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Synopsis :

Alloying design and manufacturing results of "Cask Forging" to transport nuclear
reactor spent fuel are described. As a result of investigating chemical composition to
satisfy appropriate properties such as TS ?45 kgf/mm2 and TNDT ?—40°C through the
300 mm wall thickness of a dry-type TN 12/12 cask, 0.1%C-1.2%Mn-1.5%Ni steel was
developed. Forging products, based on this alloy design and adoption of 100 t ingots by
using our newly developed "Hollow Ingot Technique", showed sufficient mechanical
properties as desired. The product was acceptable for materials specified by K1R curve
in ASME Code. Another alloying steels can be produced; Ni-less 2% Mn steel for

alternative use, and low C-1.3% Mn-2.25% Ni steel for arctic service.

(c)JFE Steel Corporation, 2003
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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
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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
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Fig. 1 Example of wet-type cask?
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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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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
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Fig. 4 Effect of C, Mn and Ni contents on strength and
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Fig. 6 Influence of cooling rate on mechameal properties of
0.1C-1.2Mn-1.5Ni steel
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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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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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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
e N Eofmy &+ L Fig. 14 2385 s, Fig 14 226,
BIUR 6 ek 43kalimm?® [ B, Ty 11 —40°C LR 430200
P & T, 0% NI (Niless) a5 5C4 Mo bz 2% o5
ST L B SIAD D LS,
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