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Water spray during ih  Drop from 0,3to 1,2m (") Stacking 5 times Penetration test
| . the package weight  with a bar of 6 kg

dropped from 1 m
Accident | -
conditions '- : V o

Drops from 9 m Drop from 1 m Fire at 800°C, 30 mn Immersion under
heights {7) on a punch bar 15m

* On an unyielding surface
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% 20174¥ g]=t-An|Ql-st= Multi-modal Transportation Test

| e

iH
BIA SASKATCHEWAN.

ONTARIO

(A ) . g
e NORTH
WASHINGTON MONTANA DAKOTA
W MINNESOTA
SOUTH WISCONSIN
6 DAKOTA
OREGON MICHIGAN
1DAK
by WYOMING

Toronto VT
NH
] NEW YORK
New York
vmn

NORTH
CAROLINA
SOUTH.
CAROLINA

Ch:cow

NEBRASKA
ILL mm\

NEVADA
UTAH

Francisco MS— WISHOWRI= = =

CALIFORNIA o) a5 Vegas

ited tNmANA

KENTUCKY.

o
A»mw TENNESSEE
Losqueks ABHONA ARKANSA
NEW MEXICO MISISSIPPI
~ ALABAMA

| Rail tests

GIA

FLORIDA

QUEBEC

Sea tests

.-
.-
.-
.-
-
.-
.-

.-
S
V-
.-
.-
,_

. Kingdom

Ireland

Heavy-haul truck tests

>ENSA ENUN 32P Cask
»Fuel Assembly(3set)

>SNL, ENSA, KNF 17ACE7
»>Travel Time: 54 Days
»Distance: 9,458 miles
»Heavy-Haul Truck, Ships, Rail
»>8 Terabytes Data Collections
»77 sensors

<Test Route and Time Schedule>

*Cask handling tests at ENSA, Santander/Spain (JuN 2017, 1 day)

SB[, Heavy-haul truck tests in northern Spain (JUN 2017, 2 days, 245 miles)

L* Ocean transport from Spain to Belgium (JUN 2017, 4 days, 939 miles)

;*Ocean transport from Belgium to Baltimore (JuL 2017, 14 days, 4222 miles,)

E Rail shipment from Baltimfore to Pueblo (AuG 2017, 6 days, 2000 miles)

‘* Testing at Transportation Technology Center, Inc., Pueblo (AuG 2017, 9 test days; 8 types of tests; 125 tests)

E Rail shipment from Pueblo to Baltimore (0cT 2017, 43 travel days, 18 test days, 1125 test miles)

i Ocean transport from Baltimore to Spain (DEC 2017, no data collected)
22



BHISHT HHEs PUAI

* BARE VA T

% BYDE QU

Q

« Heavy-Haul Truck Test, Intercoastal Ship Test, Transoceanic Ship Test, Rail Test

* 25 AP}
« KAERI, KORAD, KNF, KINS
% K14

. TFEEAS 2EF A 0K F

< Heav—HauI Truck Test > <Intercoastal Ship Test>

[ —

77R1E

©ENERGY

Nuclear Energy

Cask Test Participants

<Transoceanic Ship Test>

ulé-%i__ __"ﬁuim El

* U.S. Department of Energy pr—
* Equipos Nucleares Sociedad Andénima (ENSA) ‘ansa RN
+ Empresa Nacional de Residuos Radiactivos S.A. (ENRESA) S
* ENUSA Industrias Avanzandas S.A. 7
” . < enresa
Coordinadora Internacional de Cargas, S.A. Pacific Northwest
+ Sandia National Laboratories (SNL) T
* Pacific Northwest National Laboratory (PNNL) e
Transportation Technology Center, Inc.

W) enusa

() KoRaD

£) Argonne &

Korea AromicEnergy " Olaens o
esearch Institute

* Korea Atomic Energy Research Institute (KAERI|

* Argonne National Laboratory (ANL)

> <xro] 7]lJr>

<MMTT 7] @AM
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< Preliminary Results of MMTT presented in NEI Conference >

(1) Heavy-Haul Truck Test Data
* Max. Fuel Assembly Acceleration=0.74g
* Max. Fuel Assembly Strain =86pe

2) Intercoastal Ship Test Data
*  Max. Fuel Assembly Acceleration <0.3g
\" Max. Fuel Assembly Strain < 20ue

3) Transoceanic Ship Test Data )
* Max. Fuel Assembly Acceleration<0.2g
*  Max. Fuel Assembly Strain < 20ue

4) Cross-Country Rail Test Data
* Max. Fuel Assembly Acceleration=1.3g
*  Max. Fuel Assembly Strain=47pe Y,

1.E+06

*’wr.*sw,:.,,\i

1.E+03 T 1 T T 1
1.E+01 1.E+02 1.E+03 1.E+04 1.E+05 1.E+OR 1.E+07
e, N

Stress amplitude based on maximum CV:'ES to Failur I Est. range of vibration cycles 2000-mile rail trip I
|strain of 100 pin/in

LE+05 ‘” ® {
< 4 Nm
¥
-

1.E+04

Fatigue Strength, S, psi

| Est. shock cycles 2000-mile rail trip |

Fatigue design curve i) O'Donnel and Langer, “Fatigue Design
Basis for Zircaloy Components,” Nucl. Sci. Eng. 20, 1, 1964. (cited in ?ﬁf‘ipm C?”?ESV D’g;‘;\fﬁggzﬂ} PNNL
NUREG-0800, Chapler 4) e large circles are ata

Realistic stresses fuel rods experience due to vibration and shock during
normal transportation below yield and fatigue limits for cladding.

1Ix e =F
Sylvia Saltzstein, Paul McConnell, Steve Ross, Doug
Ammerman, Brady Hanson, Elena Kalenina, Alejandro
Palacio, Woo Seok Choi, et al., "ENSA/DOE Multi Modal
Transportation Tests Preliminary Results”, NEI Used Fuel
Management Conference, May 1-3, 2018, Savannah,
GA
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