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Table 6.4 Heat fluxes to water through the thin

CHARGE MATERIAL

THERMOCOURLE
(TYREC)

Ao THERAMDCOURLE
ARRAY

portion of the crust
Heat Flux
Corrected Tor
Varying
Crust
Heat Transfer Thickness
t (min) Rate (W) (MW/m*
557w 563 | 22735 £ 4540 | 052 £ 0.13
582.4 10900 4+ 3100 | 025+ 0.08
I 589.0 | 8600+ 3200 | 020 + 0.08
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12 3-1 FARD Efg~ b » 2 =04

FARD LWR it serics—imain experimenss] conditions anid defwis data

Test L6 L L1 [T LW L®» LM LY LN L® L3 L3

Experincnial condstiom
Corlum compositioe® A A B A A A A A A A A A
Melt max® (kg) I8 “ 151 125 157 e 177 nz 175 15 w2 10
Melt semperature (K} nn a3 %23 Nz w73 07 an azz 82 w0 200 3o
Melt rlease dinmeter! (mm) 100 100 100 100 100 1] 100 10 0 30 50 an
Mt fall beight in gus (m} |83 153 LM Lk 199 LIz 107 0T 0 oM am aTr
System pressure (MPa) 5 58 5 5 5 2 05 (1 8 02 02 4
Gas phase SteamdAr  SteamiAr  SwomiAr  SicomfAr  Steam®  Steam'  Sieam®  Sican®  Steam®  Argon  Amgon Argon
Wter depth (m) 0x7 100 200 108 LD L97 rFord 147 L4 148 145 Ls
Wistes temipenuture (K} iw 530 535 537 53 A 425 429 24 7 b ) 293
Water sshenaling (K) 0 i2 2 o 1 (] o 1 1 L] 4 124
Water Masss {kgh 20 255 60 623 m 664 719 536 517 am 481 625

Dictris bed data’
Hanl detwis, cake (kg %) 633 192 (X 20, 16 T4 20122 2706 MIT J7.48 W00 00 L8
Losse debris kg, %) 1267 3, 68 6100 105,84 BOLSI TALTE MLEE TOTT BT 0O K3 100 89,92
Mean Soose debris size (mm) 4.5 ix 15 4% a7 a4 26 Na¥ 10 - 34 2k

A KDL U0=20wi % 2oy B: 77w % U0y—19w % Zrid—d wi% 71

#3.1-5 FARO EBFHFRURER—E

wmm | U0: | REBRER |REHIE | RERETE | RERES| KE | 777k | KRR

28 Yo hegd kg K aai MPa i K i
L 06 0.8 18 2.923 100 b 0.87 0 L
L 08 0.8 44 3,023 100 5.8 1.00 12 L
L-11 0.77 151 2,823 100 b 2.00 2 L
L-14 0.8 125 3.123 100 ] 2.06 0 2L
L:19 0.8 157 3.073 100 5 1.10 1 L
L-20 0.8 96 3,173 100 2 1.97 0 el
L 24 0.8 176 3.023 100 0.5 2.02 0 L
L27 0.8 129 3.023 100 0.5 1.47 1 L
L-28 0.8 175 3.0562 50 0.5 1.44 1 L
L-29 0.8 39 3.070 a0 0.2 1.48 97 2L
L-31 0.8 92 2,990 o0 0.2 1.45 104 L
L-33 0.8 100 3.070 50 0.2 1.60 124 L

# 0.8 SO 80%U02+20%Zr0s, 0.77 DG OMALIL T7%U02+19%Zr0s+4%Zr,
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Release tube
closing disc (W)

1 $—T————— Lower electrode
& _.‘_'
4 L \'{dﬂmtz

\Rdm Sitie

(@ 50 mm, h= 2.5 m)

FARO fumace

e - T videocam

- -
tcw—- %\D
V420 [, rotection valve S01

Depressuriser <=
Pressure equalisaton (1) T~
for melt release - r—o—-_ . e
Lateral flap for )
pressure equalisation 1 Dome
during quenching i
)
E Release vessel
§
{
o= 4% z-!i' R o g Bl Melt
:evnm 2390 mnt. 9 e BT e Release valve S05
‘ Instrumantabon nng
COverflow elevabon
1835 mm . Release orifice
Water initial level (@ 50 mm)
1440 mm o

Elevation 0.00 mm o

FAT vessel (@, 1494 mm)
internal cylinder (&, 710 mm)
Annular space

Water

Instrumentation rack

Debnis catcher
(@ 860 mm h=250 mm)

Elevation -260 mm o

Bottom plate
(thickness = 40 mm)

B 3-1 FARO EERIEE (L-27 =B Do

Depressurirer —-—

Pra3asura aguali

tor mell release —.—

Steam venting  =e—-

FHap for

pressure equalisation
anching

duning qu

L o = —
{lor 150 kg)

v —

Elevation {mm)

c.00

|[1\.
-

FARO fumace

Lower slecirode

Ralasszs tube

| S v

i

Waler

-240
-35C

3.1-27 FARD EBIEE

T_\\-"IL
|
u\gm
L| RAefease lube

closing disc (W)

{@ =50 mm, h =25 m}

"'_-:.._-———-—l—'"""wm =ygiem driva

Vidoocam

Prolection vaive S01

Main isolation valvs S02
{& =120 mm)

Dome
Releasa veszel

el
Instrumentation ring
Hinged-fiap for mel: ralease

(Fnozzie = 100 mm)
TERMOS vessel

e 2550 mm

Healing sections

Dabris caichar

{8 = 680 rmm)
Battom plata
{thicknezs = 40 mm}
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HREFT 3 BIF A e "I’iﬁ : ﬁié EWR G)/f\;lz;tﬁtm 5B L?‘:IL@ =
1183 BAFHEHNROGIHIETFMIFES A ET T2 27 MEIT = — FIZo0 T (3 BP0 L a2 J— FOEEEFIZ20T)
BT HEEF 2 BF HEEF 3 5F GEpE: ki)
[ZEDi= &) OF 5 Bl 3 {3 26 Hik] #3.1-6 COTELS (o) EBFFRUER—E
f+#% 3-2 COTELS-FCI £&~ VU » 2 RN
— TR = e - —
Run No. Al Al As A6 A7 A% A9 | A0 | AN am | VNG | SRBRE | BReRK | FERLS i e PP T
b kg K MPa m K
LR (*1) B B B B B B B B B Al 0.55 56.30 3,050 0.20 0.4 0
Ad 0.55 27.00 3,050 0.30 0.4 8 —
56.3 27.0 554 531 249 477 571 55.0 53
ATFILR, kg Ab 0.55 55.40 3.050 0.25 0.4 12 -
T—ILKE, m 04 0.4 0.4 04 1.0 0.4 0.9 0.4 0.8 AB 0,55 53.10 3,050 0.21 0.4 21 —
= A8 0.55 47.70 3.050 0.45 0.4 24 -
KYT7-LE.K 9 . W s " 1 o 4 ve A9 0.55 57.10 3,050 0.21 0.9 0 —
MEE, MPa 0.20 0.30 0.25 0.21 0.18 0.45 0.21 0.47 0.27 A10 0.55 55.00 3.050 0.47 0.4 21 —
SESHAME Steam Steam Stcam | Steam | Steam Steam Steam | Steam Ar e 95 880 S50 a1 &s £ -
N # uvithd Uz : bewt%, Zr : 25wt%, ZrOs: Swit%., 58 : 15wt%diESth
2FE, MPa(*2) 0.03 0.03 ﬁ.m ~0 ~0 0.67(*3) | 0.02 0.14 0.13
E-4E ), MPa 1.34 1.04 0.62 0.88 (*4) 1.83 0.92 385 1.08
A423'9h3Y94, kg s 25 42 6.5 0 0 38 0 4
HEPRE mm 6.7 6.2 75 7.2 8.2 5.2 7.0 0.38 48
*1)= Y 7 LR B: UO:55wit%+ Zr:25% + Zr0,:5%+ 88:15%
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e FER A L)

J

) EF S EFT 2 5iF

{HSEEPT 3 5P

fHEE S

[BEO= &) OF b EIER 3 {143 7 5 Hk]

: Electrical Melting
Furnace
(EMF)
, Test Vessel
N / (LAVA)
PTG
< 800 o
8
=]
'2" PT
=4 <—— Water Level
-
o
¢ Concrete Plate
e
PT
Melt Catcher
() mm
P: Pressure, T: Temperature,
G: Gas sampling line
B2 3-4 COTELS-FCI EhikmE s

Electric Melting

: / Furnace
2 (EME)

N
SR

ey
oL 1
R

Test Vessel

N Y / (LAVA)
4 PT.G
=
=]
..
R Water Level
]
! A Concrete Plate
Melt Catcher
W

()] mm

912

P: Pressure, T: Temperature,
G: Gas sampling line

[ 3. 1-28 COTELS (A) EEERE
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ZNEFHHEEF 2 BIF HFEEF 3 5F GEpE: ki)
#3.1-T EAT LY P EBREH—K
Initial | Initial | Final Fima} Boiling Heat
Container Gererator, | Height at| Feight at| Beight at|Feight at| Flux,
Run| ID,em Bed Material Yewr Center,cm|iP&ll,an | Center,cm|Wall,em | c2l/sec-ob
1 114 590-840 # S8 15 6.4 38 | 51 4.4
2 | 114 | 210-1000 +4Cu 15 76 4.4 5.0 57
3% 114 |50-50 vol.#U0rSS 15 7.6 5.1 6.0 5.0 055
4 162 | 210-1000 + #Cy 15 9.2 6.0 7.6 7.4
5 292 210-1000 + uCy 100 121 32 7.6 5.7 0.79
67| 292 |50-50vol.%UC-SS| 100 89 38 6.4 6.2 1.20
(5] Run 3 Run (=)
42 DBt € 9981 287" 1837
(2~35%) 0.0° 08°®
[2E0D7= )| OF 5 A 3 5 4 5 SHck]
- "29.2am - p———"29.2m
) INDUCTION Sa el
COIL
. UO7SS PARTICLE BED  _|of” IR PRELIELE BB =4
INITIAL BED GEOMETRY
INITIAL BED GEOMETRY
:‘ - - a - = : : : : :
: : - L L ] = ® o - @
> & & 9w ; ~¥ o
FINAL BED GEOMETRY
FINAL BED GEOMETRY [3.1-20 €47 LR LV EBRICH BTy RIS
HH4-10 LA T LY LV EBRITET AT 7 U <y FOB—{kofEE =
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{4 3-5 DEFOR-E EBRIEE "
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3.1-30 DEFOR ABEB 2 AR UBEMIFLF ¥+ v F ¥ —
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gﬁm%

o

F

. EF U

ol AT S IR
: REHEH, REEHO

D& (FE T OHEE)

iR (FRRTHOMEE)
R (EEAY R L)
: fE3kO PWR QAR bEBMLEZAE

) EF S EFT 2 5iF

THEEERT 3 5P

FEEEH

[2E07= 84| OF 5 A 3 6 4 5 550k

f+3% 3-3 DEFOR-E EBi~ LU » 7 &0l

znd the

d porosityin the DEFOR-E tests

3 3.1-8 DEFOR-A EB: DEBZM:

Parameer|poperty M,
1 2 3 1 s & 7

Melt volume, | 35 FiH 35 i5 35 35 s
Meit inizal remp., *C oo 1200 1250 1350 1200 1250 1280
Cinirlang walueme, | 163 163 6T o wn L 151
Coolant initial temp. *C 13 1 Bs 15 k3 £3 7T
Water pool depth. cm 65 65 65 40 40 65 &5
Meazured porosity. X [ T 74 56 50 68 65

IR

DEFOR- E1

DEFOR- E7
[ 3-6 DEFOR-E EBE DT 7 1 gL

Hfr | A1 A2 Ad Ab A6 AT A8 A9

TE iR K | 1,253 | 1,246 | 1,221 | 1,245 | 1,279 | 1,349 | 1,255 | 1,343
T B K 110 | 103 78 102 | 136 | 206 | 112 | 200
Vo FWE mm 10 20 20 10 12 25 25 20
TR 00 7 I\ BT s 38 11 11 38 20 10 10 11
EREA S & m 1.7 1.7 1.7 1.7 1.7 | 162 | 162 | 1.7

A £ TR m | 018 | 018 | 02 | 018 | 0.18 | 02 02 | 0.18
RT— LS m 152 | 1.52 | 15 | 1.52 | 1.52 | 142 | 142 | 1.52
KT — R K 346 | 367 | 346 | 364 | 346 | 356 | 3855 | 355
KF—nH7r—npE| K 27 7 27 9 27 17 18 18

[X 3. 1-31 DEFOR-A8 ¥ + v F ¥ — 1 O —FRiEwEL
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fér3 BEAFHENFOGTHETFMICHES BT F 272 FEET=— FIZ20 T (3 BEOE =2 — FOFEERIZ20T) T : #e3k0 PWR QARXRY6EML EHE
) EF A% EF 2 BiF HEERT3 EIF fREE

100%

90% - + \ +Al
2 80% g @ ' mA2
0
S 70%
s & A4
E 60%
£ ¢ AS
S 50%
2 ] A6
L] L J
. 40%
S 30% +A7
= &
£ 20% - * ®A8

® o
10% -
b © i
0% | N . : ) ) . i ) . .

05 06 0.7 08 09 1 11 12 13 14 15
Water depth, m

9 3. 1-32 DEFOR-A EB R
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Jet
Ligquid -:.'_:

- Particles
e 4,
4% Fragmented %

[ 3. 1-33 DEFOR EB:ZBiT 2 EmEEOE SR

13 ‘ ‘
12 — No agglomeration —
M O—s0—5H
E / y! .’/
£ 10 ofC Ot
jo B
% / # /
5 9 N— Cake
3 8 J —om= M= 5% |
2 > LA M. =10%
g '/ aggl
7 ? = 0s M, =20% |
== Cake
6 T

I
100 150 200 250 300 350 400
Jet diameter (mm)

H3.1-34 20 =—FrEUTHKAE KH ZL3EETE—F~vo 7
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)
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i

after water

Test termination criteria

arrested, or 3) 35 cm ablation

1) Melt temperature falls below
concrete solidus, 2) ablation is

|} Melt temperature falls below
concrete solidus, 2) ablation 15
arrested, or 3) 35 em ablation

1) Melt temperature falls below
conerete solidus, 2) ablation is
arrested, or 3) 35 cm ablation

Timit is reached. limit is reached. limit is reached.
Operational Summary Successful: non-symmetrical Successful: sy ical ablati Successiul: symmetrical ablation
ablation behavior behavior behavior

"SIL denotes siliceous concrete, LCS denotes Limestone/Common Sand conerete.

23.1-10 CCI EBICfERA XN U— b DA

132 2-4 CC1 EBIZER SN2 7 ) — b

Oxide CCl-1 CCI-2 CCI-3
Wit% Wit% Wit%
AlOs 0.77 2.49 3.53
CaO 8.54 25.88 16.79
Fe,0; 0.79 1.39 1.49
MgO 0.60 11.47 0.85
MnO 0.00 0.03 0.04
K,0 0.12 0.55 0.81
SiO, 82.48 21.61 59.91
Na,O 0.00 0.31 0.66
SrO 0.00 0.00 0.04
TiO, 0.051 0.135 0.155
S0, 0.514 0.505 0.434
CO, 0.901 29.71 9.80
H,0, Free 1.808 3.255 2.293
H,0, Bound 1.92 1.11 1.40
Total 98.48 98.47 98.19

Oxide CCL1 Cai-2 CCL3
Wi% Wi% Wi%
ALO; 0.77 2.49 3.53
Ca0O 8.54 25.88 16.79
Fe,0s 0.79 1.39 1.49
MgzO 0.60 11.47 0.85
MnO 0.00 0.03 0.04
K10 0.12 0.55 0.81
Si0, 82.48 21.61 59.91
Na,O 0.00 0.31 0.66
S10 0.00 0.00 0.04
TiO, 0.051 0.135 0.155
SO; 0514 0.503 0.434
CO, 0.901 29.71 9.80
H,O, Free 1.808 3.255 2.293
H,0. Bound 1.92 111 1.40
Total 98.48 98.47 98.19

ZFFHHEEF 2 BIF HFEEF 3 5P R H
[ZEDI-HIEHIEE AR ] #£3.1-9 C1 EBROEEEBRFEM
ff%2-3 CCI1%8 (Thmary V— MRAESR) &K
P — e 3 CCI-1 CCI-2 CCI-3

Corium PWR + & wi% SIL PWR + 8 wi% LCS PWR + 15 wt¥ SIL TeEmian PWR+8% concrete GEH PWR+15% concrete
Concrete type SIL (US-type) LCS SIL (EL-type) -
Bascmat cross-section 50 ¢em x 50 cm 50 cm x 50 cm 50 cm x 30 cm a g Y—hrEAT E%ﬁ% AR %7_{‘ }Eﬁ ﬁ%
Initial melt mass (depth) 400 kg (25 em) 400 kg (25 em) 375 kg (25 cm) " _
Test section sidewall Nonelectrode walls: concrete Nonelectrode walls: concrete Nanelectrode walls: concrete R 400kg A% 375kg
construction Electrode walls: Inert Electrode walls: Inert Electrode walls: Inert =
Lateral/Axial ablation limit | 35/35 cm 3535 cm 3535 ecm EE h xﬁ[E ﬁ E |El E
System pressure Atmospheric Atmospheric Almospheric o 38 [iF 1.950° 1.880 1.950
Melt formation tech. Chenucal reaction (~30 si Chemical reaction (~30 s) Clhemical reaction (~30 3} -F)i%i?’éﬁ&%?mfi ‘ T L T . €
Initial melt temperature 1950 °C | 880 °C 1950 °C ERE - AWIEN g 150kW 120kW 120kW
Meit heating technigue DEH DEH _ DEH _ p—
Power supply operation Constant (@ 150 kW Constant (@ 120k Constant (@ 120 kW Ak hnEAt 5.5 BFR & A [RlZE [Rl%
prior to water addition
Criteria for water addition | 1) 5.5 hours of operation with 1} 5.5 hours of operation with 1) 5.5 hours of operation with U 30em R £

DEH input, or 2) lateral/axial DEH input, or 2) lateralfaxmal DEH input. or 2) lateral/axial N o 4 . o - —

ablation reaches 30 cm ablation reaches 30 cm ablation reaches 30 em HEAk ﬂ\ Tﬂg 2 hters"ﬂ’\ 20C [l (Al 2
Inlet water lowrate'temp. | 2 1ps/20 °C 2 3_:_.'\1"2(‘1 ' 2 lpe/20°C e -1 -
Water depth over melt 50+ 5cm 50+ 5 cm 504 5 cm HER P SR 50cm £ 5em A% R
Power supply operation Constant voltage Constant voltage Constant voltage
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IRF BN, EAIER OEE (BT OMRE)
BT R EAT UIREAEORE (BRHOBER)
B TREE SELHOEE (EFEaEERL)
e , MDD HE WAERE bR T : 30 PWR 0B BN L 1P
11#R3 BEAFHENFOGHETMICHES A ET 7227 MEF T — FIZo0 T (13 w@Eod a2 J— FOFEEFIZo0nT)
BT HEEF 2 BF HHERERT 3 BF tHIREH
#2 3. 1-11 CCI EBD 15-25 ST BT 5 Ak~DEAdH
(BEORDERIEEAEA] Table 3-7. Debris-Water Heat Fluxes for CCI Tests Averaged Over the Time Interval
& 2-5 CC I ZBOMEBESH M/ FHHMORASE L BGimofEl 0 15-25 Minutes after Cavity Flooding.
Heat | Concrete | Crust Note(s)
Lateral Ablati Axial Ablati Lateral "
Test | Concr. Ab,:::: :{::: Ab,,:,:“ H'::t Axial | Data Points Utllized for Tent c?;:m Xl Gas | Concrete
Type Rate Flux Rate Flux Heat Ablation Rate Estimates e | (W) c‘““’“" Content
(em/mr) | (KW/mY) | (em/mr) | (KWim) ;:‘:i: (Wese) | (weaq)
N Lateral: (19.1 cm, 51 min) ar: Assumed heat transfer surface area: 025 w’
N: 39,1 395 (29.2 cm, 66 min) CCL1 250 46 223 | (PTE indicates that water did not penetrate
CCl-1 SIL 26.1 265 =t S Lateral: (7.6 cm, 54 min) Us) sidewall crusts to cool the top surface of the
(Us) (5.1 em, 35 min) conum wteractmg with the sdewalls)
S: 84 86 Axial: :':F(: :$ g; :::; 3 § safuce heat Sor area- 050 m
Lateral: (19.1 cm, 148 min) &IEM:J: uw““w“.’;}; "&ﬁ::‘“
CCl2 | LCS 4.0 58 4.0 59 1.0 {29.2 cm, 302 min) Cx2| Ics 650 341 @4 | e eative meltupper sucface ;
Axial: (15.2 em, 107 min) ingress at the interface between the cormm
(24.1 cm, 240 min) mdcmﬂtmﬂsnmmmdw
Lateral: (19.1 ¢m, 47 min) coolng. but this effect has not been separated
ccl3 | siL 100 97 25 25 40 (29.2 em, 107 min) from the overall heat flux estimate
(EU) Axial: (2.5 em, 117 min) CCL3 | SIL 500 135 478 See Note for Test CCI-1.
(5.1 cm, 178 min) (EU)
"Heat flux ratio not evaluated for this test due to large asymmetry in lateral cavity erosion.
o
\Q\\ E ._:““:h L ENEINGMACE B om
) wome -
~ J R
\\ 5 :»,_\‘__“ o M HELALATON
\\\ \\/ e - x‘-»,,{ FLATE (1 T
I - s Wik
e P 2 : i B e _
N DR o - o i BN R GRS : ha £ : i : —— CORRETE SIS
< BE R PP 1 x| o Sy
PRI y B ‘a .;4 MR :‘ 5 M‘Ir I . | 4._..-__ i ""st .f
T Eav oY v : s (I 3. = TP PRI G
[ & 'l“’ ] ] 514 : il GNP P :: y
W+ = R ol ) IS R
: T T ——ne T [ e ss
fE2-13 CC 1 EBOT A hpha [ 3. 1-35 CCI EBRIEE
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BEthstoiEg)
RO T X LR et

Hig ( FOFEE)
F:a B (EEAEERL)
Tk : fEkD PWR ORI LBMLIENE

R
F

) EF S EFT 2 5iF

Average melt temperature ('C)

2000
=@~ Test CCI1 {SIL. Concrute)

1900 ~8- Tesl CCI-2 (LCS Concrete)

= CCH1 Water Addition =i Test CCi-3 (SIL Concrata)
1800 4

j— CCI-3 Water Addition
17001 4 #— CCH3 Power Off fe— CCI2 Water Addtion
1600 1
1500 A
1400 |
1300 4
CCI-2 Power Off —+

1200 N e NS S T e —T

[BE£0 7= »RRIEE AR ]
3500 o CCI1 Power O —8—Test CCH-1 (SIL Concreta)
Crust Broach ~8- Test CCI-2 (LCS Concrets)
3000 A ~a—Test CCH-3 (SIL Concrete)
2500 4
E
E 2000 4
x CCi-2 P Off
- e,
= 1500 4
g CCI-3 Crust Braach
1000 1
500 4

T T T

10 20 30

40
Elapsed time from cavity flooding (minutes)

50 70

HE2-15 CC 1 EBRIcHIT 577 ) —KEoRE 12

0 25 50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425

Elapsed time (minutes)

HE2-16 CC 1 EBizH T 2EMp iR E

THEEERT 3 5P FHE B
3500
CCl-1 Powor OF == Text CCI-1 (SIL Cancrets)
D m=Test CC-2 {LCS Concrate)
3000 st Tst CCI-3 (SIL Concrete)
2300 4
&
= 2000 -
T 3 CCL2 Power OF
% at 122 Minutes
= 1500
g‘ w— CCI2 Crust Beeach
1000 | |
e CCI-3 Power O
500

20

50

40

0 0 70
Elapsed time fram cavity flooding (minutes)
3.1-37 CCI EBRITHIT 27k —ERIA LR OB
2000
8~ Tusl CCi1 (84 Consrete)
1900 - - Test CC2 (LCS Concretm)
\ be— COht Weter Adittion —a Tosl CCL3 [8IL Concrate)
O A\ W
— 18001 | .
g '.‘ M b OO Wt Asdiion
1700 - ~al d . H o
E \1‘“ m.._:‘_ Ery —— :-— C02 Wates ASSN
1600 § n i e i -
=
1 1 \
5 o I- cc-—*nmm\ \
B 14001
& 3
1300 4
CCL2 Powar OF
1m T L] L) L) L] L]

0 25 S0 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425
Elapsed tme (mmnutes)
(9 3. 1-38 CCI EBrDIERS FHIRET L
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