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fTo7- TROI RV H B0, ZDOFEERD [TROI-4), [TROI-5], [TROI-15] X, ¥
A=y b (Zr0) IZXZbDT, AU H—72 L THBEINIKARIBER &5
ELTNB>E,
ks, LATFIC, S L1E6 ORICKIT 2R EZOFIRR L 2IRMAT 5,

4 AMEIEHE, ISR, 3L —LEa—, $35%, %9 5(2015). p.13.
¥, T DOCHERORME L MR A, AERO 70~T1 HIZHHEE UTHRAT 5,

5 I.K.Park, Y. J.Chang, Y.S.Shin, C.H.Kim, B.T.Min, S.W Hong, dJ.H. SongandH.
D. Kim, Steam Explosion Experiments in the "Test for Real ¢Orium Interaction with water
(TROD)" Program, Transactions, SMiRT 16 . Paper # 1925 (2001).

6 J.H.Song et al., Insights from the Recent Steam Exploson Experiments in TROI, Journal of

NUCLEAR SCIENCE and TECNOLOGY, Vol.40, No.10(2003), p.784.
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TROI test nmumber

Table 2. Initial Condition and Resulis for TROI-ZrO; Tests(SS=Steam Spike, SE=Steam Explosion)

mmber Unit 1 2 3 4 5
Melt Composition UO, / ZrO, /Zr [w/o] | 0/99/1 0/99/1 0/99/1 0/99/1 0/98/2
Temperature K] >3327 - 3200 3200 3900
Charged mass [ke} 8.01 84 7.8 72 6.4
Initiator mass kel 0.1 0.1 0.1 0.1 0.1
Released mass ke] 5 5.5 4.88 4.2 29
Initial jet diameter [m] 0.037 0.052 0.060 0.028 0.038
Free fall in gas Im] (|25 |25 2.5 2.5 2.5
Test ‘Water mass [ke] 283 283 283 283 283
Section | Height [m] 067 0.67 0.67 0.67 0.67
Cross section [mxm]j | 0.65x0.65 | 0.65x0.65 | 0.65%0.65 | 0.65x0.65 0.65x0.65
Initial temperature [K] 365 365 323 292 337
Subcooling K] 5 8 50 81 136
Pressure | Initial pressure(air) [MPa] | 0.1 0.1 0.1 0.1 0.1
Vessel Free volume [m3] 8.032 8.032 8.032 8.032 8.032
Results | Maximum PV pressurization [MPz] | 0.02 0.008 0.01 0.03 0.035
Maximum PV heat-up K] 15 20 25 37 40
Maximurm water heat-up [K] 4 10 10 - -
Steamn explosion SS NO NO SE SE
Dynamic pressure peak [MPa] | 1 - - 2.1(3peaks) | 0.9(2peaks)
Debris Total amount kel 22 5.5 4.88 4256 3.02
Crust(>>50mm) kgl 0.98 2.54 2.56 1.36 0.62
Crust(10-20mm) kel - - - 0.76 0.58
Particle(10-20mm) [ke} 02 2 1.12 0.18 0.04
Particle-dominated(2-5Smm) [ke] 0.67 0.67 0.77 1.116 0.74
Particle(2-710 m) Tkel 0.15 0.25 035 0.54 0.54
Fine particle(<710 m) kgl | 004 0.04 0.08 026 |05
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%2 FRALORBOMEBRHE LHER
(SS=7KERR/M 7, SE=RETEH)

Table 2. Initial Condition and Resulis for TROI-ZsO, Tests(SS=Steam Spike, SE=Steam E xplosion)

TRO test mumber Unit |1 |2 3 [4 5 %ﬂmz
Melt | Composition UO,/ ZiOy/Zr | [wlo] | 099N ’0/99/1 991 iomn 0982 .
Temperaure K >332 |- 3200|3200 3900
= Charged mass b (801 (84 |78 |72 64 U0,/ 210,/ 1
k@r‘ﬂ% Initiator mass b |0l 0.1 0.1 0l 0.
Released mass bg |5 |55 488 |42 29 [
Initialjet diameter m |0037 [0052 |0060 |0028 0038 |
Free fll in gas m] |25 25 25 25 25 |
Tet | Watarmass kel (283 283 23 283 263 |
Section | Height m (067 |o067 067 {067 067
Cross section [man] | 065x065 | 0.65:0.65 | 0.65x0.65 | 0.65%0.65 | 0.65%0.65
Initial temperature K] |35 365 323 292 337
Subeooling K |5 8 50 81 3
Pressure | Initial pressureair) [MPa] | 0.1 [0l 01 0.1 0l
Vessel | Free volume [m3] | 8032 Is.oaz 8032|8032 BO32
Results | Maximum PV pressurization | [MPa) [ 002 0008 | 001 003 0035
Maximum PV heat-up K 15 {20 25 7 40
+ Maximum water heat- K |4 10 10 - =
BR Steam explosion ® | s8 N  [No [E E
Dynamic pressure peck MPa] | 1 - - | Z1(3peak) | 0O2peaks)
Debris | Total amotmt el [22 |55 488 4256 X
Crst(>S0mm) Py (098 254|256 136 062
Crst(10-20mm) be |- . - 0.76 058
Particle(10-20mm) kg |02 2 112|018 004
Patticle-dominated(2-5Smm) | g] | 067 [ 067 o 1116 0.74
Particle(2-710 m) kel | 015 025 035 054 054
Fine particly(<710 _m) el |004 [004 0.08 026 0.5
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Table 1 Results of steam explosion experiment PIES e % 1 7}(:;.1: fh*’%% % f%% 0) ﬁ% %

TROI test number 13 14 15
Melt & ;}:%;‘ Eﬂtl:%
luitial charge composition UO» Zr03, 21 (w®e) 693061 69301 0991 A
Temperature” (K) 2600 000 3750 ‘\ 2
('lmrl;eedmass(kg) 137 137 035 *}]gﬁ%ﬁﬁKUOZ/ZTOZ/Zr(Wt%)
Tuitiator mass (kg) 01 0.1 0.1
Released mass (kg) 1735 6.545 2260
Plug puncher diameter (¢cm) 8065  R065 8065
Free fall in gas (m) 38 8 I8
Test section
Wiater mass (kg) 189 189 189
Innal Heaght (cmi 67 67 67
Diameter (¢m) 60 60 o0
huital remperatie Sub-cooling (K) 20181 23588 20083
Pressure vessel
Tunal pressure(a) (MPa) 0.108 0.103 0.104
hutial temperature (K) 9 248 94
Free vohune () 8032 8032 8032
Resulls < %/.j: %
Moxunum PV pressunzation (MPa) 0016 0013 0007 {]{/m|
Masimom PV heat-up (K) n 30 §
Maxumum water ieat-up (K) 2 12 41
Steam explosion Yes Yes Yes 1\ [ r
Dynanue pressine peak duation (MPa) 7010 0805 1L50.25 7]‘( ;*1‘( :_.(:hi% %
hupulse (KN) BOA50 AMIZ0 250:100 e
Debis
Total (ke) 7738 6,543 2.280
=6 33 (kg) 1620 0290 0465
4.75-6 3% i (kg) 0.248 0458 0135
201 75 mm (ke) 2675 1325 0.273
1 0=2 Omm (kg) 1228 1145 0330
0.71-1.0 mm {kg) 0.540 0.475 0.120
0425-0.71 m (kz) 0965 0.630 0.245
<0425 muu (kg) 1463 1.025 0.710
H: wns
Before.after the interaction (ppm) 188:165 031200 473
Hydrogen generation (g) - 0.73 —

Remark 1: See discussions wn Sec. 1118 for the measwement uncertaintics,

UEDF =470, BREMEMENS X I, RENHEZSATORIE, Ve

=0 ADEMRSOERBMERL, KAKBEERITEEZONDH5DTH- T, KER
BRERIIBARBFZOLFIZETAHETHY ., FMENIEZSINNVTEREERH S &
THORERTHD Lk, HA309 - 2~6H),
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3 HEE®EMEE (25) - 30HDERIZONT
(1) EEOEER

PEEZ, TRE O OEMT IR FFEADHEMIT 1 ~ 3WPa RED LRITIEE
T FEDDORFETARTIFIEN O LAN, KEARBEREZREZTLOR2BD L
IEZEN] EFRLTVWD (BEEREEERT (25) - 30EDSTEUT),

(2) FELDRH (0.65MPa D 4. 6 fHITHHY TS 3MPa b DES/SIVAR, HlEEEE
SRR ELE BEH A2 & O E S BB EIOMEIZIS R T 2113+ e
BESHTHDHEEZONDTZ L)

L L, ELEEHEEE (FAL1 - 16 7H) Tk, RICREK2.1.4—4 D
3A15HMDI12:00BE D [KAKRKEFEE] 2L D 0.65MPa DENFZRDES L
FHix, JENAASA 7)) LLTWAH LD THHD, mERBEHINLTHDH X DT,
Z O, [JRFFESEZBRDEIIC S HEHIR & 28 LVREREAE LT LH#EES T
%5 (ASEHRBEE - 16 8HD e OHA) &HV ., ENLAENT S HVVEHEES
MepoleZ &E2REELTND,

A1, 0. 65MPa @ 4. 6 fFIZFHYS T 5 3MPa b DIES) UV AT, FlHEEE @<
FRELE @ & DENBREMOMEITH 0 2R T DT+ RERENTH S
tEZ2HNS (FA309 - 7THD3),

Lovh, BEROZZRLT, JtH AR I FEBRREEE O LR TR Th o7z
HEASCHR S, Z0FE T, 38 14D 2 382 54HIC, ENARRERIZLY
KRERZANEBE L) EHEENL TS (FA310+-93~94H),
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(1) gEEEOER

WEEL, RRENEBEE BN 2 5BV T KERBRENEZ - T
W ETHRBEREDE 2 F RO IUCE I RE b OFRIT, FEESFHER

EICEASLRVHBOER] THHEERL WD $REEERKER (25) - 3
0 HDH 2 B,

2) REDORM BEE R 2 B TAERBRBORER LI LETFRT S
BHCRITE-»HY, 3A14HND20KF30%, 22R403KT3H15H
1 ZADEF BEIDEF SN RIIKETBRICE DI BDOLEZDLIOBRRETHY
ZFNUANDERTZD L S BRIEFN/SVABRAET D LITEZ# N L)

BEE RO 2 HFIZENT, KRRBRBEZ o TV EW ) TRIT, B
KB DFERTITR,

b, BEEFRO2BFICEWT, KERBROBERH I & ERET
HENIREA. TRROEY, 8o0HD5 (k. HA237 - 4HDI.3EM),
7 Bz, B R A AR CHA\ T LERSEMERRE TH O MILER

20114348 l14H22K5045HICRPV (RFFENAE) TR

IR KR TURRE DS HEAE L, RPV ICEMERR 21 ecnld EOREEHARAE L LHESH

5,1 (p87) &M TRATVD,

MILKIE, ZOHET IRFEOHEENTELVNE I M, 81 0~3 0F#%
WCRTPFERET 2L EICHALNIREIEA D] &b, BITICBEEE2F-T
WHZ LETRLTND,

A ET=, Tt BARRT AR REE EIRAFFRER B S RIOR LT EE (F

A310) ®93~94FIZEBWNT, UTFO@EYFEIR L TWD,

20115¥E3A14H, BEFE—FHR25HD [EHBIROESIN2 030

T IUEE, RBEE AT IRER 2 FEFESOBRBIBIRHEE. HABR TR IE BiR) 78 %7
96% (201 2) . p.s8r1.
3Lk URL 1, https'//www.jstage. jst.go.jp/article/kikaib/78/796/78_2127/ pdf
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G ERTHEOR, ZOTEHI VLA (REFENBRBROEOEHT) ICHETL
TEERDOVN A= AEELERIKEEMT 5T LI RV KRR RESED
EHhEEZLNDl, TORHOFCINZE->T, 1MP a O/ YVARDIENE
itk TV %,

F D%, 2 284 04312i%, BB Bt Y 7 O~ Ly FOSERL L TR.O
KEREMIB L CTE S VT ACET LIk 5, ZOERMREAK &85t LTk
KRR ERESYE], O, 3MP a D/VRROEAEERTER S,

ZL T, 23K2 53 ENFREMICELVRERIDEELL] LHEE
LTWa%,

COWHEOWERIZI2EIEDOFCILICL Db DEBXDDNERTHA I, &
D X D ICENRBOIEEORABIC D/ o T2 L HEE S A TRE D KERIRHO
REEZTREL TSI EBRBOHLND,

v EESEHEHH (FA1-167H) b, 3A14HBD1 9RIE. FEFFENE
BWOMHENBEI o7 LTS (L, HEHMIIEEREE LIRS LT
WB), TOZLIZkY, EANEBEINIRBL, KESBRNFEEL D DET

(0. MPa LA TF) *E TIET LTV B A, TGO mIRERY & AR ORI,
KARBRNBET HEBEERMEZL TS EEZ HRD,

8 FCI ---Fuel Coolant Interaction AR « AWM EMER O = &, BESELEGIC, BRI L HE)
M O@OKIETIIK) &AL A EROEEE L MLERICEIE T, AEIM AR RER L OKRSIER TR
L. B 200E USRS 2 A $ 3 nlgEE 23 fEfi X ¢ 5. Molten Fuel Coolant

Interaction & H 9.

9 L.S. Nelson and PM.Duda. Steam Explosion Experiments with Single Drops of Iron Oxide
Melted with a CO2 Laser Part II. Parammetric Studies, NUREG/CR-2718 SAND82-1105 R3
(1985), pp.21-22. DR 6 Ll (RAMUTICHMNT 2, ) 26, COFERC LD L, ROENH
0.75MPa ML ETIR{Ew b Y M — L~V OBRPHE I KRB 2 L BbP o T 5,
Z Offii % ARIKASERIRC 556448 (P A—L_a¥n) iKhid 2L, 0.7TMPa &725.
kD URL (&, https://www.nrc.gov/does/M1.2012/M1.20126B244 . pdf
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X BZEUERST 1 p. 21

Another pathway of interest involves experiments performed at a reduced trigger
level of ~0.2 MPa: these data are shown in Figure 6 along the lower dotted line.
Although this trigger pulse would not initiate an explosion at local ambient pressure
(see Figure 13 of Part I), it easily produced explosions when the chamber pressure
was increased to 0.20, 0.50, andO. 75 MPa. However, when the ambient pressure was
increased beyond 0.75 MPa, trigger pulses at this level failed to initiate

explosions.

X BRI OBER
RIESOEBIZOWTIL, R U T — 1~V 0. 2 MPa £ T NiF CTITRbiv - E5RD &
5. ZNHDOTF—FiE, K 6 OTORBITHR>TRINWTWD. 0.2 MPa U H—
VAT, EBREET GRIE : BB 61MIZH BT A Y BT NAA\H—FH) ORKJUETILE
FEBZ IRV (= I O 13 Z88]) | ROESD 0.20, 0.50, LT 0.75MPa
T 5 &, HEICERESIEEI L, UL, ROESND 0.75MPa T2 T LA
THE, ZOVLANTO MY I — VAR ERIA T ol GREE  Zofn %
HRAKERIBENRZ B8 (R H—L~bBnr) ([ZHMHETHE 0.TMPa L7220, R
DETIH 0. TMPa LA ETIT B BT bKERTUEBRELFEELRNE V) Z L 2ERT D).
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Figure 6. Plot of Peak Triggering Pulse Pressure Against
Ambient Chamber Pressure for the Interaction of a
Single 2.9 mm Drop of Molten Iron Oxide at 2230 K
Released Into Water. Temperature of the water
wae 298 K for the points at ap ambient pressure
of 0.083 MPa: for all other experiments, it was
296 + 1 K. %, vigorous explosion with fine frag-

mentation. P. sluggish interaction, often with
an explosion approximately 0.1 sec. after the
triggering pulse. . Nno explosion. The water

subcooling is indicated at the top of the diagram.

b, 3H14HMD2083 0408228404, BXUL, 3150015
ZAHDE 3EDEFASNVAL, KERIBHIZLDBDLEZZLDORRYLETHY .,
FNLUSNDER T DL RENSNVANFEATH L ITELE#N (FA309 -
9H),
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