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Study on Improvement of Availability for Fuel Handling System of JOYO
1 1
Takashi Inoue , Yasuhiro Morita

¥ 2 i 2
Shigeki Endo » Osamu Tanaka

Abstract
With a purpose of operating effectively JOY0 as a fuel irradiation bed, studies
have been conducted for reduction of fuel handling time and prevention of
troubles resulted in delay of fuel handling time.
This report describes of results of following studies.
(1) Increase of numbers of fuel assembly received in the transfer rotor tank as
a buffer storage _
{2) Abandonment of fuel cooling pot and addition of fuel transfer pot in the
in-vessel storage rack
(3) Necessity of the guide sleeve and maintenability of the hold-down mechanism
of in-core charge machine
{4) Addition of rotating function to the gripper of in-core charge machine
(5) Reduction of gas-purge time of the guide sleeve connected with ex-vessel
transfer machine
(6) Reduction of spent fuel cleaning time and spent fuel canning time
As a result of the above-mentioned studies, the feasibility of increasingnu
mbers of fuel assembly received in the transfer rotor tank was proved and the re
fueling time undetr reactor shutdown was prospected to reduce as follows;
(1) Abandonment of fuel cooling pot reduces about 2.5days per one refueling period.
(2} Abandonment of the guide sleeve of in-core charge machine reduces about 2days
per one refueling period.
(3) Gas-purge time of the guide sleeve connected with ex-vessel transfer machine
reduces one half as compared with the present gas-purge time by means of the
ex-vessel transfer guide sleeve attached door-valve,

Work performed by Fuji Electric Co., Ltd. under contract with Power Reactor
and Nuclear Fuel Development Corporation,

PNC Liaison : Minoru Sahashi, Experimental Reactor Division

# 1 1 Fuji Electric Co.,Ltd. Nuclear Power Division, Engineering Department
# 2 : Fuji Electric Co,,Ltd. Nuclear Power Division, Design Department
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SEHFIBAEHODIEL. —RIsHEBRREH S y EUTF,
T/ RINWEROSEER AT 2HREE @RID &T/REkoMBRH0

BHAEO SmBLUS y DEBETOEED TH S,

Sm

Sy

SA516 Gr,

60

10.55 (kg =%

22.5 (kg/ma’)
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1.2 5 vaR7ya—& NEERRAROGS
O HWECX3BH
HE1.35kg Sediz & B 4 v ¥ — + 7L — + OHREAREER 7 &
P:Rm
fD. R=
i
1.35Xx1072x14012.5
90
= 2.102kg./man®
U< B MRS R
P:Rm
2t
1.35%10"2x14012.5
2 %90
= 1.001kg.mm®
® ARLB3BN
AE0. 05kg,/ciliz & B4 ¥ — b7 L— F OEEHMEBAR.
—P +Rm

fD. T=

fD. R=
t

—0.05%x10"#x14012.5
30
~ =—0.078 ke/ma*
BIU < Elh AR
—P+Pm
2t
—0.05x107%x 14012.5
2 xX90
=—0.039 kg/m?

fD., T=




® FEHEICLBIEH ,
P VA7 u— 2 IHEROBRATEROA NI X SR IESHRIZRE - TIT .
FREBRLTITROCEL LT 5, |
r o =3040 r m=2995 Rm=14012.5

T =90 t =9.0
A
/_
W =289, 000kg
£ 26 = 240mm
s
Vi

Ve

M=Wx £§
=89, 000 240
= 2.136%107 kg - um
e THREEARBVIBED F 5 VA7 y u— 2 NIRRT & — 2
YR 2.136%107 ke - mmiz/R B,



AA BTolh
b5 YR7 7 u—2 NWERIREERE ) A E AR

Rm 14012.5
r= - =155.69
T 90 ,ﬁ‘
ro ' M. NN
B = (0.875) \ \ \
Rm M. T j
0.875% 3040 \Z/ /
= ={},190 o
14012.5 “£*
Fig 3BXY o’
N ¢
=10.0
ML,/Rm§B A
Fig. 1B&o K'\
y B ! B’
=(),009
ML/ Rm8B8
Fig. 4BX0 | A
Nzx
=4, 58
ML,/ Rm? B
Fig. 2B&Y
Mzx
=(.012
ML/Rm§g
—F%
ML 2.136x107
Rm? BT (1.40125%10% 2 x{,19x90
=(), 0064
6ML 6 x 2.136x107
Rm? BT? 1.40125%10* %x0.19x% (90) 2
=504
Pl E X v HAD ERGA
N¢ N ¢ ML
fD. R= =

T ML/Rm? B Rm? 8T

= 19060—



=10.0x0.0064

‘iz 4, 3 3 EIC L BIACRIL &35,

=0.064 kg ma®
AR EEA RS
oMo Mé 6 ML
fD. RB= =
T? ML/Rm§#g RmBT?
= (.009x5.94
= (),053kg,” en?
#hA HIRIB A .
N x N x ML
fD, T = = .
T ML_/Rm?8 Rm?B3T
= 4.58 x0.0004
= (.029%g,ma?
Eh eI .
bMx Mx 6ML
fD. TB= =
T? ML,/Rmp RmBTE
= (,012x%5.94
= 0.071kg/ mr®
REHHMEIC L BIRD

FEANBBEROBIIE. BHEC X BR324 £2RThEERONS T

L. BBTH 3,

#oT BREROLIITES,
AA’ RTORA
FEEEZEX O
fD. R. VS =0.085 kg/me®
£D. RB. VS=0.070 kg un®
fD. T. VS =0.038 kg m®

- fD. TB. VS5=0.09 kg/m*

® ZEHHFEEIAHEE L 3BT

BT A3 3TRE L AMAELE &T 5,

t N b




FEBARBROED R, RHEZLIENCHRE 1.4862FTFnidBohs s
LiXEWTH S,
it T BREROLSITE B,

AA HTOBH
FEMEEZL W
fD. R. VS =0.095 kg /ma?
fD. RB. VS=0.079 kg /ma?
fD. T. VS =0.043 kg m?
fD, TB. VS=0.106 kg ma®
® REFRMERITL BRA

BOZ4 S 3EFRICXARACEL &£F 3,

REH MBI L B0 BN 5 YR 7y o— 2 IWREEIHER O s
LT, HERE B s BB < BE &% 525 BAOIEH
EABONTVAIRELLZIEH LHRAGHE LRI AENRE S B HBAIE
DWTEBRThERATH 3.

FERE & BIEH o

AN HTCORH 40,

Fig. 3C&b k

',.[ \\ cx
N¢ 6 4 P—fﬂ' K - : c——l——»d,
—— =6, \\ !
P/Rm Lz__,/

Fig, 1C—1X9 ]
M¢

—=(,036
P A

Fig. 4C&Y //ﬂﬁ\\
B ! B’
Nx
P/Rm
A’

——

Fig. 2C—-14&9
Mx
=(),014
P

=102~



-k

P 89000x0.745
= =(.053
RmT 14012.5% 90
6P 6 X (89000 0.745)
= =49.11
TZ 9d) 2
#t > T
N¢ P
fD. R. HS= .
P/Rm RmT
= 6.4 x0,053
={.339 kg mm®
M ¢ 6P
fD. RB. HS= .
P T?
= (.036x49.11
= 1.768kg,/ mm®
N x P
fD. T. HS= .
P/Rm RmT
=18.0x%0.053
= (), 954kg m?
Mx 6P
fD. TB. HS= —
P T?
= (.014x49.11
= {.688kg,ma’
BB’ RTOIBA
Fig. 1C&¥9Y
Mé
— =(.043
P
Fig. 2C&9
Mx
=0.018
P
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B - THILAE
fD. R. HS =0.339 kg me?
fD. RB. HS=0.043 x49.11 =2.112 kg./me®
fD. T. HS =0.954 kg./mn®
fD. TB. HS=(.018 x49.11 =0.884 kg ma®
@ KEFMFEHRPABRIC L DDA
1. 2@kEHEMEC L 2ENOEEE 1.OBELEDBDOTH B,

FEREIC & BT

AA RHTORA BB’ HTOY
fD. R, HS =0.509 kg un® fD, R. HS =0.509 kg ma®
fD. RB. HS=2.652 kg/ma® fD. RB. HS=3.168 kg =®
fD. T. HS =1.431 kg/ea® fD, T. HS =1.431 kg/m"
fD. TB. HS=1.032 ke /ma?® fD. TB. HS=1.326 kg m*

® T/ RAROHOHMBHLZHH
BEROMBERE (JOY0-633) i TKRE -1 T/ RAGDHIZL BRPES~OD
TEEH L BT 3,
i) EESE
WEEARX2.1.3 (3) QUFEITERCRT IR AL 5,
@) REHFmHBRE L BB
FEE T LERICT /RS ¥ 2 R8I XLEHIELTRNT 3,
FRERI1.2.0HEFL,
REBEPRRE L B BT &5,
(@) #Fe—r*yick3Eh

ML 6.9 x107
RmEST  (14012.5x102 x0.19%90
| = 0.021
EML 6 x 6.9x107
RmBT?  14012.5% 10°x0.19% (90)®
=19.2

=108 =



(b)

PLE& o HRBERIL AR

N¢ N¢ ML
fD. R= = .
T ML /Rm2p Rm2AT
= 10.0 x (.021
= (.21 kg/=n®
| IM BTG T
6M¢ Mé 6ML
fD, RB= =
T? ML, /RmRA RmpgT:?
= 0.009x19.2
= (.173kg./mm®
A MRS A
Nx Nx ML
fD. T= =
T ML,/ Rm?*8 Rm2pT l
=4.58x%0.021 M.
= {.096kg,” mr® P( -
A T IS A U
6Mux Mx oML
ID, TB= =
T? ML/Rm§# RmAT?
= {.012x19.2
= 0.230kg,m® -

BABHICL 20D

BABANT /R v 7 8AMCIER T 2BA4 20V TRT,

A-A
P 20400
= =0.016
RmT 14012.5x90
6P 6 %20400
= =15.11
T2 90 *

=105~




B - T

N ¢ P
fD. R, HS= .
P/Rm RmT
= 6.4x0.016 |
=0,102 kg ma’
M ¢ 6P
fD. RB, HS= .
P T2
= 0.036%15.11
=0.544 kg /s’
N x P
fD. T. HS= .
P/Rm RmT
—18.0x0.016
=0.288 kg, ma’
Mx 6P
fD. TB. HS= .
_ P T?
= 0.014%15.11
=0.212 kg /mn?
BB’ HTOBA
Fig. 1CkD
M ¢
—— =0.043
P
Fig. 2C&D
Mx
=0.018
p
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0 » TEIBI

fD. R. HS =0.29 kg/m?
fD. RB. HS=0.043 x15.11

=0.650 kg mm®
fD. T. HS =0.828 kg mu?®
fD. TB. HS=0.018 x15.11
=0.272 kg/mm®

(i) FEEHAFMMEICL3BH .
EEWBRIC L2 —4 v T,

ML =V - ¢
=20.4%10°% x240
=4.90%10° ke mm®
(i)H & EHR- LT
fD. R =10.0x0.0015
=0.015 ke mm®
fD. RB=0.009 x1.363
=0.012 ke./mm®
fD. T =4.58x0.0015
=0.007 ke mn?
fD. TB=0.012 x1,363
=0.016 kg/ma*
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PSS vavyo- YRR IRMGE

*2
7Y jJ ‘PL P]_ +Pb +Q
] B
*] % B Fi B Eil
#roH & B & -
BT TS EL i
C i B B 1.5Sm 3Sm A. A" . B. B AO®D
0.9 1.0 2.1 2.5
(EFHR + EHi ) =15.8 =31.6 WE. AEOE X DM
D i 2 B Sy A0S B, BRI
2.9 2.9 4.2 4.6 —
(FETIE + B E) =22.5 DWTEHRET S,
E i B B
1.3 1.5 — 3.2 3.7 —
(1.5 X EitieR + EERFTE)
C it B B 1.5Sm 3Sm
%3 0.9 0.4 2.0 1.1
(GRETHE + B ED =15.8 =31.6
D it B W Sy _
#3 2.5 2.5 4.1 3.3 —
(TR + BHEEER) =22.5

*] BEREERRNERUCEREFEIC LT, BERIBLEILXOTERT 5,

%2 P, . BERIZLEUCROTERT S5, Py +Py, 3. Py &lﬂt‘)ﬁﬁ?‘i@*ﬁ%‘ﬁ%?‘é,
*3 T/RAGBRIER (FX2.1.308@) o&i Xk 5MHHE,




1.3 AR
LL2HO b5 v2 7y u— & WHERRAS I 2O TIEAFEC X 0 RO REEEIC
L BBROBITNT AIRAERMOBRENE L - 1 CEBRTHFESELERLT

7 2
BRI NTHERLANC S VBREZT 3 TH 3,
¥, BERIRHEF LIEXTHIRERL,

1.4 BEER
1. X.R. Wichman A.G. Hopper and J.L., Mershon

Local Stress in Spherical and Cylindrical

Shells due ito External Loading
(WELDING RESEARCH COUNCIL BULLETIN #107.Aug. 1965)
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T/ REBEHEEE IR O et
3. Wit&H
3.1 W E 1.3k ult B 150C
3.2 W JE  0.05kg/cd B 1507
3.3 FWHE
bavz77n—&$ﬁﬁﬁﬂmﬁmﬁiu\4v%—¥$ﬁ§$;0&wF$
ea&HT  25,000ke '
3.4 b
PetEERE  0.324
RatkERmE 0778
3.5 RIS
RIS EC D S OCIEELR L OBLAEERENAMBEORE LT 5,
3.6 HED
(1) REFHHERS
P= 0.778%25x10° = 19.46x10° ke
2 T/ RAKRENIC X 3RFEHRD
Prr= 1.3X10° ke
B> CP >Pradk ¥ T/ RAEKRDZC L MBIV LLBEE. DRSS
- kEE T AHEN L O A E CHEERY,
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-2 ts5vR7yu—% . pvsBEORERS
1. P VvARZyu—% -2v05—%
ERES: r— vy BH 62.6d |
IUERIE  47.6m | = 1160 ZREFH
J AR 4.4nf
F—v 7@l 21.5m
IR 27.5rrf}
&t 169.6mf —— 110mi &9 3,
| &% : 5.9m
HteE & . 15x10"*m (3E#&)
x M O 17870 of —# 180 &9 3,

= h5of R

9. ¥vIRBOMEER .
1) TS5 E AR
Gr =gfBd® At /v®

g= 9.8m,/s?

1 1 1
B= = =

T 213+ 40 313
o= 5.9m

y= 1.8X10"® nf/s (for Air)
At=two—to
9.8%X5.9°%XA t
Gr = - = 1.982x10'° At
313% (1.8x1073)2
Pr =0.71 (for Air)

Gr XPr = 1.407%10'°A ¢t >10*

o At>1
mﬁ
Nu=0.53 (Gr xPr)!/*
=0.53x3.44X10% - (A t)'7* =182.5- (A t)'/*

=107~



Nu4 182.5%0.0235

om = = (At)74=0.727 (A1)
d 5.9
A=0.0235 kcal/mhrC for Air
(B X At (T) am  kcal /mhrTC
5 1.09
20 1.54

2) - FEEVRBARREER
Gr =gBL® At /vt
L=#27.5=5.25

L3 =144
144
L3/d%*= —— =0.702
205
Gr =0.702 x1.982 xX10'°® At
=1.39%10'* At
Gr XPr = 9.9%x10°A t

Nu =0.129 X (9.9%10°A )3

=0.129 x2.15X10°A ¢t 7%

= 2TMA t /3
277%0.0235
om = cALYVE =124 At'E
5.25
B ) At (C) om  (kcal,/nfhrC)
5 2.12
20 3.31

3 D. oBEE. BICBRERFNAFHECHEH T3 a=22~30kecal /nthrT
<BRIZEECIZ>L08HLT. ¥ vI7AEL D OEREER a2
@& co= 2kcal /nihrTC
&Y 5,
At PNEVBEFTBVTH. BROBLEETHIRCE LD, T4 REXb
DTHB, <Pl. HEFRWESR 10kcal /nofhC >

=10 8=



3. ZrvINEORMEE B
B2EEFMBIZ owes= 2kecal /mMihrC&T 5,

4, RAEBEK
1 1 1 Oe
- + +
K Xco Kci A

& co= 2kcal /nfhrC
& ci= 2kcal/ mhrC
e =16X10"%*m
A =46kcal /nfhC
BICK=1 kcal /nfhC &7 5,
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-3 bt3vRA7yu—2 - -5 2R0ETZRy FEE
D =R ; B PASHE ¢, =04. 5 27EEHEE 19T

S iSRRI EOR
-t
/’//A-I _ 1
T A viz=
"// 1 Al 1
l 190C(tz2) + ( -1)
’// €1 Az [
1?1$_“*1.5kw Ay Ey PARER
165.2'45 =1 2 9 Okcal/h 0,1437 x3.1 =1.39 nof
Lo Az : 5 v o NEER
1434 * 0512 X381 =1.47 of
g1 1By FPAEACHE 0.4
\ gz Ry PNEASLSHE 0.4
_ 1
Diz=
i 1 1.39 1
+ ( -1)
il 0.4 141 0.4
1

2.5+4+0.945 x1.5 3.92
1) A HERER

£, =400 TOLE
Qi =A Tieo | LI P ) |
100 100
~1.39%0.256 x4.88(6.73%—4.63 =2670 keal/h
£, =350 TOLS
. =1,39%0,256 X4.88(6.23¢~4.63% =1480 kcal/h
£, =300 TOLE
\ =1.39%0.256 X4.88(5.73°—4.63% =1075 keal /h
£, =250 TOES

1 =1.39%0.256 x4.88(5.23°—4.63")= 500 kcal/h

=114=



t1 =260 COLE

Q: =1.39%0.256 x4.88(5.33°—4.63) = 604 kcal/h
t1 =270 CoLZ

Q1 =1.39%0.256 X4.88¢5.43*—4.63*) = Tl kcal/h
t, =280 To &

Q: ~=1.39%0.256 x4.88(5.53*—~4.63") = 825 kcal/h
t, =200 CoLs

Q1 =1.39%0.256 x4.88(5.63°—4.63") = 946 kcal/h

(2 Bzl
- ADE
t I(DC) t Z(DC) t mean (OC) A (t mean) (kcal/n’fh’C) ti— 1t z(e(:)
x10-*
250 190 220 22.714 60
260 190 225 22.925 70
270 190 230 23.11 80
280 190 235 23.295 90
290 150 240 23.48 100
300 190 245 23.665 110
A
Qz = — A(ti—t2) LZTd=4X%10"" m. Ay =1.39 o
d '
ty =250 C z =474.1 kcal/h
260 507,17
270 642.4
280 728.6
290 815.9
300 904.6

(. QOHEDERE 5 7w L. 1290kecal /h OFEEMNTE D t, ZHRL £267
CTLixs, (H2.1-181)

2 =A@
g1 =0.1 EURIBSEROBY . LS5 » 7 EHEE 190T

. 1
(1) V12— 1 =0088
—— +0.945 x1.5
0.1

~118=



t

250
260
270
280
290
300
310
320
330
340
350
360
370
3380
390
400

@ #H|

Q1

172.3
207.4
244.9
283.9
325.4
369

415

463.8
014.9
568.5
624.9
684

746.1
811.0
879.0
950.2

t l(OC) t Z(BC) i maan(nc) A (tmean) (kcal/nfh"c) t, —t 2(0 ) Q(kcal/h)

210
280
290
300
310
320
330
340
350
360

) 230
235
240
245
+190 250
290
260
265
2170
215

23,11x10°%
23.295
23.48
23.665
23.85
24.035
24.22
24.405
24.59
24.775

80

90
100
110
120
130
140
150
160
170

624.2
128.6
815.9
904.6
995
1085
1180
1272
1365
1465

(D, QOREZ S 7t 1290kcal /h DB TES L, 2FL & 00T &

3.

(2.1 -8R
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2.8—1.45
= 6.3— (1.45+
2
= 4.2 (m) e {2)

REE (0.) ik 020 OBORBEAT
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EF 3B, Ty B AY —FHEOHRE
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— 107 (m) &3 3,
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TECENY 5, (£ uax =T7000—9000. E42.3 —6)
(BAMEX Lo =Lpmax— Lswax=400) | (2 L.S. 0B
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