I11, Tow-dimensional Core Behavior



JAERI-M 90-083

SCTF.CCTFxBEREERED#EH

HAEF AW R R EENERETE LY
RAHR H-E H-E2#H o@-kEB 8B
B BmeZE NEeRE Bk

(18990 %5 H 7TH®ZE)

SERFLHEBRES (SCTF) 3LUHEFLEBRESE (CCTF) &, PWRORM
LRIk EE (LOCA) BOBFEKEHEKN T 5-DOBREFHHEROK
REBEETH L, LOOOMWeiPWRICH T2MBEEORABEBED A r—vEIFIE LS
e 1/214Th5b0D, SCTFREEPWROFELE UFLIEEET 201X L,
CCTFRIR1/45 BOEELEEEE LTS, 20T, BEDOSCTF/CCTF
WHRABEEHLT, SCTFBEUCCTFABROBOFELEEREHDOZEZE X TF.L
D2 BKNENEHCGZ2FLERRIOGR 2R Lz, KREER, 0D
REBE I ZNICHTAERNA I LONLEDTHFD. BONAFENEREILUTOEDLT
b5, _

(1) SCTFERELCCTrFHEBOMOABREHAOZLMEEORTICHIT 2HEEEE
Fi i, HRBRICRTZ2BEKEHRENCLOTHEEEZA OGNS, MEKERIC
Wit 2% LOFELCHEERFLORGHBEMOMEET, LKL OPLDOERE
B CHBPE U EELOND,

2 FLOYREISTO2RAWBERAENEFHCRITHRIRNECILIBREL
Hah, 2HHFLEROEVEEZCHEHNAS L L0450 -,

3 Hic, ¥RAMEKRELEHOESH HBEECE, TogHARD v Fuick
WTLPCIAEAHHCEFLORGERoOEMSBN SN £/, FLOBMLEET
i, Ao~y FviiAThdicbFodFAR Ao~y FPUVEREZEEOEBRLAE
W EAROHEN,

W chooBEFEORENE L PERE, SCTFREBTRPREIMELDSVME
ThEOAREDp kD, CCTFARTREHILID/NEL -1

Rghtgerh - T 31911 ZRBEMMEEENOSFERE -4
+ RIS T



JAERI-M 80-083

Contents

1. Introduction ceveesssessnscencas e s aresasarear et et ar s ceruran

2. Test Description cueuiesiesneursruensennsconsssosnosesssnsonsnsssanssss

2.1 Test FACLility seeeerersarescnersnorearnnseasncnsns Ceve e rsaraaan

[ R s R N N

2.2 Test Conditions seveievivevvansnsornavvans et sssaneanaseuraes s
2.3 Tes8t ProCedUTE seervveereosassssoseseosvronrsvssanssorssssensannnanss 3
3. Test Results and DiscuSSion seveseernsroansases seseasersanreasassane B
3.1 Results and Discussion for Test S2=14 .ieeireinseasearsnssrssnase 8
3.1.1 Achieved Major Test CondibiOnNS ceeeceiocicacnccnannsscaacansas &8
3.1.2 Hydrodynamic Behavior in Pressure Vessel tiieesevrianencanese 9
3.1.3 Core Thermal Behavior ..eecveieuvense. theessesraresnesureseres 12
3.1.4 Thermo-hydrodynamic Behavior in Primary LOOD se-vevcaan-.. el 14
3.1.5 SUMMATY vevwvossovsonassssonaassssasssssssssnssssasessnnssrssas 14
3.2 Results and Discussion for Tests S2-18 and S2-07 +vecrovsens veees 15
3.2.1 Achieved Major Test Conditions ..iceeesnseassanresrsssacsanse 15
3.2.2 Hydrodynamic Behavior in Pressure Vessel P 1
3.2.3 Core Thermal Behavior «eeveseesrrosnssssnsnsassns emresrencenna 17
3.2.4 SUMMATY cureessannsess cevrtareeras trveeerres e ceeeecse 21

Lo ConcluSions sieessesrsavsasseersrersas et et erasarass s eannannann 62
ACKNOW]ledgments coevesearearsansssarsassvosarsnsnansns tetestsenessrnaes (2

ReferencCesS sscssrvsaconsssnsrsrrsrsrrsssrnssosansancs tetstsareenas e 63

Appendix A Description of SCTF Core=~TII ceevssnccssnsasasssnsrsenense 65
Appendix B Selected Data from TesSt S2=07 cvevsnrrrneescanans veeseevs 118
Appendix C Selected Data from Test S2-18 ...iiiiiviroansarsss seenens 137



JAERI-M 90-083

L. FE B et 1
O B[R ceeeeeereeeeiensee e 9
91 BRERBE[E  coeeeereeteeeeeeeen e 9
2.2 RB&EM oo SR OO )
0.3 BRERJ[E  ceoeveeereeoeoiie oot 3

. EEREEEL & BRES  coeeeeeereeeereeeese e 8
3.1 HERS 2 —JADEET E M EE oo 8
311 EMIETEERERZLE -vvrorrrm o 8
312 FHEEAOFRKAFHIEE o e 9
3018 LD BRI EEEY oo i9
314 1B — OB AEEIEE o 14
L5 G EE e TR R 14

3.9 ﬁﬁ52“-18ksi2—07@%%&$&§¢ ......................................................... 15
3.9 1 %fﬁqj:_ﬁﬁgﬁ%ﬁ: ................................................................................. 15
300 FHERNORMETTHEIEE oo 16
9093 FEANO BUFEEHIEEE] coeeeeee e 17
G0 4 T L BR ceereeeeeeeeeeeeeeeeeseesneiee 71

Q. BE BB eeeeeeeeereeeeeeeee 62
BB B eeeeeeoeroneee e e 62
BB TR oeeeeee e L 53
AFEE A PAIN D ERBREE I EE 2SI L oooreoreorss s s e 65
B ZRERS 2 —0TM F — F b worrrmr 118
FHEEC ERERS 2 —IBD F — FFb s 137



Table 2.1
Table 3.1
Table 3.2

Fig,
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.
Fig.
Fig.

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

Fig.

JAERI-M 90-083

List of Tables

Test conditions for Tests $2-07, S2-14 and §2-18
Chronologies of major events for Tests $2-07, S2-14 and 52-18

Ratio of heat transfer coefficient for each bundle to that for ——

highest power bundle at midplane level

2.1
2,2
3.1(a)
3.1(b)
3.2
3.3
3.4
3.5
3.6(a)

3.6(b)

3.6(c)

3.6(d)

3.7(a)
3.7(b)
3.7(c)
3.7(d)
3.7(e)
3.7(f)
3.8(a)
3.8(b)
3.9(a)

3.9(b)

List of Figures

Schematic diagram of SCTF

Vertical cross section of pressure vessel

Core flooding rate {evaluated value)

Time-integration of core flooding rate

Core inlet fluid temperature

Upper Plenum pressure

Core differential pressure

Core . carry-over ratio

Comparison of core differential pressure between calculation
and experiment for Test CZ-6

Comparison of calculated core differential pressure for Test
C2-6 under different core boundary conditlons

Comparison of calculated core differential pressure for three
different core flow area under same core boundary conditions
Comparison of core differential pressure between calculations
with different core flow area and experiment for Test S2-14
Core void fraction (1)

Core void fraction (2)

Core void fraction (3)

Core void fraction (4)

Core void fraction (5)

Core void fraction (6)

Upper plenum differential pressure

Upper plenum water level above UCSP

Core horizontal differential pressure at 2.57 m elevation in
Test 52-14

Core horizontal differential pressure at 3.235 w elevation in

Test S2-14



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.
Fig.

Fig.

Fig.

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

Fig.

3.10(a)
3.10(b)
3.10(e)
3.10(d)
3.11(a)
3.11(b)
3.12(a)
3.12(b)

3.13(a)
3.13(b)

3.14(a)
3.14(b)

3.15
3.16
3.17
3.18(a)
3.18(b)
3.18(c)
3.19
3.20
3.21
3.22
3.23(a)
3.23(b)
3.23(c)
3.23(d)

JAERI-M 90-083

Heater rod surface temperature history in core central side
region at midplane level

Heater rod surface temperature history in icntermediate region
at midplane level

Heater rod surface temperature history in core peripheral
region at midplane level

Heater rod surface temperature history in central side region
at higher elevation than midplane level

Heater rod surface temperature history comparison in radial
direction for Test S$2-14 at 1.905 m elevation

Heater rod surface temperature history comparison in radial
direction for Test C2-6 at 1.83 m elevation

Heat transfer coefficient history comparison in radial
direction for Test S2-14 at 1.905 m elevation

Heat transfer coefficient history comparison in radial
direction for Test C2-6 at 1.83 m elevation

Heat transfer coefficient history at midplane level

Heat transfer coefficient history plotted against distance
from quench front at midplane level

Quench frount envelope comparison in radial direction for
Test S2-14

Quench front envelope comparison in radial direction for
Test C2-6

Quench front envelope

Intact loop differential pressure

Core outlet steam flow {evaluated value)

Core flooding rate (evaluated value)

Core flooding rate (Tests $2-07 and C2-5, evaluated value)
Time—integration of core flooding rate

Core inlet fluid temperature

Upper plenum pressure

Core differential pressure

Core carry-over ratio

Core void fraction (1)

Core void fraction (2)

Core void fraction (3)

Core void fraction (4)



Fig. 3.23(e)
Fig. 3.23(f)
Fig. 3.24

Fig. 3.25

Fig. 3.26

Fig. 3.27

Fig. 3.28(a)
Fig. 3.28(b)
Fig. 3.28(c)
Fig. 3.29(a)
Fig. 3.29(h)
Fig. 3.29(c)
Fig. 3.30(a)
Fig. 3.30(b)
Fig. 3.31(a)

Fig. 3.31(b)

Fig. 3.32(a)

Fig. 3.32(b)

Fig. 3.32(c)

Fig. 3.33(a)

JAERI-M 90-083

Core void fraction (3)

Core void fraction (6)

Upper plenum differential pressure

Drag force in bottom region of hot leg

Upper plenum water level above UCSP

Core horizontal differential pressure at 1.905 m elevation
in Test 52-18

Heater rod surface temperature history in high power region
at midplane level

Heater rod surface temperature history in medium power region
at midplane level

Heater rod surface temperature history in low power region
at midplane level

Heat transfer coefficient history in high power region at
midplane level

Heat transfer coefficient history in medium power region

at midplane level

Heat transfer coefficient history in low power region at
midplane level

Heater rod surface temperature history comparison in radial
direction for Test S$2-18 at 1.905 elevation

Heater rod surface temperature history comparison in radial
direction for Test C2-5 at 1.83 m elevation

Heat transfer coefficient history comparison in radial
direction for Test $2-18 at 1.905 m elevation

Heat transfer coefficient history comparison in radial
direction for Test C2-5 at 1.83 m elevation

Heat transfer coefficient history comparison in radial
direction plotted against distance from quench frent

for Test $2-18 at 1.905 m elevation

Heat transfer coefficient history comparison in radial
direction plotted against distance from quench front

for Test C2-5 at 1.83 m elevation

Heat transfer coefficient history comparison between Tests
§2-18 and §2-14 at 1.905 m elevation

Core horizontal differential pressure at 1.905 m elevation

in Test S2-18



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

3.33(b)
3.34(a)
3.34(b)
3.34(c)
3.34(d)
3.35(a)
3.35(b)

3.35(¢)

JAERI-M 90-083

Core horizontal differential pressure per bundle length at
1.905 m elevation in Test $2-18

Heat transfer coefficient history plotted against distance
from quench front for SCTF tests at 2.33 m elevation

Heat transfer coefficient history plotted against distance
from quench front for CCTF Test C2-5 at 2.44 m elevation
Heat transfer ratios of slant radial core power profile test
to flat radial core power profile test

Heater rod surface temperature history in core central side
region at higher elevation than midplane level

Quench front envelope comparison in radial direction for
Test S52-18

Quench front eavelope comparison in radial direction for
Test C2+5

Quench front envelope

10



JAERI-M 90-083

1. Introduction

Thermo-hydrodynamic behavior during the reflood phase of a loss-of-
coolant accident (LOCA) in a pressurized water reactor (PWR) has been in-—
vestigated at the Japan Atomic Energy Research Institute (JAERT} by using
the Slab Core Test Facility (SCTF)[I]’[Z] as well as the Cylindrical Core
test Facility (CCTF)[I]. .They are large scale experimental facilities with
the flow area scaling ratlio of 1/21 to a 1,100 MWe class PWR. The major
objective for the SCTF tests is to investigate two-dimensional Lhermo—
hydrodynamic behavior in the core. For this purpose, the SCTF simulates a
full-radius slab section of the PWR with eight heater rod bundles arranged
in a raw. On the other hand, the CCTF cylindrically simulates the core
and simulates the primary loop system as closely as possible, since the
major objective for the CCTF tests is to investigate system thermo-
hydrodynamic behavior during the reflood phase. The syétem_simulation of
the SCTF is not as good as that of the CCTF, whereas the SCTF simulates the
actual core radius, wﬂich is 4.6 times larger than the CCTF. Therefore, it
is important and of interest to perform a SCTF/CCTF counterpart tests aund
investigate the difference of thermo-hydrodynamic behavior between the
facilities, including the effects of core radial length on two-dimensicnal
core thermo-hydrodynamic behavier, which is the major objective of the SCTF
as mentioned above. Accordingly, three SCTF/CCTF counterpart tests, T e
Tests §2-07, s2-14[3] and §2-18, have been performed with SCTF Core-I1
facility simulating as closely as possible the initial and boundary core
conditions of corresponding CCTF tests, Z.e. Tests c2-05[41 and c2-06[21.

This report presents an analysis of those SCTF tests by using the cor-
responding CCTF test results together. In Appendix A, a brief description
of the SCTF Core-II facility is presented. Some selected data of Tests S52-
07 and $2-18 are presented in Appendices B and C, respectively, for the
better understanding of those test results. Data of S2-14 are already

presented in Reference {3] and are not repeated here.
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2. Test Description

2.1 Test Facilityl?]

A schematic diagram of SCTF is shown in Fig. 2.1. The primary coolant
loops consisf of a hot leg, which is equivalent to four actual hot legs, a
steam/water separator corresponding to four actual steam generators, an in-
tact cold leg, which is equivalent'to three intact cold legs, a broken cold
leg on the pressure veséel_side, and a broken cold leg on the steam/water
separator side. These two broken cold legs are individually connected to
two containment tanks, which are connected to each other bj a pressure
equalizing pipe. The flow area scaling ratio of SCTF components is 1/21 to
a 1,100 MWe class PWR, whereas height of each component is preserved.

Figure 2.2 shows the vertical cross section of the pressure vessel.
The pressure vessel includes the simulated core, the upper plenum with In-
ternals, the lower plenum, the core baffle and the downcomer. The SCTF
pressure vessel simulates a full radius slab section of a 1,100 MWe class
PWR. The core and the upper plenum are enveloped by honeycomb thermal in-
sulators with wall plates to minimize the wall thermal effects.

The simulated core consists of 8 bundles arranged in a row with full
radial length. FEach bundle consists of 234 heater rods and 22 non-heated
rods arranged in 16 x 16 square array. Outer diameter and heated length of
the heéter rod are 10.7 mm and 3660 mm, respectively. Dimensions and ar-
rangement pitch of the rods are based on those for a 15 x 15 fuel rod
bundle of a Westinghouse type PWR.

The emergency core cooling system (ECCS) consists of an accumulator
(Acc) system and a low pressure coolant injection (LPCI) system. Injection
ports for the Acc and LPCI systems are usually the lower plenum and the in-
tact cold leg, respectively.

More detailed Information of the SCTF is available in reference [2]

and a brief description is presented in Appendix A.

2.2 Test Conditions

The tests referred to in this report are Test 52-07 (slant radial
power profile and cold leg injection), Test S2-14 (flat radial power
profile and lower plenum injection) and Test §2-18 (slant radial power

profile and lower plenum injection). Major test conditions for these three
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tests are listed in Table 2.1. BOCREC (bottom of core recovery) in Table
2.1 represents the time when the ECC water reaches the bottom of heated
part of heater rods.

Test §$2-07 was performed under the cold leg injection, whereas Tests
52~14 and 82-18 were performed under the forced feed lower plenum injec~ .
tion, i.e. the downcomer was blocked up by inserting a plate at the bottom.
Tests 52-07 and $2-18 were intended to simulate the core cooling behavior
of CCTF Test C2—5[4], whereas Test 52-14 was intended to simulate Test C2-
6[5]. Test 52-18 was performed repeatedly, because the simulation for Test
C2-5 achieved by Test 52-07 was Jjudged to be unsatisfactory due to mismatch
in core water accumulation rate.

The ECC water injection rates for the SCTF Tests $2-14 and S52-18 were
determined to simulate as closely as possible the core water accumulation
behavier in the concerned CCTF tests rather than the ECC water injection
rate itself, especially during the Acc injection period. This is because
the effective core flow area of the SCTF Core-II is 1.24 ~ 1.35 times
larger than the real éne and this is expected to change the effective core
flooding rate, and hence the core water accumulation behavior. As de-
scribed in reference [2], there is large excess flow area of 0.061 ~ 0.091
m? surrounding the real core area of 0.259 mz, Z.¢. rod assembly area, in
the SCTF Core-II. The ECC injection rate for Test 52-18 was set to be the
same as for Test S$2-14. Water accumulated in the upper plenum was ex-
tracted from side nozzles in Test S$2-14 in order to avoid the influence of

water level distribution on core thermal-hydrodynamic behavior.

2.3 Test Procedure

The test procedure for these three tests was almost the same and is as
follows. After establishing the initial pressure and temperature condi-
tions, core heating was initiated. 1In order to achieve the same initial
stored energy, the Acc injection into the lower plenum was initiated, at
the time when four cladding temperatures exceeded 1053 K, 910 K and 1053 K
for Tests $2-07, $2-14 and S2-18, respectively. The initial level of
saturation water in the lower plenum was 0.14 m below the bottom of heated
pért. After keeping the core power constant during the specified time
after Acc injection initiation, core power decay simulation started

simulating the reactor transient from 40 s after shutdown. The decay curve
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was based on the 1.02 x (ANS standard + Actinides). The injection location
was changéd from the lower plenum to the intact cold leg at 47 s after the
Acc injection initiation in Test S$2-07. At this time, Acc injection was
terminated and LPCI injection was initiated. At 900 s after-the initiation
of LPCT injection, the test was terminated. In Tests $2-14 and 52~18, the
ECC water was injected only into the lower plenum throughout the transient.
The ECC water injection was performed by using the other Acc injection sys-—
tem, Z.e. UT (UCSP water supply tank)-1 and UT-2, controlling water flow
rate and temperature as specified. The injection duration was 500 s for
both the tests, and then the tests were terminated.

Chronologies of major events for these three tests are summarized in

Table 3.1 of the next chapter.
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Table 2.1
Test S$2-07

Initial system pressure . 0.2
(MPa) ’ ’
Initial total power (MW) : 7.12
Maximum rod temperature 1073
at BOCREC (K)
Injection location Cold leg
Acc injection conditions

Flow rate (kg/s) 24.5

Temperature (K) 363

Duration (s)’ : 40
LPCI injection conditions

Flow rate (kg/s) : 5.41

Temperature (K) 350

r

Upper plenum wate Nome

extraction time (s)

Radial power ratio Slant profile

Bundle 1 1.360
Bundles 2, 3, 4 1.200
Bundles 5, 6, 7, 8 : 0.760

Decay curve

Test $2-14
0.2
7.12

922

Lower plenum
(Forced feed)

26.2 (max.)
368
40

8.51 ~ 4.84
368 ~ 393

77 ~ 377

Flat profile
1.0
1.0
1.0

Test conditions for Tests $2-07, $2-14 and 52-18

Test S52-18

0.2

7.12

1073

Lower plenum
(Forced feed)

26.2 (max.}
368
40

§.51 ~ 4.84
368 ~ 393

None

Slant profile
1.360
21.200
0.760

1.02 » (ANS + Actinides), 40 s after scram
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Intact cold
leg injection

ot Intact cold leg
ot leg
L Broken cold leg

@

J = S/W seporator side

@ Pressure  equalizing ling

|

Lower plenum injection .
Broken cold leg- PV side

@ Pressure vesel @ Break valves
@ Steam /water separator @ Flow resistance simulators
(3) Containment tanks

@ Pump simulator

Fig. 2.1 Schematic diagram of SCTF
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3, Test Results and Discussion

The tests concerned in this report are divided into two groups. That
is, Test $2-14 was performed under the flat radial power and initial tem-
perature profile, whereas Tests $52-07 and 52-18 were performed under the
slant radial power and initial temperature profile. Therefore, the
analysis of Test 52-i4 together with Test c2-61°1 is appropriate to inves-
tigate the differencé of the thermo-hydrodynamic behavior in the pressure
vessel between the SCTF and the CCTF, and the analysis of Tests $2-07 and
§2-18 together with Test c2-5[4] is appropriate to investigate effects of
the core radial length on two-dimensional core thermo—“ydrodynamic be-~
havior. In the following, the analysis of Test $2-14 is presented in 3ec.
3.1 and the analysis of Tests $2-07 and S§2-18 is presented in Sec. 3.Z.
Chronologies of major events for the three SCTF tests are presented in
Table 3.1.

3.1 Results and Discussion for Test $52-14

Test S2-14 was performed under the flat core radial power profile and
the forced feed lower plenum injection. The conditions for this test was
set as close as possible to those of CCIF Test 02—6[5], except for the up—
per plenum water level. In Test $2-14, the upper plenum water level was
controlled to be flat by using a upper plenum water extraction system,

whereas not in Test C2-6.

3.1.1 Achieved Major Test Conditioms

Major test conditions achieved in Test 52-14 are presented in this
section being compared with those in Test C2-6. They form the basis for
the discussion in the following sections.

The core flooding rates are compared in Fig. 3.1. They were evaluated
by the mass balance calculation. This figure shows that the core flooding
rates are not identical between the two tests and the value for the present
test is much larger until about 200 s. This is for compensation of the
larger effective core flow area of the SCTF, in order to simulate the same
core water accumulation behavior as mentiomed in Sec. 2.2. The average
core flooding rates are almost the same after about 200 s. The data for

the present test experiences an unexpected transient or oscillation around
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300 s. This is considered to be caused by the air trapped in the ECC water
injection system. However, the average value is almost the same as the
specified value as recognized from l'ig. 3.1(b), which gives time-integrated
values.

The core inlet water temperature and the upper plenum pressure are
compared in Figs. 3.2 and 3.3, respectively. The temperature for the
present test is higher for 30 through 240 s and lower during the initial 30
¢ and after 260 s.  The difference is 20 X at most. The upper plenum pres-—
sure is lower in the present test after 30 s and the maximum difference is
35 kpa. The effect of difference in core inlet subcooling on core water

accurulation is investigated in the next sectlon.

3.1.2 Hydrodynamic Behavior in Pressure Vessel

The total core differential pressure is compared in Fig. 3.4. The
data are almost the same on the average during the initial 30 s as in-
tended. The data for Test C2-6 shows the large oscillation, which is the
U-tube type one between the downcomer and the core. After this period, the
value is lower for 30 through 200 s, although the core flooding rate is
larger in the present test. However, it becomes larger after 250 s in the
present test. Tt should be noted that the increasing rate of the data is
much larger in the present test after 150 s, in spite of the nearly identi-
cal core flooding rate mentioned above (Fig. 3.1). This suggests that the
core water accumulation characteristic or the core carry-over characteris-
tic is different between these two tests. The core carry-over ratio is

defined as

Core outlet fluid mass flow rate

Core inlet water mass flow rate

and is compared in Fig. 3.5. This shows that in Test C2-6 the carry-over
ratio is almost unity on the average after 100 s, whereas in Test $2-14 it
is smaller and about 0.4 on the average through the whole transient.

Main reason for this is considered to be the larger effective core
flow area in the SCTF. As presented in Reference [2], the effective core
flow area of the SCTF is 0.32 ~ 0.35 mz, whereas the real core flow area in

the rod assemblies is 0.259 m?. Iguchi and Muraol®] examined influence of



JAERI-M $0-083

the effective core flow area on core water accumulation using a reflood
analysis code REFLAL7] and showed larger effective core flow area resulted
in more core water accumulation under the same core flooding rate. Al-
though they did not explain the reason for this, it is considered to be
gmaller steam velocity due to larger core flow area. Smaller steam veloc-
ity is considered to affect the core water accumulation in the regions
above and below the quench front in the opposite way. That is, smaller
steam velocity is considered to result in lower vold fraction below the
quench front, whereas higher void fraction above the quench front due to
smaller water entrainment. This explains the smaller carry-over ratio or
the larger core water accumulation in the present test.

In order to confirm the discussion above, core water accumulation be-
havior has been investigated by using the REFLA code. Since the core
boundary conditions, such as core flooding rate, system pressure and core
inlet fluid temperature were somewhat different between Tests 8$2-14 and C2-
6 as presented in Sec. 3.1.1, the effects of them on the core water ac-—
cumulation behavior should alsc be taken into account in addition to the
effect of the core effective flow area. Calculatious with the REFLA code
is useful for this purpose, and hence several REFLA calculations have been
performed varying the effective core flow area under the measured core
boundary conditions for the concerned experiments. Figure 3.6(a) shows a
comparison of core differential pressure for Test C2-6 between the calcula-
tion and the experiment. The calculated results give a excellent agreement
with the measured except for 20 ~ 50 s. The difference during this period
is considered to be caused by the evaluated lower core flooding rate.
Anyway, this figure indicates the REFLA code can be used for analyses of
the CCTF. Figure 3.6(b) shows a comparison of core differential pressure
of two calculations. One is for the CCTF Test C2-6 and the other is for
the same core geometry as for Test C2-6 but with the boundary conditions
for the SCTF Test S2-14. Agreement between them is excellent except for 20
~ 60 s. The difference during this period is attributed to the difference
in evaluated core flooding rate shown in Fig. 3.1. By Fig. 3.6(b) it is
found that the effects of the differences in the core boundary cenditions
on core water accumulation behavior is very little except for 20 ~ 60 s.

Figure 3.6(c) shows a comparison of core differential pressure among
three calculations in order to see the effect of core flow area om core

water accumulation. These calculations were performed under the same core
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boundary conditions but with different core flow area from each other:
Broken line with plus marks gives calculational results with the sawme core
flow area as the CCTF under the same boundary conditions as in Test S2-14.
This is called "base case” hereafter. Dotted line with triangle marks
gives ones with 1.2 times larger core flow area than in the base case.
golid line with circle marks gives ones with 1.4 times larger core flow
area than in the base case. It is clear from this figure that larger core
flow area gives larger increasing rate of core water accumulation after 40
s. As previously mentioned, the SCTF has 1.24 ~ 1.35 times lager effective
core flow area than the CCTF and the increasing rate of core water accumu-
lation in Test $2-14 is much larger than that in Test C2-6.

In order to examine quantitative agreement of the increasing rate be-
tween the experiment and the calculation, one more comparison of core water
accumulation is presented in Fig. 3.6(d). The average increasing rate of
the experimental data is about 29.6 Pa/s between 100 s and 300 s. The
values of calculated results are about 16.7 and 19.6 Pa/s for 1.2 and 1.4
times cases, respectively. This means that the calculated increasing rate
corresponds to about 80 % of the observed in the experiment. Therefore,
the larger effective core flow area of the SCIF is considered to be the
main cause of the larger increasing rate of core water accumulation in Test
§2-14.

Figures 3.7(a) through (f) show core sectional void fractions. They
are obtained from the differential pressure data neglecting accelerational
and frictional pressure losses. Although measured sections are not exactly
the same between the SCTF and the CCTF, they are close enough to be com-
pared directly. From these figures it is recognized that void fractions
are higher in Test §52-14 before 250 s except for the top section.

Upper plenum differential pressure is compared in Fig. 3.8(a). Data
of both tests were obtained by measurement above the baffle region. The
value for Test S2-14 is about 0.0010 to 0.0015 MPa until about 400 s due to
the control of the water level on the UCSP using the extraction system as
mentioned at the beginning of this Section 3.1. The planned value is 10 to
13 em of water head. The water level control began at 77 s and ended at
377 s as presented in Tables 2.1 and 3.1. On the other hand, the data for
Test €2-6, which was conducted without water extraction, increases slowly
and gradually through the whole transient.

Figure 3.8(b) shows a comparison of water level on the UCSP above some
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bundles and the baffle in Test $2-14. The data above Bundles 1, 2 and 3
are almost identical to those above Bundles 4, 5 and 6. This figure shows
that the water levels above Bundles 7 and 8 and the baffle are higher than
others by about 80% until about 270 s. It has been already observed!8]
that the water levels above the UCSP are higher above Bundles 7 and 8 and
the baifle, even when the cere power and initial heater rod temperature
distributions are radially flat. This is considered to be a geometrical
effect. That is, the hot leg is connected on the baffle side.

Figures 3.9(a) and (b) show core horizontal differential pressures at
2.57 and 3.235 m, respectively. Data at 2.57 m (Fig. 3.9(a)) indicate the
differential pressure is almost zero on the average until about 400 s, when
the upper plenum water levels started to increase rapidly as shown in Fig.
3.8. Data at 1.905 m, which are not presented here, show the same ten-
dency. Therefore, it can be said that the core hvdrodynamic behavior is
radially flat at least up to about 2.6 m elevation, when core initial and
boundary conditions are radially flat, and a little difference in the upper
plenum water level does not influence the core horizontal differential
pressure. Figure 3.9(b) shows, however, that the horizontal differential
pressures at 3.235 m are slightly in the nepative value through the most
period of the transient. This means that the pressure in the Bundle 8 side
is higher and this is attributed to the higher upper plenum water level in
Bundle 8 side shown in Fig. 3.8(b). Comparing Figs. 3.9(b) with 3.8(k), it
is recognized that there is a clear coincidence in the transient between
the horizontal differential pressure and the upper plenum water level.
Therefore, in the top region of the core, the core horizontal differential
pressure is influenced by the radial distribution of upper plenum water

level.

3.1.3 Core Thermal Behavior

Figures 3.10(a) through (c) show temperature histories of the heater
rod surface at the axial peak power or midplane section in core central,
intermediate and core peripheral regiomns, respectively. They show the good
agreement between the SCTF and the CCIF experiments. A comparison at the
higher elevation is given in Fig. 3.10(d). This shows the same tendency as
at the midplane level (Fig. 3.10(a)).

Figures 3.11 and 3.12 show comparisons in the radial direction for
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temperature and corresponding heat transfer coefficient histories at the
peak power section, respectively. As shown in Figs. 3.11(a) and 3.12(a),
the core thermal behavior is radially uniform in Test §2-14, whereas there
is small difference in Test C2-6 as shown in Figs. 3.11(b) and 3.12(b). 1In
Test C2-6, the heat transfer is slightly worse in the peripheral region.
Although the SCTF resuits show no difference of the heat transfer in the
radial direction, the CCTF results show some difference. There are two
possible reasons for the difference. One is the geometrical effect. That
is, the wall exists only in the peripheral region in the CCTF, whereas in
the SCTF every bundle faces the wall at two or three faces out of four.
Incidentally, the initial wall temperature is almost the same as the
saturation temperature for the initial pressure. The other is the effect
of the upper plenum water level distribution. Although it has not been
measured in the CCTF tests, it is likely that there exists upper plenum
water level distribution judging from the SCTF test results mentioned
before.

The heat transfer coefficients of the two tests at the peak power sec-
tion are compared in Fig. 3.13. Figure 3.13(b) shows plots against the
distance from quench front. These figures show the heat transfer coeffi-
cient is higher in Test C2-6 except for the period just before the quench-
ing. As presented in previous sections, the core water accumulation and
the core pressure are lower, and the core inlet fluid temperature is higher
in Test S2-14 during major time period up to 200 s. According to many pre-
vious experimental results[g], all these situations tend to result in the
worse core cooling in Test S$2-14 comparing to Test C2-6. Therefore, the
experimental results shown in Fig. 3.13 are qualitatively consistent with
the previous results. However, the better core cooling just before quench-
ing and resultant earlier quenching can not be explained based on the pre-=
vious results. Although the reason for this has not been clarified vet, a
possible reason for this is possible better wettability of the SCTF heater
rods than of the CCTF. Tt has been confirmed the heat up transients are
almost identical between the heater rods of the two facilities, although
the material of the heater rods are not the same between the facilities.

Figures 3.14(a) and (b) show the quench front envelopes of Test §2-14
and C2-6, respectively. In both tests, the quench front envelopes are al-
most identlcal in the radial direction up to about 2.5 m elevation from the

bottom and above 2.5 m elevation there appear a little difference. Figure
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3.15 shows the comparison between the two tests up to 3 m elevation in the
last quenched bundle. Test S2-14 shows the faster quench than Test CZ2-6.
This earlier quenching in Test $2-14 has already discussed above. Figure
3.15 alsoc shows the time-scaled CCTF data, which are set to have the same
quench time as the SCTF at 3 m elevation. As shown in the Figure, they are
in good agreement. This indicates the quench front propagation charac-—
teristic, 7.€. heat release characteristic in axial direction of heater

rods, is almost same in both the facilities.

3.1.4 Thermo~hydrodynamic Behavior in Primary Loop

Although the thermo-hydrodynamic behavior comparison in the primary
coolant loops between the SCTF and the CCTF tests is not one of the major
objectives here, the intact loop differential pressure is compared in Fig.
3.16. This is because the intact loop differential pressure has a strong
contribution to the upper plenum pressure and there observed some dif=-
ferénce in the upper plenum pressure between the two tests as shown in Fig.
3.3. Figure 3.16 shows the differential pressure is higher in Test CZ-6 by
the magnitude of 10 to 20 kPa, which 1s corresponding to the difference in
the upper plenum pressure (Fig. 3.3). Figure 3.17 shows a comparison of
the core outlet steam mass flow rate evaluated by a core energy balance
calculation. From this figure and Fig. 3.16, it 1s recognized that al-
though the core outlet steam mass flow rates are close to each other during
about 100 through 300 s, the intact loop differential pressures are dif-
ferent from each other. This suggests the intact loop flow resistance is

different between the SCTF and the CCIF.

3.1.5 Summary

Summarizing the above results and discussion the following conclusions
are obtained for the flat radial core power distribution case:

(1) Although there observed some differences between the SCTF and CCTF
test results due to the differences in the test conditions and the
test faclility design, the overall core thermo—hydrodynamic behavior
was not significantly different from each other. The differences ob-
served were explainable by the differences in the test conditions and
the facility design as in the following.

(2) Although the core heat transfer was radially uniform in Test 52-14,

— 14_
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there observed a little difference in Test 2—-6, In Test C2-6, the
heat transfer was worse in the periphery. The possible reasous for
this are the geometrical effects, i.e. the wall effect and the upper
plenum water level distribution effect.

(3) The core water accumulation characteristic was found to be different
between the SCTF and the CCTF. Major part of this difference is quan-
titatively explained to be caused by the difference in the effective
core flow area.

. (4) Core heat transfer was slightly lower in Test §2-14 except for the

short period just before quenching. The difference is reasonably ex-—

plained with the different achieved boundary conditions for the core.

Only just before quenching, the heat transfer was better in Test S2-14&

resulting in the faster quench front propagation. The reason for this

is still under investigation.

3.2 Results and Discussion for Tests 57-18 and 52-07

Tests S2-18 and $2-07 were performed under the slant core radial power
profile. As mentioned before, although Test 52-07 was performed under the
cold leg injection, achieved simulation for Test (2-5 was Judged to be un-
satisfactory due to the significant difference in core water accumulation
during the Acc period. Therefore, Test $2-18 was performed under the
forced feed lower plenum injection based on the information obtained from
tests performed after Test §2-07. Accordingly, in the following, the
results of Test $2-18 will be mainly presented and discussed.

As mentioned at the beginning of this chapter, the main purpose of
this section is to investigate the effects of the core radial iength on

two—dimensional core thermo-hydrodynamic behavior.

3.2.1 Achieved Major Test Conditions

Figure 3.18 shows a comparison of the core flooding rate. They were
evaluated by the mass balance calculation. Figure 3.18(a) shows a com
parison between Tests S52-18 and C2~6. Since the core differential pressure
for Test C2-5 showed significant zero—-shift during about initial 100 8[4],
core differential pressure and core flooding rate for Test C2-6 are pre-
sented instead of those for Test C2-5 in this section. According to the

investigation in Reference [5], the core differential pressures and the
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core flooding rate are judged to be nearly identical between those tests.
The transient for Test $2-18 is the same as planned but is a little dif-
ferent from that for Test C2-6 up to about 150 s. As previously mentioned
(Sec. 2.2), simulation of the core water accumulation transient was in-
tended rather than the core flooding rate Itself for better coupling of
core thermo-hydrodynamic behavior. Figure 3,18(b) shows a comparison be-
trween Tests S2-07 and C2-6. The data for Test $2-07 experiences the sig-
nificant oscillation during the Acc period. There was & significant dif-
ference in the core water accumulation and core cooling behaviors as 1is
shown later. Figure 3.18(c) shows a comparison of the time-integrated core
flooding rate, gradient of which gives the average core flooding rate.
Figure 3.19 shows the core inlet fliuid temperature. There observed
difference up to 15 K between Tests g2-18 and ¢2-5. The upper plenum pres-—
sures are compared in Fig. 3.20. There is a difference up to 35 kPa be-

tween Tests §2-18 and C2-~5.

3.2.2 Bydrodynamic Behavior in Pressure vessel

The core differential pressures are compared in Fig. 3.21 among the
three tests. Since the core differential pressure measurements were
judgedla] to be unreliable for Test C2-5 during the initial 100 s, the data
for Test C2-6 are presented here instead of those for Test C2-5 as men-
tioned above. After 100 s, however, The data were in good agreemeut[s] be-
tween Tests C2-5 and C2-6 in spite of the difference in the core radial
power profile. The core water accumulation behavior is significantly dif-
ferent between Tests $2-07 and C2-6 during about initial 150 s, whereas the
agreement between Tests $2-18 and C2-6 is satisfactory until about 250 s
which covers the crucial time period for reflooding.

The core carry—over ratio is compared in Fig. 3.22. Although the
value for Test C2-6 is almost unity on the average after 100 s, the average
value for Test $2-18 is about 0.6. This difference between the two
facilities is also observed in the flat corve radial power distribution case
(Fig. 3.5).

Figures 3.23(a) through (f) show the sectional core void fraction com-
parison between Tests g2-18 and C2~6. The same water accumulation charac—
teristics as described in Sec. 3.1.2 is observed.

Figure 3.24 shows a comparison of the upper plenum differential pres-

sure above the core baffle region between Tests §2-18 and C2-5. The value
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for Test S2-18 is larger after 20 s, especially after 300 s. The rapid in-
crease after 300 s is judged to be caused by the water flow reversal to the
upper plenum at the hot leg bottom part. This is confirmed by the negative
drag force value in the hot leg bottom region shown in Fig. 3.25. The
higher differential pressure in Test $2-18 during 20 through 300 s shown in
Fig. 3.24 1s considered to be caused mainly by the effect of upper plenum
structures on the water accumulation. Iguchi et al.[10] ghowed the upper
plenum structure has a significant effect on upper plenum water carry-over
and the existence of the structure such as the control rod guide tube
reduces the carry—bver water mass due to its de-entrainment effect. 3ince
the radial dimensions are different between SCTF and CCTF, there is a pos—
sibility of larger de-—entraimment in SCTF upper plenum. Horizontal dis-
tribution of water level is presented in Fig. 3.26. Water levels above
Bundies 4, 5 and 6 are almost the same. The data above Bundles 1, 2 and 3
are almost the same as those above Bundles 4, 5 and 6. However, the water
levels above Bundles 7 and 8 and the core baffle are higher than the others
by about 40 to 60 percent. It should be noted that although the power and
initial rod temperature distributions are the same in Bundles 5 through 8,
the water level on the UCSP is higher only above Bundles 7 and &, suggest-
ing the geometrical effect.

Figure 3.27 shows the horizontal differential pressures in Test 52-18
at 1.905 m elevation between Bundles 1 and 4 and between Bundles 4 and 8.
The quenching of heater rods at this elevation varies from 170 through 240
s as shown in Fig. 3.35(a) later. This time period is corresponding to the
timing when the horizontal differential pressure decreases and then changes
from the positive value to the negative. Before quenching the differential
pressures are in the positive value, i.e. the flow direction is from Bundle
1 side to Bundle 8 side. After quenching, however, the flow direction be-
comes opposite. That is, the water flows from the lower power side to the
higher power side below the quench front. The value between Bundles 4 and
8 is 1.5 through 2.0 times larger than that between Bundies 1 and 4. This

suggests the cross flow is larger in the low power peripheral region.

3.2.3 Core Thermal Behavior

Figure 3.28(a) shows a temperature history comparison at the maximum

power location. The data for Test S$2-18 are close to those for Test C2-5,
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whereas Test $2-07 shows significantly worse core cooling than the others.
These are corresponding to the fact that the core water accumulation up to
about 250 s is in good agreement between Tests §2~18 and (C2-5 but not be-
tween Tests S§2-07 and C2-5 as shown in Fig. 3.21. Comparisons in the
medium and lowest power bundles at their highest power locations are shown
in Figs. 3.28(b) and (c), respectively. Heat transfer coefficients cor-
responding to the temperatures shown in Figs. 3.28(a) through (c) are
presented in Figs. 3.29(a) through (¢), respectively. Except for the times
around 25 s and just before quenching, heat transfer coefficients are
larger in Test C2-5 than in Test g2-18. This is consistent with the dif-
ferences in core inlet water temperature, cOre pressure and core water ac-—
cumulation shown in Figs. 3.19 through 3.21. The better cere cooling in
Test §2-18 around 25 s 1s corresponding to its larger core water accumula-
tion (Fig. 3.21). A possible reason for the better core cooling in the
SCTF test just before quenching is the same as presented in Sec. 3.1.3.

Comparisons in the radial direction for Tests $2-18 and C2-5 are shown
in Figs. 3.30(a) and (b), respectively. Comparisons of heat transfer coef-
ficient in the radial direction are shown in Figs. 3.31(a) and (b), cor-
responding to Figs. 3.30(a) and (b), respectively. In both tests the
higher power region shows higher heat transfer coefficient. This tendency
is consistent with the other SCTF tests results[81.

Figures 3.32(a) and (b) show the heat transfer coefficients plotted
against the distance from quench front for Tests $2-18 and C2-5, respec-—
tively. Figure 3.32(a) shows the heat transfer coefficient is higher in
the higher power bundle during the Acc period. The CCTF results shown in
Fig. 3.32(b) shows the same tendency as this through the whole transient.
However, during the LPCI period, the value for Bundle 4 becomes the highest
in Test $2-18. The characteristic like this has mnot been observed pre-
viously even in the SCTF tests. The reason for this is a large step in the
bundle power between Bundles 4 and 5, and will be investigated later.
Another point, which is recognized from Fig. 3.32(a), is although each
bundle power is the same in the low power bundles (Bundles 5 through 8),
the heat transfer coefficient is lower in the outer bundle (Bundle 8 side).
Tn order to know the degree of enhancement or degradation, the heat trans-—
fer coefficients for Tests $2-14 and $2-18 are plotted *ogether in TFig.
3.32(¢). The bundle power for Test $2-14 is corresponding to the average

bundle power for Test $2-18. The bundle power ratios in Test §2-18 to the
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average are 1.357 : 1.203 : 0.759 for the high (Bundle 1), medium (Bundles
2, 3, 4) and low (Bundles 5, 6, 7, 8) power bundles, respectively. The
data for Test §2-14 are almost in between the data for the medium power
bundles and the low power bundles where the average bundle power for Test
57-18 exists. Therefore, this result suggests the heat transfer coeffi-
cient is higher or lower than the average power bundle value, correspounding
to its higher or lower bundle power than the average, respectively.

As recognized in Fig. 3.32(a), the heat transfer enhancement in Bundle
4 is observed after the distance from the quench front becomes less than
about 1.1 m, 7.e. after about 60 s (Fig. 3.35). Since the maximum clad
temperature is observed by 20 s as shown in Fig. 3.29(a), this heat trans-
fer enhancement dose not reduce the maximum clad temperature but it is in-
teresting to investigate this special behavior. Until 20 s, when the maxi-
mum clad temperature is observed, the heat transfer coefficient 1s higher
in the higher power bundle as shown in Fig. 3.32(a). The ratio of the heat
transfer coefficient for each bundle to that for the highest power bundle
is tabulated at two different distances from the quench front in Table 3.2.
In Test C2-5 and in the early period (Z.e. at 1.6 m) of Test §2-18, the
ratios of the heat transfer coefficient are roughly in good agreement with
the power ratios. However, in the LPCI period (Z.2. at 0.7 m) of Test S5Z-
18, these ratios are not in good agreement. Bundle 4 gives a significantiy
high ratio and the outer bundle gives the lower ratio even in the same low
power bundles (Bundles 5 through 8).

In order to investigate the reason for the highest heat transfer coef-
ficient in Bundle 4 mentioned above, the horizontal differential pressures
at 1.905 m elevation are compared in Fig. 3.33. Figure 3.33(a) shows the
original differential pressures and Fig. 3.33(b) shows the differential
pressure per one bundle length since the measurement distances are dif-
ferent among them. As recognized from Fig. 3.33(b), the differential pres—
sure between Bundles 4 and 6 is the largest. The reason is considered to
be as follows : There is a large step in the power between Bundles 4 and 5.
Accordingly, there also exists a large difference in quench front elevation
between them. Under this situation, accumulated water below the higher
quench frent in Bundle 5 is considered to fall on the lower quench front in
Bundle 4. This suggests the horizontal flow is most significant in this
area resulting in the highest heat transfer coefficient in Bundle 4.

Figures 3.34(a) and (b) show comparisons of the heat transfer coeffi-
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cient in the radial direction at higher elevation than the midplane level
(Fig. 3.32). The heat transfer ratios are given in Fig. 3.34(c) at both
the midplane and higher elevations. These are the ratios of the heat
transfer coefficients for the slant radial core power profile tests {Test
§2-18 and C2-5) to those for the flat radial core power profile tests
(Tests S$S2-14 and C2-6). From Fig. 3.34(c) or comparing Figs. 3.34(a) and
(b) with Figs. 3.32(c¢) and (b), it is recognized the degree of the heat
transfer enhancement and degradation Is larger at the higher elevation in
Test $2-18, whereas smaller at the higher elevation in Test C2-5. There=
fore, the core two dimensional effect has a different tendency against the
elevation between the SCTF and CCTF tests. One possible reason for this is
as follows : In the SCTF tests, the heat transfer difference along the
radial direction is mainly produced by the effect of the upper plenum water
level difference during the LPCI periodis], and hence, the effect is ex-
pected more significant at higher elevation, which is closer to the upper
plenum. On the other hand, since the radius of the CCTF core is much less
than in the SCTF and the geometry of the CCTF pressure vessel is symmetri-
cal, the upper plenum water level in the CCTF is expected to be rather
uniform along the radius. Therefore, the upper plenun water level effect
is expected to be much smaller, and hence, degree of difference in heat
transfer coefficient is inferred to be less at higher elevation in the CCTF
tests due to the cosine-shape axial power distribution. A comparison of
the clad surface temperature at the higher elevation 1s shown in Fig.
3.34(d) for the highest power bundle. This shows core cooling in Test S2-
18 is better and is a different tendency from that at midplane level (Fig.
3.28(a)).

Figures 3.35(a) and (b) show the quench front envelopes of Tests 52-18
and C2-5, respectively. In the low power bundles of Test $2-18, the dif-
ference is only a little. In the medium power bundles, Bundle 4 gives the
shortest quench time as shown in Fig. 3.35(a). Figure 3.35(c) shows the
comparison between Tests $2-18 and C2-5. The quench time is shorter in
Test $2-18 everywhere. As shown in Fig. 3.29(a) through (c}, the heat
transfer is better in Test S2-18 just before quenching, although until then
the heat transfer is better in Test C2-5. This is the same tendency as ob-

served in the flat radial power profile case presented in Sec. 3.1.3.
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3.2.4 Summary

Summarizing the above results and discussion, the following conclu-

sions are obtained for the slant radial core power and initial clad tem—

perature distribution case:

(1)

(2)

(3)

(4)

(5)

The core water accumulation characteristics were different between the
SCTF and the CCTF, but showed the same tendency as found in the flat
core radial power distribution case.

Upper plenum water accumulation was found to be larger in the SCTF
test. There also observed significant radial directional differences
in the upper plenum water accumulation in Test 52-18.

In Test C2-~5 the heat transfer coefficient was higher in higher power
region. In test 52-18, although the heat transfer coefficient was
also higher in higher power region during the Acc period, it became
the highest in Bundle &, where there is significant difference in
bundle power from neighboring Bundle 5, during the LPCI period. Fur-
thermore, even in the low power bundles with the same power, the heat
transfer coefficient was lower in the periphery side.

The heat transfer enhancement or degradation was more significant in
the SCTF test than in the CCTF test. This is considered to be caused
by the difference in the core radial langth.

The degree of the heat transfer enhancement or degradation was larger
at the higher elevatlon than the midplane level in the SCTF test,
whereas smaller in the CCTF test. This is also considered to be
caused by the large difference in the upper plenum water accumulation

distribution.
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Table 3.1 Chronologies of major events for Tests
52-07, S2-14 and $2-18

(1) Test $2-07
Time after BOCREC(s)

Core power "ON" - 119
Acc injection initiation - 3
BOCREC 0
Maximum containment tank-I1T pressure (0.226 MPa) 14
Maximum core temperature (1140 K) 21
Core power decay initiation 35
Switching of injection location from lower plenum 4l
to cold leg and from Acc to LPCI
Maximum core pressure (0.273 MPa) L
Whele core gquench 435

(2). Test §2-14
Time after BOCREC(s)

Core power '"'ON" - 114
Acce injection initiation - 3
Core power decay initiation - 3
BOCREC 0
Maximum core temperature (965 K) 10
Maximum containment tank-IT pressure (0.22 MPa) 23
Maximum core pressure (0,266 MPa) 28
Initiation of liquid level control on UCSP 77
Whole core quench 368
Termination of liquid level control on UCSP 377

(3) Test S$S2-18
Time after BOCREC({s)

Core power "ON" - 115.5
Acc injection initiation - 2.0
Core power decay initiation 0
BOCREC 0
Maximum core temperature (1116 K} 9.5
Maximum containment tank-II pressure (0.224 MPa) 23.5
Maximum core pressure (0.277 MPa) 31
Whole core guench 384.5
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Table 3.2 Ratio of heat transfer coefficient for each bundle
to that for highest power bundle at midplane level

{a) Test $52-18

Heat transter coefficient ratio
Bundle Power ratio
At 1.6 o At 0.7 m*¥

1 1 1 1

2 0.883 0.797 0.921

3 0.883 0.891 0.944

4 0.883 0.875 1.18

5 0.559 0.437 0.775

5 0.559 0.437 0.71%

7 0.559 0.437 0.517

8 0.539 0.375 0.483

(b) Test C2-5

Heat transfer coefficient ratio
Power regicn FPower ratio
At 1.6 m” At 0.7 m*™
High 1 1 1
Medium 0.883 0.914 0.903
Low 0.559 0.571 0.532

% The distance from the quench front corresponding to the time
when the maximum clad temperature is observed

%% The distance from the quench front corresponding to the
typical time in the LPCI period
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4. Conclusions

Analyzing the data of the SCTF/CCIF counterpart tests and their cor-
responding CCTF tests, the following conclusions are obtained on the com—
parison of the reflooding behavior between the SCTF and the CCTF tests and
on the effect of the core radial length on the two-dimensional core thermo-
hydrodynamic behavior:

(1) Although there observed some differences between the SCTF and CCTF
test results, the overall core reflooding behavior is considered to be
similar taking account of the differences in test conditions and
facility design. The main difference observed is core water accumula=
tion characteristic. However, major part of this difference is quan-
titatively explained to be caused by the difference in the effective
core flow area between the two facilities.

(2) The effect of the core radial length on the core two—dimensional
thermo-hydrodynamic behavior has been observed to be significant and
heat transfer enhancement or degradation in the radial direction is
more significant for the longer radius core.

(3) 1In addition, where the core power varies significantly in the radial
direction, a significant heat transfer enhancement has been observed
in the higher power bundle during the LPCI period. On the other hand,
in the peripheral region, the heat transfer deéradation has been ob-
served more significantly in the outer bundle even they have the same
bundle power.

(4) Magnitude of the heat transfer eunhancement or degradation was larger
at the higher elevation than the midplane level in the SCTF test,
whereas smaller in the CCTF test. This is considered to be caused by

the difference in the upper plenum water accumulation distribution.
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Test Facility

The Slab Core Test Facility is designed under the following

design phllosophy and design criteria:

a.

(1)

(2)

b.
(1)

(23

(3

{4)

(52

(6

Design Philosophy

The facility should provide the capability to study the two-
dimensional thermohydraulic behavior in a reactor pressure vessel
especially due to the radial power distribution during the end of
%lowdown, refill and reflood pahses of a postulated LOCA in a PWR.
To properly simulate the core heat transfer and hydrodynamics, a
special emphasis is put on the proper simulaticn of the components
in the pressure vessel. Provided as the components in the pressure
vessel are the simulated core, downcomer, core baffle region, lower
plenum, upper plenum and upper head. On the other hand, simplified
primary coclant loops are also provided. Provided as the primary
coolant loop components are a hot leg, an intact cold leg, broken
cold legs and & steam/water separator which is to simulate single
steam phase flow downstream of a steam generator and to measure

the flow rate of carryover water coming from the upper plenumn.

Design Criteria

The reference reactor to be simulated in SCIT is the Trojan reactor
in the United States which is a four-loop 3300 MWt PWR. The Qoi
reactor etc. in Japan which are of thne similar type to the Trojan
reactor except the provision of UHI system are aiso referred.

A full scale radial and axial section of core with single bundle
width of the pressurized water reactor is provided as the simulated
core of SCTF.

The gimulated core consists of 8 bundles arranged in & row. Each
bundle has electrically heated rods simulating fuel rods and non-
heated rods with 16x16 array, with the diamecer and the pitch for
Trojan which has 15%15 rod array.

The flow area and fluid volume of components are scaled down based
on the nominal core flow aree scaling., 1/21.

To properly simulate the flow behavior of carryover water or
entrzinment, the elevations of hot leg ana cold legs are designed
to be the same as the PWR as much as possible.

A honevcemb structure is used for side walls with surface plates



(7

(8)

(9

(10

(11}

(12)

(13}

{14)

(15)

(16)
(17
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which accomodates the slab core, the upper plenum and the upper
part of lower plenum, so as to minimize the efect of walls on the
core heat transfer and hydrodynamics.

To investigate the effect of flow resistance in the primary loop
are provided the orifices of which dimension is changeable.

The maximum‘allowable temperature of the simulated fuel rods is
$00°C (1173 K) and the maximum allowable pressure of the facility
is 0.& MPa.

The facility is equipped with the hot leg equi-alent to four hot
legs connecting the upper plenum and the steam/water separator,
the intact cold leg equivalent to three intact cold legs connecting
the steam/water separator and the downcomer anc the two broken cold
legs, one is for the steam/water separator sids and ancther for
the pressure vessel side.

The ECCS consists of an accumulator (Acc), a 1oDw pressure coolanc
injection (LPCI) system and & combined injectisn system.

ECC water injection ports are at the ccld leg, the hot leg, the
upper plenum, the downcomer, the lower plenum &nd above the upper
core support plate. These ports are to be chesen according te the
objective of the test.

For better simulation of lower plenum flow resistance, simulated
fuel rods dc not penetrate through the bottom —late of the lower
plenum but terminate at below the bottom cf ths core.

Tor measurements in the pressure vessel including core, the feature
of the slab geometry of the pressure vessel is vtilized as much as
possible. Design and arrangement of the instroments are done so
as to be able to carry ocut installatiom, calibration aad removal
cof the imnstruments.

View windows are prcvided where flow pattern rscogniticn is impor-
tant. Their locations are the interface betwe=n the core and the
upper plenum, the hot leg, the pressure vessel side broken coic
leg and the downcomer.

Blocked bundle test is carried out in Core-I iz order to investi-
gate the effect of ballooned fuel rods on core cooling and
unblocked normal bundle test follows in the Core~II and -I1II.
Types of break simulated are ccid leg break ans hot leg break.

The components and systems such as the contain=ent tanks and ECC
water supply svstem in CCIF are shared with SCTT to the maxnimum

exXtent.
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The overall schematic diagram of SCTF is shown in Fig. A-1. The
principal dimensions of the facility is shown in Table A-1, and the
comparison of dimensions between SCTF and the reference PWR is shown

in Fig. A-2.

A.1.1 Pressure Vessel and Internais ,

The pressure vessel is cof slab geometry as shown in Fig. A-3. Tke
height of the components in the pressure vessel is almost the same as
the reference reactor's, and the flow aresa and the fluid volume of each
component are scaled down based on the nominal core flow area scaling,
1/21.

The core consists of 8 bundles arranged in & row and each bundle
includes heater rods and non-heated rods with 16x16 erray. The core 1s
enveloped by the honeycomb thermal insulator which is attached on the
back surface of core wall plate.

The downcomer is located at one end of the pressure vessel which
corresponds to the periphery of the actual reactor pressure vessel.

The core baffle region located between the core and the downcomer is
basically isclated for Core-II to minimize uncertainty in actual core
flow. However, some leak heoles are still exiscing. For better
understanding, the cress section of the pressure vessel at the elevation
of midplance cf the core is shown in Fig. A=,

The design of upper plenum internals is based on that for the new
Westinghouse 17x17 array fuel assemblies. The internals consist of
control rod guide tubes, support columns and orifice plates which arte
atrached to the upper core suppert plate (UCSP). The UCSP has some
open holes without internals. Those arrangement is shown in Fig. A-5.
The radius of each internzl is scaled down based on the factor of 8/15
of an actual reactor. Baffle plates are inserted in the guide tubes.
The elevation and the configuration of baffle piates are shown in Fig.
A-b.

The heights of the hot leg and cold legs are designed as clese to

the reference FWR as possible. However, in corder toc avoid the inter-
f

Fh

ference of the nozzles in the downcomer, the heights cf nozzles foT the
broken cold leg and the intact cold leg are shifted down compared to

that of the hot ieg as shown in Fig. A-3.
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A.1.2 Simulated Core

The simulated core for the SCTF Core-I1 consists of 8 heater rod
bundles arranged in & row. Each bundle has 234 electrically heated
rods and 22 non-heated rods. The dimensions of the heater rods are
based on 15%15 fuel rods bundle for & PWR and the heated length and the
outer diameter of each heater rod are 3.66 m and 10.7 mm, respectively.
A heater rod consists of a nichreme heater element, boron nitride {BN)
or magnesium oxide (Mg0O) depending on elevation in the heated zone and
Nichrofer 7216 (eguivalent to Inconel 600) sheath. The sheath thick-
nesgs is about 1.0 mm and is thicker than the actual fuel cladding
because of the requirements for thermocouple installation. The heater
element is & helical coil and has & 17 ster chopped cesine axial power
profile as shown in Fig. A-7. The peaking factor is 1.4.

Nen-heated rods are either pipes or solicd rods of stainless steel
with 13.8 mm 0.D. The heater rods and non-heated rods are fixed at the
top of the core allowing downward expansion. 1In Fig. A-11,relative
elevation of rods and spacers i1s shown.

For better simulation of flow resistance in the lower plenum the
simulated fuel rods end in the lower plenum and do not penetrate through

the botrom plate of the lower plenum as shown in Fig. A-3.

A.1.3 Primary Lcops and ECCS

Primary loops consist of & hot leg equivalent to four hot legs in
area, & steam/water separator for gimulating single steam phase flow
downstream of the steam generator and for measuring flow rate of carry
cver water, an intact coldé leg eguivalent to three intact ioops, &
broken cold leg on the pressure vessel side and a broken cold leg on the
steam/water separator side. These two broken cold legs are connected
zc two contzinment tanks through break valves, respectively. The
arrangement of the primary loops is shown in Fig. A-9. The flow area
of each loop is scaled down based on the core flow area sczling, 1/21.
It should be emphasized that the cross section of the hot leg is an
elongared circle with an actual height to realize proper flow pattern
in the hot leg. The steam/water separator has a steam génerator inlet
plenum simulator to correctly simulate the flow characteristics of
carryover water into the U-tubes. The cross section of the hot leg and

the configuraticen cof the steam genrestor inlet plenum simulater are
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shown in Fig. A-8.

A pump sigulator and a loop seal part are provided for the intact
coid leg. The arrangement of the intact cold leg is shown in Fig. A-9.
The pump simulator consists of the casing and duct simulateors and an
orifice plate as shown in Fig. A-10. The loop resistance is adjusted
with the orifice plates attached to the intact cold leg, the steam/
water separator side and pressure vessel side broken celd legs and the
pump simulator.

ECCS consists of the Acc and an LPCI gystems. Injection ports are
located as already described in the design criteria section. Besides,
the UCSP water extraction system and the UCSP water injection system

are provided for combined injection ‘tests.

A.1.4 Containment Tanks and Auxiliary System

Two containment tanks are provided to SCTF. The containment
tank-1 is connected with the downcomer through the pressure vesgel side
broken cold leg and the containment tank-IT is connected with the steam/
water separator through the steam/water separator side broken cold leg.
Egpecially ih the containment tank-I, carryvover water from the downcomer
is measured bv the differentiation of the liquid level. These contain-
ment tanks and auxiliary system such as a pressurizer Ior injecting

water from the Acc tanks, etc. are shared with CCTF.
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A.Z Instrumentation

A.2.1 Measurement Items

The instrumentation in SCTF has been provided both by JAERI and
USNRC. The JAERI-provided instrumentation includes the measurement of
temperatures, pressures, differential pressures, liquid levels, flow
velocities, and heating powers. USNRC has provided film probes, imped-
ance probes, string probes, liguid level detectors (LLDs), fluid dis-
tribution grids (FDGs), turbine meters, drag disks, densitometers, spocol

pieces and video optical probes.

A.2.2 Identification of Instruments

The description of the identification number of the instruments is

given in Tables A-2, A-3 and A-4,

A.2.3 Measurement Location

A.2.3.1 Pressure Vessel

The relative elevations of in-core and downcomer instruments eXceptl
those for pressure and differential pressure measurements are shown in
Tig. A-11. The horizontal arrangement of heater rods and nen-heatced
rods with instruments are shown in Fig. A-12. Figure A~13 through A-17
shows the relative elevations of the instruments in the core and the
upper plenum.
(1) Temperature measurement in the core

The locatrjon of thermocouples on the heater rods and non-heatecd rods
are shown in Figs. A-13, A-14, A-15 and A-16. These thermocouples
measure the temperatures of the heater rod surface (Fig. A-13), the
non-heated rod surface (Fig. A-14), the fluid (Fig. A-153) and the steam
(Fig. A~16) ir the core.
{2} Temperature measurement in the pressure vessel except the core

The vertical location of thermcouples in the presssure vessel except
the ccre are shown in Fig. A-17. Figure A-18 and Fig. A-19 show the
horizontal location of thermocouples in the upper plenum and the other
porticn in the pressure vessel except the core, respectively. The
configuration of thermocouple tip locaticn has variety and that for the

core wall is shown in Fig. A-20.



JAERI-M 90-083

The fluid temperatures at the core inlet are measured with
thermocouples attached on the non-heated rods as shown in Fig. A-Z1.
Figure A-22 shows in detail the location of fluid temperature measure-
ments just above and below the end box tie plate. The configuration of
the thermocouples for the temperature measurements at the center and
periphery of the UCSP holes is shown in detail in Fig. A-23,

The horizontal and vertical locations of the fluid temperature
measurements above the UCSP is shown in Figs. A-24.

(3) Absclute pressure

In the pressure vessel, absclute pressures are measured in the
upper plenum, the core, the lower plenum and the downcomer as shown
in Fig. A-23.

(4) Differential pressure

The locations of the vertical and herizontral differential pressure
measurements are shown in Figs. A-26 and A-27, respectively. Figure
A-27 also shows the location of the differential pressure measurement
between the end box and the inlet of not leg.

The locations of the differential pressure measurements across the
end box tie plate are shown in Fig. A-28. The location of the differen-
tial pressure measurement berween the top of upper plenum and the bottom
of lower plenum is shown in Fig. 4-25. The figure also shows the
location of the horizontal differentizl pressure measurement in the
dowricomer .

(5) Collapsed liguid level (D/P cells)

The locations of the liquid level measurement in the downcomer and
the lower plenum are shown in Fig. A-25. The liguicé levels on the ucs?
and the end box tie plate are measured at the locations shown in Fig.
4-28. The liquid level measurement in the core baffle region is also
made.

The USNRC-provided turbine flow meters are installed at the inlet
of the core, above the UCSP holes and in the upper pelnum to measure
the fluid velocity as shown in Figs. A-29 and A-30.

The fluid velocities in the top and bottom of the downcomer are
mezsured with the USNRC-provided drag disks shown in Figs. A-29 and
A-30.

{6) TFluid density (y-densitometer)
The vertical and horizontal locations of the v-densitometer are

shown in Figs. A-29 and A-30, Tespectively.
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(7) Film thickness, film velocity, void fraction, and droplet velocitv.
The locations of the film and impedance probes for measuring film
thickness film velocity, void fraction, and droplet veloclty are shown
in Figs. A-29 and A-30.
(8) Liuid level (LLD and FDG)
The LLDs for measuring liquid level in the core and the FDGs for
measuring liquid level distribution in the upper plenum and downcomer

are also provided,

A.2.3.2 Primary Coolant Loops and Auxiiiary Systems

The locations of temperature, pressure, differential pressure,
1iquid level and mass flow rate measurements in the primarv coolant
loops and auxiliary systems are shown in Figs. A-31 through A-38.

In these figures there are the lists ol pressure tap location
corresponding to the tag number. In these lists 'L' shows the lower
pressure side of D/P cell and '"H' the higher pressure side.

The elevations relative to the bottom of the pressure vessel are
shown in the parenthesis. 1In SCTF, three USNRC~provided spool pieces

are instalied. They are the hot leg spool plece, the pressure vessel
Y P

side broken cold leg spool piece and the vent line spool lece.
P P !

A.2.4 Data Reduction

The flow chart of the date reduction procedure is shown in Fig.
£-39.
The data from the JAERI-provided instruments (1,346 ch) are

recorded on the magnetic disk in a mini-computer (FACOM U~400) and

partly on a magnetic tape and then comverted te physical values with
the computer. After plotting preliminary graphs by using a X-Y
plotter, these data are investigated and transfered to a magnetic tape
(MTJD). With the use of the JAERI-data processing programs fcr the
large computer (FACOM M-380), final engineering data graphs, processed
data graphs and some tables are obtained.

The data from the ORNL instruments (201 ch) and the INEL instru-
ments (74 ch) except LLDs and FDGs are recorded on the analog tape of
2 PCM recorder and transfered to six digital magnetic tapes, five for
ORNL data (MTOl ~ 5) and one for INEL dataz (MII1). These raw data are

converted to physical values by using a data processing software which
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inciudes ORNL and INEL subroutines.

The raw data from the LLDs and FDGs are recorded on a floppy disk
or an analog tape of M recorder and impedance data plots for every
sensor are obtained by using a mini-computer (LSI-11J. Threshcld
values between wet and dry are determined from these plots and the raw
data are converted to wet and dry plet. The results are dispiayed

also on & CRT color display.

_744
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Table A-1 Principal Dimensions of Test Facility

1. Core Dimension

(1)
(2)
{3)
{4)
(5)
(6)
(7)
(8)
(9)
(10)
(11
(12)

Quantity of Bundle

Bundle Array

Bundle Pitch

Rod Array in a Bundle

Rod Pitch in a Bundle

Quantity of Heater Rod in a Bundle
Quantity of Non-Heated Rod in a Bundle
Total Quantity of Heater Rods

Total Quantity of Non-Heated Rods
Effective Heated Length of Heater Rod
Diameter of Heater Rod

Diameter of Non-Heated Rod

2. Tlow Area & Fluid Volume

(1)
(2}
(32
(43
(53

(6)
(73
(8)
(93
(10)
(11)
(12)
(13)

(14)
(15)

(16)
(17}
(18)

Core Flow Area (Nominal)

Core Fluid Volume

Baffle Region Flow Area

Baffle Region Fluid Volume {(Nominal)

Effective Core Flow Area Based on the Measured
Level-Volume Relationship

Including Gap between Core Barrel and Pressure
Vessel Wall and Various Penetration Holes

Downcomomer Flow Area

Upper Annulus Flow Area

Upper Plenum Horizontal Flow Area
Upper Plenum Fluid Volume

Upper Head Fluid Veolume

Lower Plenum Fluid Volume

Steam Generator Inlet Plenum Simulator Flow Area

Steam Generator Inlet Plenum Simulator Fluid
Volume

Steam Water Separator Fluid Volume

Tlow Area at the Top Plate of Steam Generator
Inlet Plenum Simulator

Hot Leg Flow Area
297.9 rm)

151.0 mm)

Intact Cold Leg Flow Area (Diameter

Broken Cold Leg Flow Area (Diameter

8 Bundles

1%8

230 mm

16716

14.3 mm

234 rods

22 rods
234%8=1872 rods
22%8-176 rods
3660 mm

10.7 mm

13.8 mm

227 w°
.92 o
10w
.36 m’
.35 m?

o O O O O
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Table A-1 {(Continued)

(19) Containment Tank-I Fluid Volume 30 m
(20) Containment Tank-II Fluid Volume 50 m®

(21) TFlow Area of Exhausted Steam Line from

i Ref, (1
Containment Tank~II to the Atmospherc see he (1)

Flevation & Height

(1) Top Surface of Upper Core Support Plate (ucse) 0 mm
(2) Bottom Surface of UCSP - 76 mm
{3) Top of the Effective Heated Length of - 393 m
Heater Rod
(4) Bottom of the Skirt in the Lower Plenum 5270 biniei
(5) Bottom of Intact Cold Leg + 724 T
(6) Bottom of Hot Leg +1050 mm
(7) Top cof Upper Plenum +22060 m
(8) Bottom cf Steam Genmerator Inlet +1933 mm
Plenum Simulator
{9) Centerline of Loop Seal Bottom -2281 Durien
(10) Bottom Surface of End Box - 185,1 mm
(11) Top of the Upper Annulus of Downcomer +2234 mm
(12) Height of Steam Generator Inlet 1595 mm
Plenum Simulator
(13) Height ¢f Loop Seal 3140 mm
(14) Inner Height of Hot Leg Pipe 737 mm
{15} Bottom cf Lower Plenum -577C mm
(16} Top of Upper Head +2887 mm
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Table A-2 Description of Tag-ID Number (In-Core)

i %?D E

Location (1!

Horizoniol  Region )
Al Lower Plenum KIUP wall
B | Lower Plenum Wall|L | UP Siruciure
C|Core Inlef M| UP Structure Surface
D1 Core N | Core Baffle

| |E} Core Side Wall O | Core Baffle Wall

Fl End Box P | Downcomer
G | Across Spacers Q | Downcomer Inner Wall
H{ UCSP R | Downcomer Outer Wall
11 UCSP Surfoce S i Between Spacers
J t Upper.Plenum (UP)

-—[Elevufmn from the botiom | GO ~ S8 T

E|T/C T| Trensducer F1 SSP
L{LLD Vi Pitot Tube D! Drog Disk

< P Fiim Probe B| Impedance Probe|S| String Probe
CIFD Grid T| Turbine (UT) |G| #-densilomeier
RiReference Frcbe
T i Temperature L Liquid Leve! Pl Pressure

—— D | Ditferential Pressurg V| Fluld Velocity l
Ul USNRC Provided Instruments
Note .

“}] (20 (12734 ]5]617 810]9]
! ~> Downcomer Bundle Number | LDowncomer
g Core Baffle




Table A-3 Description of Tag-ID Number (Pressure Vessel Except Core)

aln[eisia[sl=]
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VIrMOCXOYQT A BOI

Equaizing Line
Exiraciion Line

UCSP Feed Line

Conteinman! Tank I-0
Equollzing Line

Broken Cold Leg- S/W
Separotor Sids

Pressurized Line

2 O T DN Mo N <

\id

S |Slab Core

Pt FPipe Wall

V| Vessel Wall

W Fluid
Hot leg Veni Line W
Intact Coid Leg Broken Cold Leg-PV Side
Acc Sieam-waler Separmmior
t PCI Conluinment Tank- [
Overflow, Drain Cantawnment Tank - 1T
LFP Feed Line Storage Tonk

Injection Water Tonk
Fuel Assembly
UCSP Water Supply tok

Steam-Water Seporator
for Extrociion Line
LP Feed Water Tank

L [ Locaiion | 01~09 |

£ T/C G ¥-Densitomeier

T Transgucer T TJurbine (UT)

F SSP C Drog Disk

L LLD K TV-Camero

{S Siring Probe

T | Temperclure FiFiow Rate I
P | Pressure Wi Hecting Fower

D | Differentig) Pressure|U | USNRC Provided Instroments
L {Liquid Level
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Table A-4 Description of Tag~ID Number (Except Pressure Vessel)

J0QpooD

Locaiion in the Region”u

——[Region Number in Bundle

1
Heater | 9 12 /‘—}—\—1
Rod 10 als A
Number 156

} ~910-~16

Bundle Number

1 2~3[4!5 617’8' —Daowncomer

Flevgtion from the Bottem

E | Hecter Rod Surfoce T/C| NiMan-heated Rod Surface T/Cl
| WiFhid T/C FlSuperheat T/C

LILLD Bllmpedance Probe

P |Fiim Probe

[ T 1 Temperature L Liguid Level
| U| USNRC Provided Instruments |

-

Notfe . (1) for Hegter Rod 1/C

© Upper half } Clockwise
e |Lower half A~E

O Cenler } {~ 2
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Vertical Cross Section of the Pressure Vegsal

Fig. A- 3
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Fig. A- 4 Horizontal Cross Section of the Pressure Vessel (1)
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Fig. A— 5 Horizontal Cross Section of the Pressure Vessel (2)
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Fig. A— 6 Dimension of Guide Tube (1)



| 12

JAERI-M 90-083

Section Na

4B/¢d

Heater Rod

£
-

Ratio

YA

50c|g0¢e[so2|oee|oeeoee|oez|oge |02 |02z 02| 02e[022{02e|502|50ek0e
65 8 2 9 § ¢ ¢ 2 | ¢ & v & 89 L B 6

098¢

Power
Axial Power Distribution o

Fig. A—7



JAERI-M 90-083

103eaedas alep/weels 8-V 91
98h9
B 00hS 85 s
B 5092 0oBe
St Y B cibe .
G 9¢hi 06¢
%_ 008
il
N __eryyeg.2dld T
mw dos BEHI m .[‘ > - H W“—x
AT 0 S I 7 W
o B o Qf\ A _
i ENs - lsppel 10° I
E|: ﬂ [eulajuj
13m0
laddp

§ hizl



JAERI-M 80-083

§2472
Steam Water Orifice ~
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Fig. A— 9 Arrangement of Intact Cold Leg
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Tag - ID
Ejevation (mm ! T EQI1 1A
T —r—Horizonm‘. locgtion
Elevation No. in bundle
Region No.
1660 Bundie No.
3620 10 —— Eievation No.
Horizental location in bundie
3190 9
207543 C Upper half
® [ower half
@ Upper middle
2760¢ 8 ) .
Region | 11 lA Region 2
254542 X
H lE-.h-dl
23309 7 T ; 5H
| IE MW WIC _¢2A
AREE N ' \
905+ 6 e
! IR
= 5 #1735 Region 4 4A 31 Region 3
k=)
o= a
—q—)} 180
# fiseo TR
g . S0 -—!m-"-*“‘—f—-—Z?O
= yoo
& o
3 &850
Azitmuthal location
Elavation No.
2 ¢520
) I ¢ 110
0

Upper Lower Upper
half haif middle

T/C Locations on Heater Rod

Fig. A~ 13 Thermccouple Locations of Heater Rod Suriace Temperature

Measurements
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Tag - 1D
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3660 3620¢ 6 gundle No.
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< 1
@ o
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C

Fig. A- 14 Thermocouple Location of Non-Heated Rod Surface Temperature

Measurements



Tag - 1D
£ levat Eleval " TW O 1
evatio evation No. - T ,
(mm)n _LHor|zonTGI location
L in bundle
5650 36609 6 3660 ¢ 6 Region No.
3620% 6 Bundie No.
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Fluid tempergture
| 3190e¢ 5
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