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Aerosol Genmeration Tests on Thermal Decomposition of Organic Solvent with Nitric Acid
in Nuclear Fuel Reprocessing Plants
(Contract Research)
Michio TSUKAMOTO, Junichi TAKADA, Tadao KOIKE, Koji WATANABE
Teijiro MIYATA*, Gunji NISHIO*? and Mikio MURATA

Department of Fuel Cycle Safety Research
Nuclear Safety Research Center
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(Received March 3, 2000)

Aerosol generation tests were conducted to inmvestigate relation between scale of
explosion and properties of generated aerosols and to verify confinement capability
of the cell ventilation system in reprocessing plants for aerosols. The experimental
parameters in explosive burning were contents of the solution(TBP/n-dodecane/nitric
acid containing stable Ce), mass of the solution, adsorbed y-ray dose, and trigger
pressuer of rupture disk. The solution was heated in a sealed vessel furnished with
the rupture disk up to 1 8 3°C in the large scale Cell Ventilation Test Facility.
From Ce aerosol measurements, data on the aerosol release rate, mass conceniration and
particle size were obtained. And time variation of concentration and particle size by
settling and deposition was discussed. The maximum conmcentration at t =0 in each
test ranged from 3 to 6 O Omg/m’, however, it was found that the pressure were
effectively mitigated and the aerosols were confined by the cell, duct siructures and

HEPA filters, and integrity of the ventilation system was maintained.

Keywords : Reprocessing Piant, Organic Solvent, Nitric Acid, Explosive Burning, Aerosol,
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— RA 2NT Z D BR/IRESRD S CIVAO P RIE ORIEN G & LIREZ 85 KEN D
B, AAT—RA VNI F TEALUZREML, S TREREEAFLSTHh TSRS, 2
PICEE L 72 R D 2eK T FHER. ROEETHRIL, EREE2ET 5 s TEHRLE,

1) AT THEALZRSOHNA

Ac: BVIVAHDOEHE 80. 1m?)

A Z7VIBTEL ZHromEE (m?)

Co: RIDEBNDKBHRTDOCeBE (g./m?)

Ce: BERICNELIERIFDCeBE (g./m?)

Ce o: BIVROFH CeFHEBE (g/m?)

Ce: B3R t DEIVAD CeKMHEBE (g./m?)

Cec: CunninghanDEIERE
=1+2.514(A/ (dw) = 10.8(A/ (dw) «v)exp [-0.55( (dw) v/ ]
AESSGFOVEBTE (=0.066X10°m)

_7_
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C : Jacobsen—-BrockiZ X %% (=3.31)
b : ” (=2.4)
Ca: "o (=1.0)
Dr WHOWERRE (m?2/s) : Stokes-Einstein
D : 1 BtHOBEERICAE LRI T DG HMRIE (5 0 %488 (M)
d: - WIVHROT-RIBDOZES T FRE ()
(dw) av: WHEOES T FHEERTHEE (n)
AT/ dX: BIVEROREREFMEICBTSRESNRE (T/m) -
F 2V HOBKHE (m*/s)
g (ENMEE (=9.8m/s?)
N B RICEE L ZRBEOSRTHEE (B /m®)
n: o EVRIIREELZ-WROKTHRBE (B/m?®)
k ALY EE (51.38X107%° ] /K)

ke ZRORYZEE (=10X107°1/s mK)
Ko WROBMREE (=550X107°]/s mK)

Ko 7Xwt28 G2/ (dw) =)
T hRE (K)
t R (s)
Ve: B1LETNEINDEE (n®)
Vs : WHOWHEE (m/s)
Va: WHOBBIERE (m/s)
Vr: WEORKEEEE (m/s)
AWI/W : 55§ BB L CeDERAE (—)
§ EIVNEHOER FOHEEROES (m)
Ac: SAEFO CelBE DRIERH
Lo EROMMERE (1.81X107°° Ns,/m?)
0 ZEKITFHRREICHISUEEEOBE (=1.0X10%eg/m?; RFD (dw) I

HBOESTFNERTERETHB72D) '

e BROEE (=1. 2kg/m?®)
pr=Ce (NOs) 5 6 HORERDEBE (2.3 7 [g/n’] ) : WEIKICL 5 EHE
v o ZEGOERERREL (=0.25X107* m*/s) o

2) BIVRICREL 7= EN R OB A%

(a) BIVHNICEREL RBAOKE

TV U 7= FIETR O 255 1 2R 2 RD 720101, £ NI S EER EOHE
BRIFDCeBECZ2TRICK>TRD 5.

CeDFEFE(=140.12)

P — (1)
Ce [g/m°] =peX Ce (NOs) 3+ 6 H, O DATFEB (=434.12)

._8_
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TIVHICEEL TWSIi-IRED CeBEIINGAERNDCeBE (Co) KELWVWODT, I-EEF
DCeBERBIIT NI IDIBEOFmERICABE LZCeERIZELW., LENST, BIVHDI-K
T, 2 TIBROFEERICHE TS ERET S ELUTORIBRKRIALT 5.

(7/6) d:°n.iCoVe= (7./6) D:°n:CrVe (2)

— J - J
Y ] Y

BB Lo TEIVHNICIEEL FT U SN TIBOEERICAEL |
TWaI-BETDCeER TFRIFOCeEE

LT, (2) KKV EIVADI-EKOD 2L FRRIZEd &

1/3

d:= [CP)XD, (3)

Co

(b) WHROFHPRTFEREE
FH (t=0) ODELERIRICFEELEZI-BREFDO CeBEILX. 1>2NIFIRBDRITD Ce
BEIIZLVWOT

T A s
g‘ di*niCo=Cqs o0 ﬁ\}ﬁﬂ.ﬁ_% (4)

LT, IVHICEEL Zi-BEORITFEBEN X

6Cg,0 (AWI/W)
ni= ThH5H (5)
wtdi®Co

(c) WROZEINFHEECHIE, RORBRVSE

I7 OVIVBRR THRIERESMINEERSHETRN, Liedi> T, SHERSMOREN S
HHOZES T ENBEESREERD L Z LI TERN, TIT, BIVARREEL ZEHOZEEH
FHEETEEE (do) % (6) R&LDKRD S,

> (nxd:)
N

(dc) av— (6)

—. WROEIHFREREFE (dw) i (7) K&Kk 5,

Z: (AW:d))
W

(dw) av—

(7)

EED (1) ~ (1) REAWTRRICR T 2O ZRIE & FEOHSE,. RO RS
FEERDODFEREZES -1 ~FES5-2IKRT. AERO100 1. SHFICHEEELECe
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RENCe. 0=350 [mg/m®] . RISABNOKHEFD CelBEIZCo=210 [kg,/m?]
Thod, 28, RFOBRHOERTLHEELERTLEEDMIIAEBAL I LICEEEI AN,

RBBREBICH AT — R NG I THEET—FH 5 EH L = %S OB BEEIE®RIT. 27T
0.1 [um] EETHY., HEVHREIZ2.3~3.6 [un] OBETHo7~ (E5-2%
) .

3) EIVADOITTOVIV (Ce) BEOHME ,
SERMED 53RO 7z CelBEDRMBEIRE & P ME ORESATTH 5 B U2 REEE (kT
DZES/TFRERFIGERE D LICEH) 2HEL. WHEENBEOREC KT THRIESTEAS.,
(a) BIVRSHD CelEDOHE
CeBEDRENIIRORTET I LNTE S,

dC.
— Ve X
dt

= (F+VsAr+VdAc+VTAc) Cg (8)

T, (8 ﬂé t=0., Ce=Ce¢ o (@%@iﬁCe@g) @@%%#TT%H@‘EJUWQ{T‘E
D CelRER

F+VsAi+VaiAct+ViAc j
t

Ce=Ce:eoexp [—— (9)

Ve
TROENS., 9 RNPOEIHBRKEET
F/Ve=1. 67X1073 (s71Y) (10)
TH3. ENHEEEVIZZA M7 Z0RE2ANT
(p—0ps)
VS - (dw) Zavg CC (11)
8 [

THY, ENMEBRICERLUZRERIEIVAOEIH (2.5m) AWT, VsA: / H TRE
3.

WHAT T EBICK D, BEU TEEICHE T SIS EE Vi
De kTCc
Ve T T T Taaa (4w o 1
THY, BEEECERLUREZE. BIVAROEREA: (80. 1m?) 2AWT, VA
V. TRE3.
TIVEH EEROREAROZD, BELZIY OV IVETIE8kEc LD EEICwE TS, B
BWOBIKENLEEE (V) 2RO BICIE. Jacobsen-Brock DX EHAT 5.

3v[(ke/ko)+CiKnt(4b/3)CaKnl{(ke/ks)+C:Kn-11] [dT j
(13)

V=

2TI(1+3CuKn)(1+2 (ke/ko+2 C:Kal dX
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(b) TT7aVIOBR. ENLE, HLHEXEPRICLS t [s] ROLIVAD CeREDHEE
(b. 1) BRIRCIZTHTDCeBEDOHE

. F
Cg:Cg,ueXp [_ jt (14)
Ve v

(b.2) BERHBIEANLENRIMDSEBESOTHED CeBEOHME
F+VsA: j
t

Ve

Cg:Cg,oeXp (_‘ (15)

(b.3) BRIR+ENUEIR+EENEDROBATO CeREDOHME
F+VsA:+ViAc j
t

Ve

(16)

Ce=Cgeocexp [—

(b.4) BRIR+ENLESR-HHICEDR +RKEIESR
F4+VsAi+VesAct+ViAc ]
St

Cg:Cg, o - 17
exp[ 7. an
(b.5) TIVRIBELEZZ7ZOVIV (Ce) BEDEM (t.,2)
1 Ce
= =exp (—Ac) t (18)
2 Cg, Qa
t a» =O.693/AC (19)

FED B8) ~ (19) it%ﬁfiWctﬂ/m:ﬁﬁw::ﬁD‘f)b®?%§ﬁ§%%ﬁbf;%%é§6
WRT,

3) B (1=0) WWMORELH S WMERMBORITRER

(a) BIVHIZEHIREL = RBHORENHICDONT

AEROIOOLICBWT, t=0TERIVWNICEETS | -WHOESHFEEJIZ/RE 3) R&LOXR
B, £5- LIRLE. £k 2TORBTCo (RISASKERTO CeltlE) <Cr (HZHK
A LIRITFDCelBE) 0D, dildA Ny ¥ THEINERTEDI (5 0 %4 BEER)
KORERMEER Tz, LiEdtoT, FIIREOEREES 1 NI OE\EED i TF/O
v NUEEBEER (Ce) ML THINSRELOKRERMBEE RS2, T, HWHEOERTE
BRI, BEREPHRICHENSRETHS (3 ~58H0) .

(b) REBEINIVRICREL IMBRRONESMEBEC A SME
BEENOFEITY OVIVER TORERIZ/NNS A —F Tz, BERTMEL A,
7 ERBHERHRBRBEOZNL D ENY, BEOHREBRLRABREERE L=, T
MR BIVRAOELEE OREN i S BEILRBHARO T —F TRV L, BY
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IR DEED ARV RICEREL = PIRE ORIENT S BEICHER W E2REELE (F
26&EM2 7THR) .

(c) WWOWRE. LHER

TIVRICEE LB ENREEZEZ LAERREB ISR > ERBRTOIT OV (Ce) B
EORHME(LZEMLAEREN2 8 EM2 9ITRY. MNTOREN— 7 OAEIZIZIZEL
W, ZHUTBIVRICEEL D70V (KK 0w, WES0mEN, BEmEDH &2
REBSFARTHB LR TS, £, RRECEBOESHFMNERTLHEERD T
e, WEEREZFIEL., WHROWE, WENEIVASHD CeBEOREICSASHE4K3 0
~K3 21TRL7z. HFDOWEE, WEHRICKIBMEN— 7 L ERELD RDEREI—TOR
BERE BRAOE) 3. BiE—KT5. 2\ TR, BEOEOARSOBEARICL> TRE
LHEOTLEIKENC LA UBDRITER L=, LMo T, ZOSRENA TR 2F LIRS
BREREZROLNEZOTRBRVWAEEZEZI SNS., 28, HFOREN— 7L, BKICL28HOE
EEIVHDOREAGRIC LD BKBEDNEN VRO OV VBEOREIER L EER
LTwa,

3. HEam
FRARGNTHEE MR EORECERSIET L, BO0BTAENERL., EANERELT
STF v —T 4 RTDVHRE LSS, H5WIEABHHRARN THEKERD BB X 2RENE
EEBA, BVRERET2 I 70V IVOERBERLUTOEBETH 2.
OQENVHOPM T IV Gib+Ce) BE (1=0) :~1000 [ng/m)

QENHOFELT I/ )L (Ce) BE (1=0) :3~600 [mg/m]
@ENHOFH T )L (Ce) SR (1=0) :0.02~6.7 [%]
@7Vl (Ce) BEDYREM t (1/2) :226~308 [s]

iz, WIVRICHIE (1=0) BELARET 7 OV)) (=HKE) ORESMITFEORKR. B
TOHETH S,
OWED R FREETI®E : 0.88~0. 15[ 1n]
OBBDESNFENEEFE®E :2.32~3.6 2[un]

SEFRBRICLD, BUHUABEI X MOEVRRENEES &, B8E20ERRIVTFOVIV
BESKIHRKEWVERZRT 2R L. LEDS T, BEREIERBREDBREIERGICER
L7z@R (BEEI X MOEH) IWMEEZESI TN, EIVRIKRET Oy oV IV oEE
REOREICRKEEHELTVWB I LMoz, RRICBVWTEIADEAIH I oV
(Ce) DEBBIEIR. 3~600 [ng/w] ORMBICHYD. REESAICE> TREHSFUF
TRELEEXOHBEL 00 (ng/ /1] Z2EEBI EMHBALE. 2L, S0URREENRE
LTHRED EAPENRDEREL, #ZHRFY PT—INTHABET 50T, HEPAT 4
VS DRESIEIRERE N, LIVHERIC L BHSENEOB U ADHRIHIEREINB I L%
BN, £z, VIVAIKEETZ2I70V)) (Ce) OBEEEENFCMBREL -kiEOh
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BENTT—IRELNZZEICLY., FUEBR THEINDI XK - BEROLZ2FEICKE L
ENBEITOVINDY—RY —LERPATBHENTER., '
FHRRTESNEEOEFET—FIE, THLERROXK - BREFCB T2 IVEBERO
LWt 1— K (CELVA—-1D) | OI7 OV IV BT BirieeoRiricg L.

R
ZOBESBE, NEEMTY SEMARREI N [BUEBER TV BSRTLEIETRR ©
—BREUTHME U BRLERE SR EORSMBIUSICED 2 L7 IV EERRORER 2D
EHDTHB., FRBRORTICHIZD, THLEER IV BSREZeETRBRANERER (&
JNHEEER) 1 IZ8WT, RROFHE. A&, RO IBREZEWE, JJITE#HWEZLET,

2% SHk

(1) EFhEE£ERBE4S: "BUEERTEZERe :

(2) BEEFTFEFEHELE: “O070 AR BLBEMROENCET 2 HBERE | B
FhEEREESA®RE192% E17EEIS) 7

(3) WERMh: “FARY — 7T EUEEDR TREL S E 25 0EE MR ORNMER
I B B RS & S8 . JAERI-Tech 96 —56 '

(4) William C.Hinds : “Aerrosol Technology” , #HEE;kz, 412, (1985)

(5) VEERM: “FHLEMROXS - BREBICBT 2 RVBREROLEMEBTI— K (CEL
VA—1D) ", JAERI-Data/Code 98—-017
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%3 RISERICERA-BEEEKETRDC e BE

BN AERO | AERO { AERO | AERO | AERO | AERO | AERO | AERO | AERO | AERO
1001 | 1002 | 2001 | 2002 | 2003 | 2004 | 2005 | 3001 | 3002 | 3003
EIEFOCeBE [g/ 0] 14| 550 2.1 1.4 7.50 9.6 | 15 {0.23] 7.4 1.1
AFEHOCeBEE [g/0] | 210 260 190 180 170 1601 110 180 210 200
B ROKMETOC e?%ﬁbiﬁi%ﬁtﬁ\ﬁc:;: DHEIELZ.
#£4 TIIVHNTOZTOVIL (Ce) iR
HERES TIVNRBEOE & | RERATCe | ¥ @IHA (1=0) *Zt)liW@ PR
BHAR CeBE | CeBEE
AER01001 HXRIEED [ 224g | 350mg/ni| 6.65g | 3%
E NPy A
AER01002 3 265g | 10mg/n 0.19¢g 0.07%
2000kGyHR & ‘
AER03001 EXKREED 180g 600mg/m | 11.4¢g 6.3%
AlO01FEEERER .
AER03002 | B¥ERICREE 319g |3.5mg/m |0.07g 0.02%
BEERR
AER03003 HEL 301lg |5.0mg/m |0.1g 0.03%
A2001 FEEREk

i TTF YT 4 A BRI, KSR NOBE EEAKARIZ SRV RICHE L.
“EIVROILT OV I)VERBEERHL, SNELZETH S

“EVROTT V)L (Ce) MEER=FH (1=0) T7OV)L (Ce) MEEXtILikik

L7V (Ce) BiER= (Z70V)L (Ce) BiFR,/ CeldAR) X100

—16
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(AERO100 1 : BIEEREEED)

(ART—=RANI5] | EEREDCe | BERBEO | FERKRO
ERO® RN FRE | EERRE
" IMRRRLEE
7o Dilpm] AW/ W d [ um] nifs /]
BF 0.05= 0.0026 0.077z] 1.807x10"?
L4 0.05 0.0058 0.077 4.065x10°
L3 0.10 0.0093 0.154 8.130x10"*
L2 0.18 0.0129 0.277 1.936X10*
L1 0.27 0.0168 0.415 7.458x10"!
7 0.47 0.0606 0.723 5.112x10**
6 0.71 0.1199 1.092 2.934x10"
5 1.00 0.2836 1.538 2.484x10""
4 1.90 0.3739 2.922 4.774X10°
3 3.40 0.0619 5.228 1.379x10°
2 5.40 0.0206 8.303 1.147x10°
1 7.90 0.0168 |12.148 2.977x107
0 |11= ~0.0155 | 16.914=| 1.018x107
U ATV ORERE BHEOEEEEE=0. 1 1[pn]
BROHARYHEZE=2.6 8[un]
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=1 B|3+o 735 kg g, %, B °, . s~ ¥ P
By fal # s » v b |L L 0% 7 ¥4 T
g FIT v R T A b vt 10° | ¥ # G
BOFBRE |7y v B v K EBE AL eV 10° X 7 M
% E gl 1A% mol E%E%ﬁﬁi u 10° ES o k
¥* Bih v F 3 cd 102 ~ 7 k h
T ® |3 v 7 | rad 1 eV=1.60218x107'*J 007 #| da
I B RTIIT | et 1 u=1.66054x 10" kg 0| ¥ v d
1072 + v F c
- 107° N ] m
%3 BEFOLH%E LD SIEIEA 0°| =420 P
x4 SlEHitHENIC o
- o o 10 + / n
& 7w |es|BPSED e 05 ik e I
23 ;4 ¥ |~ o v|Hz| s % 2 5 107 7 x4 b £
# Za-+btv| N | mkg/s AV IR bO— L A Dl e A a
£ 7, & Hh|ot % A | Pa| N/m’ 5 _ o b
IRFE— HHE BB |V 2 — | J N-m e _ v bar GE)
T %, K% HE|v o W J/s H n 1. ®1—513 THEBEGLR] F£5iKR BE
Gal
ERB, |7 -2 ¥ C | As a2 U - Ci ERER 1985 FHMck 3, 72771, 1eV
B, BE, £ET K v bV W/A vy by v R BT 1 uDiEid CODATA 0> 1986 FFHE32
# 8 ¥ 8B|7 v 7 F| F [67AY 5 K rad BiC L1
& R iid S - L Q V/A % N remy B
avy s sy |v-xval s | AV 2 RAKBER, /b Tow, A7
B #|w = — N Wb | V.s 1A=0.10m=10""m —LBBENTVEHPHEDBAMLEOTE
B OE ® OBl 2 3| T | Wo/m? L b=100 fm?=10-2 m* TTREBL I,
N o . ~ 1 _ FR
S R H | Wb/A | bar—0.1 MPaz10°Pa 3. barid, JISTRAKDEHEFDTH
v Y ZBRE |erveyzE C | Gal=1 em/s? =10 m/s? BEBHE2DH 7Y —HESATH
A ®lw — X v Im cd-sr al=lcm/s mrs 2
i} Z 2 1Ci=3.7x10"°Bq °
B 7 k| lm/m B 4. ECHMEFELIE4 T bar, barnkk
" 8 |~ 2 v | Bqg| s 1 R=2.58x107*C/kg i 8 _
e a o U [MEDRN] mmHg Z2&20H 57 7Y
w O & 8’|l v 4| Gy J/kg 1rad=1cGy=10"°Gy CARTVS
B B % B|lvy-~ntr| Sy J/kg 1 rem=1c¢Sv=10"%8v °
® =] #
77| N(=10°dyn) kgf 1bf £ {MPa(=10 bar) kgf/cm? atm mmHg(Torr)| Ibf/in*(psi)
1 0.101972 0.224809 1 10.1972 9.86923 7.50062 x 10° 145.038
9.80665 1 2.20462 N 0.0980665 1 0.967841 735.559 14.2233
4.44822 0.453592 1 0.101325 1.03323 1 760 14.6959
¥ E 1Pa-s(N-s/m*)=10P(#7 X) (g/(cm-s)) 1.33322 x 107* | 1.35951 x 107°® | 1.31579 x 10? 1 1.93368 x 10°?
HESE 1m?*/s=10°St(ZX b — 2 ) (em?/s) 6.89476 x 107 | 7.03070 x 1072 | 6.80460 x 1072 51.7149 1
| J(=10"erg) kgf*m kW-+h cal Gt&#) Btu ft - Ibf eV 1 cal = 4.18605 J (iT&%)
F3
v 1 0.101972 2.77778 x 1077 0.238889 9.47813 x 107* 0.737562 6.24150 x 10'® =4.184J (EfLF¥)
¥
1 9.80665 1 2.72407 x 107° 2.34270 9.29487x 107° 7.23301 6.12082x 10'° =4.1855J (15°C)
% 3.6 x10° 3.67098 x 10° 1 8.59999 x 10° 3412.13 2.656522 x 10° 2.24694 x 10% =4.1868 J (EEER S E)
gt 4.18605 0.426858 | 1.16279 x 10°¢ 1 396759% 107 | 3.08747 | 261272x10°  frsm | pg (LEH)
B 1055.06 107.586 2.93072 x 10°* 252.042 1 778.172 6.58515 x 10%! = .
75 kgf-m/s
135582 0138255 | 3766161077 | 0323800 | 1.28506 x 10°° 1 8.46233x 10'® = 735.499 W
1.60218 x 107'° | 1.63377 x 107%°| 4.45050 x 107%°| 3.82743 x 10°%° | 1.51857x 10722 1.18171 x 107" 1
)iv Bq Ci 4 Gy rad i} C/kg R B Sv rem
P X 5t &
1 2.70270 x 107" " 1 100 & 1 3876 = 1 100
[t = &g 5
3.7 x 10%° 1 0.01 1 2.58 x107* 1 0.01 1
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