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Study on Safety of Crystallization Method Applied to Dissolver Solution
in Fast Breeder Reactor Reprocessing

Atsuhiro SHIBATA, Tetsuro SAKAKIBARA, Tomozo KOYAMA ,
Hiroshi OKUNO *, Yukio FUIINE *, Toshihidle ASAKURA *, Minoru MURAZAKI #*

Recycle Process Technology Group
Advanced Fuel Recycle Technology Division
Waste Management and Fuel Cycle Research Center
Tokai Works

Abstract

The crystallization method is proposed to apply for recovery of uranium from
dissolution liquid, enabling to reduce handling materials in later stages of reprocessing used fast
breeder reactor (FBR) fuels. This report studies possible safety problems accompanied by
the proposed method. Crystallization process was first defined in the whole reprocessing
process, and the quantity and the kind of treated fuel were specified. Possible problems, such
as criticality, shielding, fire/explosion, and confinement, were then investigated; and the evens
that might induce accidental incidents were discussed. Criticality, above all the incidents, was
further studied by considering exampled criticality control of the crystallization process. For
crystallization equipment, in particular, evaluation models were set up in normal and accidental
operation conditions. Related data were selected out from the nuclear criticality safety
handbooks. The theoretical densities of plutonium nitrates, which give basic and important
information, were estimated in this report based on the crystal structure data. The criticality
limit of crystallization equipment was calculated based on the above information.

Keyword: Crystallization, Fast Breeder Reactor, Reprocessing, Incident, Safety, Criticality,
Handbook, Uranium, Plutonium, Nitrate, Theoretical Density

* Department of Fuel Cycle Safety Research, Nuclear Safety Research Center,
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59KRT . CNSDERITIRT K SIT, ky<0.95 IZHET 5 PuNH OE X A8 x=10.6
cm ERD SNz, ZOBNHIRE THNIETICKERTF IV R Y v THEETE,
BERECKREVELZZEL THRETEENRIT 5.

%56 RTEBEARESBRETINOERFEREE

w'a EE | g | RTEREE
[g/cn] [10*/cm’]

‘ ' 2.1663 x 102

RIEFRUFE (BsC) 2.51 g 8.7746 x 102
C 2.7359 x 102

C 3.1729 x 10

Si 1.6962 x 1073

A7 VA8 (SUS-304) 791 G L740Bx10-

Mn 1.7343 x 1073
Fe 5.7872 x 102
Ni 8.1116 x 1073
H 3.0261 x 1072
14N 1.2060 x 1072
ISN 1.2104 x 1072
0 5.1443 x 102

239py, 2.4229 x 103
240py, 6.0319 x 10*
0 3.3368 x 1072
H 6.6736 x 107

WHEE 7V b = &« FHIKFIY) PuNO3)405SH,0 2.90

K 0.998

£57 KEFHEFZEOTIN oI LASBHRERICHT 2REEETE

AN 7= 0 DRE DT 10,000
AR 100
ER L AR 10
i FIEEREEREER 0.999048 + 0.00076
758 KERHEMEOMHE ) b oY ABKRERERERICHT 2RILSE
Jy—ABS Case 39 Case 44
M0 ORERETE 1,000 1.000
A 500 500
A L = 91 AR 30 30
i TIE R R A RS R 0.99615+0.00127 0.99162+0.00126
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#59 BINEBEETINVICEITZ PUNHOESE x - FIBER k ,OBG

PuNH O X x [cm] hEFIGER k.,
9.5 0.9074 + 0.0012
10.0 0.9282 + 0.0012
10.5 0.9447 + 0.0011
11.0 0.9638 + 0.0012
11.5 0.9770 = 0.0012
oo 1.4890 = 0.0010

B4R : k.= 0.18386+ 0.11017x - 0.00358x2

ko= 0.95 12X /59 % PUNH OJHX x=10.62 cm

750

1500

UNH #5&

3000

A

B15.7 GrEEOHSEEER

—~38 =

66666666
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0.98

0.97

0.96
0.95
® 0.94
0.93
0.92
0.91

0.90

205

10

300
P Y
P N BT : mm
yA N
y4 N\
ey \
Mot estentrnantec T b \
pmemareen A Y
A\
A SR I 2ae \
. g \
hY
3606 :.“"""“""" . _?"““""‘,..........‘.‘..".::EJ

B,C

A o e

»m‘ m’
\ —
i ATV A8
\ ) 4
\ ¥ Z

\

PuNH

|

58 &TRBOBERMBTETIV

5 : :
[ Y = MO + M1*x + M2*x? |
: ~_Mo[  0.18386
; M1} 0.11017
I M2 -0.00358 I
[ R 0.99939 |
I B N B

'l A ] '

9.0

X 5.9

=]

BH

10.0 10.5 11.0 11.5

X [cm]

9.5

12.0

WMEBBETIVICBITS PuNH QR E x EPHEFRSE Lk OR%
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6. BHDIZ

FBR BLE & WS EHMRREOP T, BEXBLEEICB I 28R BEORD 1 D&
ULTEINEMR EN TV, &R, K2 ZRBOINBRENSEZERL T,
BB TELOFIWERET S ZE2HNEL T, B &Y 7)VEE (8 -8R0
DHFEWFZELTEBL =,

iR, BREN TFOBRERNREICIVRRSZ E2FALESEIET. T
EHBFTIREAVWLSNTVS, AR THRE LD, FBR BUBII BT 254
BNSDUS U OHRBEIRTHS. IUDIZ, bALwZE2SEICL TITERESKR U
fl&RHEZREL. CNICHLTRLLOMEELL T, BR. Bk KRKBRRUEAL
ROBRERERIZNZD S FTUARDNTER . 61T, ZHERFIT, WIDHD
REEREZEEL.,. INZERELEREEROERIIDWTHERET L=,

EHRETIE. COFTHERARZEOBECREL. ETRTEZ2EAL-BLETE
LROBEREEEEOHBETOFEI DV TE LD,

T LROP.OLITRSENEBOREFMICT DOV TIE. BRI ZEMA . #1O
. BREEFMEETINEREL:. BEDOT—¥ 2ERANOERELN RT v
MEBUHT EEBIT, FICEFERIMET I R T A DWTIERET—FIT
EOZHR L, 25T, FNKXORIMEBEZREL. WETIN FoUATHEN
IBBHMLUNKRBIZE DS ETFINVIZN U TERREBITEEKL . BREDA S MR
BEX OBMEIREZ 10.6cm E3RD=, ZOBMNGERETHNE. RIFICKRERKR—
WRT7y THHHERTE, BHEREPREVEZZR L THRWEBENRILT 5.

ZDRERIT. MBI F oI ARHETHOERICRE SRV ETERTFNLRREICK S,
5%, TRV ALADBREIZDWTORREZERKL T, TOXEEZHLSNITSZ
L&D, TRV LRHOGRESEZBEL S 2 EHFELTWS, £/, RIBEL
REFIERZTVHEMENOI2LEBEZBETEZOTHNE, TNV LDEEDS
WIIRISEZEZN - BENICAIET 2ERROBREDEZ S5, BIHT. LHrdbiE
BEEAEVWRISERHEFEICI DWW TORENEENS,

SEOWETIIEREZLOMELZEANICID LTz, AREITFHROZDDOTH
D, BIMIEBORNED BEANICRFBRETEISICREITVLENSD S, £/~ &%
REHERICRA OEBRPESEEYEORA LA E Vo -HE, X5ICI3—RMTE¥
NEEHFEDREREREOELLOMELSEERL TOIHEND 3,
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