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Manufacturing of Cask Forgings to Transport Nuclear

Reactor Spent Fuel

Seimei Karino, Kiyoshi Uchida, Yoshifumi Nakano, Toshikazu Tobe, Katsuhike Miyata, Ryaji Kedama

L 3=1 Synopsis:

BEFE AR DA A MR LD % o 2o FHB RO M
VER Tz, Wld v 2o TNIYLL 50 T pge, W
FE AR 300 mm FELOuGE-¢, BB S 45 kgf/mm? L |-
FHEUBENE Typr 20 —40°C RUF AR 5 185 i
#iTVy, 0.19% C-1.2% Mn-1.5% Ni B i, ZoOls
B LD, MRS BT L MR LD
W00t P REL, F v R 2RKCHEH LA E DS ER
FHES FAE T SRR EL, SHIEIR M-
2% Mn &, HDVHEESAG & LT, K C-1.3 Mn-
2.25 Ni AR X h, 7 BhAOREEE AR LT
ASME Code Gl & h 2 Koy BEICCHITE D O & X
ER LML o7,

1 %

L]

FAEREIL S D AT A EO R ST ETEE 0, BETD
 AREIAE LMD —g %l - T 5, BREFERHNIRENO
BRI RH T Al S R, BRMTH BRI, ERCEL
THRESSROER A4 i Shtin sl BHiaEE r#EHEh
B, LOMHEEBREMEERY v 2 2] EFRLTHS,

AR SN CHERORERFRILBEE24 85D, BETDHIH
HERIRNEAY 500 tlyear Eicd, T UALEE T NGB TR
PRSI RSEIR CIR s 581 0 o F 75 2 FDRTH YD, TR
PR (KA 4 ¥ 2, 77 2BOHENCETEL TS, ULt
T, EEASEISIIT D R 4 2 LR B S LC IR R
2 AL T e B S Al M bR CRE D, ChbE WELC
F o 2 P ORERASEBEETETE D b,

1983 4, ML SIS0 * o 2 2 JHEERY L, B -
ALfs, REETE, Zhed sy 27 AEMBRROBETFEDLD
ST LARERIT DV E AR B, B AR s T OV L
DTG,

2 FyRODOHEHFHEEY

A oo 2 HPRAHI LCIERE (Wet type) L2380 (Dry type) o 2

-

Alloying design and manufacturing results of ““Cask Forging” to transport
nuclear reactor spent fucl are described.

As a result of investigating chiemical composition to satisfy appropriate pro-
perties such as 78245 kgf/mm?® and Typr < —40°C through the 300 mm wall
thickness of a dry-type TN 12/12 cask, 0.19%C-1.2%Mn-1.5%Ni steel was de-
veloped. Forging products, based on this alloy design and adoption of 100t
ingots by using our newly developed “‘Hollow Ingot Technique,’’ showed suffici-
ent mechanical properties as desired. The product was acceptable for materials
specified by K curve in ASME Code.

Another alloying steels can be produced: WNi-less 294Mn stee! for alterna-

tive use, and low C-1.39% Mn-2.25%, Ni steel for arctie service.

Table 1 Churacteristic differences between dry and wet type

cask
SemT e
tdex e T Ve | Py
Coolant for decay heat Water ) Gas (Nz)
r-Jay shield Lead Steel
Neutron shield Water Resin
EXCELLOX- |
Brand seriese | TN-seriese
ran -
HZ-15 | MAGNOX type
NH-25

HERCAE ey, ZhinpDfioy Table 1iCRm4, 4 2714
DE¥ ¢ F ¢ BRTHD LDOLWANBLEFL, TATHD ORI
HNPMEFRL D, Fig. 1 L0 Fig. 2 i8N+ v 22D
R AT PR A RESEARERC -T2, BElE D
MR A DI TH 505, Bk & LTHAELR T
WEHAID LRI A T H S, ES R O B e, — 1k
Bofod AV TERER S P D, s ERE D,
AT, F o A2 Table 20 235 TR DRSO
MR B 2 I | sl D TB(M) BUIE 2 REMSY £ 4
D AR AR | Gl Ui e e, E A RO ERY

v ONREIB9LEL2 ) 3 BT

* 1 REATUIEA R RAUTIEERE 2 DR SR NP A (B D
t PR A RASIARES 2 DI
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LEML, [AEA (ERGFIRE) o Mg E ok el
B2 d & 200, MFEML L@ SR OHRIN & /A Uik
hidlfe v, S0CTROMR L D EABBERI > T L
FREOREMABE LD, Lok CHAE RS MO TR

Shock absorber

Lid vent valve
Shielding ring
Fuel assembly |k, o
— =N Y Cover
Cover bolt |3
5 Hollow shell shield
Fuel support frame | steel plate

Lead
Water level control valve

Body outer cylinder
Fuel_support frame

Stool

Drain valve of
—7 outer cylinder

Fig. 1 Example of wet-type cask?
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Front shock
absorh cover

Distributor orifice
bt Cover plate

Lla cover - o
Ring frange ™ Vent orifice
Trunnion 8. r
Tie_rod )
T }Err’/_bk_nt retaining ring
Cross plate /
B-carbide Cu e =
sintered plate %f
’ﬁ L —/ Fin
= -12 Rasin laye
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Basket = Q/ bl
—-—RKE| | S Boay
o =
S =
NS N/
=1 ==
Fuel assembly %ﬁ " i\%
L =
Z =
Retaining spacer‘ g
Retaining leg %’g L % Base plate
§: L e 5 Drain orifice
%2 &
¥} ; ;’ Rear shock absorher
7 2

Fig. 2 Example of dry-type cask??

Table 2 Safety standard of BM-type 2nd hssion transportation

Test condition

Criterion

1. Siandard proof test
(1) Rain proof
Spraying water equivalent to 50 mm/h rain

(2) Free fall descent proof

urder 5teeese 1.2m
5-10teee-e- 0.9m
10-15 teeeiee 0.6m

aver 15 0.3m
{3} Compression proof
Putting 5 times weight on Cask for 24 1
{4) Penetration proof
Dropping 3.2 cm dia. bar of 6 kg weight from 1 m height
{5) Environmental proof
Keeping one weelk at 38°C after tests through 1-4
II. Special test
(1) Stiflness test
a) TFree dropping from 9 m height
b) Dropping from 1 m height over horizontal section of
bar with 15 e dia. extruded 20 em: height
(2} Fire proof
Keeping 800°C lor 30 min
(3) Water proof
Keeping for 8 b under 15 m depth
(4) Environmental prool
Keeping for one week at 38°C atmosphere aflter tests
through (1)-(3)

{1y Specilic dose of radiation at surface less than 200 mrem/h

(2) Radiation dosage less than 10 mrem/h apart from 1m dis-
tance

(3) Leakage ratio less than 1078 Ag/h

(4) Surface temperature less than 50°C in the shade

(5) Surface density less than the allowable value

(6) The critical state is not achieved in the case of arbitrary ar-
rangement of casks more than 5 times of numbers restricted

for transportation, after tests.

(1) Radiation dosage less than 1000 mrem/h apart from 11n dis-
tance

(2) Leakage ratio less than Asfweek, and #¥Kr less (han 10000
Cifweck

{(3) The ecritical state is not achieved i the case of arbitrary ac-
rangement of casks more than 5 times of numbers restricted

lor transportation, after tests.
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(2) #fEE
(3) ®EA,DRHLTECOME (20~300°C)
(4) WGEEEEEE (Thor, Ko)

T A RE R R R LT D U b, FE AR b oD 2 0T 0l G i
MO RRFEHIC L - IR LW HEXERINB L0 E R
bitd,

Bfrd o« 2 7 AOKMEAE & OB B2 R R L, S
HRET 2o - XIS TE, P OoRBENAMERERE LT 2
ERFEFCHERBETHS,

3 HElT ey RXUDOELE

3.1 HBEHE - RATOHBE

SEME L7 %0 22 IO B G0 CH D TN-12/12 3
%220 [H) & TER) Chs, ZhboEmgke Fis 3
SRS, VRS RIEAW 300 mm DEEEE TS S, HENCER
&hictiftd Table 3 Wi, ¢ SISO b BRI WA < 7
BOTHAEEARAE T L, MEITHT 3 ERAERT
Clelss Lichi-C, SRS LCikiEdcn Bk s 45 keffmm? o

#1815

#1234

N

A FIN

4919

'1 | S ———————— 4

389

(mm)

Fig. 3 Profie of cask forgings, TN-12/12 type

Table 3 Mechanical property requiremcents

Tensile property Impact property

Ys 75 El kA vE.m vE_ss Tyor
(kgt/ | (kgf/
mm?) | mm?) (%) (%) i kgt-m) | (kgfem) | (°C)

>26 >43 >20 >30 >6.92 | >2.78 | £—-40

DWT

EHEBEG SN T TzAs,  Table 3 12705 1 9 W GG DY BE TS5
BRI RN AP D S EOBBINT o TR A A C F e hs - 2o,
C TR ST B, L bR R {8 Ao R AL AR o TR
B ET =7,
3.2 et

Table 3 &> B MPERE A MAAE-§ 5 MIE SRS 250 5 #o0h, 100 ke
KBRS TV R 24T - o, ARSI ASTM A350 Grade LF1
%75 0.109% C-1.209% Mn ZjEEHE L, C Mn 510t Ni
EHEEEEATA, WAL & LEOBBNETIC AT oh b
DEBA T,

PYEL 300 mm o #ib4 D PR FE R 54T L AVELT b b A R gy J X
UA RES G Mn &5 2 of Ni o fgsis Fig. 4 10579, v h
AT L sl E ER A S, C oz CAEY Hihxu
Z, Mn 200N ORI CAMES R LS80, Ni OR8]
FHThD, Table 3 TR IR BME L UAKLT L LIDHREIES
7ok 1L.0~1.5% FEEED Ni oF MBS ECh 5,

60
@® Base steel (0.10C-1.2Mn-0Ni)
(1] o
"'E 15Ni 1.8Mn
E ® 0 A015C
= = I.ONi. P{ 4
= \ &
; @
40 4k
AN |
J i
)
— A O
¢.05C  0.6Mn
| 1 | L | i |
30 —80 —60 ~40 —20
Tt (C)
Fig. 4 Effect of C, Mn and Ni contents on strength and
toughness
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Fig. 5 Relation hetween Ty, p and fracture unit
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Photo 1 Micro-structure of steels tested
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Fig. 6 Influence of cooling rate on mechameal properties of
0.1C-1.2Mn-1.5Ni steel

Photo 1 |Z ML O X EHHEEMAMS T T, C ORI LY <
—54 FRAMEL, MnoWEic Ly 7231 MR L Cw
D, IO ERELIERE L CAECVCHS LD LEEE
B, Ff, EERBEOMMA R R ST SRIERL & A
OREfy Fig. 5 g4, Mn FHEROSV & ORBEBEEN NS
<, HifRbio L3 AR EYREL TS, —oh, N3l
BT S BRI o, HEEMSEECEBS VT
L N gFHOGVWHOIERE LA MERCEY, N iE2rY o
2 ADUAMEERD WD EEBELBND,
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‘ﬁm&ﬁ%¢”*&&Lto%%mmﬁg&tAﬁu FE A

SRR RIS Fig, 6 10RT, MDA HER O (KT
AN E CREE E » A I LT L RESIRAC TR
FicEmen B nius o EAMGTCE D,

3.3 BEdEst
BT RAS DFFRIC G &3 & Bl Uk BEMESy 4 Table 4

e
TAERNCH L-Oi, SCB8 LA ERBmTif -5 2 2oL

foo FREERBRI T O BEE RS B RHTA D7 <, RO BRI
STERDOAFE A EREDORREFE L FER LS~ L F
e, 22oBETHBHY, LichioC, HEMIC ABEEN S
RSB EC IFFEIES LB AR LT B0 BMTH
D, ¥y RIOML BR O BFBRES SHD, Lot ARmMCA
F o AP AREEIh A EERO @R AN Ch S,
Photo 2 4@ IRIZEA LAz 100 ¢ R @ o A8 5 Td .

ERITREROPESRB L EAREE CBET b L,
L, HEERLE MO F P A &S kS IEE L,

BOAMITEANKEL S L& L, BAROLSOF—25F 1 M
AL 880°C, MEANULARIBAEIL Lic, BEANEOMEL X LR
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Fig. 7 iz 7 0+ 257571,

Table 4 Target chemistry for cask forging  (wt %)

c Si‘Mn‘P‘S[Ni‘Cr

0.09 0.20 |
~0.11 ~os\

; 140 | 0.10
0. 010|<0 0051 160 ! ~0.30

1

Photo 2 Outview of 100 ton Hollow Ingot for cask shell
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Steel making

BOF LRF process

Hollow ingot for shell,

[ngot making . .
£ conventional ingot for botfom

[Preliminary heat treatment _] Normalizing

6000t Hydraulic press

Rough machining

Heat treatment
Mechanical tests
Final machining

Won destructive examination ] MT,UT

Fig. 7 Manufacturing process for cask forgings

Quenching and tempering
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Fig. 8 Sampling posilion for test specimens
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Fig. 9 Chemical analyses on cruss section
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Fig. 10 Distribution of mechanical properties

Table 5 Data on thermal-conductivity and thermal-expansion®?

Thermal conductivity Thermal-expansion coefficient
(W/m-K) x 1078 Kt
50°C : 41.9
(>35.8) 13.9 (212.00%

200°C : 43.6

% Thermal propertywreié[uirements
b Chemical composition: 0.10%C, 0.24%5Si, 1.27%Mn, 0.0059%7P,
0.004945, 1.519%Ni, 0.19%Cr
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Fig. 12 T'ime dependency of load and crack opening displace-
ment

too 3%y MEEBAREIE Fig 10T, SBRATL 50x 200 %
200 (mm) THD, BoBEHEEEBICAESIETS IICWRY
At BB, BEBRF A PTEEMEICERRE Lol (0% HAM
LG, UIREYEOXELZ L L Dff-7:. Fig. 12 01§
HAEER LU o Fr— SHOFEMORKMNZELORE LR
T, BEEEREEEO RV 4 ) — P — SIOEATRL 2 My

L, —FA, WEIHAETS, BEOMEHTESO2Y o Tr— 0
PHOZEGL 4 B RANET Licficofl s Ui,

Photo 4 iz o o2y BN OBER O 2T, BWRiAE -1 <
7o T 2R NEYE (G2 1 8 1 o0 S R IR B Sl AR e 2
LRb#E s aiobovhy, BE LB EHTST3, B
PRABHREEF I U AR Koo (k- Ymmimm?) i3, B 08 imRE
LERED U R BRI 4 (mm) $5 5O RIEAAZ B R L L 2o e



EREEEEE S+ « 2 7 RGO %y‘é 219

Test temp. : —30°C

- Atrested
crak front

Photo 4 Fracture appearance of Compact-Specimen
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Table 6 Chemical composition of steels tested  (wt 9)

c Si ’ Ma | P s Ni Cr

0.05 0.01 .60 = | 0.01 .01
~0.19 | ~0.80 | ~2.11 | 0007 10005 ¢ h e 1 0 a0

5 100 kg WM A i B A ARE I CIEIL L, PO 25 mm ORIk 8
i, 950°C CRETeH LA L Aot BEAN - Hd X Lu Tt I
ANDISOF— AT+ 4 LA 880°Cx3h - 1, #A fubLshin
B i 2 =2 CfTyy, 20°Clmin OBFHE S L, THULE
152250 mm PRI M O P AR LR st B HGERSS M  S, B
L ELIE630°Cx8h & L, FoEonilyiFEdusiis L,

KEE LD, (3) Kan (8) RoBEEBRSHE R,
YS(kgf/mm?®) =1447(%Cr) 4- 12{%Si) + 9(%Mn)
FE(HND E (GO o (3)
TS (kgt/mm?) =19+66{9%C) - 11{%S1) +10(%Mn)
F BN L 10{SHCT) vvrvereeremeimnceeas (4)
«Tos (°C) = — 55+ 515{ % C) —4(%Si) —29(%Mn)
— AN =18 Cr) oo (6)
Ty (*C)=—65+115(%C) — 36(%4Si) — (4 Mn)
— (%N FB(%Cr) (6)

(4) WE LW (8 X, BIEEMS F5 L Typr RIFS Mn
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BIUR 6 ek 43kalimm?® [ B, Ty 11 —40°C LR 430200
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Fig. 14 Effect of Ni and Mn contents on strength and tough-

ness
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