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INEEEI A multi-purpose canister (MPC) was developed for the purpose of transportation, storage
and disposal of spent nuclear fuel (SNF) and has the advantage of minimizing repackaging between
management stages of SNF. Considering the typical rock characteristics in Korea, a disposal canister
is expected to contain 4 assemblies of Pressurized water reactor (PWR] SNF. The capacity of the MPC
should be similarly designed with the disposal canister. However, the MPC with four SNF assemblies is
expected to be less efficient in transporting and storing compared to a large-capacity canister. Therefore,
a preliminary concept was derived for an auxiliary equipment that can transport and store multiple MPCs
in a large overpack. A previously derived concept from US was thoroughly reviewed, and the preliminary
concept was revised considering domestic situations including crane capacity and others. In addition,
the safety of the normal transportation and storage of the MPC placed in transportation and storage
overpack was evaluated with the auxiliary equipment.

Key words: Spent nuclear fuel, Multi-purpose canister, Conceptual design, Preliminary design assess-
ment
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Fig. 2. Cross sections of the (a) MPC and (b) Transportation and storage overpack.
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Fig. 3. Geometry and weldment of the DOE-developed carrier: (a) Top-section, (b) Inner and outer supporting ribs [2], (c) weldment.
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Fig. 4. Preliminary concept of the MPC carrier.
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Fig. 6. Criticality evaluation result (loading curve).
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Fig. 7. Shielding evaluation model.
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Table 1. Shielding evaluation results

‘ﬁ s ]Oﬂ*ﬂl‘ TAED 5& A -T2 - A
57] 5ol osto] @HFsh= 7ol 2 EHt 9|
FE 2m AglofA] ZZF 2mSv hr ' 2 0.1 mSv
helo] AR ES 2] o AL PSR Ak
ohE A UAE $ug 7] A Bolele ul 2 o
A S5 A4 (Los Alamos National Laboratory) Oﬂ/ﬂ
ke 222 YAMARET E 9] MCNP6 (ver. 1.0) [6

7F AHEE QI 4t o] AR eld s HAE He

Exposure dose rate [mSv hr™']

Evaluation location Neutron sources
Photon source Total sum.
Neutron Photon
Surface 5.15%x 107 7.75% 107 7.43x107 2.03%x107"
Distance of 2m 1.33%x 107 1.77%x 107 2.37x107 5.46% 107
Table 2. Material and physical properties for cask components
. Ig Density Sy Su Poisson
Conporet Ler (MPa) (tmm™) (MPa) (MPa) ratio

Body SA-350 Grade LF3 195,000 8.03x107° 259 483 0.3

Lid SA-182 Grade F6NM 201,000 7.85%107° 621 793 0.3

Lid bolt SA-540 Grade B23 - 7.85%107° 965 1,070 0.3

Thermal fin SA-516 Grade 70 202,000 7.85%x107° 262 483 0.3

Overpack Outer shell SA-240 Type 304 195,000 8.03%x107° 207 517 0.3

Neutron absorber NS-4-FR 3,870 1.76 X107 60.5 - 0.3

Trunnion SA-182 Grade F6NM 201,000 7.85%107° 620 795 0.3

Trunnion adaptor SA-182 Grade FENM 201,000 7.85%107° 620 795 0.3

Trunnion bolt SA-540 Grade B23 - 7.85x107° 965 1,070 0.3

Body SA-240 Type 316L 195,000 8.03x107° 172 483 0.3

Lid SA-240 Type 316L 195,000 8.03x107° 172 483 0.3

Canister Basket SA-240 Type 316L 195,000 8.03x107° 172 483 0.3

Neutron absorber BSS 195,000 8.03x107° 207 517 0.3

Inner structures SA-240 Type 316L 195,000 8.03%x107° 172 483 0.3

Cani SA-240 Type 304 195000  8.03x107 207 517 0.3

arrier
AL6063 TS 69,000 2.70%107° 110 150 0.33
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Table 3. Applied loads for structural evaluation
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oo WA 55 St

2HLe B EH HAMAHEL 02mSv hr ' 2 F71E]

7|
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Load type

Design load References

Reduced external pressure

External pressure 24.5kPa

NSSC Notice 2021-02

10CFR 71
Normal
transportation NSSC Notice 2021-02
diti Increased external pressure External pressure 140kPa

condition 10CFR 71

Free drop (0.3m) Impact acceleration of 30 g

Dead load Body weight

. Snow load (Gangneung) of a 100 year mean
Normal Live load recurrence interval 3.0kN m™ KEPIC STA (2015) [18]
storage
o CMAA[19

condition Handling load 115% of a lifting load [19]

ANSI 14.6[20]

Pressure load

Maximum normal operation pressure 700 kPa

NUREG-2215

Table 4. Load combination for normal transportation condition

Applicable initial condition

Ambient T. Insolation Decay heat Int. Pressure
Fab. Stress
38°C —29°C Max Zero Max Zero Max Min
Reduced external pressure o o} o o} e}
Increased external pressure e} @) e} ¢) e)
(@] @] (@] (@] (@]
Free drop (0.3 m)
@] (@] (@] (@] (@]
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Table 5. Load combination for normal storage condition

Fig. 8. Structural evaluation model.

Load Dead Live Handling Pressure Thermal Wind Seismic/ Drop/
comb. load load load load load Flood Overturn
1 D L P
2 D H P
Table 6. Evaluation result under 0.3m vertical drop condition with initial preliminary design
Component Material Allowable stress [MPa] Max. stress [MPa] Result
Pm 138.0 226.9 NG
Carrier SA240-304
Pm+Pb 207.0 227.1 NG
Pm 115.0 67.2 OK
MPC SA240-316L
Pm+Pb 173.0 70.5 OK
Pm 115.0 75.8 OK
MPC inner structure SA240-316L
Pm+Pb 173.0 117.4 OK
Pm 115.0 22.8 OK
Basket SA240-316L
Pm+Pb 173.0 47.9 OK
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Table 7. Evaluation result under 0.3 m vertical drop condition with modified preliminary design

Component Material Allowable stress [MPa] Max. stress [MPa] Result
Pm 138.0 95.2 OK
Carrier SA240-304
Pm+Pb 207.0 103.2 OK
Pm 115.0 65.8 OK
MPC SA240-316L
Pm+Pb 173.0 66.2 OK
Pm 115.0 53.0 OK
MPC inner structure SA240-316L
Pm+Pb 173.0 56.2 OK
Pm 115.0 12.5 OK
Basket SA240-316L
Pm+Pb 173.0 12.9 OK
S, Tresca 5, Tresca 5, Tresca 5, Tresea
(Avg: 1408';/23 {avg: uco:-.p (Avg: 100%) (g :a:n-.p
1iteerns q MR q v ! it
+4.130e+02 +1.9418 +02 +5 9068 +01 +1.071e+03
+3.717e+02 B el 747402 S #5.31Be«01 *5 642e+01
+3.304e+02 #1 553 e02 #4. 7308 401 #8572 s01
+2.891e+02 +1.3%5%0 400 +4, 1408 401 +7.%000 401
+2.478e+02 11658402 +7. 558401 +5.432e+01
+2.065e+02 *9. 713001 «1. 9660401 #5 362e 01
+1.652e+02 +7. 778401 +2.378e+01 4. 2920 +0!
+1.23%+02 +5 0360+ 1,709 +01 +1.22e+01
+8.261e+01 «3.897e+01 *1.201e+01 #1.153e+01
+4.131e+01 +1.9%88 1338 +1.06838 401
+1.297e-02 +1.924e-00 +3. 510001 +1.2009-01

(a) Cask (b) Carrier

(c) MPC (d) MPC inner structure

Fig. 9. Stress contour under 0.3 m vertical drop condition with initial preliminary design.
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Fig. 10. Modified design of the MPC carrier.
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Table 8. Structural evaluation results under normal transportation condition [Unit: MPa]

Component Stress £llloriole Red.P. Inc. P. Drop Drc.)p
stress (lateral) (vertical)
Average 644 229.8 217.5 457.3 457.4
Lid bolt Shear 386 3.2 6.5 12.1 12.6
Maximum 966 243.6 218.0 495.6 504.5
Lid Pm 264 16.6 21.5 58.5 58.9
i
Overpack Pm+ Pb 396 25.5 38.1 113.1 108.0
Pm 161 3.2 0.5 14.5 19.8
Body
Pm+ Pb 242 7.9 1.2 15.8 25.4
Pm 161 6.1 0.1 10.7 6.3
Bottom plate
Pm+Pb 242 10.5 0.1 13.4 19.7
Pm 138 - - 95.2 88.3
Carrier
Pm+ Pb 207 - - 103.2 88.8
Pm 115 2.4 - 5.0 9.5
Lid
Pm+Pb 173 8.1 - 15.5 21.4
Pm 115 40.1 - 65.8 49.1
MPC Body
Pm+ Pb 173 40.5 - 66.2 49.5
Pm 115 7.4 - 26.5 8.6
Bottom plate
Pm+ Pb 173 14.0 - 339 19.0
Pm 115 - - 53.0 51.2
Inner structure
Pm+ Pb 173 - - 56.2 51.8
Pm 115 - - 12.5 11.0
Basket
Pm+ Pb 173 - - 12.9 11.2
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Table 9. Structural evaluation results under normal storage condition [Unit: MPa]

Component Stress Allowable Load combination 1 Load combination 2
P stress (D+L+P) (D+H+P)
Average 644 457.4 464.6
Lid bolt Shear 386 12.1 11.8
Maximum 966 495.8 484.5
Pm 264 47.0 47.7
Lid
Overpack Pm+Pb 396 84.2 85.6
Pm 161 4.6 319
Body
Pm+Pb 242 5.7 66.1
Pm 161 1.8 5.4
Bottom plate
Pm+Pb 242 2.9 14.7
Pm 138 3.2 25.5
Carrier
Pm+Pb 207 3.4 37.1
Pm 115 2.5 3.1
Lid
Pm +Pb 173 8.4 10.1
Pm 115 41.0 46.9
MPC Body
Pm+Pb 173 41.4 47.4
Pm 115 8.1 129
Bottom plate
Pm+ Pb 173 14.6 18.6
Pm 115 1.8 18.0
Inner structure
Pm+ Pb 173 1.9 18.9
Pm 115 0.4 6.5
Basket
Pm+ Pb 173 0.4 6.9
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