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In order to investigate the Counter Current Flow Limitation (CCFL)
phenomena in full radius core, which is important for a LOCA of a German
type PWR with a combined injection type ECCS, CCFL simulation tests
(83-3, 83-4 and S3-5) were performed using the Slab Core Test Facility
(SCTF) Core-III.

In these tests, the pressure in the pressure vessel was maintained
at 0.3 MPa. Steam upflow was established in the core by injecting steam
into the cold leg and water was injected into the upper plenum. Intact
loops and pressure-vessel~gide broken loop were closed to establish the
stean upflow in the core.

The break-through occurred in a localized region, while in the other
region steam flowed up. Thus, the break-through occurrence was not
uniform in full radius core. The radial break-through location was
dependent mainly on the water subcooling distribution in the upper ple-
num. The break-through area decreased with decrease in steam injection
rate. For typical PWR case, the ratio of the break-through area was
approximately 20%.

The break-~through rate increased with the increase in the injected
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water subcooling and with the decrease in steam injection flow, similarly
to small scale model tests. However, the quantitative relation between
the break-through rate and the steam upflow rate was different from small
scale model test. Iwo types of the relation were observed. When the
steam upflow rate was high (corresponding to condition during early re-
£lood phase), the break-through rate was nearly the same as one predicted
with a typical one-dimensional CCFL correlation, indicating that the
break-through behavior is almost one-dimensional even in a full radius
core. However, when the steam upflow rate was decreased gradually (cor-
responding to condition during later reflood phase), the break-~through
rate increased suddenly at a certain steam upflow rate and could not be
predicted with a typical one-dimensional CCFL correlation, indicating
that the break—through behavior can switch to be nonuniform in full

radius core.

Selected data from Tests $3-3, $3-4 and S53-5 are also presented in

this report.

Keywords: Reactor Safety, ECCS, LOCA, PWR, Reflood, SCTF, CCFL, Break-
through, Two-phase Flow, Fall-back




JAERT—M 91172

SCTPE 3 FAF LR ERS3 — 3, S3— 4 Fe0NS3— 5 SRHEE
— FERIB LT BRI —

H AR T AT B gea R R 5
FE Ee A B oo B BOR O%
KA HeRKE ReFmE LET-HE BEX

(19914E10A | HZHD)

W ATEKIECCS A A 7278 N 7 BIPWR(GPWR) ODLOCARRICEEE/S, AEUELA LIS B Sl
H| (CCFL) HEAMIET 270, KBRS 3 G BEE SCTF—-1ID T35E (533,
$3— 4, S3— 5B EFEmELI.

RBTId, EHEBNESF0 MPAUBREL, FETVFLAOT Y FEy 7 A RiZKEEAL
Foo E70, LIV RLICESETATEE S BIC, BEN—-TBLUEIEGREM L —T
AL, BRI EREZRE TR LSO TORERSREEEBR L7

ERRIF LTI, ETLF L GHELNDEARIZE—HTH > 72, AL, BKBEEINCE
U MOEERARSPES LT ER U, BAEER, TEUTEBT VS ANOKEDINICKE
U, EKEOHE THEKSE U, ERKEERESFEORDICHEOEIN L/, BRNIMR OF
Elowt LCid, BAKEREIEF20%72 -7,

EokmE, MBERREREERIC, AV T —AEENERHERE, BNl Ly
L, BAERIES FRASOEEMUG I MNIRERER RGO, 2HROMERA LN, &
S FREENARE VY (FERDKICHIE) & EKFRIE 7 1 SOCCCRLAER TRl s N 4
BLEE—FL, JOEMTRAEEIELOTLEKEEN | KA THLIEER LI, —H, &
S FERBARECRELT S ERKEIICHE &, BAREEH AT LARETERICHED
L. B2 1 ioTCCRLBEN TRt X i 1o, Shid, BKBEN 1 oTNTIRC D, &
IKARE I TR AR AEICEE LT LB

1ds, AEEIIIRERSI— 3, $3— 4 MUSS - 5 oSk RO HMAEMERE LTHER LT,

M « T319-11  RIKRACH AR A 045 FHR24
* 0 REZ
* kLA




JAERI—M 91—172

Contents
1. Introduction ...... cheareen. seesenns ceerierna vesanea chsrrensa . 1
2. Test Description ....... cereaa cireceaas e ceseaenns . 3
2.1 Test Facility .-cecceevcaess st saecrareanan teserseenarearnean 3
2.2 Objectives of Present Tests ....... vesaseserareareaaan cernees 4
2.3 Test Condition and Test Procedure ....se.s terecneas Cheearans 4
3. Test Results ..... Crrsearen ceeenn ceasiaen sesereensearsaaen vesan 6
3.1 Measured Boundary Conditions .«.ieeesecaceans craarena teserans B
3.2 CCFL Break-through Location and Area .....cvevenans cereaenan . 8
3.3 CCFL Break-through Rate ....cecaan. e e 11
4, Discussion ....... cereans P 4
4.1 Effect of Subcooling on CCFL Break-through Rate ............ 12
4,2 TFEffect of Steam Flow Rate on CCFL Break-through Rate ...... . 12
4.3 Evaluation of Break-through Rate with a Typical
One-dimensionaiCorrelation feeeesctasirerenesensteaannan vae 12
4.4 Discussion on Relation between Break-through Rate and
Steam Flow RALE  ceesrearsonsaanesssasessnrenasessnnosssnanans 13
5. Conclusion +e... resnaan teseavrersenacsenassraraancesssarerarnnss L5
Acknowledgement .......... et aeerraena cheearreseseresranan sesnenes 17
References ....evassss T T veaan 17
Appendix A Slab Core Test Facility Core-IIl ....cccvvenens. eersenss H5
Appendix B Selected Data of Test S3-3 ........... cerene saesens eeo. 107
Appendix C Selected Data of Test 5§3-4 .oeceieierecronanaes O
Appendix D Selected Data of Test 53-5 .ocerveinnruiocneecraanonnss 139




JAERI—M 91—172

1 j_? ;F% ......................................................................................................... 1
2. #H R +veee e 3
9 1 EREREHEE  eereererere e 3
2.2 XREEOHP - LT LET T TP ST TR T PRPR PP 4
9.3 ZRERZLPE EERERTTIE  cveererereenseraen et 4
B EREREEEL  eeveesrens e L 5
3.1 ESERRMRRITTEER - P TP ST 8
9.9 TEIRGIB LTEIKTEFE  crreee-rmeememeorrees s s 8
9.3 FEAKGEEER  ceereererermean e 11
4. BB BT e 19
A1 FEKEBICEIZTTH T 7 — VO oo 12
19 KBRS TG EDBE vt 19
1.3 AREEIE L IRSTCCFLIEBARIC & BTKFLROTIME  ooorerereerersmees s 12
44 FEKHBETEZIREOBIE oo 13
5 T ISLLERIIIITPLIL 15

52 A ENUACGREREEE (B 3UTIRLY)  crrorererrrerer "R
FHEEB ZRERST— FODLZEMIT — & coeerrreerr e 107
8 C HERSI— 4 DARFEH T~ wevererre s 123
FHED  RERSTI— 5 OFEFEBYT — & e 139

Vi



Table 2.3.1
Table 3.1.1

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.
Fig.
Fig.

2.1.1
2.1.2
2.3.1
2.3.2

2.3.3

2.3.4

3.1.1
3.1.2
3.1.3
3.1.4
3.1.5
3.1.6
3.1.7
3.1.8
3.1.9
3.1.10
3.1.11
3.1.12
3.1.13
3.1.14
3.1.15
3.1.16
3.1.17
3.1.18
3.2.1
3.2.2
3.2.3
3.2.4

JAERI—M 91—172

List of Tables

!

Test conditions for Tests $3-3, §3-4 and $3-5

Chronology of major events for Tests 83-3, $3-4 and 83-5

List of Figures

Flow diagram of SCTF

Vertical cross section of pressure vessel

Initial set-up for present CCFL tests

Test sequence of Test $3-3 (Run 707)

{(Uniform subcooled water test)

Test sequence of Test $3-4 (Run 708)

(Local subcooled water test)

Test sequence of Test S3-5 (Run 709)

(Distributed subcooled water test)

Test 83;3:
Test 53-3:
Test S3-4:
Test S3-4:
Test 83-5:
Test S3-5:
Test 53-3:
Test S$3-3:
Test S53-4:
Test S53-4:
Test S53-5:
Test 83-5:

Pressure in pressure vessel

Pressure in containment tanks

Pressure in pressure vessel

Presgure in containment tanks

Pressure in pressure vessel

Pressure in containment tanks

Water injection rate
Temperature of water
Water injection rate
Temperature of water
Water injection rate

Temperature of water

into - upper plenum
injected into upper plenum
into upper plenum
injected into upper plenum
into upper plenum

injected into upper plenum

Steam injection rate into intact cold leg

Test 5§3-3: Upper plenum liquid level

Test S53-4: Upper plenum liquid level

Test 53-5: Upper plenum liquid level

Lower plenum liquid level

Lower plenum water extraction rate

Test $3-3: Water flow rate from core to upper plenum

Test $3-3:
Test S$3-3:
Test S53-4:

Differential pressure across end boxes

Fluid temperature below end box hole

Water flow rate from core to upper plenum

Vil



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

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

Fig.

Fig.
Fig.

3.2.5
3.2.6
3.2.7
3.2.8
3.2.9
3.2.10
3.2.11
3.2.12
3.2.13

3.3.1
3.3.2
3.3.3
3.3.4
3.3.5
3.3.6
4,1,1
4,1.2
4,2.1

4.2.3
4.3.1

- JAERI—M 91--172

Test S3-4: Differential pressure across end box

Test S3-4: Fluid temperature below end box hole

Test $3-5: Water flow rate from core to upper plenum
Test $3-5: Differential pressure across end box

Test S$3-5: Fluid temperature below end box hole

Test S53-3: CCFL break-through location

Test S3-4: CCFL break-through location

Test S$S3-5: CCFL break-through location

Relation between break-through area and steam injection
flow rate

Tegt S53-3: Mass flow rate in pressure vessel

Test $3-3: CCFL break-through rate

Test S3-4: Mass flow rate in pressure vessel

Test S3-4: CCFL break-through rate

Test S$3-5: Mass flow rate in pressure vessel

Test S$3-5: CCFL break—-through rate

Test 83;3: Subcooling of injected water

Test $3-3: Effect of subcooling on break-through rate
Test S3F4: Effect of steam injectlon rate on break-through
rate

Test S3-5: Effect of steam injection rate on break-through
rate

Relation of break-through rate and steam flow rate
Comparison between measured and predicted break-through

rates

vilk




JAERI—M 91172

1. Introduction

SCTF program
The Slab Core Test Facility (SCTF) test program is a part of the large scale

reflood test program® performed under contract with Atomic Energy Bureau of
Science and Technology Agency of Japan together with the Cylindrical Core Test
Facility (CCTF) test program.® The SCTF test program® is one of the research
activities based on the trilateral agreement among Japan Atomic Energy Research
Institute (JAERI), the United States Nuclear Regulatory Commission (USNRC) and
the Federal Minister for Research and Technology (BMFT) of the Federal Republic of
Germany (FRG). _

The SCTF Core-1 and Core-II test series have been performed mainly to
investigate the two-dimensional thermal-hydraulic behavior in the core during the
reflood phase of a loss—of-coolant accident (LOCA) of a Westinghouse-type
(US/J-type) pressurized water reactor (PWR). On the other hand, one of the major
objectives of the SCTF Core-III test serics is to investigate the effectiveness of the
combined—injection—type'emergency—core—cooling—system (ECCS) for a German-—
type PWR (GPWR). In addition, simulation tests for a US/J-type PWR are also
planned with the SCTF Core-IIL

SCTF I ! in thi

In the LOCA for a GPWR, it is expected that the the ECC water falls down
through the upper plenum®® locally (Break~through) and floods up from the bottom
of the core. And it is considered that one of major mechanism controlling the
break—through is a Counter Current Flow Limitation (CCFL) at the tie plate of the end
box, where the flow area is considered to be minimum between the core and the upper
plenum, from the end-of-blowdown to the early reflood period. CCFL was
investigated with experimental results using small scale model in the previous works.
However, CCFL in full radius corc has been little investigated.

Three tests were performed to investigate the CCFL phenomena in a full radius
core for a GPWR using SCTF-III. This report describes the major results of these
tests. The followings are brief description of these referred tests.

(1) Present test name
Tie plate CCFL tests for GPWR simulation
(2) Test number of the present tests
Test $3-3 (Run 707), Test S3-4 (Run 708) and Test S3-5 (Run 709)
Note; S3 : SCTF Core-III
3,4,5 : Sequential number of tests
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(3) Object of the present tests
To investigate the tie plate CCFL phenomenon in full radius core during

end-of-blowdown to reflood phase for a GPWR-LOCA

Presented in Appendix A is a brief description of the SCTF Core-11l. Some
selected data obtained in tests S3-3, S3-4 and S3-5 are presented in Appendix B, C

and D, respectively.
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2. Test description
2.1 Test facility®

SCTF was originally designed to study two-dimensional effect on thermal
hydraulics during the reflood phase in the core of full radius.

The flow diagram of SCTF is shown in Fig. 2.1.1. The SCTF is simulating a
200 % cold-leg—break with a simplified primary system and can be operated at less
than 0.6 MPa. It has a pressure vessel, an intact loop, a broken loop at a pressure
vessel side, and a broken loop at a steam/water separator side.

Figure 2.1.2 shows a vertical cross section of the pressure vessel. The pressure
vessel includes a simulated core, an upper plenum with internals, a lower plenum, a
core baffle and a downcomer. The configurations of the upper plenum structure and
the end box simulate those of a 1,300 MWe class GPWR as practically as possible.

The dimension of the core is a full-length, full-radius and one-bundle width
core. The core flow area scaling ratio against a typical 1,300 MWe class PWR 1s 1/22.
The 1,888 electrically heated rods simulating fuel rods arc installed in the core. The
dimension of a heated rod is 10.7 mm in diameter and 3,613 mm in heated length,
which is nearly cqual to that of PWRs. The maximum available power supplied to the
core is 10 MW, |

The heated rods are bundled to 16x16 with spacers, as similarly to those in
PWRs. Eight bundles are installed in a row in the core, as shown in Fig. 2.1.2. In the
SCTEF, the leftmost bundle in the figure is called bundle 1 and orderly to the right the
bundles are called bundle 2,3,...,8. Since the downcomer and the hot leg are connected
to bundle 8 side, bundle 1 and 8 sides are corresponding to the central and the
peripheral sides of PWR core, respectively.

‘The ECC water can be injected into the cold leg and the upper plenum in the
SCTF. Since the SCTF has no injection port in the hot leg, the hot leg injection of
ECC water in PWRs with combined—injection type ECCS was substituted by the upper
plenum injection. The ECC water into the upper plenum can be injected from both top
and side walls of the upper plenum.

The top core and the upper plenum are bounded with a top grid spacer, a tie
plate of the end box and an upper core support plate (UCSP). They are perforated
platc and have fluid flow pass from the core to the upper plenum. Although the top
grid spacer was not shown in Fig.2.1.2, it was Jocated just below the tic plate and used
to support heated rods in the core. Geometry of tie plate and UCSP are exactly the
same as those of German PWRs. Flow area of the tie plate is minimum, so that CCFL
is expected to occur at the elevation of the tie plate. The pressure vessel are enveloped
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by honeycomb thermal insulators with wall plates to minimize the wall thermal effects.
The description of SCTF Core-111 is presented more in detail in Appendix A.

2.2 Objectives of present tests

Three tests discussed in this report are tests $3-3, S3-4 and S3-5, which are
the tie plate CCFL tests for GPWRs using SCTF-III.  Objective of these tests is to
investigate CCFL phenomenon in a full radius core. In addition, each test has a special
objective as described below.

(1) Test S3-3 : Uniform subcooled water test
Investigation of the effect of uniform subcooling in upper plenum
on CCFL break—through phenomenon

(2) Test S3-4 : l.ocal subcooled water test
Investigation of the effect of local subcooling in upper plenum
on CCFL break-through location and CCFL break-through rate

(3) Test S3-5 : Distributed subcooled water test
Investigation of the effect of distributed subcooling in upper plenum
on CCFL break—through location and CCFL break-through rate

2.3 Test condition and test procedure

The planned test condition for tests S3-3, S3-4 and S3-5 is summarized in
Table 2.3.1. The measured test condition is described in a section 3.1.

Figure 2.3.1 shows the conceputual set—up of the facility for these CCFL tests.
In these tests, the core was not heated, and the pressure vessel side blowdown valve
was closed in order to prevent the steam to flow out directly from the downcomer to
containment tank. In intact cold leg, a blind flange was installed at the pump simulator
in order to block the intact loop.

Steam was injected into the pressure vessel through steam injection port at the
intact cold leg. Water was injected into the upper plenum through ECC injection ports
located just above the upper core support plate (called side injection ports as UCSPI,
UCSP2, UCSP3 and UCSP4 in SCTF).

Liquid level in the upper plenum and the lower plenum were controlled using
the upper plenum water extraction line and the lower plenum drain line, respectively.
These are because of preventing the water entrainment into the steam flow at the upper
plenum and at the lower plenum.

Figures 2.3.2, 2.3.3 and 2.3.4 show the test sequences for tests S3-3, S3-4 and
$3-5, respectively. In these figures, the time when steam injection start is defined to
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be O s.

Before the time '-3 s', the blowdown valves located at break point were closed
and the pressure vessel was maintained at 0.3 MPa with saturated stcam. The saturated
water was stored in the lower plenum up to 0.15 m elevation. The pressure in
containment tank was set at 0.17 MPa at -3 s. The blowdown valve 2 located between
the steam/water separator and containment tank was quickly opened at -3 s.

For first 100 s, the pressure in the pressure vessel was nearly constant or
decreased (test S3-3) due to discharge of steam through blowdown valve 2.

The pressure in containment tank was controlled to be constant at 0.17 MPa by
adjusting of discharge rate of steam from containment tank to atomosphere after -3 s
for tests $S3-3 and S3-4. For test S3-5, it was increased from 0.17 MPa to 0.3 MPa
with time to intend to keep the pressure in the pressure vessel constant during the test.

In these tests, steam was injected into pressure vessel through intact cold leg
after 0 s. In test S3-3, steam flow rate was set at 5 kg/s until 180 s, and the flow rate
after 180 s was decreased until O kg/s (at 300 s). On the other hand, in tests S3-4 and
S3-5, steam flow rate were set at 7 kg/s until 40 s, and the flow rate after 40 s was
decreased linearly to 0 kg/s (at 300 s).

Water was injected into upper plenum through side injection ports in these tests.
In test $3-3 (Uniform subcooled water test), total water injection rate was'80 kg/s and
water temperature was 133 °C at 0 s. The temperature was decreased gradually to 63

°C at 180 s. In test S3—4 (Distrubuted subcooled water test), total water injection rate
was 60 kg/s, and water temperatures were set at 133 °C above bundle 1~6 and at 63

°C above bundle 7 and 8. In test S3-5 (Distrubuted subcooled water test), total water
injection rate was 60 kg/s, and water temperatures were set at 50 °C above bundie 1

and 2, at 133 °C above bundle 3~6 and at 70 °C above bundle 7 and 8.

Liquid level in the upper plenum was controlled at about 0.5 m by using the
upper plenum water extraction line, and liquid level in the lower plenum was
controlled at about 0.2 m by using the lower plenum drain line.
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3. Test results
3.1 Measured boundary conditions

Table 3.1.1 shows the chronology of major events that occurred during the
present tests. Figures 3.1.1~3.1.18 show the measured conditions of test S3-3, S3-4
and S3-5.

(1) Pressure in pressure vessel and containment tanks

Pressure in the pressure vessel was intended to be constant during tests. However,
it was not constant because of depressurization due to condensation and pressurization
due to flow resistance across loops, as follows .

Figures 3.1.1~3.1.6 show the pressure in the pressure vessel and the containment
tanks of test S3-3, S3-4 and S3-5.

In test S3-3 (Uniform subcooled water test), the pressures in the pressure vessel
and the containment tanks were 0.29 MPa and 0.19 MPa at O s, respectively. After
steam injection initiatibn, the pressure in the pressure vessel increased and the
maximum pressurc was 0.33 MPa at 46 s. In the period when injected water
temperature decreased (80-198 s), the pressure in the pressurc vessel decreased
gradually by condensation. After 182 s, the pressure decreased further caused by
decreasing of steam injection flow rate.

In test S3-4 (Local subcooled water test), the pressures in the pressure vessel
and the containment tanks were 0.27 MPa and 0.18 MPa at 0 s ,respectively. After
steam injection initiation, the pressure in the pressure vessel increased and reached 0.39
MPa at 53 5. After 53 s, the pressure in the pressure vessel decreased gradually by
condensation and decrease in steam injection flow rate.

In test S3-5 (Distributed subcooled water test), the pressures in the pressurc vessel
and the containment tanks were 0.27 MPa and 0.18 MPa at O s, respectively. After
steam injection initiation, the pressure in the pressure vessel increased and reached 0.38
MPa at 46 s. After 46 s, the pressure in the pressure vessel decreased gradually by
condensation and decrease in steam injection flow rate.

(2) Water injection rate and temperature

Figures 3.1.7-3.1.12 show the water injection rate and the water temperature
through the side injection ports in the upper plenum.

In all of present tests, the water injection started at 40 s. The total water injection
rate was 80 kg/s for test $3-3 and 60 kg/s for tests S3—4 and §3-5, as intended.

In test S3-3 (Uniform subcooled water test), initial temperature of the water was
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saturated temperature {133 °C) until 90 s, and the temperature was reduced gradually
until 63 °C at 198 s. Temperature was uniform in the upper plenum.

In test S3-4 (Local subcooled water test), the subcooled water was injected into
the upper plenum through only one injection port (UCSP1). The intended temperature
was 63 °C, but the measured temperature was higher than 63 °C until 100 s. Injected
water through other injection ports, i.e. UCSP2, UCSP3 and UCSP4, was the saturated
water. Thus, one local subcooled water area was formed in the upper plenum.

In test S3-5 (Distributed subcooled water test), the subcooled water was injected
through UCSP1 and UCSP4, and the temperatures were 70 °C and 50 °C after 100 s,
respectively. Before that, it was higher than the intended. Injected water through
UCSP2 and UCSP3 was the saturated water.

(3) Steam injection rate

Figure 3.1.13 shows the steam injection rate of the present tests. In all of present
tests, the steam injection initiated at 0 s and the stcam was injected through the intact
cold leg.

In test S3-3 (Uniforih subcooled water test), the steam injection flow rate was
4.7~4.9 kg/s until 182 s, and it was reduced gradually to 0 kg/s at 304 s. In test S3-4
(Local subcooled water test), the steam injection flow rate was 6.7 kg/s until 44 s, and
it was reduced gradually to O kg/s at 293 s. In test S3-5 (Distributed subcooled water
test), the steam injection flow rate was 6.6 kg/s until 46 s, and it was reduced gradually
to 0 kg/s at 293 s. They were almost the same as the intended.

(4) Upper plenum liquid level

Upper plenum liquid level was controlled for preventing the water in the upper
plenum from overflowing to the hot leg. To control the upper plenum liquid level,
the upper plenum water cxtraction system was activated. In the facility, four extraction
lines were provided, and they located above bundle 1 and 2, bundle 3 and 4, bundle
5 and 6 and bundle 7 and 8, respectively. Figures 3.1.14~3.1.16 show the measured
upper plenum liquid level. |

In the present tests, the upper plenum liquid level rose quickly after the water
injection started. In test S3-3, the upper plenum water extraction started at 147 s
because of the upper plenum liquid level exceeded the controlling range (0.5~0.53 m).
However, the liquid level was not controlled well because of significantly much water
injection into the upper plenum. In tests S3-4 and S3-5, the upper plenum water
extraction started at 135 s and at 145 s, respectively, by using only one extraction line
above bundles 7 and 8.
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(5) Lower plenum liquid level

Lower plenum liquid level was controlled not to block the steam flow pass from
the downcomer to the core. Figures 3.1.17 and 3.1.18 show the lower plenum liquid
level and the lower plenum water drain rate.

In all of present tests, the liqui level in the lower plenum was 0.11 m before the
water injection initiated at 40 s. After the water injection initiated, the lower plenum
liquid level began to rise. And the lower plenum water drain initiated at 100 s, 141
s and 64 s for tests $3-3, S3—4 and S3-5, respectively. This is because the liquid
level exceeded the controlling range (0.15~0.25 m). However, the liquid level was not
controlled well because of large amount of water supply to the lower plenum due to
massive CCFL break-through written later.

Around 200s the liquid level in the lower plenum exceeded 0.7 m, which elevation
is the upper limit of the opening from the downcomer to the core. Therefore, after the
time stcam penetrates the liquid layer in the lower plenum to flow from the

downcomer to the core.
3.2 CCFL break~thr0ugh location and area

In CCFL tests, it is important to evaluate the CCFL break-through location, area
and rate from the upper plenum to the core. In this section, the CCFL break—through
location and arca are described. The CCFL break—through rate is described in the next
section.

The break-through locations and arca were decided based on the data of the end
box drag body (measuring drag force due to two-phase flow; Fig.3.2.1, Fig.3.2.4, and
Fig.3.2.7), the differential pressure across the tie plate of the end box (Fig.3.2.2(1) and
Fig.3.2.2(2), Fig.3.2.5(1) and Fig.3.2.5(2), and Fig.3.2.8(1) and Fig.3.2.8(2)) and the
fluid temperature below the end box (Fig.3.2.3(1) and Fig.3.2.3(2), Fig.3.2.6(1) and
Fig.3.2.6(2), and Fig.3.2.9(1) and Fig.3.2.9(2)). Combining the data of the end box
drag body and the turbine meter, stcam and water flow rates through the tic plate of
the end box were calculated. Negative differential pressure across the tie plate
indicates the fluid flow from the upper plenum to the core and then the occurrence of
the break—through at the measuring location. However, positive differential pressure
does not always mean the fluid flow from the core to the upper plenum because of the
cffect of the static head. Subcooled temperature, if measured below the tie piate,
means the break—through of the subcooled water and indicates the location of the
break~through.
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In test S3-3 (Uniform subcooled water test), the break—through was observed
above bundle 4 after 57 s, which was judged from Fig.3.2.2(1) showing negative
differential pressure. In the period of the injected water temperature decreasing
(80~182 s), only above bundle 4 was the break-through location in spite of uniform
subcool condition. In the period of the steam injection rate decreasing (182 s~), the
negative differential pressure is observed not only above bundle 4, as shown in
Fig.3.2.2(1) and Fig.3.2.2(2), indicating the break—-through area extended gradually with
the decrease in the steam injection flow rate. Figures 3.2.10 shows more clearly the
expansion of the break—through location.

In test S3-4 (Local subcooled water test), the subcooled water (63 °C) were
injected only above bundles 7 and 8 and the stcam flow rate was reduced gradually
after 44 s. Based on the data shown in Fig.3.2.4~Fig.3.2.6, the location of the
break—through was judged, as shown in Fig.3.2.11. The break-through with the short
period is observed above bundle 1 at about 60 s. However, the break-through is
observed mainly above bundle 6~8, where the subcooled water is injected and staying.
And the no break-through was observed above bundle 3 and bundle 5.

In test S3-5 (Distributed subcooled water test), the subcooled water was injected
above bundles 1 and 2 and above bundles 7 and 8. The water temperature were 50 °C
and 70 °C, respectively. The steam flow rate was reduced gradually after 46 s. As
shown in Fig.3.2.12, the break-through was observed after 62 s above bundles 1 and
2, where the high subcooled water were injected. The break-through area extended
gradually with the steam flow decreasing. However, the break-through occurred
mainly above bundles 1 and 2 and bundles 7 and 8, where the subcooled water were

injected.
In summary, following characteristics were noticed.

(1) Concerning break—through location under high steam injection rate (more than
2.7kg/s in SCTF scale)

(a) Break-through occurrence was not uniform even under uniform subcooling of
water injected into the upper plenum. Break—through occurs locally in full
radius core. |

(b) In the case of nonuniform subcooling in the upper plenum, the break—through

" location is affected by the distribution of the subcooling. In the case of one
local subcool area-in the upper plenum (as in test S3-4: Local subcooled water
test), the break—through occurred locally below the subcool area and almost no
break-through occurred below the saturated area. In addition, in the case of
two subcool areas in the upper plenum (as in test S3-5: Distributed subcooled
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water fest), the break-through occurred locally only in higher subcool area and
almost no break-through in lower subcool and saturated areas under more than )
steam flow rate typical in PWRs during reflood (around 5kg/s in SCTF
scale(4),(5)). In less steam injection ratc the break—through occurred locally
below two subcool areas in the upper plenum. '

(2) Concerning break—through location under low steam injection rate (Iess than
2.7kg/s in SCTF scale)

@

The break-through location was observed almost over the entire cross section.
The distribution of the subcooling had little effect on the break-through

location.

(3) Concerning break—through arca

(a)

(b)

(d)

The break—-through area extended gradually with the decrease in the steam

injection flow rate, as shown in Fig. 3.2.13.

Following effect of water temperature distribution on the break—through area

was observed from Fig. 3.2.13.

i) Under high steam injection rate more than 2.7kg/s in SCTF scale, the
ratio of the break-through arca was less than 50% and the effect of
water temperature distribution was little.

i1) Under low stcam injection rate less than 2.7kg/s in SCTF scale, the ratio
was more than 50% and the steeper temperature distribution resulted in
the smaller ratio of the break—through arca. (Test S3—4 gave the smaller
ratio than tests S3-3 and S3-5.) '

The break-through occurrence was intermittent in the respective bundle.

Break-through did not always continue at the same location. However when

the break-through stopped at a location, the other break—through tended to start

at the other location.

For typical PWR case (around 5kg/s in SCTF scale), the ratio of the

break—through area was approximately 20%.

The reason why the break—through location is not always constant is considered
as follows from the measurement of liquid level on the tie plate:
(1) When the massive break—through occurs, the water level on the tie plate of the end
box decreases. - In sometime, the water on the tic plate of the end box disappears.
(2) As the result, the break—through terminates in the break-through region.
(3) On the other hand, the water accumulates on the tie plate of the end box where the
break-through has not occurred and hence the new break-through begins.
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3.3 CCFL break-through rate

Figures 3.3.1~3.3.6 show the mass flow rate in the pressure vessel and the CCFL
break-through rate. In these figures, the CCFL break—through rate were estimated by
the following mass balance calculation.

My = M, + Mp + My, + My
where,
m; : break-through rate
m_ : water accumulation rate in core
m;, : water accumulation rate in lower plenum
: water drain rate from lower plenum
my. : water accumulation rate in downcomer

In test S3-3 (Uniform subcooled water test), the CCFL break-through rate
increased rapidly after 100 s, as shown in Fig. 3.3.2. Before 100 s, small CCFL
break—through rate is detected. The timing of rapid increase of CCFL break—through
(100 s) corresponds to the timing when the high subcooling begins to be detected
below the tie plate, as shown in Fig. 3.2.3(1). After 100 s, the break—-through rate
increcased with the increase in the injected water subcooling.

In test S3-4 (Local subcooled water test) and S3-5 (Distributed subcooled water
test), the break—through rate increased rapidly after 134 s and 57 s, as shown in Figs.
3.3.4 and 3.3.6. In these tests, the break—through rate increased with the decrease in
the injected steam flow rate.
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4. Discussion
4.1 Effect of subcooling on CCFL break-through rate

Figure 4.1.1 shows the subcooling of ECC water injected into the upper plenum
in a test $3-3 (Uniform subcooled water test). Figure 4.1.2 shows a relation of the
water subcooling and CCFL break-through rate in the test. The test §3-3 was
performed to investigate the effects of ECC water subcooling on CCFL break—through
rate, under the constant ECC water and steam flow rate and the uniform subcooled
water.

In a period of ECC water temperature decreasing (80-200 s), the break-through
rate through the end box to the core increased with the increase in the injected water
subcooling, as shown in Fig.4.1.2. This is caused by the increase in steam
condensation rate in pressure vessel, resulted by decrease in the ECC water
temperature.

Massive break-through were observed when the water subcooling exceeded at

20K.
472 FEffect of steam flow rate on CCFL break-through rate

Figures 4.2.1 and 4.2.2 show a relation of break-through rate and steam injection
rate into an intact cold leg in tests S3-4 (Local subcooled water test) and S3-5
(Listributed subcooled water test), respectively. Both tests were performed to
investigate the effects of steam injection rate on CCFL break—through rate.

In both tests, the break—through rate increased with the decrease in the injected
steam flow rate. The break—through were almost not observed under the condition of
the high steam injection flow rate (more than 4.5 kg/s in test S$3-4 and more than 6.2
kg/s in test S3-5) A difference in the threshold of the above steam injection flow rate
were caused by the difference in the distribution of the subcooled water in the upper
plenum.

4.3 FEvaluation of break—through rate with a typical one-dimensional

correlation
Figure 4.3.1 shows the relation between break-through rate and steam upflow rate
through end box tie plate for a test $3-3 (Uniform subcooled water test). This steam

upflow was estimated by (forced steam injection rate) - (steam condensation rate in
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the core) due to subcooled break-through water. In the figure, prediction with a
typical CCFL correlation”(Wallis correlation) is shown.

Estimated break—through rate is much higher than predicted one. Possible reasons
are considered to be two—dimensional effect and subcooling effect. As shown before,
the break—through occurred locally in this test. Therefore, steam upflow and water
downflow have little interference with each other.  Thus, the mnonuniform
break—through occurrence and the significantly large break—through rate in comparison
with the prediction by a typical one-dimensional corrclation have occurred.
Consequently, the nonuniform break-through is considered to be important for CCFL
phenomena in a full radius core.

The previous report® described that the local break~through rate can be predicted
with the local steam upflow rate in full radius core of PWRs under the water of the
saturation temperature, by using onc-dimensional typical CCFL correlation. Present
result described above indicates that this approach to predict the break—through rate in
the full radius core is not valid under the subcooled water condition.

4.4 Discussion on relation between break—through rate and steam flow rate -

Data shown in Fig.4.2.1 and Fig.4.2.2 show jumps at respective steam injection
flow rates for tests S3—4 and S$3-3, i.c. about 4kg/s for S3-4 and about 6.2 kg/s for
S3-5. This suggests that (1) if steam flow rate is large enough, little (almost no)
break—-through occurs and (2) if steam flow rate is small, massive break—through takes
place. Once massive break—through takes place, the break—-through rate is significantly
large. This characteristics are well known in Fig.4.2.3 by the data in "A" and "B"
regions indicated in the figure. "A" and "B" regions are common among the present
tests and data in "A" regions are much larger than data in "B" region. Resultantly it
is considered that there are two kinds of the stable relations between the break-through
rate and steam injection flow rate. Data in "B" region is nearly equal to that predicted
with a typical one-dimensional CCFL correlation, indicating that the break-through
is uniform. On the other hand, data in "A" region indicate the effect of nonuniform

break—through.
 According to the present data, the swiiching from "B” region (Liitle

break-through) to "A" region (Massive break-through) takes short time. Once mass
break—through takes place, the massive break-through tends to continue.
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In summary of this section, it is considered from the present data that

(1) The break—through rate through end box to core increased with increase in injected

water subcooling and with decrease in steam injection flow rate, similarly to the
characteristics observed in previous small scale model tests.

(2) However, the quantitative relation in full radius core is different from that in

previous small scale model tests as follows:

i) There are two stable relations between break—through rate and steam injection

ii)

iii)

flow rate, as shown ii) and iii) below.

When the steam upflow rate was high (corresponding io condition during early
reflood phasc), the break-through rate was nearly the same as one predicted
with a typical one—dimensional CCFL correlation (B region in Fig. 4.2.3),
indicating that the break-through behavior is almost one—dimensional even in
a full radius core. In this case temperature of falling water was nearly saturated,
as noticed from Figs. 4.2.3, 3.1.13, 3.2.6(2) and 3.2.9(1).

However, when the steam upflow rate was decreased gradually (corresponding
to condition during later refiood phase), the break-through rate increased
suddenly at a certain steam upflow rate and could not be predicted with a
typical one=dimensional CCFL correlation (A region in Fig. 4.2.3), indicating
that the break~through behavior can switch to be nonuniform in full radius core.
In this core temperature of falling water was subcooled, as noticed from Figs.
4.2.3, 3.1.13, 3.2.6(2) and 3.2.9(1).

Although the previous report described that the local break—through rate can be
predicted with the local steam upflow rate in full radius core of PWRs under the
water of the saturation temperature, by using one—dimensional typical CCFL
correlation, the present result indicated that this approach to predict the
break-through rate in the full radius core was not valid under the subcooled
water condition.

Switching from ii) to iii) occurs in a short period. Once massive break—through
takes place, the massive break-through tends to continue.
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5. Conclusion

CCFL phenomena at the tie plate in full radius core of PWRs were investigated

with the experimental result of SCTF tests S3-3 (Uniform subcooled water test), S3-4
(Local subcooled water test) and $3-5 (Distributed subcool water test). Following
findings were obtained.

(1) Break-through location under high steam injection rate (more than 2.7kg/s in
SCTF scale)

(2)

(b)

Break-through occurrence was not uniform even under uniform subcooling of
water injected into the upper plenum. Break-through occurs locally in full
radius core.

In the case of nonuniform subcooling in the upper plenum, the break—through
location is affected by the distribution of the subcooling. In-the case of one
local subcool area in the upper plenum (as in test S3-4: Local subcooled water
test), the break—through occurred locally below the subcool area and almost no
break-through occurred below the saturated area. In addition, in the case of
two subcool areas in the upper plenum (as in test S3-5: Distributed subcooled
water test), the break—through occurred locally only in higher subcool area and
almost no break—through in lower subcool and saturated areas under more than
steam flow rate typical in PWRs during reflood (around 5 kg/s in SCTF scale).
In less steam injection rate the break-through occurred locally below two
subcool areas in the upper plenum.

(2) Break-through Iocation under low steam injection rate (less than 2.7kg/s in SCTF

scale)

The break—through location was observed almost over the entire cross section.

The distribution of the subcooling had slight effect on the break-through location.

(3) Break-through area

()
®

The break-through area extended gradually with the decrease in the steam
injection flow rate.

Under high steam injection rate more than 2.7kg/s in SCTF scale, the ratio of
the break-through area was less than 50% and the effect of water temperature

distribution was little.

Under low steam injection rate less than 2.7kg/s in SCTF scale the ratio was
more than 50% and the steeper temperature distribution resulted in the smaller
ratio of the break—through area. '
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(c) The break-through occurrence was intermittent in the respective bundle.
Break~through did not always continue at the same location. However when
the break—through stopped at a location, the other break-through tended to start

at the other location.

(d) For typical PWR case, the ratio of the break—through arca was approximately
20%.

(¢) The reason why the break—through location is not always the same is considered

as follows:

i)

ii)

iii)

When the massive break—through occurs, the water level on the tie plate of
the end box decreases. In some of this cases, the water on the tie plate of
the end box disappears.

As the result, the break—through terminates in the break—through region.
On the other hand, the water accumulates on the tie plate of the end box
where the break—through has not occurred and hence the new break—through

begins.

(4) Break~through rate
(a) The break-through rate through end box to core increased with increase in

injected water subcooling and with decreasc in steam imjection flow rate,

similarly to the characteristics observed in previous small scale model tests.
(b) However, the quantitative relation in full radius core is different from that in

previous small scale model tests as follows:
i) Therc arc two stablc relations between break-through rate and steam

ii)

iii)

injection flow rate, as shown ii) and iii) below.

When the steam upflow rate was high (corresponding to condition during
carly reflood phase), the break—through rate was nearly the same as one
predicted with a typical one-dimensional CCFL correlation, indicating that
the break—through behavior is almost one-dimensional even in a full radius
core.

However, when the steam upflow rate was decreased gradually
(corresponding to condition during later reflood phase), the break-through
rate incrcased suddenly at a certain steam upflow rate and could not be
predicted with a typical one-dimensional CCFL correlation, indicating that
the break—through behavior can switch to be nonuniform in full radius core.

iv) Although the previous report described that the local break-through rate can

be predicted with the local steam upflow rate in full radius core of PWRs
under the water of the saturation temperature, by using one—dimensional
typical CCFL correlation, the present result indicated that this approach to

— 16 -
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predict the break—through rate in the full radius core was not valid under the
subcooled water condition.

v) Switching from 1ii) to iii) occurs in a short period. Once massive
break—through takes place, the massive break—through tends to continue.

Acknowledgement

The authors would like to express their thanks to the 2D/3D project members of
the U.S.A and the F.R.G.

References

(1) Hirano, K. and Murao, Y.: 'Large Scale Reflood Test', Nihon—Genshiryoku—Gakkai
Shi (J. At. Energy Soc. Jpn.)[in Japanese], 2(10), 681 (1980)

(2) lguchi, T. et al.: 'Arialysis report on CCTF reflood tests' [in Japanese], to be
published as a JAERI-M report

(3) Adachi, H. et al.: 'Design of Slab Core Test Facility (SCTF) in Large Scale
Reflood Test Program, Part I: Core~I', JAERI-M 83-080 (1983)

(4) 1guchi, T. et al.: 'SCTF-1II test plan and recent SCTF-III test result’, Nucl. Eng.
Des. v.108(1/2), 241-247 (1988)

(5) Iguchi, T. et al.: 'Recant results of analytical study on SCTF-III test for reflood
phenomena of PWR with combined-injection-type ECCS under old-leg-large-
break LOCA', NUREG/CP-0097 vol.4, 557-581 (1989)

(6) Adachi, H. et al: Design of Slab Core Test Facility (SCTF) in Large Scale
Reflood Test Program, Part I1I: Core-IIT', to be published as a JAERI-M report

(7) Wallis, G. B.:'One Dimensional Two Phase Flow', McGraw-Hill, NY (1969)

(8) Sobajima, M. et al.: "Two-dimensional fall back flow and core cooling in the slab
core test facility (SCTF), Proc. second int. topical meeting on nucl. power plant
thermal hydr. and operations, 2/129-2/135 (1986)




JAERI—M 91—172

predict the break-through rate in the full radius core was not valid under the
subcooled water condition.

v) Switching from ii) to iii) occurs in a short period. Once massive
break—through takes place, the massive break—through tends to continue.

Acknowledgement

The authors would like to express their thanks to the 2D/3D project members of
the U.S.A and the F.R.G.

References

(1) Hirano, K. and Murao, Y.: 'Large Scale Reflood Test', Nihon~Genshiryoku—Gakkai
Shi (J. At. Energy Soc. Jpn.)[in Japanese], 2(10), 681 (1980)

(2) Iguchi, T. et al.: 'Aralysis report on CCTF reflood tests' [in Japanese], to be
published as a JAERI-M report

(3) Adachi, H. et al.: "Design of Slab Core Test Facility (SCTF) in Large Scale
Reflood Test Program, Part I Core-I', JAERI-M 83-080 (1983)

(4) Iguchi, T. et al.: 'SCTF-III test plan and recent SCTF~IIT test result’, Nucl. Eng.
Des. v.108(1/2), 241-247 (1988)

(5) Tguchi, T. et al.: 'Recant results of analytical study on SCTF-III test for reflood
phenomena of PWR with combined-injection-type ECCS under old-leg-large-
break LOCA', NUREG/CP-0097 vol.4, 557-581 (1989)

(6) Adachi, H. et al.. Design of Slab Core Test Facility (SCTF) in Large Scale
Reflood Test Program, Part 111: Core-IIT', to be published as a JAERI-M report

(7) Wallis, G. B.:'One Dimensional Two Phase Flow', McGraw-Hill, NY (1969)

(8) Sobajima, M. et al.: "Two-dimensional fall back flow and core cooling in the slab
core test facility (SCTF), Proc. second int. topical meeting on nucl. power plant
thermal hydr. and operations, 2/129-2/135 (1986)

_17__




JAERI—M 91—172

predict the break—through rate in the full radius core was not valid under the
subcooled water condition.

v) Switching from ii) to iii) occurs in a short period. Once massive
break—through takes place, the massive break—through tends to continue.

Acknowledgement

The authors would like to express their thanks to the 2D/3D project members of
the U.S.A and the F.R.G.

References

(1) Hirano, K. and Murao, Y.: 'Large Scale Reflood Test', Nihon—Genshiryoku—Gakkai
Shi (J. At. Energy Soc. Jpn.)[in Japanese], 2(10), 681 (1980)

(2) Iguchi, T. et al.: 'Aralysis report on CCTF reflood tests' [in Japanese], to be
published as a JAERI-M report

(3) Adachi, H. et al.: 'Design of Slab Core Test Facility (SCTF) in Large Scale
Reflood Test Program, Part I: Core-I', JAERI-M 83-080 (1983)

(4) Iguchi, T. et al.: 'SCTF-III test plan and recent SCTF-IIT test result’, Nucl. Eng.
Des. v.108(1/2), 241-247 (1988)

(5) Tguchi, T. ct al.: 'Recant results of analytical study on SCTF-III test for reflood
phenomena of PWR with combined-injection-type ECCS under old-leg-large-
break LOCA', NUREG/CP-0097 vol.4, 557-581 (1989)

(6) Adachi, H. et al: Design of Slab Core Test Facility (SCTF) in Large Scale
Reflood Test Program, Part 11I: Core-IIT', to be published as a JAERI-M report

(7) Wallis, G. B.:'One Dimensional Two Phase Flow', McGraw-Hill, NY (1969)

(8) Sobajima, M. et al.: 'Two-dimensional fall back flow and core cooling in the slab
core test facility (SCTF), Proc. second int. topical meeting on nucl. power plant
thermal hydr. and operations, 2/129-2/135 (1986)




Table 2.3.1
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Test conditions for Tests §3-3, $3-4 and 83-5

S3-3 : Uniform subcooled water test
S3-4 : Local subcooled water test
S3-5 : Distributed subcooled water test

(1) Common test condition

Pressure in PV

Total power in Core

CL™ ECC” injection mode
Mass flow rate

Water extraction above UCSP™

Initial liquid level in LP™
Water extraction from LP

(2) Different test condition

Pressure in
Containment Tank 1I

UP™ ECC injection mode
Mass flow rate

Temperature

Steam injection rate

*1 Pressure Vessel
*2 Cold Leg
*3 Upper Core Suport Plate

Planned Measured
0.3 MPa (See Fig.3.1.1, 3.1.3
and 3.1.5)
0.0 MW 0.0 MW
0.0 kg/s 0.0 kg/s
Yes (See Fig.3.1.15, 3.1.17
_ and 3.1.19)

0.02 m (See Fig.3.1.20)
Yes (See Fig.3.1.21)

S3-3 - S3-4 S3-5

0.17 MPa 0.17 MPa 0.17 — 0.3 MPa

(Measurement data are shown in Fig.3.1.2,
3.1.4 and 3.1.6.)

80.0 kg/s 60.0 kg/s 60.0 kg/s ™
(Measurement data are shown in Fig.3.1.7,
3.1.9 and 3.1.11.)

133 — 63°C 133, 63°C 133, 70, 50°C
(Measurement data are shown in Fig.3.1.8,
3.1.10 and 3.1.12)

5—+0kgs 7 — 0 kg/s 7 —= 0 kg/s
(Measurement data are shown in Fig.3.1.13.)

*4 Lower Plenum

*5 Upper Plenum

*7 Emergency Core Coolant

*6 Side Injection



JAERI—M 91—172
Table 3.1.1 Chronoiogy of major events

(1) Test S3-3 (Run 707) (Uniform subcooled water test)

Time after
test starts
e Steam injection start (4.9 kg/s) 0 sec
e Water injection start  (total 80.0 kg/s) 40
e Maximum pressure in pressurc vessel 46
(0.33 MPa)
e Initiation of water temperature decreasing 80
(133°C —)
e Lower plenum water drain start 100
e Upper plenum water extraction start 147
e Initiation of steam flow rate decrcasing 182
(4.7 kg/s —)
e Maximum water level in upper plenum 192
(above bundle 3 : 1.4 m)
e End of water temperature decreasing 198
(— 63 °C)
e End of stcam flow rate decreasing 304
(— 0.0 kg/s)
e End of water injection 333
(2) Test S3-4 (Run 708) (Local subcooled water test)
[ime_after
test starts
e Steam injection start (6.7 kg/s) 0 sec
e Water injection start  (total 60.0 kg/s) 40
@ Initiation of steam flow rate decreasing 44
(6.7 kg/s)
e Maximum pressure in pressure vessel 53
(0.39 MPa)
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Table 3.1.1 Chronology of mamor events (cont.)

e Upper plenum water extraction start 135
(only above bundle 7,8)

o Maximum water level in upper plenum 138
(above bundle 8 : 0.76 m)

e Lower plenum water drain start 141 sec

e End of steam flow rate decreasing 293
(— 0.0 kg/s)

e End of water injection 310

(3) Test S3-5 (Run 709) (Distributed subcooled water test)

Time after
fest starts
e Steam injection start (6.6 kg/s) | 0 sec
e Water injection start  (total 60.0 kg/s) 40
e Maximum pressure in pressure vesscl 46
(0.38 MPa)
o Initiation of steam flow rate decreasing 46
(6.6 kg/s)
e Lower plenum water drain start 64
e Maximum water level in upper plenum 125
{above bundle 8 : 0.75 m)
e Upper plenum water extraction start 145
(only above bundle 7,8)
e End of steam flow ratc decreasing 293
(— 0.0 kg/s)
e End of water injection 330
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Intact cold
leg injection
Intact cold leg

Hot leg
Upper ®
plenum —=_
injection
o
!

Lower plenum drain

Broken cold leg— PV side

(O Pressure vessel ® Blowdown vaives
(@ Steam/water separator (& Flow resistance
() Containment tanks simulafors

@ Pump simulator

Upper plenum extraction system and steam
injection system was deleted in the figure.

Fig. 2.1.1 Flow diagram of SCTF




JAERI—M 91—172

8659 Top of pressure vessel

o HHHH |
i ) jt ﬁt %§1 jﬁ —
- 8004 Top of downcomer
m L_; 7559 Upper end of hot leg
TR
(Rl
1| Hot leg
Upper pienunl il: l 6822 Lower end of hot leg
2126><246 8504 Lower end of cold legs
o r—J Q_ \j 1 _| bj
73 - ﬂ H S ool — 5712 Upper end of UCSP
L(JEE)%)/ ;; 5529 Upper end of tie plate
X i e .
Tie plate N S ST\ 5457 Upper end of tcp grid spacer
{20¢) -— R
: d of active fuel
Top grid K 3’—’% \ 5332 Upper end o
Spacer = =
(501) \ = m
L Honey- \ 5
comb Core g 5
‘ g
2 =
£ 2
B &
-
1840 240 292 632
* X 250
339
%f??) \\\ | 1717 Lower end of active fuel
— Bundle no. 1670 Upper cnd of LCSP
e N [112]3]4]5]6]718
LT 2124240 gt
:;if 502 Lower end of barrel
Lower plenum AT
~ (d 3121 % 460 4 a} 0 Bottom of pressure vessel

Fig. 2.1.2 Vertical cross section of pressure vessel
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Power
Steam injection
5kg/s
0 180 360
Biowdown valve 2
Open
C!oser Blowdown vaotve {

-3
0.17 MPo Pressure in containment

0.3 MPa Pressure in PV

™~
730 —
Water injection
20kg/s
40 340
133, Water temperature
€3 °C 1
40 {80 340
Water injection
O kg /s
Water injection fo CL
O kg/s -
0-53M s Level on UCSP
0.50m /
0.25m

N N NN NN NI NN N

_0-15L/ Level in LP

Time (s)

Fig. 2.3.2 Test sequence of Test $3-3 (Run 707)

(Uniform subcooled water test)
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i
Drain close 26MW for
Power J P,%r,lgiﬁ N
\ 300 500 S0
Steam injection
g T
0 40 180 300 o
Open Blowdown valve 2
Close Blowdown valve i
-3
| 0.17 MPa Pressure in confainment tanks
| 0.3MPg Pressure in PV -
A\
J , Water injection UCSP |
UCSP 2
15kg/ s } UCSP 3
4 40 320 UCSP 4
Water temperature each
. [ 63°C | UCSP !
i80
| _ _ UCSP2
133°C UCSP 3
Water temperature UCSP4
s . each
Water injection to CL
O ka/s a
1
0.53m Level on UCSP
0.50m ; ~
b ozsnm
AT SENLNEONININNNTN
| _Ot5m Level in LP
Time (s)

Fig. 2.3.3 Test sequence of Test S3-4 (Run 708)

{Local subcooled water test)
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Drain close 2.6MW for

. bundle
Power | adle]
300 300 910

Steam injection

g e 1"

0 40 _ 180 200
) : Biowdown valve 2

Open
Close Blowdown valve |
S 03M
0.17MPa ' 5MPa
Pressure in containment tanks
\ 0.3 MPg Pressure in PV %00
L.
k Water injectiOﬂ d UCSP1
s s
40 320 UcsP4
I | Water temperature each
l 70°C l UCSP |
i80S
t Water tempergture } UCSP2
[133°C l Ucsp3
r Water temperature each
[ 50°%C | _ucsr4
[ 0 ka/s Water injection to CL
i
0.53m Level on UCSP
0.50 m /
0.25m
PV A VeV AV A A VA AV
| 0f5m __~ Level in LP
Time (s)

Fig. 2.3.4 Test sequence of Test $3-5 (Rum 709) -
(Distributed subcooled water test)
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SCTF-3 : TIE PLATE CCFL TESTS

O--PTDO1J11 (707)4&-- PTO1D1] (707]
+--PTD1AR11 (7071 X--PTO1PSI1 (707)

0.8C T T T

— Upper Plenum
Core

----- lower Plenum

Downcomer

D Lon 200 300 400
TIME (S)

Fig. 3.1.1 Test $3-3: Pressure in pressure vessel

SCTF-3 : TIE PLATE CCFL TESTS
O-- PTOIF (7071 A-- PTO1B (707}

e (ontainment Tank 1
------------- Containment Tank 2

0 ] 1 1
0 100 200 6o 400

TIME (S)

Fig. 3.1.2 Test 53-3: Pressure in containment tanks
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TIE PLATE CCFL TESTS

O--PTO1J11 (7081 a4-- PTOLC1] (7081
+--PTO1R11 (7081 X-- PTO1P31 (7G8)

T ) |

——— Upper Plenun
............. COTE
- Lower Plenum
———mime Downcomer

| i ]

a 100 200 EL 400
TIME (S)

3.1.3 Test S53-4: Pressure in pressure vessel

TIE PLATE CCFL TESTS
O-- PTO1F (7081&-- PT0DiB 1708)

T T i
—— Containment Tank |

L e Containment Tank 2

i i 1
0] 100 200 300 400
TIME (S5
3.1.4 Test S3-4: Pressure in containment tanks
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SCTF-3 : TIE PLATE CCFL TESTS

(MPA)

PRESSURE

I L ]
UO L0G 200 . 300 400
' TIME (5)
Fig. 3.1.5 Test S$3-5: Pressure in pressure vessel
SCTF-3 : TIE PLATE CCFL TESTS
O--FPTOLF (7091 4-- PTO1B (709)

( MPA

PRESSURE

©--PTOIJIL . {7091 A—— PIDID1] (709)
+ -~ PTO1A11 {709} X-- PTO1PO1 {7091
7.60 ; [ ,
~—— Upper Plenun
JR— Core
G.451~ ees-- Lower Plenum 7
A Dewnconer

——— Containment Tank |
------------ Containment Tank 2

s, 1 |
g 1go 200 300

TIME (35)

Fig. 3.1.6 Test S3-5: Pressure in containment tanks

400
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SCTF-3 : TIE PLATE CCFL TESTS

M-~ FTO2US (707) &—- FTO3US (7071
+-- FT04US (7071 X-- FTGEYS £797]
0.040 , T .
— (M Above bundle 7 and 8
2 A Above bundle 5 and 6
e 0.030 -+ Above bundle 3 and 4 |
2 X Above bundle 1 and 2
(W]
]_
<«  0.020 _
o=
=
[ain ]
|
W g.cio | .
w)
w)
T
=
0 o< — ' 1 S
o 100 200 300 400
TIME {(§)

Fig. 3.1.7 Test 8$3-3: Water injection rate into upper plenum

SCTF43 : TIE PLATE CCFL TESTS

O-~ TEQZUKWS (7071 &-- TED3UWS (707]
+-- TEOGUHS (7071X-- TEDSUKWS (707)

500 T T F

(" Above bundle 7 and 8
A Above bundle 5 and 6
450 - -+ Above bundle 3 and 4 _
X Above bundle 1 and 2

]

K

(

400

380

TEMPERATURE

1
300 0 100 200 300 400

TIME (35)

Fig. 3.1.8 Test 53-3: Temperature of water injected into upper plenum
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TIE FLATE CCFL TESTS

(7081
(708}

(7081 A-- FT03US
£7081X~- FTOBUS

T T I

(M Above bundle 7 and 8
A Above bundle 5 and 6
-+ Above bundle 3 and 4
X Above bundle 1 and 2

1 ] IR Y=
oy |

SCTF-3
©-- FT02US
+-- FTO4US
0.040
vl
.
fal
* - p.030 b
L3
=
LLl
|_
<  0.020 |-
s
=
[
-1
L g.oto b+
4]
i)
T
=
1]
U InNG M
g

Fig. 3.1.9 Test

S3-4: Water

100 200
TIME (§)

injection rate into upper plenum

SCTF-3 TIE PLATE CCFL TESTS
O-- TEDZUWS {708) &-- TEO3UWS (708
+-- TEQ4UWS {7081 X - TEOSUWS (708
500 : : I
@ Above bundle 7 and 8
A Above bundle 5 and 6
B 450 + Above bundle 3 and 4
= ¥ Above bundle 1 and 2 l
o =4 S o
= 400 ‘ %M’/;’é?{-:;
'—
=T
o
o UCSP 1 (sbove bundle T,8)
= 350 |- _
. o @ o o &
300 [ ] t
0 100 200 300 400
TIME (S

Fig. 3.1.10 Test S3-4:

Temperature of water injected into upper plenum
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SCTF-3 : TIE PLATE CCFL TESTS

o~ FT02US (708) A-- FTC3US (709
+-- FT04US (7091 X-- FTOSUS (705!
1.040 | r- ;
> (M Above bundle 7 and 8
~ A Above bundle 5 and 6
M
*  0.030 - -+ Above bundle 3 and 4 |
* X Above bundle 1 and 2
=
Ll
o
<T 0.020 _
[0l
=
[ ]
—
L p.oto _
wy
(¥}
-1
=
0 e3¢ ' : ' A
100 700 300 400
TIME (§)

Fig. 3.1.11 Test S$3-5: Water injection rate into upper plenum

SCTF43 : TIE PLATE CCFL TESTS

O-- TEOZUWS {709) &~ TED3UKWS (709
4+—- TED4UWS (709) X-- TEQOSUKS (709}
500 , , .
@ Above bundle 7 and 8
A Above bundle S and 6
- 450 |- 4 Above bundle 3 and 4 |
e ¥ Above bundle 1 and 2
o LA N
S 400 :i_ﬂﬂf B i e e Ut
e UCSP 1 (above bundle 7, 8)
o”
é BT U6SP 4 (above bundle 1, 2)
= 350 - s
b
Heor e o - —- R - — - He—-
300 | | |
0 100 200 300 400

TIME (57

Fig. 3.1.12 Test $3-5: Temperature of water injected into upper plenum

o 3 2 —
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SCTF-3 TIE PLATE CCFL TESTS
O--FT-1 £7071 A-- FT-1 {708
Fo-FT-1 £709)
10.0 ! T T
-~ v 83-3 (Run T07)
< | g $3-4 (Run 708)
- L e 53-5 (Run 709) T
(NE]
—
<[
o 5.0 —
=
ja
1t
(5
- 2.5 l
w)
<L
=
%% 100 200 300 00
TIME (5)
Fig. 3.1.13 Steam injection rate into intact cold leg
SCTF-3 TIE PLATE CCFL TESTS
©-- LT01J11 (7071 4-- LTO1J21 (7071
+-- LTO1J31 {7071 X—— LTO1J41 1707)
®&-- LLTD1J51 (70714 -—- LTO1J7% €7071]
2.40 , , 1
(M Above bundle 1
. A Above bundle 2
cs0 L -+ Above bundle 3 |
= X Above bundle 4
— <& Above bundle 5
= 4 Above bundle 7 N
= .00 - X Above bundle 8 N
) ’
3 !
=
= 0.50 A
— ‘\\‘
\\\|
SRS hovid =z \\\iv‘\ Fa e RN ST
05 100 4 200 N e o 400

TIME (S}

Fig. 3.1.14 Test $3-3: Upper plenum liquid level
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SCTF-3 TIE PLATE CCFL TESTS
O--LT01J11 (70B1& - LT01J21 (708)
+--LTD1J31 (708} X~- LT01J41 {708}
&~ LTDiJ51 (7081 +-- LTO1J71 {708)
X-— LTD1J81 (708}
2.00 , .
@ Above bundle 1
= A Above bundle 2
\.s0 | T+ Above bundle 3 |
= X Above bundle 4
- <& Above bundle 5
" 4 Above bundle 7
Z 1o X Abovebundle 8 yhoye bundle 1,8 g
—1
[ |
=
> a. -
1 &
“a00
Fig. 3.1.15 Test S3-4: Upper plenum liquid level
SCTF-3 : TIE PLATE CCFL TESTS
O-- LTO1J11 (709) &-- LTD1J21 (709)
+-- LTO1J31 (7091 X-- LTD1J41 (709)
&-- LTO1J51 (7000 4-- LTD1J71 (709)
X-- LT01J81 (7091
2.00 | T
(M Above bundle 1
A Above bundle 2
A + Above bundle 3
= 1501 X Above bundle 4 7
- <& Above bundle 5
- 4 Above bundle 7
>  ,.00 L X Above bundle 8 .
ﬂ Above bundle 7,8
(]
=
& a.
4

Fig. 3.1.16 Test §3-5: Upper plenum liquid level
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SCTF-3 : TIE PLATE CCGFL TESTS
O-~LTO1A1! (707)A--LT0O1A11 (708)
+-- LT01ALL (708)
O—— $3-3 {Run 707)
- A §3-4 (Run 708)
= IS0 $3-5 (Ren T09) N .

(

el
Ll
i 1.00
—1
ann ]
=
& 0.50
—
0
i) 100 200 300 400
TIME €59
Fig. 3.1.17 Lower plenum liquid level
SCTF-3 TIE PLATE CCFL TESTS
O-- FT020S (7071 A-- FTO20S (7081
+-- FTO20S (7091
0.z00 , - , r
< M~ $3-3 Run T07)
i A $3-4 (Run 708)
= 0-150 b ool $3-5 {Run 709) N
Ll
'—....
b=
o 0.100 F _
=
[ ]
—d
LL.
o 0-080 -
v /
= /
= |
ﬁ
0 €58 A
o 100 200 300 400

Fig. 3.1,18 Lower plenum water extraction rate

TIME

(3)
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Fig. 3.2.1
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$3-3 (RUN 707]

O-- UDOIF41-HW
+-- UDD1F81-W

(707} &-— UDDLFE1-H

(707)

(7071

—— Bundfie {
A s Bundle § ]
+ ----- Bundle 8
1 f I
100 200 300 400
TJIME (3}
Test $3-3: Water flow rate from core to upper plenum
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SCTF-3 = §3-3 (RUN 707)

®-- DTO1F11 {7071 8- DTOIF31 (7071
+—- DTO1F41 (707)
0.0020 i , ,
M ——— Bundle |
— A e Byndle 3
o 00010 o g Bundie 4 1
z_
L
[
o) 0
(¥
(9]
(W]
o
(a1
. -0.001(
-
! ! [
-0.0029
0 0 100 200 300 400
TIME (S

Fig. 3.2.2(1) Test S$3-3: Differential pressure across end boxes

SCTF-3 = $3-3 (RUN 707)

O-- DTDIF51 {7073 A-— DTDIFB1 (707!
4+~ DIDLF71 : (7071 X-- DIDLFB] {7671
0.0020 , I I
C op.o0i0 - -1
0 N
p
L
o
) 0
58]
U
Lu \
n r '\\r’
= @—— Bundie 5 &
—0.001q- 2N e Bundle § -
] 4 - Bundle T
X e Bundle §
~5.00240 ' 1 L
0 100 200 300 400

TIME (5]

Fig. 3.2.2(2) Test S3-3: Differential pressure across end boxes
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SCTF-3 53-3 (RUN 707
-~ SAT.TEMP . (7071 &—-- TEDIFI1 L7071
+-- TEQIFZ1 (7673 X-- TEQIF31 (707)
& -~ TEGIF4] (7071
o0u l T T
(M —— Satyration Temperzture
_ A Bundle 1
50 k- + ----- Bundle 2 _
Xz X === Bundle 3
- O e Bundle 4
L
n
- 400
i_
jan
o
(|
o
=
o 350
,,._.
200 ! | |
0 L00 200 330 400
: TIME (&)

Fig. 3.2.3(1)

Test S3-3: Fluid temperature below end box hole

SCTF-3 : $3-3 (RUN 707)
O-- SAT.TEMP. (7071 48-— TEDIFS! (707)
+-- TEQIFGL (707) X~ TEO1F71 (707)
&H—-- TECIFBI (707)
500 | I T
@ -—— Saturation Temperature
A i Bundle 5
— + ----- Bundle 6
< 480 e Bundle 7 7
_ & === Byndle §
ol
[0
5 400
—
[an
x.
[WE}
o
>
2 350
-
1 I {
300 ¢ 100 200 300 400
TIME (5]

Fig. 3.2.3(2)

Test S3-3: Fluid temperature below end box hole
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SCTF-3 : 53-4 (RUN 708}

©-- UDU1F41-H (708) & -~ UDDIFE1-W (708)
+-- UDOTFB1-H (708)
15 i T I
- @— Bundiz {
o . Np— Bundle §
] 7 ™ S —
2 + Bundle 8
NE}
I_,_._,
@
[l
=
3
__l
e
w
0]
a
b
15 1 | !
D 100 200 300 400
TIME (S}

Fig. 3.2.4 Test S3-4: Water flow rate from core to upper plenum
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SCTF-3 : S3-4 (RUN 708)
O-- 0701711 (708)A--DT0O1F31 (7081
+-—[0T01F41 (708)X--DT0O1FE1 (708)
0.00100 : , ,
C 0.00050 A
.
=
L -‘X") - , halie WO
[ ~ TN Y *\-“"hl\u\
- a
w
o o— Bundle I
o
. —U-DGOS}‘A """"""" B“nd]e 3 _
o +--e-- Bundle 4
Kermrmion Bundle B
- 1 ] 1
0-0010G 100 200 300 400
TIME (35
Fig. 3.2.5(1) Test $3-4: Differential pressure across end box
SCTF-3 : §3-4 ({RUN 708)
O-- OTOIFG1 (708)&—— DTO1F71 (708]
+--DTD1FBI (7008)
0.00100 T T i I ]
N (y—— Bundle 6
n ly A e Bundle 7
C  0-00050 Bundle §
o.
=
w
o
- a
tn
w
L
o
L
. -0.0005{
=)

—0-0010%

1G0

200

TIME

(S)

Test 83-4: Differential pressure across

400

end box
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SCTF-3 : §53-4 (RUN 708)

®-- SAT.TEMP. (708)A-- TEOIF11 {7081

+-- TEDIF21 (7081 X -~ TEOIF31 (708)

&-— TEDIF41 (708)

s0a T T T
(M-—— Saturasiion Temperazfure
A o Bundle 1

- omee- Bundle 2
< B ) G Bundle 3 7]
_ o- ......... Bundle 4
i
[l
= 400
}_
o
=
W
.
=
= asg | , _
'_

0 100 200 300 400
' TIME (5]

Fig. 3.2.6(1) Test S3-4: Fluid temperature below end box hole

S5CTF-3 : S3-4 (RUN 7081}

O-- SAT.TENXP (708) &-- TEOIF51 (7081
+-- TEOIFG! (7081 X-- TEDLF71 (708}
&-- TEOIFB! (708)
500 aa T T
(M ——— Saturation Temprature
A Bundle 5
— 4 - Bundle 6
0+ _
« 45 X Bundie 7
O e Bundle 8
w
[0
35 400
b
jan
[0
Lo
o
= - _
& 350
}__.
300 : | I |
0 100 200 300 400

TIME (5]

Fig. 3.2.6(2) Test S$3-4: Fluid temperature below end hox hole
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§CTF-3 : §3-5 (RUN 709]

O-- UDOIF41 - (708) A—— UDDIFG1-W (709)
4+-- UDOIFBI~H (7091
10.0 i r ;
@—— Bundle 4

5 AN e Bundle 5
™~ N
& s.0 b Jn + - Bundle 8§ _
ot

MASS FLOW RATE

| ]
100 200 300 400

TIME (5]

~10-

oar

Fig. 3.2.7 Test 33-5: Water flow rate from core to upper plenum
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SCTF-3 53-5 (RUN 708)
G-~ DTOIF11 (709) &-- DTDIF31 (709}
+--DTO1F41 " (708)
0.00100 | I T
,\
PRl N
! N (M —— Bundle 1
~ z'\\ ] P ‘\ A i Bundle 3

- A AN
T 0.00050 FAVAN SUEY Tae-- Bundle 4 -
o, - \ \
= ] Y \
[EH] A Y o
= e, i';‘:“““‘ﬁ“\\
o g BN .
ul %‘L‘“ &_'/
55 #‘-\J"I""w
(W]
[0
0.
. -0-00058- -
|

0. i ] i |

0-CCl0g 100 200 300 406

TIME (5]

Fig. 3.2.8(1)

Test S3-53: Differential pressure across end box

SCTF-3 S3-5 (RUN 709)
O-- BTO1FG1 [709)1A-~DTOIFEY (7091}
+-—D0TO1F71 (709) X--DTO1F8B1 (709]
0.00100 | | T
I
e M— Bundle 5
~ ' A o Bundle 6
C g. R . .
r ¢.00080 s I + Bundle 17
> Bundle §
L
o
- 0 | T N W - Y Ve
2 W e nt— 1
5] ¢ o AN S gt
Ll llf'l 'j “fé(u z‘\u?gy
fad Ve
o
. -0.00050- _
o]
-0.00100 L | !
0 100 200 300 400
TIME (5]
Fig. 3.2.8(2) Test 83-5: Differential pressure across end box
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5CTF-3 : S3-5 [(RUN 709]
®-~ SAT.TEHP. (709] &-- TEDIF11 (709)
+-- TEDIFZ1 (7091 X-- TEOIF3t (7091
&-- TEOLF 41 (709)
s00 T T T
O —— Saturztion Temperature
A Bundle 1
- 4+ ----- Bundle 2
450 | _
x ° N e Bundle 3
— O = Bundle 4
Led
0
o 400 Y = —
e A0 e
fan [¥d .\\\’\ r {
o ‘.“:AS\.S\.‘:{.!::JE\JH\‘#?\—“::\"\-'\ |'
o R QN f
0 350 | A f ]
= N, it
300 l I |
o 100 200 300 400
TIME (5)

Fig. 3.2.9(1)

Test 53-~5: Fluid temperature below end box hole

SCTF-3 : $3-5 (RUN 709}
®-~ SAT.TEMP . (7091 &-- TED1F51 (709
+-- TEDIF61 (7091 X-- TED1F71 (709
& - TEDIFB1 (7091
500 | , .
(M-—— Saturation Temprature
A o Bundle 5
- - em=-- Bundle 6
« 450 p G Bundle T B
& = Bundie §
LJ
o'
= 400
}.—.
O
[
L
a.
b
z 350 |- -
'_
300 | ! |
0 100 200 EToL 400
TIME (5]

Fig. 3.2.9(2)

744 —

Test $3-5: Fluid temperature below end box hole
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Appendix A Slab Core Test Facility (SCTF) Core-III

A.1 Test Facility

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

The pressure vessel is of slab geometry as shown in Fig.

A-3. The height of the components in the pressure vessel is almost
the same as the reference reactor's, and the flow area 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 a row and each bundle
includes heater rods and non-heated rods with 16%16 array. The core
is 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
isolated for Core-III to minimize uncertainty in actual core flow.
The cross sections of the pressure vessel at the upper head, upper

plenum, core and lower plenum are shown in Fig. A-4.

A.1.2 Interface between Core and Upper Plenum

The interface between the core and the upper plenum consists of
upper core support plate (UCSP), end box and various structures in the
end box such as control rod spider which is paired with the control rod
guid assembly (CRGA) and its support column bottom and special baffle
plate spider which is paired with the hold-down bridge. These
structures are exactly the same as those for a German PWR except some
minor modifications.

Figure A-5 shows arrangement of the UCSP, the end box and the top

grid spacer. The configuration of the end box is shown in Fig. A-6.
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Detail of the end boxes with drag transducer 'device and other
internals is shown in Fig. A-7. The UCSP shown in Fig. A-8 has two
kinds of holes, i.e., the square holes correspond to the end boxes
with control rod spider and the circular holes correspond to the end

boxes with special baffle plate spider.

A.1.3 Upper Plenum and Upper Head

The vertical and horizental cross secticns of the upper plenum
are shown in Figs. A-9 and A-4, respectively. In the SCTF Core-III,
the slab cut of the upper plemum of a German (KWU) FWR is simulated.
The splitted and staggered arrangement of the CRGA support columns
was chosen to make good simulation of horizontal flow in the upper
plenum. _ |

As shown in Fig. A-10, there are three kinds of CRGA support
column. Support column-1l is ?nstalled‘above Bundles 3 and 5 and
connected to the CRGA support column bottom with the transition cone.
Cross section of the CRGA support calumn changes from a circle to a
half circle in this transition cone. Support column 2 is installed
above Bundles 6 and 7 and the bottom is closed with the half conical
bottom seal plate with many flow holes. Support column 3 is
essentially the same as support column 2 but the edge of one side is
cut off in order to install above Bundle 1. Each CRGA support
column has ten or eleven baffle plates with flow holes. Top flow
paths to the upper head bottom and to the upper plenum top are also
provided.

Figure A-11 shows vertical cross section of the bottom part of
the upper plenum and the interface between the core and the upper
plenum. There are eight side flow injection nozzles and eight side
flow extraction nozzles just at the opposite side of the upper plenum
bottom, corresponding to each bundle.

The upper plenum is separated from the upper head by an upper sup-
port plate. Four top injection nozzles penetrate the upper head and open
the top of upper plenum as shown in Fig. A-12. Outlet part -of the top
injection nozzle has a rectangular cross section and double mesh

screen with 45 degree cross angle is attached at the mouth.
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A.1.4 Simulated Core

The simulated core for the SCTF Core-III consists of 8 heater rod
bundles arranged in a row. Each bundle has 236 electrically heated
rods and 20 non-heated rods. The arrangement of rods in a bundle is
shown in Fig. A-13. The dimensions of the heater rods are based on
15%x15 fuel rods bundle for a PWR and the heated length and the outer
diameter of each heater rod are 3.613 m and 10.7 mm, respectively.

A heater rod consists of a niﬁhrome heater element, boron nitride (BK)
or magnesium oxide (Mg0) depending on elevation in the heated zone
and Nichrofer 7216 (equivalent to Inconel 600) sheath. The sheath
thickness is about 1,0 mm and is thicker than the actual fuel cladding
because of the requirements for thermocouple installation. The
heater element is a helical coil and has a 17 step chopped cosine
axial power profile as shown in Fig. A-14. The peaking factor is l.4.

Non-heated rods are either pipes or solid rods of stainless
steel with 13.8 mm 0.D. The heater roeds and non-heated rods are
fixed at the top of the core allowing downward expansion. In Fig.
A-15, relative elevation of rods and spacers is shown.

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

through the bottom plate of the lower plenum as shown in Fig. A-15.

A.1.5 Primary Loops

Primary loops consist of a hot leg equivalent to four hot legs in
area, a steam/water separator for simulating single steam phase flow
downstream of the steam generator and for measuring flow rate of carry
over water, an intact cold leg equivalent to three intact loops, a
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 to two containment tanks through break valves, respectively.
The arrangement of the primary loops is shown in Fig. A-16. The flow
area of each loop is scaled down based on the core flow area scaling,
1/21. It should he emphasized that the cross section of the hot leg
is an.elongated circle with an actual height to realize proper flow
pattern in the hot leg, The steam/water separator has a steam

generator inlet plenum simulator to correctly simulate the flow
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characteristics of carryover water into the U-tubes. The cross
section of the hot leg and the configuration of the steam genrator
inlet plenum simulator are shown in Fig. A-17.

A pump simulator and a loop seal part are provided for the intact
cold lég. The arangement of the intact cold leg is shown in Fig. A-18.
The pump simulator consists of the casing and duct simulators and an
orifice plate as shown in Fig. A-19. 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 cold legs and

the pump simulator.

A.1.6 ECC Water Injection System

Three kinds of ECCSs are provided, i.e., the accumulator injection
system (Acc), low pressure coolant injection system (LPCI) and
combined injection system. Available injection locations for the
former two are the ipntact and broken cold legs, the hot leg, the lower
plenum and the downcomer. On the other hand, those for the last one

are the top and bottom-side of the upper plenum and the intact and

broken cold legs.

A.1.7 Containment Tanks and Auxiliary System

Two containment tanks are provided to SCTF. The containment
tank~-I is connected with the downcomer through the pressure vessel
side broken cold leg and the containment tank-II is connected with
the steam/water separator through the steam/water separator side
broken cold leg. Especially in the containment tank-I, carryover
water from the downcomer is measured by the differentiation of the
liquid level. These containment tanks and auxiliary system such as

a pressurizer for injecting water from the Acc tanks, etc. are shared

with CCTF.
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A.2 Instrumentation

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,
impedance probes, string probes, liquid level detectors (LLDs), fluid
distribution grids (FDGs), turbine meters, drag disks, densitometers,
spool pieces, drag bodies, break through detectors and video optical
probes. Locations of the JAERI-provided instruments are shown in

Figs. A-20 through A-43.
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Table A-1 Principal dimensions of the SCTF

Core Dimension

{1} Quantity of Bundle 8 Bundles

{(2) Bundle Array 1 x8

(3) Bundle Pitch 230 mm

(4) Rod Array in a Bundle 16 x 16

(5) Rod Pitch in a Bundle : 14,3 mm

(6) Quantity of Heater Rod in a Bundle 236 rods

{(7) Quantity of Non-Heated Rod in a Bundle 20 rods

{(B8) Total Quantity of Heater Rods 236%8=1,888 rods
{9) Total Quantity of Non-Hezted Rods 20x8=160 reds
(10) Effective Heated Length of Heater Rod 3613 mm
{11) Diameter of Heater Rod 10.7 mm
(12) Diameter of Non-Heated Rod 13.8 mm

Flow Area & Fluid Volume

(1) Core Flow Area 0.25 m
(2) Core Fluid Volume 0.903 - m®.
(3) Baffle Region Flow Area (isolated) (0.096) 2
(4) Baffle Region Fluid Volume (nominal) 0.355 m?
(5) Cross-Sectional Area of Core Additiomnal 0.07 n?
Fluid Volumes Including Gap between .e
Core Barrel and Pressure Vessel Wall and 2
. . . 0.10 m
Various Penetration Holes
(6) Downcomer Flow Area 0.158 m?
(7) Upper Annulus Flow Area 0.158 m?
(8).Upper Plenum Horizontal Flow Area (max.) 0.541 m?
(9) Upper Plenum Vertical Flow Area 0.525 m?
(10) Upper Plenum Fluid Volume 1.156 m?
(11) Upper Head Fluid Volume 0.86 m3
{12) Lower Plenum Fluid Volume (excluding below 3
1.305 m
downcomer)
(13) Steam Generator Inlet Plenum Simulator 2
' 0.626 m
Flow Area
{l14) Steam Generator Inlet Plenum Simulator 0.931 3
Fluid Volume ) =
(15) Steam Water Separator Fluid Volume 5.3 m?
(16) Flow Area at the Top Plate of Steam 0.195 >
Generator Inlet Plenum Simulator - b
(17) Hot Leg Flow Area 0.0826 m?
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Table A-1 {cont.)

(18) Intact Cold Leg Flow Area 0.0687 =
{Diameter = 297.9 mm)
Inverted U-Tube with 0.0314 m? Cross-
Sectional Area (Diameter = 200 mm) and
10 m Height from the Top of Steam
Generator Inlet Plenum Simulator Can
Be Added As an Option.

(19) Broken Cold Leg Flow Area 2

(Diameter = 151.0 mm) 0.0197 m
{20) Containment Tank-I Fluid Volume 30 3
(21) Containment Tank-II Fluid Volume 50 3

(22) Flow Area of Exhausted Steam Line from

Containment Tank-II to the Atmosphere see Fig. 3-63

Elevation & Height

(1) Top Surface of Upper Core Support Plate 0 om
(ucsp)
(2) Bottom Surface of UCSP - 40 mm
{3) Top of the Effective Heated Length of - 444 mm
Heater Rod
(&) g;:zzi ;gdthe Effective Heated Length of -4,057 mm
(5) Bottom eof the Skirt in the Lower Plenum -5,270 mm
(6) Bottom of Intact Cold Leg + 724 mm
{7) Bottom of Hot Leg +1,050 mm
{8) Top of Upper Plenum +2,200 mm
{9) B?ttom of Steam Generator Inlet Plenum 41,933 m
Simulator
{10) Centerline of Loop Seal Bottom -2,281 mm
{11) Bottom Surface of End Box - 263 mm
(12) Top of Upper Annulus of Downcomer +2,234 mm
(13) gi:iﬁ; gimizzierenerator Inlet 1,595 mm.
(14) Height of Loop Seal 3,140 mm
(15) Inner Height of Hot Leg Pipe 737 mm
(16) Bottom of Lower Plenum -5,772 mm
(17) Teop of Upper Head +2,887 mm
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Locations of hot leg instruments
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Appendix B

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

B-01~B-08
B-09~B-12
B-13~B-16
B-17,B-18
B-19,B-20
B-21~B-24
B-25,B-26
B-27,B-28
B-29

B-30

B-31,B-32
B-33,B-34
B-35~B-37
B-38~B-42
B-43,B-44
B-45,B-46
B-47~B-50
B-51~B~53

JAERI-M 91—-172

Selected data of Test 53-3

Heater rod temperatures

Non-heated rod temperatures

Steam temperatures

Fluid temperatures just above end box tie plate
Fluid temperatures above UCSP

Fluid temperatures in core

Liquid levels above end box tie plate

Liquid levels abowve UCSP

Liquid level in steam/water separator

Liquid levels in hot leg

Differential pressures across core full height
Differential pressures across end box tie plate
Horizontal differential pressure inm core
Differential pressures in primary loops
Pregsures in pressure vessel and containment tanks
Bundle powers

ECC flow rate

ECC fluid temperature
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Appendix C Selected data of Test S53-4

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

C-01~C-08
G-09~C-12
C-13~C-16
c-17,C~18
c-19,C-20
C-21~C-24
C-25,C-26
¢-27,C-28
c-29

c-30

c-31,C-32
C-33,C-34
C-35~C-37
C-38~C-42
C-43,C-44
C-45,C-46
C-47~C-50
C-51~C-53

Heater rod temperatures

Non-heated rod temperatures

Steam temperatures

Fluid temperatures just above end box tie plate
Fluid temperatures above UCSP

Fluid temperatures in core

Liquid levels above end box tie plate

Liquid levels above UCSP

Liquid level in steam/water separator

Liquid levels in hot leg

Differential pressures across core full height
Differential pressures across end box tie plate
Horizontal differential pressure in core
Differential pressures in primary loops
Preséures in pressure vessel and containment tanks
Bundle powers

ECC flow rate

ECC fluid temperature
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Appendix I Selected data of Test S3-5

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

D-01~D-08
D-09~D-12
D-13~D-16
D-17,D-18
D-19,D-20
D~21~D-24
D-25,D-26
D-27,D-28
D-29

D-30

D-31,D-32
D-33,D-34
D-35~D-37
D-38~D-42
D-43,D-44
D-45,D-46
D=-47~D=50
D-51~D-53

Heater rod temperatures

Non-heated rod temperatures

Steam temperatures

Fluid temperatures just above end box tie plate
Fluid temperatures above UCSP

Fluid temperatures in core

Liquid levels above end box tie plate

Liquid levels above UCSP

Liquid level in steam/water separator

Liquid levels in hot leg

Differential pressures across core full height
Differential pressures across end box tie plate
Horizontal differential pressure in core
Differential pressures in primary loops
Pressures in pressure vessel and containment tanks
Bundle powers

ECC flow rate

ECC fluid temperature

— 139 —



JAERI—M 91172

(47THH ¥3ddMn

'JI-¢ 370N80d )
JUNLYYI4WIL 00Y H3IiH3H ¥0-0 -91d

(S) JWIL
pog Dos 0o¥ 0Ge 002 001 L]
T T T T T ooe
O
- — DSE [ams
o
m
—
m
oo¥ 5
=
- Hosy
1 i 1 1 I 008
{60L) J1¥DI3L --%
{60L) J1+6034 --X{60L) J9¥BO3L -+
160L) Q¥rL034 ||4Hmo._: 217803l --@
S-g£8 1831 €-4138
(279K ¥3IMOT *J1-¥ 3T0ONNG)
3UN1PY3IdIL 00y ¥3LE3H £0-0 +ald
{8} FWILl :
209 009 ooy Doe 002 001 0
T 1 T 1 T oot
[y}
- - 0SE o]
-
2
-
m
=
0
=
- dosr
! 1 1 1 1 004
6041 J1¥803L1 --9
(60L) A1¥¥03) ~=-X (B0LY J¥EQIAL ~~+
(GOL) H¥20IL ~~wiEOL) 2iri03l @

§-€5 1831 E-4138

{47YH H3ddn *Ji-2 3TONNG)
JUNLHYI4WIL 00Y ¥3LH3IH g0-a -Did
{8) JHIL
[+]0}*] o0s 00¥ 00E gonz 00% 0
T T T T T boe
o
- - 0SE Q
=
m
—
m
oy 5
=
- -1 0S¢ —
i \ ] I I oog
[B0L) q12013) --%
(8043 J128034 ==X (BOL} Jizeo3il --+
(60L) J12L031 --w [ BOL) 3129031 --Q@
G-€6 1G83iL E-J113§
(47HH ¥3MO07T *3i-2 370Nng)
FYNLHYYI4JWIL 00 ¥ILHIH 10-0 =BId
(81 JHIL
00! ¢} 00E 00e ont 0
2 wm cwv T T T noe
o
= - DSE 0
=)
m
l
rm
e
=
= - 0S¥ -
1 1 | | | 008
[60LY 2525031 --9
180L) 212y031 --X (804} J1¢ED3) —-+
[BOL) MZ2Z03L ~-w I BOL) 21Z1031 ~~

S-£8 153l £-4138

— 141 —




[479H ¥3IMEQT '31-8 37ONNE) (470H ¥3ddn *31-9 370NNg)

A4N1HY3dWAL 00 ¥3LlU3H 80-0 914 JuNLlBYI4WIL 00 ¥3LH3IH 90-0 -914d
Am_aam__wz:. (S} JHIL
009 pog ooy 00z oot 0 0og 0og aor i 002 001 a
T T T T 1 0ge T 1 T T T o€
[} (]
DSE @ - - oee [
= =
m m
— —t
m rm
ooy ooy o
- =
- - osr . L. -4 aar -
[} 1 1 1 1 008 ~ 1 | 1 1 { ghe
[a]
t~ (602) 018503L --% 16aL} 218013l -0
i (6043 218%031 ~-X (80L) 2196094 -+ (60L) 3198031 -~X (BOL} 3198031 -+
- (60L) 2182031 -~v (6L} 2181034 ~-O (80L) 3Y9L03L --¥ 1 60L) 2198031 --@ |
[+}]
M S-ES L83) €-4136 §-€5 1631 E-413¢6 o~
<
| [4THH ¥3ddN *81-8 3770NNG) (4754 ¥3MOT *JT1-9 3710NNg3 -
.mm uz_._.rw_mun_rm.; .n_az H3ld3aH Lo-0 914 FUNLIHY3I4WIL 00y M3ILH3IH SO-0 *TI13 f
M (81 FWIL {(8) 3WIL :
i Do9 009 00y 00§ 002 001 0 008 0as 00¥ DOE 0oz 001 g
T T T —T T 0og T T T T T oo
O O
s o L -{ ose o
= 0
. m m
— —
m m
oy oot =
= =
- - osr - L - oSy -
| 1 | 1 | 004 I 1 1 1 1 nos
. {60L) Q18015L --¢ (60L) 3188031 --¢
(604) B1RBU3L —-X1{60L) 818803L -+ 160L) I19¥0IL --X 1 BOL) 219031 =
1BOL] H1BLO3L --¥ [BOL) 8189031 --@ 160L) 2192031 -~¥ {BDL) 218103l --@

§-€§ 1831 E-4138 5-£8 1831 e-4138




i

JAERI—M 91—172

(T€-9 370NNA )

UNIE¥3IdWIL 00 GILHIH-NON 21-0 -9Id

(8) JHIL
o]el:] 0as [o]el 4 [te] 002 06t
T T i T T 9 oe
©
ose o
0
m
—
m
oor
=
- Hosr
| ) ! ! 1 008
(80L} TEQAONL -+ (BOL} 1EBGONL ~~&
(804 TEAVONL ==X (6OL} [EBEONL —-+
(604) [EBEONL ~~-w(60L) IEBIONL —-Q

S-eS 1831 E-4138
{IE-8 370NN4A)

Jdnibd3dWaLl 00d 031H3H-NON 11-0 914

{S) JHIL
008 D04 00+ 00g D0z
T T T T ama % ooe
1
- - DOSE. o
=
MM
—
m
oo 3
=
- - o9y -
1 1 1 1 | oos
160L) T6990NL --+(60L} TEDGONY ¢
(604} TESFONL --X{60L} FESEONL --+
160L) TE9ZONL -~ (BOL) IEQTONL @

S-€% 15831 E-4138

uog

(1€-% A70NNE}

JUNLIU¥3IdHIL 004 G3ILHIH-NON GI-0 -9014

(S) 3WIL

008

001 0

bas
T

oor 00E
| f

1BOL)
160L)
160L)

003

TEYOONL —-+ [BOL)
1G¥¥FONL ~=X [E0L)
TEYZON]| --w [B0L)

(S) 3JKIL

[ TE-Z 310GNNA)
J¥N1d¥3dl3l 00Y O03LHIH-NON BO-0 -OId

002

T uoe
Lo}
- osg Q-
=
m
—
rm
Dot M
=
- os¥ -
L Dos
IE¥50KL -~
TE¥CONL —-+
TEFIONL --@

§-€5 1531 E-413§

— 143 —

0oy 0

009
T

00¢ oam
T T

T Doe

(BOL}
IBOL}
i8R}

TEZY9ONL --+ {60L)
TEZPONL =-X | 60L)
TEZZONL --w [BOL)

O
Q
2
m
L
m
=
s
=
- O0sr —
1 uog
TEZSONL --9
TEZEONL --+
TEZIONL --@

8-€6 183l E-4408



JAERI—M 91172

g 370NNE ' 34¥0D NI AUNLUYAJWIL Wo3Ls 91-0 -II1d

(8) IHIL
bog Doy uz
009 _ ! oo D oot % oo
w
ol —
D
=
—y
™
=
oor =X
=
- - oar
1 L | L 1 Dos
(6043 1402041 -~X (60L) 181041 -+
16043 1282041 -~ ¥ (60L) 1281041 -0
G-€ES 1831 E-413S
9 370NN8 *3¥03 NI FHNIHYALHAL WH3ILS ST1-0 "3I4
{81 JRIL '
08 :
008 0 o 00 00z 001 0 oo
Nt
- Jose A
o)
. =
—
m
=
&
=
- - oz
1 1 | 1 1 oos
(602) 1992041 ~-X (BOL) 1¥9104L --+
(6021 1292041 -~v (5L 1291041 --©

S-£9 1831 €£-4138

¥ 370NNg ‘3800 NI A¥NLHY3JWIL WB3iS #1-9 -8Id

DOE

)=14

nor

0S¥

Dos

*dWdl WHILS

]

b

(

§-€5 1631 E-4178

(S} JHIL
oog o0og 00¥ 00E 002 oot 0
T T T 1 T
L ! i | 1
160L) Tr¥204L -~X [BOL) #1040 -+
160L) 1292041 -~ ¥ (6OL) 1271041 -0
2 3TONNG *3¥0D NI FANLHYAL4WNIL WHILS E1-0 "QId
(S) 3WIL
008 003

Q0% 0oE
T

002 00k o
T

1:1e1 9]
16041

T1#2204L --X160L)
1222041 == [BOL)

#2104 -+
1221041 Q@

DDE

05§

0oF

osr

oos

"dWdl WHILS

]

M

(

§-£8 1831 €-4108

- 144 —




JAERI—M 91172

14S3n 3A0BY WWOSZ L°S°E’'T 37ONNE)
dSaN JA08Y F¥NLBY3AJWAL QINT4 02-0 -9I4

(8] JWIL
008 Dog ooy 00s
T

Doz

001 [

i T

T

T

{BOL) " ILP203L --X{GOL)
{B0L) 1€r2031 -~ ¥ (60L)

(8) 3HIL
pog 008 Do¥ DoE
T

Doé

18rac3l -+
11réoil --@

i

OSE

0o¥

osy

00s

“dW3l 0In1d

]

b

S-€S 15831 E-4138

(453N 3ADHY WWOOT L*S*E°T 370NNQ)
dS3N JA0EH JYNLYY34UEL dinid 60-0 914

o0t o

T T

(BQL) TLr103L --X (604}
[EDL) TEr1031 --wI(BDL)

iISrioal --+
11reg3l —-@

QOE

ose

oSy

oog

*dW3l 0Inid

)

A

(

S-£8 1831 E-J138

(d431N0_*937 0107 40_3QIS, 31180440 99 ¥ 2 30NN
d1H7d 311 X04 ONF JA0BH LSNr Funidd3ddir 01

oog 008

(S} JHIL
ooy 008 00z 001 g

T T T T

{60L)
1804}

1848031 --X160L) 1842031 ~~+
Tr4203L -~ {B0L) 1242031 --@

40E

DSE

ooy

DSy

0os

g)
N4 ar-a -9Hd

*dW3L gIntd

)

b

(

S-€C 1631 E-4136

{¥31N0 *937 Q707 40 30IS J1I50d4dD L°S°E'T _3710NNE)
d147d 311 X08 ON3 3A08H LSAC 3¥NLHY3LW3L aIn1d Li-0 914

(S) 3WIL
00 - 00§ 002 o1 ]

009 009
T

T T T T

1B0L)
180L)

1442031 --X[B0L) 1942031 --+
1€42031 --w (60L) 1142031 --Q@

DOE

0s6

Doy

osr

oos

*dW3L 01n74

)

by

{

S-£8 1831 E-413S

— 145 —




E 3dAL ' T NOID3Y ' 8 370NN4 £ IdALl * T NOI93Y * ¥ JI0ONNAE

NOT1J33130 INIYILLNAS HO4 3¥NIUYILWIL ¥#&-0 "9Id NOELD3130 INIY3ILLINGS HO4 JUNLUYILWIL 22-0 -9OI14
{(S) INIL (S) 3FHIL
008 0os gor 00§ o0z 001 0 (]
_ L _ _ ( o0e 009 0 voy i 0oz oo1 a0e
— —
pee hl -  ose L
'l a
m m
0 =
D D
4 =
wr = oy S
G m

]
)

b
b

- - ost b= - 0S¥
1 i 1 | 1, noe ¥ | l 1 | | aoe
m {60L) [1B90ML --+(6ALT [1850ML --9 (6041 TI¥S0OML --< [BOL) TT¥SOML -~&
| [(80L) FTIBYONL --X{BOL} [1BEQML ~~+ §60L) T1¥PONL ==X BOL) FTFEOML -+
— (B60L) F1820ML --w(BOL) T1BIONL --Q@ 1604} F1#20KL ——w i BOL) T1F10ML --@ _
(o3} .
s 8-€6 1631 E-4138 G-ES 1831 €-4138 Mm
Lol
! € IdAL * T NOID3Y * 9 A70NNH € 3dAl * 1 NOID3Y ° Z 370NNY
m NOI1J3130 ONIH3LINAS ¥OJ I¥Nld¥3dW3IL EE-0 914 NOILJ3130 ONIY3LLNAS ¥O4 JHNLUY3I4NIL Té-0 *9ld _
u (8) AWIL 18] JWIL
= 009 _“__am JE. cmm c_c« o_n: 0 008 ags o_n_m o_n:. o_n_m a.am_. o__..: g D0g
m m
m
» - os¢ = z
: u T
m m
. A vl
") s
= =
ooy una =
™m m W
X = |
o - 0sf¥ - - - 0S¥
] 1 i \ 1 008 1 1 ] 1 L pog
(60L1] T1990ML ~=+iGOLT F19C0ML --¢ . [B0L) 1129081 ——+ 1 60L) 11Z50K1 —-%
[60L) T19¥0HL —-X(60L) TT19EQNL =-~-+ [60L) TTZ¥ONL - i BOL) TIZEOHL -+ .,
(BOL] T18Z0ML ~=w(BOL) 1181001 --@ 1BAL] T12ZONL --w 1 60L) T1Z10M1 —-Q@

9-£8 1831 E-413S G-E5 15831 £-4138

¥



£37744N8 340J ONY 9'L°9'g IANNES) (8°L8°S 310NNMA)
dS3N 3A08d 13A37 AINGET 82-0 914 dl87d JIL X049 aN3 3A080 13A3T 4INDIT 92-9 014
(S) 3IWIL {5) JdWIL
: oog 00g ooy 008 ooz . oot a .
T T T T T 08°0-
— [
— . —
(=) 00° 0- [ =i
[ d
a a
- ™
- Joos 2 - Joro 2
m m
[ —
o Hogr =X - qoze =
1 ! L 1 i 0p 2 1 1 1 1 1 0E' 0
o~
= .
_ (60L) 10P1017 --X (604 ) 18ROS5 -+ 1604) 1941047 --X [60¢) 141047 -+
= (80L) 1Lr1017 == v (60L) 1571047 --@ 160L) 1841047 -- ¥ 804 1541047 --0 |
= S-ES 1531 E-41318 S-€5 L1583l £-4138 &
F [F*E*Z T ITANNG) [VY*E"Z2'T J70NNE) i
I dS3N 3A88H 13A3T QInOIn LZ2-0 *914 314774 3I1 X08 ON3 3A08H 12A37 AINBET SZ2-0 -914d !
o (S 3WIL
= a9 003 ooy oot 002 001 0 n.
T T T T T 010
- -
Laal —
[} =]
. [ c
”. ) o
- Ha01 2 -
m m
[ (o
- 4o = - Hoz'0 =
: ! 1 L L 1 002 1 1 1 1 1 o€+ 0
(60L) TPFT0LY --X B0L) IEFTOLT -~ . 1BOL) 1941047 ==X {EOL) 1E41017 -+
(&0L) TZF10L7 -~-w(BOL) HIrtoll --o IBOLF 12410171 --v [G0OL] . THHI0 --@

S-€S 1831 E-41J8 S-ES 153L €-413S




JAERI-M 91—172

(B°£'9'3 37ONNG) (3015 YOlU¥YHdIS HILHM/WUHILS - SHEO ‘3015 Ad - SHIOQ)
LHSIH 17N4d 340D 40 3¥NSS3yd YILN3ZY3I4410 Z2E-0 -OI4 - 937 LOH NI 13A37 QINOIT 0E-0 -91d
(S) JHIL (S) JWIL
009 08 oor DOE 00z oot 0, DDE 00z
T T I [
W Caf AN o -
o e —Hoi'n o
= <
m —t
o [we]
w
c —
L Jozoro = Jog0 2
m
- —
H —
e
- —eor0 D - d4sec =
| 1 1 1 1 0¥0'0 1 [ 1 | i 0o 1
(80L) 100EGL0 --X (BOL) 1LOEGLE -—+
(gaL) 190€0L0 -~ ¥ [60L) 1SQe0LE —-@ 180L) §HZ011 ~~¥ [ BOL) SHIDLT --@ |
S-£5 1831 E-dL3S §-gS 1531 €-4136 %
L¥'E"Z'T 37UNNG) ”
LHSIH 1704 3403 40 JWNSSAMd HILNIN3AII0 [E-0 914 MDLIHNHLAS ¥3ILBM/WHILS NI 13A37 QINODIT 62-0 914
(S) JHIL _ (81 3HIL
oos ., .B0Y .. 0OY., . DOE 002 oos 0 009 609 0or 00E 002 001 g
FErelor DT T T 2} T T T T T 0
=] —
- doi0s T o & o Lt = & - b1 =1
=0 =
m —
w o}
w
o —
- Jozoro L 1oz M@
m
—- =
= —
=
- ~eegro P = -4 oe =
1 1 L 1 i 0¥D' 0 1 1 1 1 1 o
(604} TYOE0L0 --X (BOL) TE0EDLD --+ _ :
(60L) 1205010 -~ v (6UL) 110E0L0 ~~@ (BOL) £910L7 -0

§-€£9 1831 E~4138 S-ES 1S3l E-413S




JAERI—M 91172

(8- JTONNE-1¥ "¥-1 30NNEG

WW SEZE LB THINOZIYOH

f J¥NSS3dd THIANIYI

~1
44

!
I

)]
a 9e-a -Hid

(S) JWIL

009 c_om c_E amn awm cqﬂ: Leo0-0-
[

- —-pzop - @
=
m
1)
03]
c

- Zhioore- o
=z
o

- D

| ] [ 1 i

160L) 1169010 --¥1(60L)

aipo-o

1708010 --Q@

3i¥7d 311 XP8 ONZ SSOHIH 3¥nss

(g*4'9° g 31
J4d THILNIY

gONng
3441

(8]

dWIL

ooy

0os

[

ooy e
L

4ot

)
I,

¥e-0 -014

p200-0-

-ptoot g~

)

-10100°C

[ HdH

Qzo00°0

EETREIEEER

[60L)
160L)

1041010 --X(60L)
1945010 -+ 1 604)

S5-g5 1831 E-413%

TL41010 ==+
1541010 —-@

370NNg-2¥ 8- 3TONNE-1¥

t9-¥
Wi SO681 1H THLNOZLHOH

‘v-1 370NNG-1T1})
¢ 2MNSSIMd HILNIYIALLIO 8E-Q "9Id

(8) A1l
0og n0g oo¥ 00g 00z 001 0
T T T T T pEOG-0-
o
- —pzop'o- T
. A
2
w
w
S
L -ploptg- m
=
T
ettty i St o n
\ | 1 1 1 01000

[BOL]

(604) eray0i0 --+

110¥010 --w (BOL)

TP0POLD0 --@

S-€9 1S3l E-4138

A1H74 3TL X08 ON3

(¥“E°T 370NNY)

(81

JHIL

o008 008

0G¥

0DE

008

§-ES 1831 E-4138

SS0¥IY JUNSSI¥d WILNIYII4I0 EE-O -9Id

T

1 BOL)
[60L] FEATDLID --w 1 BDL)

oot
T bzoo* 0~
a
-p100°0~ O
o)
m
w
w
_
3]
m
=
T
oo P
! nzoo- o
1¥41010 --+
1141010 --@

§-ES 1831 £-313S

— 149 —




JAERI-M 01—-172

IL-MNYL INJWNIHLNG]

H0lb5YHd35 YALEMAWEILS *JYNSSIHd TYILNIYIL4I0 OF-0 -OId

(8) JHIL
g 108 Do¥ (T 002 001 )
T T T T i 0g" 0~
o
L -orro-
A
m
w
o
o
- & @ & & O
=
0
- ~ 01'0 D
I 1 1 H | 0z'0
(60L) §420.0 —-@

S-€5 1831 €-4L38

13INI ¥0lY¥Ud3S ¥3IuM/HUALS - LIINI 9375 LOH
937 1GH 49 3¥NSS3IHd HILNI¥344I0 8E-0 -9I4
(8) 3NIL
oog 00s oo¥ Q0e 0oz oat g
T T T T T Toro-
a
- F—oe—6—= -Jo T
v
m
w
wy
[
L Jowre 2
o 4
e
o -opzorg D
1 I ) 1 L ags' 0
(6OL) SHI010 --@

S-ES L1831 £-4138

937 0700 L1JHINI 40 34NSS3dd TWILNIYAJ4Ia 6E-0 "DI4

(8-¥ 3II0NNE-Z¥

‘¥-¢ 3T0NNE-Z2)

WH S9ET LY "TUINDZTHOH

*34NSS3¥d HILNI¥IS4I0 LE-O -9Td

(81

JHIL

(S) 3WIL
009 uos oo 00§ 00% 0ot 0
T T T 7 T ED' 0~
o
- -Dz0'0- ©
i)
m
2]
4]
c
o
= —100~ M
=
)
- Y Fany . D
L A ) a
1 ] ] 1 ! 016-0
(EDLY $22010 -

S-ES 1831 E-4138

009

009

00

00E Qo
I

P

Y DEDO- 0=

-{1200-0-

L

p100-0~

ERIIEEERE R

)

( Udu

1 niooto

§60L}

Z¥0EDLD ~=w [BOL]

ZZOEDLH =@
S5-ES 15831 E-4138

— 150 —




[I1-MNUL LINJWNIYLINOJI-8 “I-MNUL INSWNIGLNOI-4) IT-MNHL I-MNHL1 IN3IWNIHINGD - ¥3IWOINMOO
INJWNITHLINGD ONG I-MNYL LNIWNIHINGD 40 dOL iY 34NSS3Nd #¥-0 OIS ‘3018 Ad - €37 47902 N3IMOYE 40 34¥NSS3Add THILNIYIJHIO0 2¥-0 -914
. (S) JWIL £S) JWIL :
pag pog nor 00§ boz a1 g 008 oDS  _ 0oF OpE 002 oot 0
T T T T 1 0 L T T T T 0
o]
e .
- - 0rn X - — 0S0-0 )
rn = -
w m
w w
= (93]
A [
L ozp = 0i0 M
- —_
0 =
D U
+ —Qoe0 - Host0 P
L i | | 1 0¥°'D | ] 1 | | 0oz 0
o™
[
]
q.,l.u (60L) 8101d -~ ¥ {B0L) 1614 --@ 180L) $41010 --@ |
S S-£8 1831 E-413S5 G-ES 1531 E-4138 m
P {¥3IWOINMDO N1 37ZZ0N 937 8703 MO39 - 4 L3NNI 3H0D I-MNEL LINIWNIHLNDI]
ey — H '¥3UINID JH0D - 0 ‘Ad 40 401 - '3 Ad NI 3HNSS3Yd E¥-0 914 = II-MNHL INZWNTHLINOD *3¥NSS3Yd THILNAYIJLIQ T¥-0 914
mwu {81 JWIL (8) 3JWIL
= oog oog ﬁ? a_om ooz 00t 9 oren 008 80 oor ooe o__um ooy %010+ 0-
o
u .
A - -s00*g- ™
™ e
o m
o w
= w
= c
m | 0 %
- _
T =
s )
. - -{oso0rn P
1 ] | ] | 080 1 | ] 1 1 o6lo=0
(60L) 11P10Ld - X (60L) 16d101d --+ .
(60L) 11410Ld -~ % [BOL) 11010ld —-@ 1604) 21010 --@

S-€S 1631 £-4138

S5-£5 1531 E-4135




£

(@ L)I-3ANIT (9'SIZ-INTT* (P EYE-IANLT' (&' TITONNG I ¥-ANI (g*L°9°9 370NNG]

JAERI-M 91—172

NOILJIrNI O43H ¥3iddN 40 316d MOTd B8¥-0 "9I4 ¥IMod F70NNA 9%-0 -91d
—n
—
(]
- Ho0in'p = - 4 nos
-0
o) Q
T =
5 ™
m e
- 402000~ - - oos  ~
= =
* =
*
w —
- 40800 3 - 4 oos
L . i L L 0¥0° 0 L L L L _ o0zt
(60L) ene0ld —-X (80L) SnagLd --+ 1604} BHBOLH --X [ BOL) SHLOLM --+ :
(80L) SNLOLd -9 (60L) $N90L4 ~~@ 160L) SKO0LH --¥ LBOL) SHIOLM —-@ |
g-gS 1831 E-4138 §-€8 1531 E-440S mM
[FARY
P-ANIT' (P EIE-INIT (9 SIZ-ANII (B LATONNRG I T-3NIN. (¥*E€"Z° 1 370NNA) J;
NOILJArNLE dS3N 40 3Fidy MDId Lv-0 *9I04 43IMOd 370ONN8 SF¥-C *9I4 I
{g) IUIL (8] AWIL
009 08 nor 0oE 00z 1 009 09 aoy 0 2z apg
T T T 0 ]
|
—
o
b —Huoig's = - - oDE
e
- (an)
. v ] b2}
— m
m =
- oz~ n - oos
= =
™ =
*
) —~—
- -osorn - - ooB
1 1 [l | 1 or0° 0 | 1 1 ] | oozt
(60L) 8N5014 —-X (BOL) anK0ld --+ 1608) SHFOLM ==X 1 B0L) SHEDLH --+
160L) SNEDLA --% [GOL) snznld -—-@ 160L) SWZD1M ~-w [GOL ) SHIOIM —-@

S-£S 1831 E-4138 9-£5 1831 E-JL38



Am.ﬁuulmzwq.mm.muw|mq

(WNN3d

JAERI-M 91—172

it AP

TP EIE-INIT* 1€ " T1310NNGI¥-3INI
NIT NO

{S) JWIL

nog 00s 00F 008 0oz 001 [}

e P M e e YD =YD I ID e ST

S-ES 1831 E-4138

(600 EHNBOAL --X (604} SHNBOIL -+
(B0L) SHNLO3L -~ ¥ (6OL) §¥N903L --@
Y3IM0)I0'1E TIS0 (¥ EI¥0 (9°S)ED (B’ LITONNA)Z0
*ANTT NOILJArNI 4830 NI Jynib¥aduzdy QInid 1s-0 914
(S) JHIL
oo 009 oot DOE 902 o]} a
L T ! T T

— e — @,
5 - -
- v ¥ v ,,_.\.—\).._q\.r..c\r..{.uq{\|'..\|..4...

(6OL} SHASOAL ==&
(8L} gENPOIL --X (BOL) SMNEO3L -+
tB0L) gNNZD3L ~- ¥ (BOL) SMNI03L - @

S-gS 1831 E£-412%

I
LJ33MNT d4S2N NI 3¥0lUY¥3dH3L aInid 26-0 914

00€

GSE

ooy

osr

[als]

0oE

age

oor

oSy

oos

“dW3L 0In74d

)]

%

*dW3L 0INTd

(M)

Y31UM NOILJIACNI WNN3ITd ¥43IMOT 40 3

0089

Jau)
M074 DS-0 -8Id

S/exxl ) J1YY MDTd

(

009

§-£5 1831 €-Jl13S

~ 153 —

(937 0167 NIMOYA-EC 937 0700 LIUINI-Z0
‘WNN3T4 ¥3MDN-T0) ¥2EHM 323 40 3iHY MDT4 Bv-0 -914

3 3184 MO4

{ S/cwxl

§-E% 1831 £-4138



JAERI-M 91—172

937 29 *937 21 937 i0OH
1804 NOILI3rNE 223 NI 3¥NLH¥3IANIL TInTd ES-0 914

{81 JHIL
009 009 a0¥ Q0€ 002 401 [v]
T T T T T DoE
ﬂu
I~ Fa Fat = o) o) oo P Dse& L
o o \ivg o tak D ) s
O
................... S ———
e .ﬂﬂlll P A N o
| —— e e |IJI_I//\é\aE =
A’ 2
=
- ~| Ds¥
1 1 1 ] ] 004
160L) SHHPO3L --++
160L4) SNHEO3L --w | BOL) ENHZUEL =-@

S-ES 1531 £-4138

— 154 —




