58

25

12 17
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MCCI Molten Core Concrete Interaction

MCCI
MCCI
PWR
MCCI
MCCI
ANL ACE
SNL SURC ISP 24
SNL SWISS WETCOR
EPRI MACE NUPEC
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COTELS ANL CClI

KTH DEFOR
MCCI
DEFOR FCI
BWR EPR
ANL
OECD-MCCI (SSWICS )
JNES

3.1 MCClI

ACE 1

ACE MCCI

ACE Advanced

Containment Experiments

ANL
3.1-1
25
53.0cm>=50.2cm
UoO:
ACE PWR
L2 L6 3.1-1

1 OECD/NEA “Second OECD (NEA) CSNI Specialist Meeting on Molten Core Debris-Concrete
Interactions,” NEA/CSNI/R(92)10.
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L2 PWR

3.1-2 MAAP
220 kW
120 kW 100 kW
7.8 mm/ 2400 K
L6
3.1-3
MAAP
40 13cm
SURC-4 2
SURC 4 Sustained Urania-Concrete Interaction-4
MCCI
ISP 24 3.1-4
MgO
60cm>= 100cm MgO
10cm 40cm
200kg Fe: 73 %
Cr:19% Ni:8% FP Te:05kg La20s:1.17kg CeO: 1.23kg BaO
1.1 kg
14 0.5 20 kg
3.1-5 MAAP
55 245 27.5cm
SWISS 3
SWISS SNL
MCCI

2 “International standard problem No 24: ISP-24: SURC-4 experiment on core-concrete interactions,”
NEA/CSNI-155, 1988.

3 “SWISS: Sustained Heated Metallic Melt/Concrete Interactions with Overlying Water Pools,”
NUREG/CR-4727, SAND85-1576
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3.1-6 20cm

46kg SUS304 FP
1.75kg 1.3 1.7W/lg SWISS-1
12cm
SWISS-2
SWISS-1 SWISS-2 3.1-7
100%
SWISS-2 0.8MW/m?2
3.1-8

WETCOR 4
WETCOR SNL MCCI
Al20z CaO SiO2

0.4m
3.1-9
WETCORE-1
0.52+0.13MW/m2
0.25+0.08MW/m?2 0.20=+0.08MW/m?2
3.1-2 557 563
0.52+0.13MW/m2 582.4 0.25+0.08MW/m2 589.0
0.20=+0.08MW/m? 3.1-10
554.9 529.0
3.1-12 14
470 1-3cm
555 5-6cm
515 555
410 2cm
3.1-15 560 1800K

4 NUREG/CR-5907,” Core-Concrete Interactions with Overlying Water Pools,” Sandia National
Laboratories, November 1993.
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580 1500K

3.1-
10#x1cm 3.8cm 4.5cm
4.2cm=0.4cm
40
0.2MW/m2
MACE 5
MACE Melt Attack and Coolabikity Experiment
EPRI
3.1-17 MACE
M3b M4 3.1-3
MACE U0O2,ZrO2,Zr
MO 30cmx30cm
M1b 50cmx50cm 480kg
M1b MgO
MO 3.1-18
4 3
30 0.7MW/m2
0.15MW/m2 3.1-19
30

16

5cm

MACE
MO M1b

130kg
MO

1.3cm
AMW/m?2

5 M.T.Farmer, et al.,” Status of Large Scale MACE Core Coolability Experiments,” OECD Workshop

on Ex-Vessel Debris Coolability, Karlsruhe, 1999.
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30

M1b 3.1-21
5.0cm 14.7
AMW/m?2 30 0.5MW/m2 90kg
30
0.4MW/m?2 3.1-22
6cm
9cm 50
0.5MW/m2
3.1-23 0.2MW/m?2
1500K
COTELS B/IC ©
COTELS NUPEC
B/C FCI
B MCCI C B C
3.1-24 3.1-4
60kg UO:2 3200K A
™I B
0.36m 0.26m 0.26m WETCOR
MACE-MO MACE-M1b
0.5
75kW 11
Jet Spray 0.02 0.4kg/s
6.5 15
5a
2
5a 5

6 Hideo Nagasaka, et al.,” COTELS Project (3) : Ex-vessel Debris Cooling Tests,” OECD Workshop on
Ex-Vessel Debris Coolability, Karlsruhe, 1999.
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3.1-25 5 9

3-4

10

SWISS WETCOR MACE
200 700 kw/mz2

0.2MW/m?2
3.1-26
COTELS
FARO
JRC Joint Research Center
3.1-27
UoO: 80wt%UO2 + 20wt%ZrO:2 77wt%UO2 +
19wt%ZrO:2 + 4wt%Zr
3.1-5 UuoO2
18 176kg 0.87 2.05m 124K
2 5.8MPa
0.2 0.5MPa
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FCI

33
COTELS A
COTELS
National Nuclear Center
3.1-28
0.4 0.9m
SS  15wt%
7
3.1-7
Imm

Im
FCI
L-11 L-24
3.2 4.8mm
NUPEC
NNC
3.1-6
LOCA
0 86K
UO2 55wt% Zr 25wt% ZrOz2 5wit%
5cm
0.4m 90%
6mm
UO2 SUS Cu 0.2

7 J. D. Gabor, L. Baker, Jr., and J. C. Cassulo, (ANL), “Studies on Heat Removal and Bed Leveling of
Induction-heated Materials Simulating Fuel

Debris”, SAND76-9008
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3.1-29

DEFOR-A 8 9 10
DEFOR Debris Bed Formation

DEFOR-A
3.1-30 DEFOR-A
0.5m>=0.5m 2m
1.7m
3.1-8 1.7m
1.62m 1.5m
0.6m 09m 12m 15m 4
78 206K 10 25mm
A8
A8
3.1-31
3.1-32
3.1-33
(@)
(b)
(c)
() (©

8 P. Kudinov and M. Davydov “PREDICTION OF MASS FRACTION OF AGGLOMERATED DEBRIS
IN ALWR SEVERE ACCIDENT”, NURETH14-543

9 Pavel Kudinoyv, et al.,” Fraction of Agglomerated Debris as a Function of Water Pool Depth in
DEFOR-A Experiments”.

10 Pavel Kudinoy, et al.,” Development of Ex-Vessel Debris Agglomeration Mode Map for a LWR Severe
Accident Conditions,” ICONE-17, Brussels, 2009.
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1.5m

A9 %
1.5m A7 A9
A7 A9
m
3.1-34
200mm 9m
1 2m 10cm
CClI 1
CCIl Core Concrete Interaction OECD MCCI
ANL
CClI
MCCI 4
CClI 3.1-35 50cm x 50cm 55cm
120kW 150kW
MCCI
3.1-9 CCll1 3 3
55
30cm

11 M.T.Farmer, et al.,” OECD MCCI Project Final Report,” 2006
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CClI-2 CCI-1,3
CCI-1  150kw CClI-2,3 120kw

3.1-36 CCI-1,2,3 5
CClI-1,3 1MW/m?2 CClI-2 3MW/m?2
CClI-1,3
CClI-2
CClI-2 5
15-20
3.1-10
(CCI-2) 0.65MW/m?2
(CCI-1,3) 0.25MW/m?2 0.5MW/m?2
3mm-7mm
5cm-10cm
CClI-2 CClI-1,3
CCI-1 10 CCI-3
CCI-1 3MW/m?2
CClI 0.25MW/m?2

SSWICS n
SSWICS Small Scale Water Ingression and Crust Strength experiments
OECD MCCI ANL

3.1-38
SSWICS
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Lister/Epstein

3.1-39
15% 125kW/m?2
SSWICS 3.1-40
3.1-41
JNES 12
OECD-MCCI (SSWICS )
3.1-42,43
3.1-44
1W/cm3
2000K
2m 6m 20cm 30cm
23.6% 41.9%
3.1-45

12 Hideo Nagasaka, et al.,” Failure Strength and Young's Modulus Evaluation of Solidified Crust based
on OECD-MCCI Test,” MCCI Seminar 2010, Cadarache, 2010.
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PULIMS

3.2 MCClI

PWR

MCCI

%
1 2m

13

KTH

3.1-46

MCCI
MCCI

FCI

DEFOR-A

FCI FARO

90%

cm

Bi2O3-WOs3

1.5m
1
COTELS
COTELS
DEFOR

PULIMS

DEFOR

FARO
0.4m

3.2-1

13 A.Konovalenko, et al.,” Experimental Results on Pouring and Underwater Liquid Melt Spreading

and Energetic Melt-coolant Interaction,” NUTHOS-9, Kaohsiung, Taiwan, 2012.
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o PULIMS

SWISS MACE WETCOR

COTELS

200 800kwW/m?2
MACE 1000kW/m?2

WETCOR MACE

1500K
oCClI 1MW/m?2
3MW/m?2
250 650kw/m?2

250kw/m?2
oDEFOR
o SSWICS

3.3-16

COTELS

0.2MW/m2



oJNES

17 20cm/h SURC

SWISS MACE WETCOR

COTELS

COTELS

oDEFOR

3.3

3.3-17

ACE

26 30cm/h

KTH



JNES

3.2
MCCI 3.3-1, 2,
- MACE
CClI
JNES
MACE CClI 1IMW/m2
CClI
0.5MW/m?2
COTELS
1500K
0.2MW/m?2 WETCOR MACE

3.3-18



3.1-1 ACE

Comstituent (kg L2 L Comsiltment (kgh L2 Li
L, 216 el L] LN £ ]
Al 2.5 155 Cald 135 135

i 154 dL.} AL, 4 4
Fime &} K 14 L4
Fe:l Feih (K] (1]

Peald Tk (R ] LB
LrAl, Mgt a7 [ v
S5-504 2 Mo 07 7

Cal) 1] 73 Mni LIXi 03
Mg Tiad® iz iz
el g 163 Spih 02 fii2

Fat 3 e [ (3] Ly (1711 ] i
Laigldy 16 i a6 + COs T 74

Sald 0% 0% Concrete Type 5! §'
Leli] L3 [} TOTALS 9.0 ) 0%
Mo02 L] 0y

Snle 02

File; 02

Rui (RS

B

Ag 11w

I 022 S1

!
LA A A A A

3.1-1 ACE
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g0 \
SUS-304

g
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7

MgO

- ) - -
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MAAP4 User's Manual, EPRI
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3.1-2 WETCOR

Table 6.4 Heat fiuxes to water through the thin

portion of the crust
Heat Flux
Corrected for
Varying
Crust
Heat Transfer Thickness
t (min) Rate (W) (MW/m®

557to 563 | 22735 4 4940 | 0.52 + 0.13
582.4 10900 + 3100 | 0.25 + 0.08
589.0 8600 + 3200 0.20 + 0.08

WATER INLET

WATER POOL
THERMOCOUPLES
[TYPEK)

MgO CASTABLE

ALUMINA TUBE

SIDEWALL
THERMOCOUPLE

ARRAY (TYPE K) J T WATERENT

CHARGE MATERIAL MO CASTABLE

SUSCEPTOR RINGS

(TUNGSTEN]
THERMOCOUPLE
(TYPEC)
THEAMOCOUPLES
(TYPE €}

CLOSED END ALUMINA

AXIAL THEHMOO’?;::E PROTECTION TUBE

CONCRETE THERMOCOUPLES
TYPEC

3.1-9 WETCOR
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RUBBLIZED DEBRIS
1cm MEAN DIAMETER

(MASS 1.5 kg) SOLIDIFIED MELT SPLATTER

WATER EXIT

MgO CASTABLE

~ ~
NN N
_ N \ N MgO CASTABLE
—_— \
= \ /
~— 3.5 cm h
30cm NN ~
3.0
1 N\ em N
: NN\ _ L TUNGSTEN SLEEVE
—‘ ~ I:f:'ﬁ 1' el SUSCEPTOR
21.0 mr‘im \‘\ F‘é : ‘(’:' N
NN Y - i
\\' el N
5.0 cm ]4 ——/ N
7 SOLIDIFIED DEBRIS
/. W
_I b .I'-'.. -_7- o . \
D \\ "~ TUNGSTEN SLEEVE
/ I N SUSCEPTOR
ORIGINAL CONCRETE
SURFACE N
\ -
N
N
I
LIMESTONE/COMMON
SAND CONCRETE

3.1-16 WETCOR
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3.1-3 MACE

MO Mi1b M3 M4

EEMFLEHEH ER (ko) 130 480 1800 480

U0, 56 65 57 57
ayy ) Z10, 11 13 29 | 29
Eﬁﬂﬁﬁéﬂ#ﬁﬁﬂﬁ:bimm - J : -
BRI (%) (222 Y—h 29 19 14 14
R%) f
VR DBEIE S (m) 015 0.25 0.2 0.3
ERE DR AERE (K 2000 2350 2250 2280
FERE DB AR RE kW) 100 130 300 130
=) — F oS BIRER | BIRER | mRER | r1 3%
a2 V— bEEH (m°) 03X03 | 0.5%0.5 [ 12X12 | 0.5%05
a2 U—hROES (m) 0.35 0.55 0.55 0.55
KA (m) 0.5 0.5 0.5 0.5

NERANUNNN Ny

3.1-17 MACE
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Temperature, K
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3.1-4 COTELS BI/C

B/C- 5a | 5 | 4 2 3 1] e | 7 ] 8 | 9
B A B
kg 47 56 53 45 46 58 56 52 42 51
kw 0 150 | 170 | 155 | 150 | 150 | 150 | 150 |110-140| 150
(m) 0.26 0.36
Jet Jet Jet Jet Jet Jet Jet Jet |Spray
kagls 0.02 | 0.04 | 0.03 | 0.03 | 0.03 | 0.04 | 0.03 | 0.04 | 0.04
min 8 8 8 8 15 9 10 10 6.5
kg 9 215 19 35 33 48
(19%) | (38%) | (34%) | (78%) | (72%) | (83%)
16mm kg 0 0 6 0 0 18
16mm kg 6 215 13 32 33 30
mm 0.6 0.8 2.2 15 1.0 0.4
kg 38 34.5 37 10 13 10 53 52 42 51
mm 28 25 22 15 20 40 15 15 15 10
mm 13 10 25 15 15 48 8 10 8 0
mm 12 15 21 18 15 15 10 12 12 5
mm 40 55 65 40 34 35 32 35 30 20

UO2-78wt%, SUS-5wt%, ZrO2-17wt%, Zr-Owt%
UO2-55wt%, SUS-15wt%, ZrO2-5wt%, Zr-25wt%
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Conerete Temperature (X)
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LEMF, 2:Test wessel 3:Instrumentation nozzle,
4:Removable bottom, 5:Water injection nozzle,
6:Ceonerete trap, T:Induction heater

3.1-24 COTELS BI/C

2000

4 Water Injection On {B/C-5)
} Water Injection On (B/C-9)

1750
1300
1250

100G
750 B/C-3 (26cm 1.D. Trap)
500
230 Y BIC9 (36em LD, Trap)
0 T I A N N R EENITSEILEE BN SV IR S S N AR

0 10 20 30 40 30 60 70 80 90
Time after Corium Falling (min)
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3.1-5 FARO

D UO:2

kg K mm MPa m K
L-06 0.8 18 2923 100 5 0.87 0
L-08 0.8 44 3023 100 5.8 1.00 12
L-11 0.77 151 2823 100 5 2.00 2
L-14 0.8 125 3123 100 5 2.05 0
L-19 0.8 157 3073 100 5 1.10 1
L-20 0.8 96 3173 100 2 1.97 0
L-24 0.8 176 3023 100 0.5 2.02 0
L-27 0.8 129 3023 100 0.5 1.47 1
L-28 0.8 175 3052 50 0.5 1.44 1
L-29 0.8 39 3070 50 0.2 1.48 97
L-31 0.8 92 2990 50 0.2 1.45 104
L-33 0.8 100 3070 50 0.2 1.60 124

0.8 80%UO2 20%ZrO. 0.77 77%U02 19%ZrOz 4%Zr

FARG fymaco

!

Lowar olectrode

L

E.

[

Gepressudirer —-—
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Steam venling —w—— I
Flap fer

pressure equalization
during guenching 1

3645 B B
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3085. i
2000 e
'
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-240)
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3.1-6 COTELS A

D uo:2

kg K MPa m K
A-1 0.55 56.30 3050 0.20 0.4 0
A-4 0.55 27.00 3050 0.30 0.4 8
A-5 0.55 55.40 3050 0.25 0.4 12
A-6 0.55 53.10 3050 0.21 0.4 21
A-8 0.55 47.70 3050 0.45 0.4 24
A-9 0.55 57.10 3050 0.21 0.9 0
A-10 0.55 55.00 3050 0.47 0.4 21
A-11 0.55 53.00 3050 0.27 0.8 86

UO, 55wt% Zr 25wt% ZrO: 5wt% SS 15wt%

Electric Melting
Furnace
(EMF)

Test Vessel

~2450

1400

<« (LAVA)
PT.G

5

PT

Water Level

PT
Concrete Plate

PT

Melt Catcher

012 1 () mm

P: Pressure, T: Temperature,
G: Gas sampling line
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3.1-7

Initial | Initial | Final Fipal Boiling Heat
Container Generator, | Height at| FRight at| Height at|Feight at| Flice,
Run| ID,ean Bed MMaterial bowr Center,cm Wall,em | Center,em|Wall,cm | eal/sec-ol
1 114 S90-840 ¢ 55 15 6.4 38 8.1 4.4
2 114 210-1000 +p Cu 15 7.6 4.4 6.0 3.7 -
3% 114 |50-50 vol.%U0~SS 15 7.6 5.1 6.0 6.0 055
4 162 210-1000 + #Cu 15 9.2 6.0 7.6 T4
5 262 210-1000 + pCu 100 121 az 7.6 5.7 079
6 | 292 |50-50 vol.BUG-SS[ 100 a9 38 6.4 6.2 1.20
(&) Run #* Runég (=)
i ol (3089 ) 231" 153"
(2~359%) 0.0° 08°

 am——— R -———-1

L

UC;88 PARTICLE

N L

BED

=4

INITIAL BED GEOMETRY

A

. oAt
AL

TREE]

o b

FINAL BED GEOMETRY
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3.1-30 DEFOR

!’—-'{ T

3.1-8 DEFOR-A
Al A2 A4 A5 A6 A7 A8 A9
K 1253 | 1246 | 1221 | 1245 | 1279 | 1349 | 1255 | 1343
K 110 103 78 102 136 206 112 200
mm 10 20 20 10 12 25 25 20
S 38 11 11 38 20 10 10 11
m 1.7 1.7 1.7 1.7 1.7 1.62 1.62 1.7
m 0.18 0.18 0.2 0.18 0.18 0.2 0.2 0.18
m 1.52 1.52 15 1.52 1.52 1.42 1.42 1.52
K 346 367 346 364 346 356 355 355
K 27 7 27 9 27 17 18 18

3.341




100%
90%
80%
70%
60%
50%
40%

30%

Fraction of agglomerated debris

20%

10%

0%

3.1-31 DEFOR-AS8

+ 4

~ A
+

|
;E _ _

® o

I A
B e m

3.1-32

Waterdepth, m
DEFOR-A

3.3-42

05 06 07 08 09 1 11 12 13 14 15

+ Al

mA2

~ A4

+ A5

® A6

+ A7

® A8

AA9



Water pool depth (m)

' Jet
Liquid &eWee

Droplets § :::-'.

13

12

11

10

Liquid
Droplets

3.1-33

- No agglomeration

DEFOR

/L

O N—O—F8

[/

74

3.1-34

150

Jet diameter (mm)

KTH

3.3-43

JH
/ //
/ " / g )
oﬁ—@f .’ -
*
:/ Cake
1
= N = 5%
agal —
' =10%
agol
= om MO =20% L
agql
== Cake
I I
200 250 300 350 400



3.1-9 CcClI
CCI-1 CClI-2 CCI-3
PWR+8% concrete PWR+15% concrete
400kg 375kg
1950 1880 1950
150kW 120kW 120kW
55
30cm
21/ 20
50cm==5cm
3.1-10 CcClI 15-20

Table 3-7. Debris-Water Heat Fluxes for CCI Tests Averaged Over the Time Interval

15-25 Minutes after Cavity Flooding.

Heat | Concrete [ Crust Note(s)
Test | Comerete | pyy Gas | Concrete
Type | (xWim®) | Content | Content
(Wee) | (Wi eg)
Assumed heat transfer surface area: 0.25 m’
CCL1 SH-I- 250 46 723 (PTE mdicates that water dad not penetrate
uUs) sidewall crusts to cool the top surface of the
corium interacting with the sidewalls)
Assumed surface heat transfer area: 0.50 m’
(PTE indicates that water was able to contact
\ the entire melt upper surface aren). Water
..
ca2) LGS 630 41 694 ingress at the mterface between the cormm
and concrete walls also contributed to
coolng, but this effect has not been separated
from the overall heat flux estimate
CCL-3 SIL 500 135 478 See Note for Test CCI-1.
(EU)
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Heat flux (kW/m?)
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500

250

Dryout heat flux ( kW/m?* )

Model Quench data

----- LCS, 4 bar A LCS, 4 bar
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Tensile strength ( MPa)
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Failure strongth (MPa)
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Multiplier, ©
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2.8

40 60cm
15 2m DEFOR
3.1-34
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MAAP ][]
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FCI 0.87
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18cm
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CClI

14

CClI

14 M. T. Farmer et al., “Status of the Melt Coolability and Concrete Interaction (MCCI) Program at
Argonne National Laboratory”, Proc. of ICAPP’05, Korea, (2005)
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5-5-1 5-5-9

0.8MW/m?2
0.8MW/m?2
0.5MW/m?2
3mm 4mm
MCCI 3kg Zr-
18kg MCCI
4kg Zr- 10kg
Zr-
19cm
6
PAR
53
Zr-
24 5
MCCI RV 30
MCCI
6
37.9

MCCI
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PAR
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3.3-85

PDS RV RV 30 RV
15 2.0 10
7r 257.6kg 257.6kg 257.6kg
(29.2%) (29.2%) (29.2%)
21.4kg 21.6kg 22.9kg
(2.4%) (2.5%) (2.6%)
279.0kg 279.3kg 280.5kg
(31.6%) (31.6%) (31.8%)
7r 0.0kg 11.9kg 23.5kg
(0.0%) (1.3%) (2.7%)
0.0kg 0.0kg 0.0kg
(0.0%) (0.0%) (0.0%)
0.0kg 11.9kg 23.5kg
(0.0%) (1.3%) (2.7%)
7r 0.0kg 47.5kg 53.0kg
(0.0%) (5.4%) (6.0%)
0.0kg 0.0kg 0.0kg
Mccl (0.0%) (0.0%) (0.0%)
0.0kg 47.5kg 53.0kg
(0.0%) (5.4%) (6.0%)
7r 257.6kg 317.1kg 334.1kg
(29.2%) (35.9%) (37.9%)
21.4kg 21.6kg 22.9kg
(2.4%) (2.5%) (2.6%)
279.0kg 338.7kg 356.9kg
(31.6%) (38.4%) (40.4%)
Zr 100% 882.6kg
19cm




the Electric Power Research

Institute
300
200
P R e bttt
100
) \ \
O 1 1 1
0 1 2 3 4
(hour)
5-1-1
1.6
1.2+
0.8F
,,,,,,,,,,,,,,,, 0.566MPafgage] 2 )
(MPa[gage])
0.4F
0-0 1 1 1
0 1 2 3 4
(hour)
5-1-2

3.3-86




(m)
1,
O Il Il
0 1 2
(hour)
5-1-3
4
3_
2_
(m)
1_
O i 1
0 1 2
(hour)
5-1-4

3.3-87



2.0x10°

O 1.5
a L
%i ,
1.0t :
| !
0.5F
0.0; 1 2 ’
(hour)
5-1-5
1.2x10°
N;\ 1.0f
~
<
0.8f
0.6f
0.4f
1
0.2r
h—
0.2, 1 2 ’
(hour)
5-1-6

3.3-88




(

2500

2000

1500

)
1000

500

2

1

1

(ton)

5-1-7

00

50

00

50

L

5-1-8

3.3-89




16

14 -
13vol%

12 -

10 -

Q)

(hour)
5-1-9

3.3-90




300

200

100

)

1.6

1.2

0.8

(MPa[gagel)

0.4

0.0

(hour)
5-2-1

0.566MPa[gage]( 2 )

(hour)
5-2-2

3.3-91



! /
m et

5-2-3

(m

5-2-4

3.3-92



2.0x10°

O 1.5
a 5
S
1.0f
1
0.5r
0.0; 1 2
(hour)
5-2-5
1.2x10°
N;\ 1.0r
~N
c
0.8r
0.6r
0.4r
1
0.2r
) h_
0.2, 2 ’
5-2-6

3.3-93




2500

2000r

1500r

1000+

5001

5-2-7

200

150 |

100 |

50 -
(ton)

(hour)
5-2-8

3.3-94



Q)

)

16

14

12

10

0.0

13vol%

5-2-9

5-2-10

3.3-95



300

200

100

)

1.6

1.2

0.8

(WPa[gage])

0.4

0.0

! ! !
0 1 2 3 4
(hour)
5-3-1
0.566MPa[gage]( 2)
! ! !
0 1 2 3 4
(hour)

5-3-2

3.3-96



(m
1 —
0 | | |
0 1 2 3 4
(hour)
5-3-3
4
3 —
2 —
(m
1 —
0 | S /I 777777777777777777777
0 1 2 3 4
(hour)
5-3-4

3.3-97



2.0x10°

1.5 -

1.0 -

W/m?) \ |

0.0 | | |

(hour)
5-3-5

1.2x10°

0.8 -

0.6 -

0.2 -

0.0
QW/m*)

-0.2 | | |

5-3-6

3.3-98



2500

2000

1500

1000

500

5-3-7

200

150

100 -

50

(ton)

5-3-8

3.3-99



()

16

14

12

10

N

13vol%

(hour)
5-3-9

3.3-100




300

200

100
)

1.6

1.2

0.8

(MPa[gagel)

0.4

0.0

(3M/m2)
(0.5M/m2)

0.2M/m2)

1 1 1 1
0 2 4 6 8 10
(hour)
5-4-1 -
o (3MW/m2)
_ (0.5MW/m2)
I (0.2M/m2)
0.566MPa[gage]( 2 )
1 1 1 1
0 2 4 6 8 10
(hour)
5-4-2 -

3.3-101



(m

(m

(3M/m2)

3.3-102

_ (0.5M/m2)
— : (0.2WW/m2)
>
| |
0 2 4 10
(hour)
5-4-3 -
o @i/n2)
_ (0.5M/m2)
I (0.2M/m2)
|
0 2 4 10
(hour)
5-4-4 -



2.0x10°

(3M/m2)
(0.5M/m2)

0.2M/m2)

1.5

1.0

0.5 -

W/’

0.0

(hour)
5-4-5 -

1.2x10°

(3M/m2)
(0.5M/m2)

1.0 -

0.2M/m2)

0.8 -

0.6 -

0.4

0.2 -

0.0
W/

-0.2

(hour)
5-4-6 -

3.3-103



(

(

)

2500

o (3MW/m2)
(0.5MW/m2)
: (0.2MW/m2)
2000 —
|
|
1500 |
u
\
\
n
1000
|
) |
i
500 | ‘l
Al
L
0 | | | |
° 2 4 6 8 10
(hour)
5-4-7 -
2500
— (3MW/m2)
(0.5MW/m2)
— (0.2WW/m2)
2000
1500
n v
|
1000 !
|
1t
L
500
0 | | | |
0 2 4 6 8 10
(hour)
5-4-8 -

3.3-104



200
I @m/m2)
R (0.5W/n2)
_ 0.2M/m2)
150
100 —
50
(ton)
0
0
(hour)
549 -
16
I (3Wi/m2)
14 - - - - (0.5M/n2)
13vol% - 0.2W0/m2)
12 +
10
(D)

(hour)

5-4-10 -

3.3-105



300

200

100
)

1.6

1.2

0.8

(MPa[gagel)
0.4

o
=
N
w
~

(hour)
5-5-1

0.566MPa[gage]( 2 )

5-5-2

3.3-106



m

(m

1 2 3 4
(hour)
5-5-3
l /'l\/J 77777777
1 2 3 4
(hour)
5-5-4

3.3-107



1.6x10°

1.4

0.8

0.4 -

(W/mz)

0.0

5-5-5

1.2x10°

(hour)

|

0.6 -
\

0.4 -
0.2 -

0.0
(W/mz)

-0.2

5-5-6

3.3-108




2500

2000

1500

1000

)

500

200

150

100

50

(ton)

! I
0 1 2
(hour)
5-5-7
|
0 1 2
(hour)
5-5-8

3.3-109




Q)

16

B favom —

12 -

10

8_

6 - IR

// 7777777777777777777777777777777777

4_

2_

0 | |
2 3 4
(hour)

5-5-9

3.3-110




MCCI

Ricou-Spalding

18cm

Ricou-Spalding

3.3-111

PAR

MCCI

19cm



3-1

KTH PULIMS EA]
Bi203-WOs3
2.1
1.5-2mm
KTH S3E [
Brookhaven National Laboratory BNL [
SPREAD & 55%
FZK KATS 5]
CEA/DRN/DTP CORINE (6]

3.3-112



Figiire #0; The el spressd m PLLIMS-E 1 experinsind (s view ). The volatibe particle debsii
liavie bdem pemotved while solidified cone af the oelt ressained mtact
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2.1

PULIMS S3E BNL SPREAD CORINE KATS
(Sweden) (Sweden) (USA) (Japan) (France) (Germany)
2D 1D/2D 1D/2D 1D/2D 2D 19< 1D/2D
Bi203-W03/ / / Steel/ Iron/
B203-CaO/ NaNO3-KNO3/ oxide/
27 3m3 3 19 liters 1 liters 1 15 liters 50 litres 140 160kg
870 1027 80 120 1584 1625K 2450K
280 364 327.46
* * *
20mm 0.05m

0.2m 4.5 7.5cm Ilcm
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4.3 7.7m
1.5m
4.1
[ka] 48600
[s] 100
[K] 2554.05
[K] 408.05
[kg/m3] 8463.1
[kg/m3] 931
[m] 0.4
[Pa*s] 10.5
[N/m] 1
[J/kg/K] 484.6
[J/kg/K] 4280
[W/kg] 264.2
(Tsol) [K] 2308.25
(Tliq) [K] 2308.25
[J/kg] 326415
4.2
[-] 0.00 0.66
(K] 0 245.8
4.3
[m] 7.7 15
[m?] 47 1.8
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