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Ao THERAMDCOURLE
ARRAY

portion of the crust
Heat Flux
Corrected Tor
Varying
Crust
Heat Transfer Thickness
t (min) Rate (W) (MW/m*
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582.4 10900 4+ 3100 | 025+ 0.08
I 589.0 | 8600+ 3200 | 020 + 0.08
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Experimental conditions
Coslum compositios* A A B A A A A A A A A A
Meit max® (kg} L] “ 151 125 157 9 177 ny 175 k) 92 1o
Melt emperature (K) ™3 3023 2823 3123 W3 373 303 M3 WS W70 M0 3070
Melt relemse dinmeser! (mm) 100 i ] (L1 1 LIL 1o o 0 0 S0 S0
Melt fall height in gas m) 183 153 L9 LM 199 L1z L HT3 0EY 078 a7y 077
System pressire (MPa) 5 58 5 5 5 2 0s (13 05 02 02 04
Gas phase SteamdAr  Steam/Ar  SwewmfAr  Sweam/Ar  Stean®  Stea’  Steam®  Stean®  Stean®  Argoa Amgos Argos
Wisler depeh (m) 0x7 100 100 208 L Le7 2m 147 144 148 LAS 160
Water lemperature () 530 536 535 537 538 a0 a5 r5 7] a2 7 = b
Witer subcooling (K) [ 2 2 0 1 (] 0 1 1 o7 104 124
Wiser Muss (kgh 120 253 08 623 3w ) T 536 517 492 481 625

Dietris bed darn’
Hand debris. cake (kg %) 633 1.2 0 0. 16 749 2122 26 MY TR4E W 00 0.0 LY.
Loase debris (kg &) 1267 30,68 6,100 [0S.B4  MOSI AR MLEA TOTT RS2 DO B3 100 89,92
Mean boose debris size (mm) 4.3 is 15 48 i3 a4 28 Na¥ 10 - 34 24

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

A A0 W U0=20 wi % Za0y: B: TT w1 % UDy—1 9w % Zr—d wi % 70

# 0.8 SO 80%U02+20%Zr0s, 0.77 DG OMALIL T7%U02+19%Zr0s+4%Zr,
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BT HEEF 2 BF HEERT 3 BIF fHigER
[BED-H&)DOF 5 Bt 3 15 2 7 biik]
FARO fumace
Release tube
FARO fumace closing disc (W) "
- 15 .}_\\ Lower slecimde
i r— Lower electrod B s Aslaaze ube
el 1 dosing disc (W)
4 1 :\ {detectors 1, 2 -[ & deleciors
::\ Aelease lubs
Release tube i {B =50 mm, h = 2.5 m}
Mirror system drive - - (@50 mm, h=2.5m) e e Miror syctam drive
\ . S = o 1
e ] A = l aocam
s W = Dapretcibns =p— . Pt v S
_ * Prassitii dacutanil
Depressuriser = ;r{&ﬂ‘xf\p'm vaive S01 lo:::e"l'{' release — o ?gii"gag:? vaklea SO02
Pressure equalisation (Ar) q »—-«:\ Steam venting  as— I
for melt release = 1 Main isolation valve 502 Flap for : Dome
iy m pressure equalisation
during quenching l Releasa ves:eal
Lateral flap for i 3 Dome J645 =
pressure equalisation ) for 150 kg) B £ 1=
S inoting - N {lor 150 kg) 1 el
Release vessel 3035_._—3 . Instrumentation ring
Bt Hinged-flap for mel: ralease
. Melt | lElfu-mzn»-e 100 mm)
Release orifice™™ o = Release valve 505
elevation 2330 mm Y _s ; . by TERMOS vessel
e R Ry e Instrumentaton ring i i e {250 e
Overflow elevation .
1835 mm Release orifice lw'“
Water initial level 850 oy e
1440 mm FAT vessel (@,, 1494 mm) ! Heating sectiona
internal cylinder (@,, 710 mm) |
Annular space ¥
Elevation {mm) |
Water
Dabris calchar
3 ) =
Instrumentation rack I::z . gm::oﬂ::?j
:asc —_— N {thickneze = 40 mm)}
Debris catcher
Elevation 0.00 mm o {@ 860 mm h=250 mm)
; Bottom plate
Elevation -260 mm i (thickness = 40 mm) 3.1-27 FARO EBEE
{+E 3-1 FARO EBREERE (L-27 =85 ¢
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[BEDHEOE 5 EEEA 3 %3 2 5 k]
{432 3-2 COTELS-FCI B~ Y v 2l #3.1-6 COTELS (A) EBEHFRUHE—E
Run No, Al Ad AS Ab AT A8 A9 AlOD All
= - Uo®E | mWmER | sRbiRm | FEKED K T r—EE |
WILERE(*1) B B B B B B B B B %8 1D s fod - e i 3 8t 2
ETF)ILE, kg 56.3 270 554 53.1 249 477 57.1 350 53 Al 0.55 56.30 3,050 0.20 0.4 0
Ad 0.55 27.00 3,050 0.30 0.4 8 —
— 04 0.4 0.4 0.4 1.0 0.4 0.9 0.4 0.8
7= KR, m AB 0.55 55.40 3,050 0.25 0.4 12 =
KHTHo—ILE. K 0 8 12 21 0 21 0 21 86 A6 0,55 53.10 3,050 0.21 0.4 21 —
A8 0.55 47.70 3.050 0.45 0.4 24 —
#RE, MPa 0.20 0.30 0.25 0.21 0.18 0.45 0.21 0.47 0.27 =5 S i =55 T £= = =
DESH AHAL Steam Steam Steam Steam Steam Steam Steam | Steam Ar A-10 0.55 55.00 3.050 0.47 0.4 23 =
N.20% ATl 0.55 53.00 3.050 0.27 0.8 86 —
E£E. MPa(*2) 0.03 0.03 0.01 ~0 ~0 0.67(*3) | 0.02 0.14 0.13 ¥ UiThh UOs : Bewi%, Zr: 25wt%, ZrOp: 5wit%, S8 : 1bwt%diEst
E-9EH, MPa 1.34 1.04 0.62 0.88 (*4) 1.83 0.92 385 1.08
1579k, ke 5 25 42 6.5 0 ] 38 0 4
HEPRE mm 6.7 6.2 75 72 8.2 52 7.0 0.38 48
*1)y=2 Y LA B; UOQ.;:55wt% + Zr:25% + Zr0,:5%+ 88:15%
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#3.1-T EAT LY P EBREH—K
Initial | Initial | Final Fimal Boiling Heat
Container Gererator, | Height at| Feight at| Beight at|Feight at| Flux,
Bun| ID,em Bed Meterial bowr Center,cm|iP&ll,an | Center,cm|Wall,em | c2l/sec-ob
1 114 590-840 ¢ SS 15 6.4 38 | 51 4.4
2 114 | 210-1000 +p4Cu 15 76 4.4 5.0 5.7
3% 114 |50-50 vol.#U0rSS 15 7.6 5.1 6.0 5.0 055
4 162 | 210-1000 + #Cy 15 92 6.0 7.6 7.4
5 292 210-1000 + uCy 100 121 32 7.6 5.7 0.79
67| 282 |50-50vol.$UQ-SS| 100 89 38 6.4 6.2 1.20
(=) Run 3% Run (=)
fH# Mot (081) 237" 183°
(2~35%&) 0.0° 08°
[BED =) O 5 B 3 k4 H Sk
- *29.2am ﬁ
r-—--—-———-ZB.Zx:rn
ue) INDUCTION
COIL o) INDUCTION
| UOsSS PARTICLE BED o d COTL
: B S el . UOFSS PARTICLE BED  _ [of”
v
:‘ - - a L ] = > :. - a - L
: . ™ e o : e ® ® 9
e : - : .. " o o 4 p
FINAL BED GEOMETRY
FINAL BED GEOMETRY
fFE4-10 T 7 LRY YV EBRIIBITAT 7Y Ry FOy—{bofaE = B 3.1-29 EA7 LR v FERICEIT ATy Filts
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IR BRAE, EA &R OEE (FREHFHOER)
B RREPTLEIRBNFOWE (TR OMEE)
o ‘, EREFS B AMERE gk T ko PWR DABLRILEMLAINE
1183 BAFHEHNROGIHIETFMIFES A ET T2 27 MEIT = — FIZo0 T (3 BP0 L a2 J— FOEEEFIZ20T)
ZNEFHHEEF 2 BIF HEERT 3 BIF HRFEH
[£E0D 7=l O 5 EFA 3 5k 4 5 SHR]
13 3-3 DEFOR-E EB~ kY » 7 =04 3 3.1-8 DEFOR-A EB D EB S
e iz | A1 | A2 | A4 [ A5 | A6 | A7 | A8 | A9
: 5 - : - : - IR K | 1,253 | 1,246 | 1,221 | 1,245 | 1,279 | 1,349 | 1,255 | 1,343
e o i e e - e — e B s K | 110 | 108 | 78 | 102 | 136 | 208 | 112 | 200
%NET’E.,TE.C 'EE E 'E 'E 'EE 'g E Yo FUMIE | mm | 10 | 20 | 20 | 10 | 12 | 25 | 25 | 20
easured porosity. ¥ s i i 55 50 & & VR O FE AR s 38 11 11 38 | 20 | 10 | 10 11
A E A & m | 17| w7 | 17| 17| 17 | 162 162 ]| 17
K & T B m | 018 | 018 | 02 | 018 | 018 | 02 | 02 | 018
KF— S m | 152 | 152 | 15 | 152 | 152 | 142 | 142 | 152
KT — R K 346 | 367 | 346 | 364 | 346 | 356 | 3855 | 355
KF—nH7r—npE| K 27 7 27 9 27 17 18 18

(RSl frac- i saran)

DEFOR- El

DEFOR- E7
B 3-6 DEFOR-E EBE DT 7 U Hhaglel

[X 3. 1-31 DEFOR-A8 ¥ + v F ¥ — 1 O —FRiEwEL
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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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after water

%)\ BT H%EF 2 BIF BREH 3 B
[BEO-DERIELZ AR ]
ff%2-3 CCI1%8 (Thxars V—rREERH) &HF—HE1 #£3.1-9 OC1 EBOEBEBRE(F
P Specification for Test:
CCl-1 CCI-2 CCl-3
Cotium PWR + § wi% SIL PWR + 8 wi% LCS PWR + 15 wi% SIL CCI-1 CCI-2 CCI-3
Concrete type' SIL (US-type) LCS SIL (EL-type) = p
Basermal cross-section 50 cm x 50 cm 50 cm x 50 cm 50 cm x 50 cm i PWR+8% concrete [R% PWR+15% concrete
Initial melt mass (depth) 400 kg (25 em) 400 kg (25 em) 375 kg (25 cm) o] e ] nrd
Test section sidewall Nonelectrode walls: concrete Nonelectrode walls: concrete Nonelectrode walls: concrete avysy AT HEWR IR R AR
construction Electrode walls: Inert Electrode walls: Inent Electrode walls: Inert . =
Lateral/ Axial ablation limit | 35/35 em 3535 cm 3535¢em fﬁhmmiﬁ 400kg [ﬂ E 37ng
S\-:ﬂeip pmsfiurc Atmospheric _ r\lmo?phcr!c : A i i . EE j] jc"i[E ﬁ E |E] E
Melt formation tech, Chemucal reaction (~30 5) Chemical reaction (~30 5) C'!_)_cnnua! reaction (—30 s} N
Initial melt temperature 1950 °C | 880 °C 1950 °C A A iR e 1,950°C 1.880°C 1,950C
Melt heating technique DEH DEH DEH
Power supply operation Constant (@ 150 kW Constant (@ 120 kW Constant (@ 120 kW [EREL oS 150kW 120kW 120kW
prier to water addition P " o e y = fen
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 AR Mgk 5.5 B 5 % O3
DEH input, or 2) laterzl/axial DEH input, or 2) lateraliaxal DEH input. or 2) lateral/axial
shlation reaches 30 em ablation reaches 30 cm ablation reaches 30 cm Vi3 30em f‘%ﬁ

_.!'I_Ifl':!l. water flownate'temp. | 2 Ipe20°C 2 lps/20°C 2 lps20°C k. ?EJE 2 liters/fl, 20°C B Rz
Water depth over melt 50+ 5¢m 50+ 5 em 5045 em
Power supply operation Constant voliage Constant voltage Constant voltage A fe I &4 50cm + 5em Bk Gk

l'est termunation crilena

1) Meit temperature falls below
concrete solidus, 2) ablation is
arrested, or 3) 35 cm ablation

limit is reached.

|} Melt temperature falls below
concrete solidus, 2) ablation 15
arrested, or 3) 35 cm ablation
limit is reached.

1) Melt temperature falls below
concrete solidus, 2) ablaton s
arrested, or 3) 35 cm ablation
limit is reached.

Operational Summary

Successful: non-symmetrical
ablation behavior

Successful: symmetrical ablation
behavior

Successful: symmetrical ablation
behavior

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

132 2-4 CC1 EBITER S h/za 2 ) — hoeg M

Oxide CCI-1 CCl-2 CCI-3
Wit% Wit% Wt%
Al,O4 0.77 2.49 3.53
CaO 8.54 25.88 16.79
Fe,0s 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
SO 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

23.1-10 CCI EBICfERA XN U— b DA

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
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IRF BN, EAIER OEE (BT OMRE)
FF RS IREEAFEOHER (ERF#HOMEE)
FF R, SEEHOME (EEHAERRL)
, _ RT3 BIF WAL R T : #3%0 PWR OABSCH BB LENE
1R 3 BEAFHENFOTIETMICMFS BT 72 27 M= — FIZ20 T (FAH 3 BP0 L a2 J— F O EEFIZ o0 T)
BT HEEF 2 BF HHERERT 3 BF Fiih saikc)
[BE O HBRIAL A2 ] 3 3. 1-11 CCI EB D 15-25 HT BT B A~DBKE
ff%2-5 CC I RROMETTR/ KRS MOREHE L RFROBEM Table 3-7. Debris-Water Heat Fluxes for CCI Tests Averaged Over the Time Interval
Lateral Ablation Axial Ablation Lateral 15-25 Minutes after Cavity Flooding,
Test | Coner. ~Axial Data Points Utilized for Heat | Concrete | Crust Note(s)
Type MI'::::,D“ :{-r:: M:::Lo“ :e:: Heat Ablation Rate Estimates Test | Comerete | Frux Gas Caiiiete
(em/hr) | (kW/m®) | (em/hr) | (KW/m’) ;;':;, Type | eWim') | Content | copnien
N Lateral: (19.1 cm, 51 min) i (W)
N: 39.1 395 (29.2 cm, 66 min) Assumed heat transfer surface area 0.25 mz
CCl-1 SIL 26.1 265 - S Lateral: (7.6 cm, 54 ml_nl CCL1 SIL 250 16 23 ('P'ﬂ-:mm: that water did not penstrate
(us) (5.1 em, 35 min) (Us) sidewall crusts to cool the top surface of the
S:84 86 Axial: (7.6 ¢cm, 53 min) s ;
(1.3 em, 39 min) conuam iteractmg with the sdewalls)
Lateral: (19.1 cm, 148 min) Assumed surface heat transfer area: 050 m’
CcCl-2 | LCS 4.0 58 4.0 59 1.0 (29.2 cm, 302 min) (PTE mdicates that water was able to contact
Axial: (15.2 em, 107 min) the entwe melt upper surface area). Water
(24.1 cm, 240 min) oCl2| 1CS 650 41 @4 mgress at the mterface between the connm
Lateral: (19.1 ¢m, 47 min) and concrete walls also contnibuted to
CCl-3 | SIL 10.0 97 25 25 4.0 (29.2 em, 107 min) cooling but this effect has not been separated
(EU) Axial: (2.5 ¢cm, 117 min) from the overall heat flux estunate
(5.1 cm, 178 min)
“Heat flux ratio not evaluated for this test due to large asymmetry in lateral cavity erosion. CCr3 {%{:’ 300 135 473 See Note for Test CCL-L
4 i
[~ [~ gy
\H‘“ ay MoCRE ,__H" %) i ENSTNGMACE 6 om
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\ I~ “.‘-x,__:
\\_ s -~
3 =1 o5 s N
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s B B T Fensisarmame . e i
R e SR S - e
Asuyarunm o : a 3 SR o
~ 5 swl! ¢ e Ly
S | T e T Y S
BEs AR L A e,
: i B : ) _ THEmOEL
2 | oy 7 & £ s (
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[ 3. 1-35 CCI EBRIEE
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(EHM AR L)
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fHEE S

11#R3 BEAFHENFOGHETMICHES A ET 7227 MEF T — FIZo0 T (13 w@Eod a2 J— FOFEEFIZo0nT)
)R+ /1%ErT 2 BiF
[BEOLDEREEAR ]
3500
g CC1-1 Powwer ONF —8~Test CCI-1 (SIL Concrata)
Groied Bremch 8- Test CC1-2 (LCS Concrete)
3000 - —a— Test CCI-3 (SIL Concrete)
_ 2500 4
E
= 2000 1
‘;_:g; E‘.IC.II-ZZZFMFM
= 1500 A
[}
e CCI-3 Crust Breach
1000 4
500 -
0 - - v
-10 0 10 20 30 40 50 60 70
Elapsed time from cavity flooding (minutes)
R 2-15 CC I EBIzBIT 577 ) —KEOH 12
2000
=&=Tes1 CCl-1 (SIL Concrola)
1900 | ~8- Test CCI-2 (LCS Concrate)
_ fe— CCI-1 Water Addition —a—Test CCL-3 (SIL Concrata)
o 3
— 1800 4
;
2 ja— CCI-3 Water Addition
§_ 1700 1 i b— CCI3 Power Off fe— €2 Water Addtion
§ 1600
]
£ 1500 4 i
@ a— CCI-1 Power Off
§ 1400 -
e
1300
CCI-2 Power Off —+
1200 T T T T T T T T T T T T T T T
0 25 50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425
Elapsed time (minutes)
3 2-16 CC 1 £BizB1) A ERYFHRE 1

2500 4

2000 4

Heat flux (kW/im?)

CCI-1 Power OF

w@=Tazt CCI-1 (SIL Concrate)
Cust Bread

=Tzt CCI-2 (LS Concrete)
wegpe= Tzt CCI-3 (SIL Concreta)

CCL2 Power OF
at 122 Minutes

w— CCI2 Crust Beeach

— CCI3 Power O

Elapsed time fram cavity flooding (minutes)
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