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Study on the Impact-proof Internal Structure Design
of a Spent Nuclear Fuel Transport Cask
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Taemyung Shin and Kapsun Kim
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Key Words : Transport Cask(5-%-87]), Spent Fuel(AH-8-F<13), Basket(H}2=7), Drop Impact(<}3l%2)

ABSTRACT

A simple preliminary analysis is often useful to check a validity of design alternatives before the

detailed analysis phase in the viewpoint of efficiency. This paper describes a preliminary analysis

procedure for the selection among basket design candidates for the spent fuel shipping cask of Korean

standard nuclear power plant. As the cask should maintain the structural integrity in hypothetical accident

condition, the case of 9m drop is significantly considered as the worst scenario among the accident

conditions in structural design viewpoint in this paper. As basket design options, totally four different

types are considered and analyzed in the point of structural integrity at drop impact and weldability for

fabrication. As a result, an insertion round plate type with densely spaced supports turns out to be the

best in both of the viewpoints, though the weld plate type shows a bit more design margin.
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Table 1 Comparison of reference designs for cask - 87 STHRJET
Cask Basket Descrinti s
designs type escription X715 HoAy P S 222~ Q.
F71 71eeddt LA TuUe] FE87
HI-STAR | Weld | | §4 P }VR fuel ™ Bask . o] w27l el 9 AAE st A dl 7HA
MPC-24 type tainless ~ stee asket  using o 7 - o
Boral & Al o] AARNS =EsIgih vkl 5S4 wel A
NAC-MA Weld + 38 PWR / 87 BWR fuel assy
GNASTO tee + Stainless steel Basket using
R yp Borated SS Table 2 Comparison of basket design options
+ 21 PWR fuel assy Design : : ot
CASTOR Weld - Stainless steel ~Basket using oo Details Design characteristics
V/21 type
Borated SS
i 20 plates * Thick plate with large gap
CASTOR | Weld | = 28 PWR fuel assy . Round |5 1 1m thick - Simpler weld
X/28 type * Stainless  steel  Basket using type A * Cell pitch 261 mm| -+ High stress in support
yp Borated SS p g pp
Fuel . 40 plates * Thin plate with smaller gap
Solution | Round | | ZBLSII:;YRS&I;L r?:(siy by 35 round tRoung * 10 mm thick * More assembly works
W21 type lat ype - Cell pitch 271 mm| - Stiffer between cells
MPC plates
. * Thick plate with large gap
NEO Round | + 21 PWR fuel assy tWCIdA 58 ;‘iﬁp&?sk + Complicated weld
Cask type + Forged Al Basket using Boral ype ¢ - High stress in basket
- 12 PWR fuel assy Weld | 40 supports * Thin plate with smaller gap
KN-12 Weld | giaintess  steel  Basket using tvpe B | - 10 mlirl:pthick * Tough weld / better stress
type Boral plate yp * High fabrication cost
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(a) Round type A

(b) Round type B
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(c) Weld type A (d) Weld type B
Fig. 2 Shape of FEM models for basket options
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Table 3 Mechanical properties of cask components

Stress
Component | Material (;}1 0, limit Temp.
(MPa) | (MPa) | (\pg)
C/S + | Room
Cask body SA350 258.6 | 482.6 | 337.8(*%) temp.
Basket | S/S SA- s o
component | 240/321 167.1 | 641.4 |448.9(**)| 167T
Neutron | pyp a1 | 20.14 | 47.17 | 33.0¢+%) | 167C
absorber
Impact Beech KN-12 Side N/A Room
limiter wood Drop Property temp.
Stiffness
Fuel assy | Dummy of Steel, N/A -
Equivalent mass

(*) ASME Section I Division 3
(Pm <lesser of 2.4Sm, 0.7Su)
(**)ASME Section III Division 1,
Appendix F(Pm <large of 0.7Su, Sy +1/3(Su-Sy))
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(a) Round plate

(b) Cask plus basket
Fig. 3 Analysis model for round-plate type basket

o

(a) Basket support

(b) Cask plus basket

Fig. 4 Analysis model for weld-plate type basket
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Fig. 5 Energy-time history at impact(round-plate B)
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Fig. 6 Impact-time history at impact(round-plate B)

o TDSlS
SES-REEE S

oA 2 o] AtS & Al
S AN #F87] W EE W7 AA

oz,
g

s
A

©B: diskpashet-full-r2.odh  ABAQUS/EXPLICIT Version 6.5-1

49983: Step Time =  1.6625-02
Var: 5. Wises
4 Var: 0 Daforstion Scale Factor: $1.000e+00

B: diskbasiet-full-rz.odh Thw Apr 12 12

A

Step: Step-1
Increment 49953: Srep Time =

Prinary Ver: s,
Deformed Var: U Deformatiem Scale Fef

(a) Support plate

S, Mises
SHEG, (fraction = -1.0
753)

DB: diskbasket-full-r2. odb
Step: Step-1

Incremert. 45953: Step Time =
Primary Var: §, Hises
De formed Var

(b) Basket cell
Fig. 8 Stress distribution at impact(round-plate B)
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Table 4 Comparison of max stress for basket options B 8] aE 84 g SE S
Neutron Me ofFo] Bk 53] &4-ARA o] ojHE §
Design options Pos st SGE absorber ol Ay o] 4o A 3] A .
(MPa) (MPa) (MPa) e AdAbolel &R o=2A AWy AW Apol=
Round type A |  213.0 4918 32.1 4 24mm, ol °F 150 mm~300 mmo| =& o]
Round type B |  180.9 408.2 217 EAZ £35S A9std 38 Fsldl o
Weldype A | 229 | w10 | 321 & Aol gtk B3 BEYke e A% $HE
Weld type B 191.9 230.0 213 Aol Aol #Ha of 30 mmolnE S k]
=3 ulo)l A& EZ= Qx =zl © vlol Byl
Allowable limit 448.9 448.9 33.0 ot wd &Y S SHEAS] Ade] ks
& Ao 38 og #zto L Z&LH o 5]
(*) ASME Section I, Division 1, Appendix F a5 W= ofel 2Fom el A3 9
(Pm < large of 0.7Su , Sy+1/3(Su-Sy)) oAl Aok sl= © o] Hg &4 MA e o
1009702427 Hrh 84S v 788 45 24
g, W3 o5 19T u AAYS v A& o]

Table 5 Comparison of max displ. for basket options

Cntlcal}ty Structuml Total Wt. [ton]
analysis analysis

Results - -

L1* | L2* | Rel. Displ. Displ. Judge-

(mm) | (mm) [mm] Compensated | ment
Round A | 17 | 19 8.270 N/A N/A
Round B | 16 18 3.736 108.2 O K
Weld A | 22 | 20 7.825 N/A N/A
Weld B | 22 | 22 3.834 109.7 O K

* L1, L2 are mimimum gaps between basket cells w.r.t. X
axis and Y axis, respectively.
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