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Design Study on a Fuel Handling System

in a Sodium Cooled Reactor

(Research Document)

Yoshitaka Chikazawa*!, Toru Hori*2, Shinichi Usui*},

Mamoru Konomura*!, Youhei Nishiguchi*3
Abstract

In the feasibility study on commercialized fast breeder cycle system, fuel handling
systems for sodium cooled reactors has been studied. In FY 2003 study, a fuel handling
system with an EVST for a power plant with 4 medium scale modular reactors is
designed and key issues about the system are identified. A manipulator type fuel
handling machine suitable for the upper internal structure with a slit designed and
seismic analyses show that it can treat spent fuels without interaction with upper
internal structure in earthquakes. Fuel handling time is reduced adopting a sodium
pot which can carry 2 subassemblies in onetime.

In this study, a innovative concept without an EVST is also studied. In this concept,
the total mass is not dramatically reduced comparing a system with an EVST because
several fuel transfer machines with gas cooling systems are needed for safety point of

view.

1) FBR System Engineering Group, System Engineering Technology Division, O-arai
Engineering Center, JNC
2) FBR System Engineering Group, System Engineering Technology Division, O-arai
Engineering Center, JNC (present: Kawasaki Heavy Industries, LTD)
3) FBR System Engineering Group, System Engineering Technology Division, O-arai
Engineering Center, JNC (attached from Japan Atomic Power Company, present:
Toshiba Corporation)

This report is the outcome of collaborative study between JNC and JAPC (that is the
representative of 9 electric utilities, Electric Power Development Company and JAPC)
in the accordance with “The agreement about the development of a commercialized Fast

Breeder Reactor Cycle System”.
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3.1.3 az=nR—HY)oad Fastl

(1 B

BRAEBEEEHRE L LEEES v 7 RPN PREER 28 L2546, B0 7Y
o PR EREEEAS KB EEMm L, %ﬂx@%@ﬂwJV%bv/BX/%%éﬁ%méﬂéo
T TCIERMBBY AR LEEES v 7 RPN REE 28 LI 5E ORISR
2= N—=Y P g A v N EMORETEEZIT > T,

@) MEtd

Dm S LT g A Y D EAEIRI OV TIGEE T EH S N R R 2) % A M
SE LT, 7270 L. REHEAREEITER CIHEAKROEMEENRED D, BEIC
SRR AR ST E Tl 5 450kglth % FIV TS L7, BEIEE L TFICR T, |

o PRI RS =S L— K
<SP Py kS E A A cBEET v 7
- Bxh  EEARBE
- PRBIASHARF IR AR L RV IRE 84 1R, HlEHE 28 K (1€ 2 — 1)
- PRELAZ B OB E D4 E Y 2 — VR
- ERRERE . 450kg/E
FlkHE : 2.5ton
- RBIES B T — DR ~:1.69m
c TV o RBEBEA br—7 : 4500mm
< 7Y S F R : 6m/min

(3) HMERSER

HF P ORREHGIER I & BB DEER T v 7 REBEHEBROEE T v 7 LTh A
3.1.3-1. [ 3.1.32 1273, BB L {KH7=0 07 ) v S FEEHITIEEZEE 6 B, iKY
P8 [El, T—bAA B 3 |, BEABE 9 EE, BEEBEICIBN T2 =
— NP ad v NEGADBENRESND, WS EROEERSRM LR 3.1.3 1 ITRT,
F R U 7 AAH RS T E PR L 2 ARE L O D o OB T AR MR S A,
TR Y72 0 D= —H LT e v b OEMERCHET A & 128BEL RS, £, Af
BHEOKXWELT CORBEBITERT ), 2=/ =P aAf v O FLvy
1% 3.18kgfm » BRBRIFOEEHESIETH S 8.74kgfm LV /INE L, FMOERITAFTH D &
£z by, REIESH 5 FRREITa o A—Y Y a4 v NEMBRAFRETHD LEL LN
Do

FROBRIHIEAE 1 EYS720 OEREN 450kg THHZ L EHHRE LTWD, mHEE
BHRUE DB O TITEAER 1 Y720 OEEN 450kg DL L L 2D RREMN H 5, RIZES
EEEN 15 EE R oTBAITa=A—=F VT a A v MBI 5FY ML 13 3.88kgfm &
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Niza= =P AT a Ay  MEMITARBREFoTEDLN TS (R 3.1.31ES
R), K75 FTRESNTWS 4 F Y o — VERE OB ST e fT e/ L = N —F )L
VaAf v NEMERRIETHDILEZOND,

4 FEo

BHAEBELAMRE LB EER L2 L & D2 = —P 0P s 1 v N OFEME
BIT o7, REMEAREE % 450kg/k & L2313 BB SHA 5 [EIFREE D HF RN ATRE T
BB LB LR T, BPNEREEAE D OBEBHESROEEN 15 BREIR2DZ L
FRELUUMELESEAD 4 ¥ 2 — Ll ORI IS FTRE R = X — P P a A
VM EMEBPHRARTHAEEZILND, L, RBREHTHEIZY v o=y FORK
BT 3m/min BMIE SN TWAR, BB ORI &AL L TE 6m/min Z28E LT
WHEDE®%RT ) vy MEB{LOFEEELFHIT 2 MNERH D Y,

Y1) BTV TH Sm/min YU FCIEZ Y v B RSEER 2 = =L P A v FEAIC
HEBEH RN EPERINLTND,
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PR Rk R4 >t o R B (2 N ) mm 186.1 152.3
HRHE mm  |4400 4600
P BREEE | 7—LAESELROED? mm 1690 1400
FJUyIBEE m/min |6 3
#BAGIRA ton 25 GRS
S)wiMRIDE mm 25 Bl
A=N—Y)LTa4 BEERE (TRERHR) = 208320 169750
R arkivy kefm |3.18 3.74
E B iRA [57501E 575%
(GABRZLLE) sz

FNDEEZVIRIF AR B % LIE-BEHABEETR
3¥2) BEHRE 7 — X2 TO#E, 7T —X 1T 1550mm
H)RETIEOM T LEHR. FaLLTIXRETHICERIZEELTLS,
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3.2 fFRBREE
3.2.1 HEHERE
(1) =

BET v 7 FUFPIPRESRE L, BRBIZCHI-IRBHEABERT T, FTREL. SERBTIREt D32
LETOBBTH D, TR 14 FEE TORNT, REOEHER Y FERIAL T, Bk
DB EFRFICBET 22 Lick . BBROm LE BfETEMEREIN, AFEEITE
BEBEOFEOEE 7 v 7 ROFNTREERZ B L TEEABEORE OEIRT v 7
ADF R & IR L, £z, BET v 7 PR PRkERE O B RBE R H LRI
BT HETER & LT L,

@) EEERy b

BHEER v MR D BREGIHEB] 2 b Lo, BEE 22.5kW OBEHE 2 RILH T REZe 8%k
FR Y MEIREREI Uiz, 72720, LRROBRRGEMmIL, Wk 15 FERFOT N U U AKBH
HREUE & REHER B HEE L, 20, ZIRGMEER 2 X—X L LT3z, 51, &k
B 72 R C R RTIRBMEIT 21T\ . BREVERER MR T D LERH 5,

BHEAERy POBEREZK 3.2.1-1 1077, EEHERIT, UTOEBYTHD,

O BREMSIAKL : 2 (K |
@ XKy bR
AR (7 1 R T 4 AFTARER) ¢ ¢ 580mm/ ¢ 560mm
NV RY TNy FER . ¢ 640mm
® Ry bE
- 2F 1 $4690mm
- I N U U AREALE - BREE R3S S T I 450mm
@ 7 g oALER
c T AT R T v
c T4V 1458 (7 4 VE 3mm., 7 4 BT 12mm)

BRER Y FOaLRT MugkRboT, Ky MEEICHIDHLIZED 74 v 2 MT L
e Wy FEREOBHEBRELEETHHE TH D, 74 VEY ITIHEEmMAEE L2
720, ES R REREROEEREIXERINT, ISI ISR IERREIT RV, 72720,
RNy MREAD T 4 VIITLIEETFIR 202, LT ORMGREE fER T2 H4ERD D,

- BUENE T 0 ORI UM K ARERRE, 7 o UTITRE R EColEER L
AR DVEZEM
C BREME: 7 ¢ VU RETTTO BT R OSBRI

Fo, BREHR ETRRICIE, Ay NEHOVA R ATLD T P U LARRAHIND 2D,
PABHEE AT L7cREBE 725, BEBERICIT, BRTFEA#END EVST £ CoOREHE %
ERERIEH 20 0 & W20 BB BB H LR T X SN D, — 77 BiEE LRI,
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L EARRNES (UWEAEGHE) ToLLbic, T M) VLKA EF L, BB
B ZE LT, BEECT MY 7 ARy PN T—KOBRE AR L. FTE ORREVERE
BHERT D,

(3) AP
BET v 7 RIFNPREERE I, SR (L—TF v X LICRE) . FRENE, FR
kR DR S N3, BET v/ RFNTFIREEOEEMKE X 3.2.1-1, HERERZ
M 3.2.1-2 \o7d, £H, BET v 7 RAFRPREER OB (P 14 FERRORE
L) biEt# L7
ARy M. BREBHEAKIZ L0 B Y TH bhIRET, FRERNEREZFRET D,
HESE LR OB AR TR B0, FRENEREAE (BHRY—7) 2HAT 5ER
REEEAHIREY 2 3%E L, FRENEAHOZKMBEREIRORFEREZ K 3.2.1-3 TR
R
IERINBITIE, BB T 7 ¥ R AMRER X 5 12K 3.2.1-4, [ 3.2.1-5 IR T EIR &
BT HMERD D, FERTHEE & OB, BERAMELHRT S 0IC. FAR
PTG TiE, EN R B A EE RS LT,
1) MBI IY, ZERARROEADREL . BT OBREAA Y — 7RI, BT
ERBERICEENRIVT AENERE LTS, LEL, RFFEEEF TR,
F2 4 FOBERRN LR, ABEILFICOREETIZ LREEXBELT, £
RHATRL, EREFEMA LI,

(4) FREmE
CEET v 7 RN THEERE O BRI T ORERNELZ LU TICE L D D,
(a) BB = X~ LT a A FEM
@&W@%@ﬁ%min\%ﬂl%%t@@%ﬂ&ﬁ%ﬁyyN%%@ﬁﬁZ%&ﬁé
A3, 313 TEIEM LI X 91T, BEPBEREFL T, ARWEORE WFELBTORRE
EHIHEHEST B T2 0. 2= A—P LT a A v bOEE MLZIREL 2=3—F Vs
A v NEMEREFRRRELLRSTS,
by FERTREEEARER (FRENE) OFERet
I P R AR TR S T 7 ¥ A OEI R & A T 5 - OBEREMEPBEESh
%, IFPPREEE OFRNERFIC OV T, S ERFOEEESM S 3.2.2 HICBWTRHMEY
%
(0 FRTIFHlEL oORBEAE ,
BET v 7 RPN FHEER T, BB A RE LRV, REOEEER Y O
EACA, BEORSENT B EZET 5700, RTF#EE L OREREGESR 3.2.3
HIZBWTHERT D,

_42_



JNC TY9400 2005-009

(B) T

BHEBEOBEDOEET v 7 AOFANFHEBRZ BRI ETo7, BET v 7 FAN
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3.2.2 THEMESTHE
(1) B :
BET v 7 RPN PHREBIC W TR RENEE T IR BN T 7 e AT D0
WD, FPRENED— 45’55@37%W*%x?ﬁ&%@lfxﬂk%ﬁﬁﬁ‘ébgﬁ3@60 )

Te IR E BIFRENE OEIEIC RIT B 27l L7z,

(2)  wEdSt
FRENE R TFFERBLESNLH Y TIF K FEFEIZ OV T TR TS TW
Do ptEACRZK 3.2.2- 1 FHMIIC AV BARE T V%[0 8.2.2-2 127 T, 7 MU v A (AB
) IZ DWW TIEENEITICR T DL ffisRE ., I A—TAPICHE T 585 (BCH) T
IRy N OREARID D DREE L ED TETME LT, B EEEORRE R L LT
I 8.2.2-3 ZABE Lz, ERAMOEREE L THILUT OB 2 AV 2,
(AB )
BNE+HHRE+T U 7 A=164.4+225.4+402.1=791.9kg/m
S EE=791.9kg/m X 0.603m=4780kg
(BC #D)
ENE +HHE=164.4+312.9=477 3kg/m
A BE=477.3kg/m X 0.717=3420kg

(3) MEHER
(a) SR

AB MIORIE (B 2 kE—A > b /RE) ZEERIE & LT BC ORIk (MIE {2
FIEE) 3 K ONEIEEA 2 394 L 7o i R & DL ISR,

HH Fik=2 BT AB 4 BCH
B L cm 603 717
L E R W t/em 0.00792 0.00477
Wi 2 kE— A > b I cm4 129746 383199
e K cm3 215.2 534.4
L k 1 2.48
G592 R 1 -0.84

IDEERTSONEREIZIUTICEIVEINS,
kAB_l

= =0.29
ko +hye 14248

DF,, =
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- 248 _ oo

DF. . = = =
Bk ke 14248

(b) EHIREB
IERNENEOBEEREIC OV TIIBAHE P AR Sh 7RO RABZEM ) b BIRE T

LA PN THIISEEE U, (BRI X B E—A Y b MU TORANLRD bILD,

(Z MiR,.jX +PL,,=0

x =238 549

~242
M =M X =-131x2.49 = -328kN /cm

DL EOEMOEMEIILLTOXTRD 6D,

5 MM LAB+_5_]\7M

max L BC

12 El, 12 El,

max

=0.64cm

&= [(Mps1 ErYix =
HEBET L& A0 CEARSBEIILUTO L S ISR s b,
5
f = —57)—5_ =6.3Hz

(© BEAEZKFHEL LSS
WHENEEIC X WEIAN S BAOBEEREITE—2 Y b HIZTOXTREN

.
H, = -;—WABLiB = 0.00792x 9.8 % 603” = 8 =3527kN - cm

Hye = %WBCL:;C =—0.00477x9.8x 717* + 8 = —3006kN - cm

—Fh, =AY MBI FUTORTREND,

J 5 =—(H jp + Hye )DF = =150kN - cm
J e =—(H 4 + Hye \DF g = =372kN - cm
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DY HNE—RA L FOAF mITLL T TERENAS,

My =H y +J 4 =3527 =150 = 3378kN - cm
Mo = Hye +J e = =3006—372 = ~3378kN - cm

TmAY MCXBHEFIT Y mRIZUFTEEND,

> mR =1x3378~0.84x(~3378) = 6218kN - cm

o, DM EOENCLAHEEPCIRUTTEEND,

PC= %PABLAB + —;—PBCLAB = 4.78x9.8x 603 +2 +3.42x 9.8x 603 + 2 = 24222kN - em

OB EDFEMNORREAEE— AL MM, IFUTOXSITRDBND,

D MR-X+% mR+PC=0

_ 2 mR+PC 6218424222

> MR ECYTR

X

MX =~131x126 = ~16534kN - cm

M, =MX + Y m=-16534+3378 = ~13157kN - cm

(d) KEHMEREICL DN
ENEOEFIESEE 6.3H2 B L 45 L [X3.2.2-3 OFESAHE L v AKEHEE 3 RF
H9IZ 4m/sec?, AEEE C I3 FORNS 04G LGS 5,

zﬂﬂ%m‘ﬁ%fﬁ:_ﬁzm
TOEAIEE 98

ZOBDRAEIE oy WU TOXTEEINSD,
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CyM,.. 04x13157kN -cm

7 3 ad2en? =1.5kN /em? =15N / mm?*
v cm

O =

FENRENE OB RIS M HA Y —7 T T 16N/mm? & 400CIZRIT 5 SUS304
DFFARS 160N/mm?2 L 0 b/hS <, s ERTERABL TH D,

@ E&d

BBV T 7 2 AR OIR & 2 H T HIFNFHER OFNENE IOV T, Se MR
DOREERR AN 2 FE LT, FRNENE ORKIITIENIHER ) —7 FiET 156N/mm? &
400°CIz 31 % SUS304 DFFZE] 160N/mm?2 XV b/ha < et 2 iR T RER R
HBLTHD,
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EAEERTIFE S EREN O TR, FRREEE D LRIEDT 5 E5!0
RUnEhEEAMD,

RO CVRRASE RTFE 2 LR R B B COME AR )T
P O L B SV AEE YT By . — 5 TR A O AR B D YR
H5 . T B RERE 0T, 25 DB B TR ET 5.,

. FRFAS LSRR

SHUSERBR)-T

¢ 76.6cm*t1.2cm

rgﬁu IR x;}-7
70.8cm#t0.5¢cm

=EhE T

¢ 67.0cm#t1.0cm ~—

717em

1320cm

mnE 1 B
76.6 1.2
¢ 76.6cmsk cm\

603cm

FER R LIk
@ 76.6cm¥t1.2cm

26
SR EME

[A—BF‘U :
. TR BB O TER DB EEL. AR D5 BB EE
RIS LY B, RS OB

0 =sin"((38/2)/(78.6/2)= 29.741°
@Jkﬁﬁmﬁu@‘ 20= 59.482 °
ienk y= 38 em
FOE: : r=74.2/9= 37.1 em
RIE: t= 1.2 cm
SEHE Dm=(76.6+74.2)/2= 754 om
W 200 E—AVh LgElxsr -t -y/r)= 129746 om’
BT R Zas=Zx=Ix/A(Dm/2)= 3442 om®
[B-CRT1 o
M PRI, RNERUAHAR-T DEETRDS,
DA HIRAY -7 7%  Dio= 76.6 cm
Dk\”—:}é': t1: 1.2 cm
W2 E=- AV M= 7 (D104~ (D1o-2-1,)"4)/64= . 202053 om’
QWEIAIER-75E  D2o= 70.8 cm
RE = 0.5 cm
BT 220 T~ A= 7T » (D20 4~(D20-27t,) 4)/64= 68221 om®
QERENEZ D3o= 67.0 om
Bs”’i t3: 1.0 om
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250 0.373 12.56
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150 350 0.233 7.85
400 0.184 6.20
450 0.149 5.03
500 0.125 4.20
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