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A Basic Research on the Transient Behavior
for a Metallic Fuel FBR

Mamoru BABA" Go HIRANO™ Ken-ichi KAWADA™ Hajime NIWA™

Abstract

A metallic fuel with novel design has received great deal of interest recentlyas an option of advanced
fuel to be substituted MOX fuel, however, the behavior at the transient has not been studied in
many aspects. Therefore, for the purpose to show the basic tendency of the behavior and released
energyat CDA(coredisruptive accident) fora metallic fuel FBR and to prepare the basic knowledge
for consideration of the adoption of the advanced fuel, Tohoku university and Power Reactor and
Nuclear Fuel Development Corporation have made a joint research entitled " A basic research on
the transient behavior for a metallic fuel FBR ". The results are the following.

(1) Target and Results of analysis

The accident initiator considered is a LOF accident without scram. The LOF analysis was
performed for a metallic fuel 600MWe homogeneous two region core at the beginning of cycle,both
for an ordinary metallic fuel core and for a metallic fuel core with ZrH pins. It was necessary mainly
to change the constants of input parameters to apply the code for the analysis of a metallic fueled
reactor. These changes were made by assuming appropriate models.

Basic LOF cases and all blackout case that assumed using electromagneticpumps were analyzed.
The results show that the bagic LOF cases fora metallicfuel core and all the cases for a metallic fuel
core with ZrH pins could be avoided to become prompt-critical, and mildly transfer to the transition
phase. It is shown that the moderator is quite effective to mitigate the accddent at the initiation
phase. However, it is necessary to analyze the transition phase to know if the re-eriticalityis totally
avoided after the initiation phase.

(2) Improvement of CDA initiation phase analysis code

At present , it is difficult for the code to adapt to the large scale material movement in the coreat
the transient. Therefore, the nuclear calculation model in the code was improved by using the
adiabatic space dependent kinetics, and examined through application to the metallic fueled core..
(3) Conclusion
The behavior at CDA of a metallic fueled core of a fast reactor was analyzed using the CDA initiation
phase analysis code and the knowledge of the important characteristics at the CDA initiation phase

was obtained.

Work performed by Tohoku university and Japan Nuclear Cycle Development Institute
JNC Liaison : Nuclear System Safety Research Group, System Engineering Technology Division, O-arai Engineering Center

* Tohoku university

™ Nuclear System Safety Research Group, System Engineering Technology Division, O-arai Engineering Center, Japan Nuclear Cycle
Development Institute
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T, BABPBRE Y Y ORFAE) R EOZ Epb, —BICEABRTE v, BLEHHo
BEibaia & LB L CIFLERE A 20% N B L 72 o TV %o #RFHE U-Pu-10%Zr 3 TEEZE
BT3B O 7V b= AR BB R SKIP A E AR 5 DR B LR BE
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ey cliipal 600MWe
#|mapE 38%
WO, Pu B bR 2 B
FEA R FF A ORE 380/510C
Tl 100cm
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Table3-2 Pk O~

yiy s g T3y b
BB EFERE S TR 270 127
HEENE (mm) 6.1 10.5
BB A X THE (%TD) 75 R
BREERNE (mm) 0.5 0.4
HEERNME (mm) 7.1 11.3
BHERAT7 7R (em) 100 130
BREZELE (m) ¥ 260 #1275
BEEREF 7Y F (cm) 8.80 12.83
74 YE (mm) 1.65 1.47
¥ 7 PAXTEERHE (cm) 14.77 iy
7 FAE (nm) 4.0 R
F7 MEX Y v 7 (mm) 4.0 EE
HEFREYIE Y F (em) 15.59 A
PREHETRIL (%) 35.8 49.8
wEIBEREL (%) 39.4 31.9
452K (cm) #7440 Rz
Table3-3 1XR&GHHMRMEED
i) (MWt) 1600
—RgHHHE (kg/s) 8004
PP S 33 4
SHRBOREHRE 30/42.9
18/39.1
36/34.8
18/31.5
A LTRE (kels,%) 4045 (50.5)
ANV 3
SHRBOKEHRIUTE 24/40.4
- 24/35.8
24/31.7
ABEIFELFLE (kels,%) 2585 (32.3)
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EREROoBHRELRT, 28, $EHOBEEL (BEOHE) IC13 SAS-8D 2~ FROF MY
7 ABEERE Bz, WHREBCE T, ADRE380T - HOBES10CET 5 &, i
FHREIIH 0CTH D, BHA OB AR S80CTH L2 0, KEM OBBEN L TOHE
iz 12% 25, Ihd b, HBEHHEEA FRISERTEEY 1 7 vaficsnt, (FLL.
BHAHRESEIL0.146 (¢/C) . EERPHEFEEIE3.762103TH 3)

K4 FRUSE=0.146 (¢/T) x (880-450) /0.12 x 3.76x109=1.967x10* (A k/k)
EEREND FHEOENIPLINERFELTH Y, ZOF A FRUSEILFEHY 1 7 Vo
bOTHBDT, BECOBEEEL T, Hrhivnidnihnd, BRELTHWSZ L
BilRD, €I T, SEEAS FRIBED 2.0x102 (& Wk} B R 5 &) WEENORS %
BT 5,

BHGER (FLABEEDBLITFNATVFLA0ES) ORE
HATVFTARLFLOFAL FRIBEOMEYT Fig.3-3 IR T, 28, ZOFEICAVWANE
WMOFEMIZIZ, SLAROM 2— FTO 2 EFRBHEGR (RALEEH) 2RV LTD400/F
IR L CEHE R T o 720 OBOFL. QBHFAT I ¥ 7y FRI TOFL ROFL+15em) |
@YEIIZH J+15em DF L. @R DFL+100cm DIFLOE L DDFELTH S, FHERZ
Fig.3-3 {27, FEP 6., F4 FREITE 2.0x102 (A k) EHRX 7L+ 4F 16em %5 30cm
OBICHEIEPEPbE, FIT, SHOFRIEZO200KRIIHLTIT) & T 5,

3-2-2 FEREEOHE
RIS~ v TR SF L L LT, BOFLT I AL TICE 15em & LAFLEER1EL,
Bild ) 1B SORLAFLEFRR2 LTS, R BLU 2 OXFERISEDE%. Table3-4
W2, BiEmB & UEARO LS % Fig.3-4, Fig.3-6 (2, FLHLEO R A FRIGEOE I
534 % Fig.3-6 1ZR T '
Table 3-4 KHERICEDILE

%1 %2
PuE{LEE (P3/dh) 11/14 11/14
K75 —8E -4.53x109 -5.06x10%
FA FRIGE (Foed) 4.44§ 6.178
(Eo7) 6.889 7.53%
BRELT — A 88.5$ 80.8%

B eff = 3.6x103 L {R5E

Table3-4 »bH. %1 &R 2 LT, KM VRISEQFELEEDENF MO KISEOBED LA
EHARKEVWT EBGH 5,
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D2o%IBELI, BB, HMEL L2 LOFowTE, HERIRBICARERICK D B
BoBDOHREIBRENLE Ly —AL K= F~ ¥ — L WVREBEDIE S EHEFOH10%
 ORBIHHRTEL L L2007 — A2V THRE L2 HRRREEBIC & 2 BHRIC DV TH,
TARED L2 WRESH 700CIEd 2 b0, ZORETOHEMEIOFEZIILOF DFES L
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BOCHPHEEEE BRI ERL0T)  BIAE. WLSE 2 2BRAERLTHIOET
BEELLD, BESRED 1100CORETIE, HALFRLLP2BEREZALTEY, TT
KRB Y IRIBEIRE o TWw b EELOND, T/, BAREH 1100CTHSOT, ZIORE
DRBIZREOBREBROFEZER LETFEREN1100CL WA LEDHD1110CTE LHE L,
RSB TR, LB RESEEL S HICEL LA 1150CH 3 S BEREH & LCETziT 272

3-3-2 WMIER

F—A1  HEERLLOFCR=—-E—-¥ —{EE) .

KL 23 LOF T, Ko E— ¥ —OEFNIC X ) EBEIHR D EHERON 10% DMEIHER
SNDBEVIRETORITH DT — X 3 00T TROIESRBIBRLTHL L TFHEES
b, [3-28BBEPLORISE< Yy 7OER] TEELHR 1 BLUER 2 OBIRKHFIC
LAY — B - BENORIGER L PR OEV R Tabled-5 3 X U Table3-6 IR T,

Table3-5 4% 1 COWBLBEIC LAV -8 - TEBORIGEB I THHDEN

WAL BEEERE) 1100C 1110T 1150C
¥'— % Net KIGE$) 0.06 0.771 0.826
FIREA () 18.18 19.21 19.23
¥ — 7 1§71 (Po) 0.78 4.44 6.10
FEEEZ(s) 18.18 19.21 19.23
IR FgERE 2 (s) 17.98 19.05 19.13
M%) Net KIDE(S) -0.239 0.699 0.708
EEZ H10@o) 0.61 2.55 3.12
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Table3-6 %2 TOMELEF LY — 78 - BHEBRORGESR I URTOEN

RS (HEEEE) 1100TC 1110 1150C
¥ 7 Net FUEEE($) 0.528 0.947 1.011
ELZAIO) 16.27 16.39 16.39
¥ — 2 17 (Po) 2.02 25.71 144.83
B B 34 (s) 16.27 16.39 16.39
REIE BRAREREZ(s) 15.73 16.28 16.35
3 Net FUREE(S) 0.217 0.831 0.876
BIRE% 7 Po) 1.14 6.25 10.01
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PHREEEE 1100C, 1150TC) % ZThFh Fig.3-7. Fig.3-8 2R T. BREBIIELRLHES
I I D ER 2D, DBV TEREREVE Y,

O&ToFEREFICH L THBLTVWEZ
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Table 5- 3 &F ¥ > RIVREERA

WiEOMESE | SAS-8DI— R | SAS-CITa— R | SAS-CIT 21—k
R-ZETIV HEX-ZEF)N

1 1 3.11483] 1 3.10015( 1 5.16006
0.0 0.0 0.0

2 2 3.11483] 2 3.10015| 2 3.16182
0.0 0.0 0.00126

3 3 3.11867| 3 3.10386| 3 3.16582
0.0384 0.00371 0.00576

4 4 3.12492| 4 3.11085] 4 3.17192
0.01009 0.01070 0.01186

5 5 3.12492] 5 3.11425| 5 3.17832
0.01009 0.01410 0.01826

6 6 3.12981| 6 3.11485( 13 3.18152
0.01498 0.01470 0.02146

7 7 3.13181| 7 3.12065| 7 3.18211
0.01698 0.02050 0.02205

8 13 3.14215) 183  3.12445| & 3.18698
0.02732 0.02430 0.02692

9 14 3.14215] 8 3.13523| 8 3.20359
0.02732 0.03508 0.04353

10 9 8.14465]| 9 3.14759| 10 3.21167
0.02982 0.04744 0.05161

11 8 3.15421| 10  3.15420| 9 3.21467
0.03938 0.05405 0.05461

12 11 3.17119] 11  8.15620| 14  3.21904
0.05636 0.05605 0.05898

13 10 3.17351| 14  3.15820| 12  3.22254
0.05868 0.05805 0.06248

14 12 3.17851} 12 3.16068] 11  3.23811
0.06368 0.06053 0.07805

15 15 3.19884| 15  3.17708| 15 3.23811
0.08201 0.07693 0.07805

16 16 3.20112 16  3.18608| 16 3.24711
0.08629 0.08593 0.08705
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