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Periphery Systems Molten Pool

Thermite Mass Gauges Material Sampling and
Thermocouples

Movie and TV Cameras
Infrared Pyrometer

Exhaust Gas
Thermocouples
Pressure Transducers
Mass Spectroscope

. A Stainless Steel Fiber Filter

h‘\ \ :‘;"7" (Optional)

3 X/
) Jh:o=—=

Input Power " N ———

\ Multiple Aerosol Filter Probes

Water Control and
Measurement System
for Crucibles with

Concrete Crucible

1_‘” Thermocouples
\r.r-lé (Meit Front Propagation)

Thermocouples
(ANL Type for Pool Temperature)

Water Filled Annulus

T
< B

Water Jacket
(1) Melt (4) Hood and Offgas System
(2) Concrete Crucible  (5) Thermite Reaction Tank
(3) Induction Coil (6) Tank for Measurement Probes

#+52 1-8 BETA EBiLmE R

MCCI-190



HFEERT 3 54 AoIEEHE ik
18R 3 BEAFHFHE OB IETFMITMES > EF7 72 &7 MEHr = — FICo0 T @53 B0 L 22 V— POWEEFHIZo0T)

Frll, E L i oo fik
i

(B¥Et 7t O E)
nt

)R FH3 W 2 5 iF

HEWAT 3 547

FHEEH

178 1-2 BETA EB~ +V v & 2

G i i Planned
BETA Initial Melt, Fission Product Mock-ups B . g
Test ~2200K and Additives ’k“mg Main Objectives
ower
V 5.1 |300 kg Fe+Cr+Ni PWR: Zr chemistry,
BOkgZry-4 none 400 kW | consequences on
50 kg Aly04 erosion and aerosol
+8i0y + CaO release
V 5.2 JasVb5.1 1 kg Mo, 0.5 kg ZrTey, BWR with B4C
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Test Number
Paramerer -

1 2 3 4 L] 6 7
Meh composition 612568 | 612568 | 12568 | 4820023 | se23Tn4 | se23614 | s42664
(w1 % U, ZrO: Crconcrete) = - - e = = -
Concrete type Lcs SIL LCS LCs 1Cs SIL LCS
Melt mass (kg) 75 75 | 75 &0 &8 68 80
Melt diaseter | depth (em) 30/ 15 /s | 30/15 30/18% 30/ 15 30 /1% 3018
Basemat type Insert Tnert | Inert Inen Tt Inert Inert
Initial melt temperature (°C) 2300 2100 2100 2100 2100 1950 -2100
Initial vessel and = 20 20 100 100 100 100 100
coolant temperature (°C)
System pressure (bar) | 1 | 4 4 4 | 4
Water injection penod (sec) 665 760 [ 183 195 62 215 194

1 :

Water ingection flowrate (lpm) 4 4 12 13 6 14 13
Water igected (liters) 33 39 34 40 61 47 40
Condensate collecied 247 16.1 280 219 227 2176 34
over course of test ( kg )
Test duration (hours) 22 1.2 18 24 26 39 14
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Dryout heat flux ( kW/m? )

500
Mods! Quench data
I -+ LCS, 4 bat 4 LCS, 4bar
p Les, 1bat LCS, 1 bar
SiL, 1 bar SiL, 1bar
20 ||
R
| I [cs
I siL
0 T v v r
0 5 10 15 20 25 30

Concrete content { % )

f1#2-3 CC I ¥R (TWxar 7 Y — MREER)

{3 2-12 SSWICS HEE7 —# L Lister/Epstein EF /A0 FF A 7 7 b B o kg 1

Zeftk— ﬁ:lz]

Specification for Test:

CCl-1 CCI-2 CCl-3
Corium PWR + & wih SIL PWR + 8 wi% LCS PWR + 15 wi?s SIL
Concrete type” SIL (US-type) LCS SIL (EU-type)
Basemat cross-section 50 cm x 30 cm 50 cm x 50 cm St em x 50 cm
Initial melt mass (depth) 400 kg (25 em) 400 kg (25 cm) 375 kg (25 cm)

Test section sidewall
construction

Nonelzctrode walls: conerete
Electrode walls: Inert

Nonelectrode walls: concrete
Electrode walls: Inert

Nonelectrode walls; concrete
Electrode walls: Inert

Lateral/Axial ablation limit | 35/35 em 1535 cm 3535 em

System pressure Atmospheric Atmospheric Atmaospheric

Melt formation tech, Chemical reaction (~30 s} Chemical seaction (-30 =) Chemical reactivn (~30 3)
Initial melt temperature 1950 °C 1880 °C 1950 °C

Melt heating technique DEH EH DEH

Power supply operation
prior to water addition

Constant @ 150 kW

Constant (@ 120 kW

Constant (@ 120 kW

Criteria for water addition

1) 5.5 hours of operation with
DEH mput. or 2) lateral/mcial
ablation reaches 30 cm

1} 5.5 hours of operation with
DEH mput. or 2) latesaliaxial
ablation reaches 30 cm

1) 5.5 hours of operation with
DEH input. or 2) lateral’axial
ablation reaches 30 cm

_I'E_I-'l water flowrate temp. 2 lps20 *C 2 lpe20°C 2 lps/20°C
Water depth over melt 50+ 5¢cm 50+ 5 cm 50+ 5 cm

Power supply operation
after water additi

Constant voltage

Constant voliage

Constant voltage

|'est termination cnlena

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

|') Melt temperature fills below
concrete solidus, 2) atlation is
arrested, or 3) 35 cm eblation
limit is reached

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

Operational Summary

Successful: non-symmetrical
sblation behavior

Suecessful: symmetrical ablation
behavior

Successiul: symmetrical ablation
behavior

"SIL denotes siliceous concrete, LCS denotes Limestone/Common Sand conerete.
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% 2-4 CC1 RBRICEMASh=a 7 U — boMR 1
Oxide CClI-1 CCI-2 CCl1-3
Wit% Wit% Wit%
Al O, 0.77 249 3.53
CaO 8.54 25.88 16.79
Fe,04 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
510, 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
3 2-5 CC 1 EBROMEES |,/ FiF 0@ &R L MR o ER
Lateral Ablation Axial Ablation Lateral
Test | Coner. | 4 piodion Heat Ablation Heat -Axial Data Points Utilized for
Type Rate Flux Rate Flux I:'“' Ablation Rate Esti
em/hr) | (kWm') | (cwhr) | (kWim?) | Flux
Ratio
N Lateral: (19.1 cm, 51 min)
N: 39.1 395 (29.2 em, 66 min)
CClI-1 SIL 26.1 265 - S Lateral: (7.6 cm, 54 min)
(US) (5.1 em, 35 min)
S: 84 86 Axial: (7.6 cm, 53 min)
(1.3 ¢m, 39 min)
Lateral: (19.1 cm, 148 min)
CcCl-2 LCS 4.0 58 4.0 59 1.0 (29.2 cm, 302 min)
Axial: (15.2 cm, 107 min)
(24.1 cm, 240 min)
Lateral: (19.1 ¢m, 47 min)
CCI-3 SIL 10.0 97 2.5 25 4.0 (29.2 cm, 107 min)
(ELI) Axial: (2.5 cm, 117 min)
(5.1 cm, 178 min)
"Heat flux ratio not evaluated for this test due to large asymmetry in lateral cavity erosion.
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3500 .
O CCI-1 Power O =8~ Test CCI-1 (SIL Concrate)
Gl Brwch —8-Test CCI-2 (LCS Conerete)
3000 —a—Test CCH3 (SIL Concrete)
2500 +
E
= 2000 1
= CC-2 Power Off
x B122 Minutee T
= 1500 -
]
= CCH Crust Breach
1000 A
500
0 T v T
-10 0 10 20 30 40 50 60 70
Elapsed time from cavity flooding (minutes)
ffE2-15 CC I ERICB T 577 Y —KEO#FHE 1
2000
=8 Tesl CEH-1 (SIL Concreta)
1900 1 —8- Test CCi-2 (LCS Concrete)
i‘— CCH1 Water Addition —i— Test CCL-3 (SIL Concrete)

#— CCI-3 Water Addition

— CCLI Power Off js— CCI-2 Water Addition

i

‘a— CCI-1 Pawer Off

1400 A

Average melt temperature ('C)

1300 4
CCl-2 Powor Off —f

1200 P Y
0 25 50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425

Elapsed time (minutes)

8 2-16 C C 1 #8515 ISR TE e & 1
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465 3 ERRADO AR F RO RLT LR & MR €70

B AR RIZ ST L BE o FERSIC o0 T, EICEREL L HEHOEEER (FC
1) 225 DIcfTbhTal, 22T, UTOERICONWTOHRER~S,

(1) FARO B (A # U7 JRC-ISPRA)
(2) COTELS-FCI 3B (H A NUPEC)
(3) DEFOR E8 (A D =—F > KTH)

F, MAAPa—FTH, BRFLHEEFFEABERTHEY LT AKSET 2885087k
BEEFMLTE Y, Ricou-Spalding ML Saito HEMABAVEA TS, ZZTikZh
EOMEROTIZ o e ERIC oW T LIAT 5,

(1) FARO Bk (% )7 JRC-ISPRA) f04l
FICBEFEEAEBRTERDDIELNE TEHT L ADKT =TT LI5S 0k ES RS 5
EOTFREMARALSZ LA AL LEERT, YOIWMETOERLMHSL LTE, RICEET
OEERD 3y —AE S, WEEBREBROMMIL, FARO 50IF L EBE S TERMOS (REE:
T10mm, &7 : 1.6n") THd (FH3-1E8). EEEBEETIIFAT & WRThd ERESZOPRIC
TERMOS & R—MEO M ERF B, RARSRES N, ERFTRERE o8 EER L IEEE
BLEERT, FAROSZOIFCAERENEER Y TAR—E) ) -2y oL, FOEBCH
57 7w 7RI EMBL TEMYEZ KT —VICETEES, MEERTIEY) ) — A<y A 2ER
P TEEAETATDICMETMETH S, 1TL AL OERIEEH2Y 7 A (80wthU0+
20wthZr0,) THEMESF, TA FLILOAZBER Ir 25 Te= ) 7 A (TTwthU0;+ 19wthZr0,+ 4wthZr)
BHVShE, £, 2 0EBRIIRE - BFOKSGETEE S, EFEIEE - 77— kS
HTHL3r—AERMENTETNA, ERER/ T A—H, TIHIED (0.2~6WPa), =V T LE
& (18~177kg), KiE (BTem~2.06m), W77 —/E (Bafn~124K), =V LMK (1 5r—2A024
&R Ir 4. 1wthiBN) ThHD (fi#3-1 2R)

EEPOOERHREBLTOLEN THA,

- RE - Ak R, BE - 77— EBROMhICEN TH AR IIREAEL Thied o,

s DTHhOERCEBVWTE, 2 vao—#aRrHbL, —8i s r—FRE LTI ERIC
R L7, kiR E LA BEHOMERR LY, —Hoa ) v AV =y MBRTT—1
Emic@EL-LfEEShTVWS (HR3-288),

o BEFEBIEIE, ZEALOEBRTY—AKECERL, BEATKEROKELnEBETET 2
U AOFE0%PRTFE Lz, 2l YAICDPROER Ir (4. vth) ZFENLEZBELEED
B 7 — AR OEBRTIE 100%IE < ARFE L (RER3-328H8).

[ T4 3. IzRei)

3.1 () (e
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183 BAFHBHEOEETMITES S ET 72 7 M= — FIZon T (3 B L S =2 V— NOBEFFIZ20T)

)R FH3 W 2 & iF HEWAT 3 547 FHEEH

o RITFOE R RERIIHBIR XL, 3. 2~4. 3m OFMETH Y, ERAT A—F (TMEH, K
E, o OLAETHE, 77 —AE) [TkELTUEL,

#13% 3-1 FARO EB=F ) w7 =l

FARD LWR et series—annin experimental conditions and debris dain

Test L6 L L1 L L9 LM LM LY LM LM L3} L33

Experimental condstions
Corlum compasitice® A A B A A A A A A A A A
Mielt mass® (kg) 18 “ 151 125 157 9% 17 17 175 kL 2 10
Melt temnperature (K) W 003 023 ETpL] Wiz M7 A M3 152 70 2000 3070
Melt mlease dinmeser! (mm) 100 1 (1] (L) 1m (L] 0y L] 50 50 S0 L1}
Miedn fafl beight in gas (mi 153 153 108 1 199 LIz L7 073 g nre [l nrr
Systcm preassre (MPay 5 58 3 3 5 2 os os os 02 L ] 04
Gas phase Sweam/Ar  SeeamiAr  SweomfAr  SieandAr  Steam®  Steam®  Steam®  Stean”  Stean®  Argon Argosn Asgon
Wister depth (m) 0E7 00 m 205 L10 197 m 14T L4 148 1As 1.60
Water lemperature (K) 539 536 535 537 536 A 425 a4 2 7 201 243
Weater suheooling (K) 0 [+ 2 U] ! 1] ] ! ! L i 14
Water Muss (kgh 20 285 608 623 330 G ki) 336 517 492 481 625

Dietsris bed dura’
Hand debeis, cake (kg %) 6.3 412 na 016 T4 . I KW TTHE W00 00 BE
Louse debeis (kg &) 12 67 X068 46,100 105 B4 BLSI 7T KLY T M52 00 EL 10D B9.92
Mean loose debris size (mm) 4.5 18 is 45 7 44 286 Nt EL] - 34 s

A S0 WL D020 wi % 105, B: 7T wi % U0y—19wi % Zr0d wih 71

MCCI-223



W BN, EAULEE OMEE (BRE A OMRE)
B R AR VIRRAEOEE GERT o HE)
HRETIEE HOMITHE Heik i« WiEH, REAfomE (ERSEREL)
BA T EHNFOT LTI S EF 72 7 M2 — FIZob T (53 B0t =2 V= FOFEfEFIZo0T)
#ZIRF RGP 2 545 AREAT 3 BIF HhEER
Release tube
T TR

Pressure equalisation (Ar) s

for melt release -—-H-,.I el incialion vaiie 806
Lateral flap for
pressure equalisation Dome
during quenching
Release vessel
Meit
Rmduu 3330 v Release valve 505
Instrumentation ring
Overflow elevation
1835 mm Release orifice
initial level (@ 50 mm)
HAO mm FAT vessel (@, 1494 mm)
Internal cylinder (@, 710 mm)
Annular space
Water
Instrumentation rack
{ i : Debnis catcher
Elevation 0.00 mm o 4 y | {@ 860 mm h=250 mm)
Elevation -260 mm SN g

(thickness = 40 mm)

112 3-1 FARO FEBhiERE (L-27 &) 1
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270°

90°

~150

—

fragmented (141 kg)

cake (27 kg)

1 3-2 FARO 1-24 EBREOT Y U OHERLRRE (BE¥EAT mm) 14
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Y

(b) Vieol‘ the cake after arla removal of () View of blocks aﬂerbmaking the cake
loose debris

[ 3-3 FARO/L-33 EBRBEOT 7 VE O H LB L 0F 7 1 i 04
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f8i&)

TFRE A L

)R FHF W 2 & iF

HEWAT 3 547

FHEEH

(2) COTELS-FCI #B& (B 7 NUPEC) ™ol

AERIT, FTFEASBNTOFC 1 EHEZM5nicREShi, U6 REHEEMD L L
THW, ZORGIERFIFEREEHOLE 6T, RFFENESETH~y FRO TSN LS8 L
TRHREESN TS, {HE 3-4 (T COTELS-FCI EREBEOME 2R+, EREEEIT, V0, REYEER X
HEHWAF L ZOTICEMBD LK EOHEERER <D AL L —RLbiRah T 5, BRF
i, Y7774 PO L RAEFEN#M oA LI VBRERLTWS, Y7774 FBDIFIE
B ELEE 3200K T, 60kg @ U0 IRES W& MMEMATE TH S, 220 THICIX, FMHERTIES
FhORERTE 77 YRERESRES L, V0 REMSEME, BRCERZScn 0B ED 2L
PRETH D, AN b —s3%, @S82 6m, AEH 0 THFEKEZLTEY, A bLi—a
OHRIZIE, BMEBAZEDOAL P Yy Fr—DBREILTEY, ANV IRy v Fr—oOmEeELE
FAHRZELICLN TN KELZELSEAERAER L CEY, FHESEMIZLSE2VEIICER
EMTWa, A0 FS vy Fr—ofEE, EFOEWEREEZIEET 2720 CEX 3end oy
7Y —hHRRESh, ERaV LA K 2y ) — FHOBREEREWA<S ZLRAEL TN
B 2B, a2 V—brOESGEARLFELZRERTHS, Ef~v Y v 7 AL EREREA 13-
20w T,

f3€ 3-2 COTELS-FCI %~ kY v 21

Run No. Al Ad AS Ab A7 A8 A9 AlO All
FILHERE(*1) B B B B B B B B B
ETFIILE, kg 563 270 554 53.1 249 47.7 57.1 55.0 53
T—ILIKR, m 0.4 0.4 04 0.4 1.0 0.4 0.9 0.4 0.8
KYT7—IVE. K 0 8 12 21 0 21 0 21 86

MAE. MPa 0.20 0.30 0.25 0.21 0.18 045 0.21 047 0.27
ECESEC T Steam | Steam | Steam | Steam | Steam Steam Steam | Steam Ar

N:20%

2£F, MPa(*2) 0.03 0.03 0.01 ~0 ~0 0.67(*3) | 0.02 0.14 0.13

E=2EH, MPa 1.34 1.04 0.62 0.88 (*4) 1.83 0.92 385 1.08
53 9h9 4, ke 5 25 42 6.5 0 0 38 0 4
HEPRE mm 6.7 6.2 15 72 8.2 52 7.0 0.38 48

=2 Y o LFHER B; UOy:55wi%+ Zr:25% + Zr0,: 5%+ 85:15%

3.1 ©) (CACH
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11423 BEAEH BB DEDETMHICIES 2 EF F 2 7 MEN S — FIZoT (B3 RS =22 U — fOEEEFICZo0T)

THYEEAT 3 547 ARMRTE ik

{ -n[ ﬂ| D
atin 4 nrﬁ

)R F % WFT 2 517

HEWAT 3 547

Electrical Melting
/ Furnace
(EMF)
Test Vessel

N/ / (LAVA)

PT.G

800

W

N

PT
<—— Water Level

P.T

~1000

~2450

Concrete Plate

P.T

Melt Catcher

(] mm

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

12 3-4 COTELS-FCI Sk fg1s!
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HFEERT 3 54 AoIEEHE ik

18R 3 BEAFHEHNROGIETFMHITE S ET T2 7 MR — FIZo0 T (B3 BB L a2 U — FOEEERIZ20NT)
2 WRFHFRERF 2 5415 THEEH 3 B4 HhEER

(3) DEFOR %% (A7 =—7 KIH) 09 3.1 (10) (2fEi

KIEO RO T 7 Vi EME AT~ 2 B TEBE S T4, ERosiFEico0 T, K77 —
v, IKVE, A bRSY, BEESORBEWL 0, EROE TERAERSh TV, £
H#REAME -5 DR TA, Bk, BEMEE, AL NER WEHYCZ IO, EmEY L2
ZARY TRFLOBENTEL 2o TV, BERMIZAN FMERTHO, AVHEENETICLY
KHPCHE T+ 5, DEFOR-E REOERR~ bV v 7 A% 8 3-3 [TFTH, 6 r— AOHEMMILCa0-
B0y (FEEE 2500kg/m*) OEEEPBMERENTEY, 1 4/—A XLV EROKE VO W0,-Ca0 (HHE
5000~8000ke/m") ZMER EHh T3,

EEFERLY, BT EEEL, kYT 2 EAEOEENAENLELTWS, EBREOT VIR
REG &3 3-6 (2t 28, R a L7 120.655~0. TREL: K MENEORTHWAS, ERERE
3% 3-3 [2fFETTT,

f4% 3-3 DEFOR-E Hl~ KU » 2 =08

and the d p win the DEFOR-E tests.
Parameterproparty Mo
1 2 3 1 5 & T

Melt volume | 15 7o 35 35 s i 35 25
Meli initial temp.=C 1200 1300 350 1350 1200 1250 1280
Canlant volume, | 162 gL 163 0o wn 163 153
Coolant mitial temp., *C 13 1n g5 15 B3 &8 7
Water peol depth, em 65 65 65 40 40 E5 ES
Measurad porosity. X &0 T T4 56 50 63 65
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¥ well, BRI ORE (Bt AHORE)
F ;G EPT IEREAEOME (FIR O HEE)
#ZIRF RGP 2 545

RN, MELHOME LR RS L)

b it

AR EI 3 FIF  A2EFHE ik
BA BN T OHTIETFMIAE S s B F T2 272 PR 2 — FIZo0 T (53 BRE0E =22 I — FOFFEEFIZ20T)

THREWHT 3 SIF

TR B

DEFOR- E7

[ 3-6 DEFOR-E HERE D77 1 iR
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HFEERT 3 54 AoIEEHE ik

18R 3 BEAFHEHNROGIETFMHITE S ET T2 7 MR — FIZo0 T (B3 BB L a2 U — FOEEERIZ20NT)

2 WRFHFRERF 2 5415 THEEH 3 B4 HhEER
(4) FEmbADYE TRE DK hC ORI EBI& DM 7 L
K TREOERMD O FEREIZOWT, ZhETHs 0EBHFESTORLTEY, EaT
{EBEIC W TIHEERLBREh TWA, ZZTH, M ERSICET s HEEREZRAVT, BERE
LYy FORF AFNKT =N OFEFICHT LRSS EFML -, HEAXL LT, MAAP=
—FeEHEhTWAUTO 20X EFRAVTHELT 7.

+ Ricou-Spalding ¢OF8 B

- Saito OFERIR
a) Ricou-Spalding O F-{k ARG ;s34 wEt2 3. 2
Ricou-Spalding OFEMAL, BEP~H AV zy FEEHEREZ L FL A Ay FEBMNS (2) |tk

Bohi-boT (EBERIMHE T 2R), AEOME (ZBR) PHAVzy bMkaTxy
A rsh (BEAEN), Y=y VERMESEREL L bioMind 5 Z & ST g
XThsd, XRORIEFEFHE 3-8 27T,

IhEAV M zy bOT L= Ty ICEAT 570, AEORMRE (K) BAV =y b
iz bl r&ndéEz, FOT LA rEREGETALV 2y FABESHETFL
THELT, AEYzy bz LA Ay FEE (n/s) 2, kX TEZ TS (B 3-9
).

Y R LA A MMEE
Uy @ Y=y bEE [n/s]

pg : P = v MEE [ke/n’]
P, IKEE [ke/n’]
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)R FH3 W 2 5 iF HEWAT 3 547 FHEEH

(a)

Orifice plates

. Extension 10
13.1n. no 2 chamber

|| ——No. 2 chamber

S

(®

Ficone 1. (a) Lesding dimensions of three chambers.
(b) Dimensions of extension to no. 2 chamber,

Entrainment chamber

No. 1 2 3
H in. 8-7 13 3
D in. 6:8 80 80

£+ 3-7 Ricou-Spalding (DTl b L oA A1 FEEIEED
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=T HR B 2 515 TAREHT 3 BIF e
g,/
o0 =
'
400 = o m x|P
-onZ{7)
&
. g
ol o g
100 =
o t | 1 1 1 ] 1 t
0 200 400 600 800 1000 1200 1400 1600
. (&)‘
dy \Py

F16ure 5. Entroinment rate for isothermal jets. Experimental results: (z) @, air into air;
(&) +, propane and carbon dioxide into air; (¢), O, hydrogen into air; (A, entrainment
chamber inverted). . :

1 3-8 Ricou-Spalding D8 B OHRIE M 2
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Parsmeter PULIMS tests
El E2 E3 E4 ES
Melt material Bi;0-WO, | B;0-Ca0 | Bi;O-WO, | Bi;O-WO, | Zr0;-WO,
Melt mass composition, % 42 .64—5?,36 30-70 . 41&4—5'{".36 42.64—5'—_—'.% 15.?4—K-§. 26
eutectic non-cutectic cutectic euteche cutectic
Melt jet diameter, mm 20 20 20 20 20
Jet free fall height, mm 400 400 400 400 400
Initial melt vol L 3 3 10 o 6
Initial melt mass, kg 234 7.5 781 46.9 41.2
Tous "C 870 1027 870 870 1231
Tyg "C 870 1027 870 870 1231
Melt temperl:lre in the funnel 1006 1350 1076 940 1531
upon pouring, "C
Water pool depth, mm 200 200 200 200 200
| Water temperature, "C 79 78 75 7 72
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Figure 40: The melt spread in PULIMS-E] experument (side view). The volatile particle debris
have been removed while solidified core of the melt remamned intact.
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s
= - - No.14 F#2.1 EBREHoRER
S No.18
':‘5 PULMS =3 | Sk 2te BNLER SPREAD 82 | CORINE £ | KATS 288
a 1.0} No.17 (Sweden) (Sweden) waa) (Japan] (France) (Cermany)
= EEEEOHY |0 10, 90 iD. 20 10, 0 o0 {197 @4 | 1D, 2D
= N0.24.25 No.16 e BLZ0WO03, i | Yw AR, i | Steel, ERESEE. A& | lron. A
- = B203-Ca0, 7k | NaND3-KNO3, Oride. 3t
§ No.21 No.15 S
= No.19 SEREIEE. &8 | 273 ms 3~-10 liters 1 Titers 1--13 litars ~50 liters 140~ 160kg
‘g 0.5 — RS 8T0~-1027C §0~120°C TH (GGaoBed: | 138410255 | T 2 450K
= No.22 No.20 280--3641C 327.46C)
- ~ P PR T fep o e . - —— - erni o e
g O NO WATER SUPPLY TRRED LA ;; :c:nm TERFALA O Ema O rjgg;ﬁ:ﬁm TEFRRA O ERFALA O
a i
® WITH WATER SUPPLY flist 0.2m 4.5~7 5cm T TH ] Lem
Uo 0.5 1'0 s = itz b BHED BEEDS DIRA

SPREAD DISTANCE IN EXPERIMENT (m)
5 4-3 FERADILAS O PERED FERE & ARYT {0t =

fit% 4-2 SPREAD HEhZ{f

; Super Slit ’ Nozzle Water Kater
1\‘”“ v e l(tk :1:”5 u-.-pa T Width \1:\{]..-;-. ]’j‘ , Dlam, epth Added
: (K) (m) S (om) {mm) Position *
1 95.0 133 0. 15 Concrete 70 (1] -
2 7.5 77 I ! 1 0 -
3 24.0 149 1 30 0 =
4 43.0 115 0, 05 1 1 0 =
5 19. 0 110 I 1 1 0 -
[ 66. 0 107 1 1 1 40 0/C
7 115.0 135 1 | 1 0 -
8 66. 0 112 | | | 0 -
9 94,2 110 0, 025 1 i 0 -
10 60, 2 86 0, 05 Mg I 0 -
11 93, 4 22 I Concrete I 10 0/C
12 67.0 115 1 1 1 t0 0/C
13 93. 1 116 0, 025 1 1 40 0/C
14 68. 1 130 0. 05 1 70 0 -
15 63. 6 133 | | 30 0 -
16 116.0 131 1 | 0 -
17 106, 2 171 ! 1 1 0 =
18 108, 8 154 I 1 1 0 =
19 61.9 108 0. 025 | i 0 -
20 64. 0 91 0. 05 I I 10 0/C
21 69. 1 107 1 1 1 40 0/C
22 65, 0 90 | 1 I 70 0/C
23 60, 0 94 0. 025 1 10 0/C
24 65. 0 125 0. 05 1 1 40 0/C, 1/C
25 63.8 94 1 1 1 Spray 0/c
# 0/C: Outside of Cylindrical Region 1/€: Inside of Cylindrical Region
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LT, KPTORR O EEE WL HEBRSERS I, 1230 BHOBBEECERICEREhE 272

rOEENE bR,

WA —NAN— B — (FIK) TERES iz KATS EREIINTE L LTFr Iy
b (AL:0y #9 150kg, Fe i 150kg) A3EM Xidv, WO HHEEPIRE, 055 0K (1D,2D) , Ko
ME (227 V0—k 7397, a—F47) , KOBEHEE AT A—FITERMBH OIS D EBRIT
bhTwad, EREELHE4-4 RUGE 45 1077, AlO & Fe TILEEBRAY BT A0,
BRSO MO & 2 SRR, B AL SHEH L, BiBiC Fe 2T 5 2 LI L v Bk AR O
LAY L EBBERDOTN O ST TERPBTES 2o T3, EREHEME 43 CT T,

KATS-10 & KATS-11 OEBRFHTITEFE TH 55, KATS-10 OH 1L 1m OKED 2L TH 0, KATS-
1L DOFEFFA LTS, MEOIS VFEREMNE 4-6 I[TRTH, Wr—20k 5 CEMS
DR DS A R A, BHIHOERICL ST RIRAIES Y FHIc R AR RE R oTWA,

Reaction
crucible

Orifice

Melt confainer

Iron spreading

44 KATS EBREEROMER
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THREWHT 3 SIF

(1D}
f1E4-5 KATS EEROID L2D DIEHY RO EE™

(20)

f1#24-3 KATS EBREMF L IR0 Rk (Bebiamisy, 1D fmatn) &

Mass in Tempera- | Pouring rate (I/s)
Test# | Substratum | channel ture Meit f Length in Spread(i:rl‘g) length
(kg) (°C) Time(s)
KATS-12| Ceramics") 186 2027 127-0lsin10s 11.7
KATS-14| Ceramics®) 176 1967 2—+12lIsin37s 7.2
Concrete
KATS-10 | 1mmwater | 179 2037 [12.4 - 0Usin 10s a?ir:i:?::m
(Epoxy) :
KATS-11| Concrete 183 2062 |12.7—0Vsin10s| 25 m first Front
Dry (Epoxy) 6.8 m main front
KATS-13 °°g‘r’;3‘° 185 2052 |12.7—0Usin10s 75

*) Cordierite (Al203 37 wt%, SiO2 52 wi%, MgO 6,5 wt%)
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A x—F > KTHCIE, ERIEs 0 oNEEERLE LT, SSE ERPBTbhTng, fiie D
A L mH OMAE (B 7y XA ZL—oK, H (NaNO-KNOy) —/55 7 1 ) Tishidnians, mEmdy
il EE A7 A—FI, ERHOIES 0 EE@CET AT BBRbNT WA, ERSHH Sh 51888
CEWT, BEEOCZILEOREIEE SN IFERFBLNTED, FRPORIICED, Z0ZILERE
PELEFOR, R M) Itk o THIESh AEREE TS5 28A 7 Lk,

£z, KB TOERMDIE Y FE L5 PULIMS ERPIBEBSLTVWS, ZOERTIE, Bk
T (GKTE 20cm) ~FERE L72 Bi0r W0, S& A S E, Tos v Eihi@Eshi, EREEs
B 4-7 IoR L, EBREH LR 44 [oRT, KP~FRA L@ oty 0 O F% 15 4-8 |25
T, o, BHE L7 7 )V BoEREAR 49 o7 T, BT 7 VB3 BETERL, 7 VBT
HEarZ)—rIEFETE Y o 7BRFELTED, KXRESHFEEL QW TEERHD, 3F
O TRIIH N 1L.5-2m Dy —F% (72 F) BeaEBded, PRBEIELESSHEVILAEER
TWa, REWmTFEARESETHREIMETH S,

ZIRFHRER 2 545 RREF 3 54 FEE B
100 T+ -
75 1 i ! ! KATS-10
— e | 1 concrels, epaxy-coated
g 50 e — \ 1mm of water —
E 25 T
£100 Bpeescpeenpee ]
2 75 ' : : KATS-11
= 3 | dy
25 L 1 1 Pyt 1
R BV R s W
Channel length [m)
HE4-6 KATS EEROKOFEOEE (Wi, 1D En) =
(3) KTHOZERM LSS b B gE0 0 Mg 31 2.0z
ol
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THYEEAT 3 547 ARMRTE ik

18R 3 BEAFHEHNROGIETFMHITE S ET T2 7 MR — FIZo0 T (B3 BB L a2 U — FOEEERIZ20NT)
)R FHREEF 2 545 BREF 3 B4 FhE B

FUNNEL JET IMPINGEMENT E
POINT L.
SPREADING POOL g
: 2m 1
: il 17
Ha o Al
by =i ' LI
a) b}
f#B94-7 PULiMS HEERIEE ORI
fF324-4 PULIMS EBREH [21]
Patiisier PULIMS tests
El E2 | E3 E4 ES
Melt material | BiO-WO; | B;0,-Ca0 | Bi;0:-WO, | BiO-WO; | Zr0,-WO;
42.64-57.36 30-70 42.64-57.36 | 42.64-57.36 | 15.74-84.26
Melt mass composition, % "
culectic non-cutectic cutectic eutectic culectic
Melt jet di mm 20 20 | 20 20 20
Jet free fall height, mm 400 400 | 400 400 400
Initial melt vol L 3 3 10 6 13
Initial melt mass, kg 234 7.5 78.1 46.9 41.2
T 'C 870 1027 870 870 1231
Tyg "C 870 1027 870 870 1231
Melt Iempen:n.rt in the funnel 1006 1350 1076 940 1531
|_upon pouring, "C

Water pool depth, mm 200 200 200 200 | 200
Water temperature, "C 79 78 75 L S R
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f1E4-8 PULIMS EBRE4 A — A OFERIE b Eho R+~ 7ERH [21]

ERUPTIONS |

ERUPTIONS

+[E4-9 PULiMS-E4 ESBOE LT 7 ) OtEfkEE 2
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2 WRFHFRERF 2 5415 RREF 3 54 HhEER
¥3.1 0) i

(4) B Fofkpiy @

ANLTIE, K7—VRICREICHER ST 7 U<y B, NEOBHBEC L 8—(bd 4%
FEMRT A0, KF—hizio,, SUS, Cu 0.2~ 1 mBEOR Ty F2IEH—0ES|Z
HERE X, BEMBC L 0 MBS AE AR S e ER P 2T o T A, 4100 TRy K
B0l —(bol&RE R+, N — R SCHEHE LT <y FiZ, BEn#CL vEF2y
FRICHESEL, HFamE BT h THERMT SRR TEESE—EL, B kicE LR
Miz2~3aBRETHS LBRESNTVS,

b
i

*29.2cw

= !

-y INDUCTION
corL
. UOFSS PARTICLE BED |4/

e v: P ST

INITIAL BED GEOMETRY

DB oe)
20 O
e 80
29 0 00
...t

FINAL BED GEOMETRY

FE4-10 TA7 LR LY ERIZEITE T IRy FO—{koiftaR &
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183 BAFHBHEOEETMITES S ET 72 7 M= — FIZon T (3 B L S =2 V— NOBEFFIZ20T)

TER OIEN Y B A =W TR L =f b &5, FEd-11IRT LB VRS RT o— F
SAMP SON®OFF IR Y T2 —n (DSA) "EERL T, ABWRORMHAERF2I L
HeB a7 7 ) N0 FEMEERL TV AM, FREIC200mOK AL D EME (Wet HEME)
T, HIEEEEESRE T S ROBBAEEL T, UMY OBERIE LAST AL ($
BHI5.3m) ~FETTHH\EOEMIBLOE EoJER 0 miEEFHL T\ 5, KEIOKBFEET S
WETH, BRFLEETFREBCES FAFR A L0IZIEmciiny, R HERMR XX
400~500mmfRBE & R ARFEREB TV,

Z)RFHREH 2515 HBEAT 3 HIF FHEEH
(5) FEmpOIEAS D R0 T8 Bl 3. AR T4k O SEm) OB R UHE RS
FER O D BEOMTO =iz, e ofiffio— FRREIh TS, ZER L0 AR | (D KPR ToOEBFGIES 280 i
4-512R T, TGO a— Fit, EBRF— 2 RICBIEMThhTw5a, &/, %L FEH T L An b L ERE G, KPICET 5 8RICE T 2Bk L, Kotk
Flf LA BE- ST 27— L RIORE LITDh Tnhg, W FRORBTRERFIF TR+ 7 4 KICHEMT 2, FFFTEY v 7 < RICHEML 2ERFoE, &
HNOBBCIER LD, RFFEFHES v 7 KRURBTHRESh S Z L CERILAES, SR THER
0 iEEET A,
132 4-5 EmdiE s 0 E8 Ol o — RET PULIMS ERIC LV BOENEMR LY, RHFTHY v E7 « W TORMHREMPLOIENRY ©
Code Country Model characteristics RESHE, BFOATA—FILLIRESNDLEEROND,
CORFLOW * Germany 2D - mechanistic * 23 i) 7
CROCO France Simplified (ISPN) WREL LA L OBERCLY , BRELICIKP RIS L EE DB EL S,
LAVA % Japan 2D - Bingham fluid « HEARY i
MELTSPREAD * USA 1D - complex physics and chemistry Wl EICERENTZZ 72 Mo LA ELE 2 L, RUEMECOBE T Lizk b,
MECO Germany Mechanistic (Ruhr Univ.) EE DO EEEEASIN L, BEEE LIS Y 2T s hnE LS,
RASPLAY / SPREAD Russia 2D - hydrodynamic
e Japan Siaps el EROLEY | ERFOOILNY OX X Sk, BRIEL L KO BB kBN Y OBE) HORR
THEMA * i"rancu‘ : plu.-nr:uml.-f:r)lugicul {C,mf DRN) Rk . BERPL OB OB 22— b DAL »>THRE D . BRI FUEHA b A
Footnote | * Code receiving International recognition . B ED IS HFICEL LT LE L, BLINEL 2L, SEARD I3k E < R BERE 25, B3 1
B O 3. 2 ICP EoE@o R A2 5T,
a) ZWITIERALSS O ARTH SBWR B T
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so-called "quench” temperature. At temperatures below this quench temperature the kinetics of
so-called "quench” temp At temp below this quench temperature the kinetics of

gas phase reactions among CO, CO,, H,;, and Hy0 are too slow to maintain chemical
equilibrium on useful lime scales. In the sharp tlemperature drop created by the water pool, very
hot gases produced by the core debris are suddenly cooled to temperatures such that the gas
composition is effectively "frozen” at the equilibrium compasition for the "quench® temperature.
Experimental evidence suggest that the "quench® temperature is 1300 to 1000 K. The value of
the quench temperature was assumed to be uniformly distributed over this temperature range for
the calculations done here,

(6) Solute Mass. The mass of solutes in water pools overlying core debris attacking concrete
has not been examined carefully in the experiments done to date. It is assumed here that the
logarithm of the solute mass is uniformly distributed over the range of In(0.05 g/kilogram
H,0) = -3.00 1o In(100 g/kilogram H,0) = 4.61.

Volume Fraction Suspended Solids. The volume fraction of suspended solids in the water
pool will increase with time. Depending on the available facilities for replenishing the water,
this volume fraction could become quite large. Models available for this study are, however,
limited to volume fractions of 0.1. Consequently, the volume fraction of suspended solids is
taken to be uniformly distributcd over the range of 0 to 0.1,

(8) m;uuf_smw. Among the materials that are expecled lo make up the
suspended solids are Ca(OH), (p = 2.2 y‘cm’) or Si0, (p = 2. 2 gfem®) from the concrete and
UO,(p = 10 g/em®) or Zr0, (p = 5.9 g/cm’) from the core debris or any of a variely of
aerosol materials. It is assumed here that the lnalcnal density of the suspended solids is
uniformly disiributed over the range of 2 w0 6 gfem®. The upper limit is chosen based on the
assumption that suspended UO, will hydrate, thus reducing its effective density, Otherwise, gas
sparging will not keep such a dense material suspended.

(9) Surface Tension of Water. The surface tension of the water can be increased or decreased
by dissolved materials. The magnitude of the change is taken here to be So{w) where S is the
weight fraction of dissolved solids. The sign of the change is taken to be minus or plus
depending on whether a random variable € is less than 0.5 or greater than or equal to 0.5.
Thus, the surface tension of the liquid is:

Iu(w) (1-5) fore<05

o(w) (148) for e > 05

where o(w) is the surface tension of pure water,

(IO) Mmﬂml_hmﬁjn The mass mean particle size for aerosols produced during
ions is known only for sitvations in which no water is present. There is

rmou to believe smaller particles will be produced if a water pool is present. Examination of
acrosols produced during melt/concrele interactions shows that the primary particles are about
0.1 pm in diameter. Even with a water pool present, smaller particles would not be expected.

gas phase reactions among CO, CO,, H,, and H,0 are too slow 1o maintsin chemical
equilibrium on useful time scales. In the sharp temperature drop created by the water pool, very
hot gases produced by the core debris are suddenly cooled to temperatures such that the gas
composition is effectively "frozen" at the equilibrium composition for the “quench” lemperature.
Experimental evidence suggest that the "quench” temperature is 1300 o 1000 K. The valve of
the quench temperature was assumed 1o be uniformly distributed over this temperature mnge for
the calculations done here.

(6) Solute Mass. The mass of solutes in water pools overlying core debris attacking concrete
has not been examined carefully in the experiments done to date. It is assumed here thal the
logarithm of the solute mass is uniformly distributed over the range of In(0.05 g/kilogram
H,0) = -3.00 to In(100 g/kilogram H,0) = 4.61.

(7) Nolume Fraction Suspended Solids. The volume fraction of suspended solids in the water

pool will increase with time. Depending on the available facilities for replenishing the water,
this volume fraction could becoms quite large. Models availshle for this study are, however,
limited to volume fractions of 0.1. Consequently, the volume fraction of suspended solids is
taken to be uniformly distributed over the range of 0 to 0.1.

(8) Density of Suspended Solids. Among the materials that are expected to make up the
suspended solids are Ca(CH), (p = 2.2 glem™”) orS|02 (p = 2.2 gfen) from the concrete and
UOy(p =10 glem?) or Zr0; (p = 5.9 g/em?) from the core debris or any of a variety of
aernsnl materials. It is assumed here that the mateml density of the suspended solids is
uniformly disiributed over the range of 2 to 6 glem®. The upper limit is chosen based on the
assumption that suspended UQ, will hydrate, thus reducing its effective density. Otherwise, gas
sparging will not keep such a dense material suspended.

{9) Surface Tension of Water. The surface tension of the water can be increased or decreased
by dissolved materials. The magnitude of the change is taken here to be So(w) where S is the
weight fraction of dissolved solids. The sign of the change is taken to be minus or plus
depending on whether a random variable € is less than 0.5 or greater than or equal to 0.5.
Thus, the surface tension of the liguid is:

o(w) (1-5) fore <05 }
" lc(w) (148 fore > 05

where o(w) is the surface tension of pure water.

(10) Mesn_Agrosol Particle Sizg. The mass mean particle size for acrosols produced during
melt/concrete interactions is known only for situations in which no water is present. There is

reason to believe smaller partictes will be produced if a water pool is present, Examination of
aerosols produced during melt/concrele interactions shows that the primary particles are about
0.1 um in diameter, Even with a water pool present, smaller particles would not be expected.
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Consequently, the natural logarithm of the mean particle size is taken here to be uniformly
distributed over the range from In (0.25 pm) = -1.39 10 In (2.5 pm) = 0.92.

Consequently, the natural logarithm of the mean particle size is taken here to be uniformly [

distributed over the range from In (0.25 pm) = -1.39 to In (2.5 um) = 0.92.

(11) mmsmﬂ_mmmmmmmm The acrosols produced
during core debris-c d to have lognormal size distributions,
Experimentally d ined i dard deviati for the distributions in cases with no
water present vary between L.6and 3.2, An argument can be made that the geometric standard
deviation is positively correlated with the mean size of the aerosol. Proof of this correlation is
d:!ﬁcull to manludl because of the sparse data base. It can also be argued that smaller
iations will be produced in situations with water present. It is unlik:!y
llnldltlw:llmbe ilable to di this cont The g
of the size distribution is assumed to be uniformly distributed over the range of 1. 610 3.2. Any
correlation of the geometric standard deviation with the mean size of the acrosol is neglected.

{12) Acrosol Material Density. Early in the course of core debris interactions with concrete,
UO: with a solid density of around 10 g/em? is the predomi aerosol i As the
interaction progresses, oxides of iron, B and chromium with densitics of about
5.5 g/em? and condensed products of concrete decomposition such as Na,0, K,0, AL, 5i0,,
and CaO with densities of 1. 3toiglurn’bemme|hedumlmlnmml species.  Condensation
and reaction of watcr with the specics may aller the apparent material densities.
Coagglomeration of lized ials also pli the prediction of the densities of
materials that make up the acrosol. As a result the material density of the aerosol is considered
uncertain. The material density used in the calculation of aerosol trapping is taken to be an
uncertain parameter uniformly distributed over the range of 1.5 to 10.0 g/em’.

Note that the mean aerosol particle size predicted by the VANESA code [€] is correlated with

the particle material density to the -1/3 power. This lation of icle size with

particle mztmaj density was taken [0 be (00 weak and mwfﬁcuemly mpporlcd by experimental
i o be idered in the inty analyscs donc here

(13) Initial Bubble Size. The initial bubble size is calculated from the Davidson-Schular
equation:
n vt
ned) =
where € is assumed 10 be uniformly distributed over the range of 1 10 1.54. The minimum
bubble size is limited by the Fritz formula to be:

D, = 00105 P[0, /g(p,-p N'?

where the contact angle is assumed to be uniformly distributed over the range of 20 to 1207,
The maximum bubble size is limited by the Taylor instability model to be:

1 iali article Size Distribution. “The aerosols produced
during core dehns—cumrete mtr.lactlons are 8ssumed to ha.ve lognormal size distributions,
Experimentally determined geometric standard deviations for the distributions in cases with no
waler present vary between L.6and 3.2, An argument can be made that the geometric siandard
deviation is positively correlated with the mean size of the acrosol.  Proof of this correlation is
difficult to marshall because of the sparse data basc. It can also be argued that smaller
geometric standard deviations will be produced in situations with water present. It ig unlikely
that data will ever be available to demonstrate this contention. The geometric standard deviation
of the size distribution is assumed to be uniformly distributed over the range of 1.6103.2. Any
correlation of the geometric standard deviation with the mean size of the aerosol is neglected.

(12) Aerosol Material Density. Early in the oourse of core debris interactions with conerete,

UO, with a solid density of around 10 g/em® is the predominant serosol material. As the
interaction progresses, oxides of iron, manganese and chromium with densities of about
5.5 g/cm? and condensed praducts of concrate decamposwon such as Na,0, K0, AlLG, 5i0;,
and CaO with densitics of 1.3 0 4 g;‘cm’ t the domi acrosol speci Condensation
and reaction of watcr with the species may alter the apparent material densities.

Coagglomeration of aerosolized materials also complicates the prediction of the densities of
malerials that make up the aerosol. As a result the material density of the aerosol is considered
uncertain. ‘The material density vsed in the caleulztion of aerosol trapping is taken to be en

uncertain parameter uniformly distributed over the range of 1.5 to 10.0 glem?,

Note that the mean aerosol particle size predicted by the VANESA code [€] is correlated with
the particle material density to the -1/3 power. This correlation of acrosol particle size with
particle material density was taken to be too weak and insufficiently supported by experimental
evidence to be considered in the uncertainty analyses done here.

(13) Initial Bybble Size. The initial bubble size is calculated from the Davidson-Schular
equation:

0.4
v
D, = e[i) =
s

where € is assumed to be uniformly distributed over the range of 1 to 1.54. The minimum
bubble size is limited by the Fritz formula to be:

D, = 00105 [, Jg(p-p 1"

where the contact engle is assumed to be wniformly distributed over the range of 20 to 120°.
The maximum bubble size is limited by the Taylor instability model to be:

ik 4-30




AREF 3B ALMEREM ik | g
f1#Rd  [EFATRRERED b DA VT 75 7 0 A F O EREDREIZ 2T ah AL

IR ; GRE, EAXIIEROEER (BRI THOHER)
S 7 3 : W (R #to R
FROME (EEHRMEERL

)

ZEF /15 EFT 2 5P

THREEFT 3 BIF

R

BE 1-2

DR

“State—of-the—art Report on Nuclear Aerosols” ,NEA/CSNI/R(2009)5 ke (a5

“State—of-the-art Repot on Nuclear Aerosols” ,NEA/CSNI/R (2000) 5 dikReR S

TR

9.2.1  Aerosols in the RCS

9201

The experimenters conclude that spherical particles of around 0.1 to 0.3 pm formed (though their
composition was not established) then these agglomerated giving rise 1o a mixre of compact particles
bcm'cc in size at the point of measurement, The composition of the particles was found to
be dominated by Cs, Sn and U: while the Cs and Sn mass contributions 1 ined ¢ and very similar
in mass, U was relatively minor in the first hour at 1860 K evolving to be the main contributor in the third
(very approximately: 42 % U, 26 % Sn, 33 % Cs). Neither break down of composition by particle size nor
statistical size information was measured.

9212

Further interesting measurements for purposes here were six isokinetic, sequential, filtered samples located
about 13 m from the bundle outler. These were used to follow the evolution of the acrosol composition and
1o examine particle size (SEM). Based on these analyses the authors state that particle geometrical-mean
diameter varied over the rullgclimiualion of the first filter due to it being early with respect
to the main transient gives the range 0.32-0.56 pm) while standard deviation fluctuated between 1.6 and
2.06. In the images of filter deposits needle-like forms are seen. Turning to composition, if the first filter
sample is eliminated and “below detection himit™ is taken as zero, for the structural components and
volatile fission products we have in terms of percentages the values given in Table 9.2-1.

9.2.2  Aerosols in the containment

The aerosol size distributions were fairly lognormal with an average size (AMMD) in FPTO of 2.4 pum at
the end of the 5-hour bundle-degradation phase growing o 3.5 pm before stabilizing at 3.35 um; acrosol
size in FPT1 was slightly larg between 3.5 and 4.0 pm, Geometric-mean diameter (dsq) of particles in
FPT1 was seen to be bcl“r:e a SEM image of a deposit is shown in Fig. 9.2-2. In both
tests the geometric standard deviation of the lognormal distribution was fairly constant at a value of around
2.0. There was clear evidence that aerosol composition varied very little as a function of particle size
except for the late settling phase of the FPT1 test; during this period, the smallest particles were found to
be cesium-rich. In terms of chemical speciation, X-ray rechniques were used on some deposits and there
also exist many data on the solubilitics of the different ¢l in deposits giving a clue as to
the potential forms of some of the clements. However, post-test oxidation of samples cannot be excluded
since storage times were long (months) and the value of speculating on potential speciation on the basis of
the available information is debatable. Nevertheless, there is clear evidence that some elements reached
higher states of oxidation in the cont when ¢ d to their chemical form m the circuit.

921 Aerosols inthe RCS

9111

The experimenters conclude that spherical particles of around 0.1 to 0.3 pm formed (though their
composition was not established) then these agglomerated giving rise to a mixture of compaet particles
betwe in size at the point of measurement. The composition of the particles was found to
be dominated by Cs, Sn and Uk while the Cs and Sn mass contributions remmned constant and very simular
in mass, 1 was relatively miner in the first hour at 1860 K evalving to be the main contributor in the third
(very approximately: 42 % 11 26 % Sn. 33 % Cs). Neither break down of compesition by particle size nor
statistical size information was measured,

0212 [peE-sED |

Further interesting measurements for purpeses here were sia isokinetic, sequential, filiered samples located
about 13 m from the bundle outlet. These were used to follow the evolution of the acrosol composition and
to exammne particle size (SEM). Based on these analyses the authors state that particle geometrical-mean
diameter varied over the range[0.29-0,56 pm(climination of the first filter duc to it being carly with respect
to the main transient gives the range 032-0056 wm) while standard deviation fluctuated between |6 and
2.06. T the images of filier deposits needle-like forms are seen. Turning to composition, if the first filier
sample 1s elimmated and “below detection limit™ 15 taken as zero, for the structural components and
volatile fission products we have in terms of percentages the values given i Table 9.2-1,

922 Aerosols in the containmient

9.2.2.1 | PHEBUS FP

The aerozol size distributions were fairly lognormal with an average size (AMMDY) in FPTU of 2.4 um at
the end of the 3-hour bundle-degradation phase growing © 3.5 pm before smabilizing ar 3,33 pm: acrosol
size n FPT| was shehtly laraer at between 3.5 and 4.0 um. Geometrie-mean diameter {ds) of particles m
FPT1 was seen to be between| 0.5 and (.65 pmi @ SEM image of a deposit is shown in Fig. 9.2-2. In both
tests the geometric standard deviation of the lognormal disribution was fairly constant at g value of around
2.0 There was clear evidence that acrosol composition varied very linle as a function of particle size
except for the late seitling phase of the FPTI test: during this peried. the swallest particles were found to
be cesiumerich. In terms of chemical speciation, X-ray techniques were used on some deposits and there
also exist many data on the solubilities of the different clements in numerous deposits giving 4 clud as 1o
the potential forms of some of the clements, However, post-test oxidation of samples cannol be excluded
since storage times were long (months) and the value of speculsting on potential speciation on the basis of
the available information is debamble. Nevertheless. thers is clear evidence that some elements reached
higher states of oxidation in the containment when compared to their chemical form in the circuit,
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