Enclosure 4 to E-60283

MX-6 Safety Analysis Report
(Public Version)



PUBLIC VERSION

MX-6 Safety Analysis Report

(English translation)




CERTIFICATE FOR APPROVAL OF PACKAGE DESIGN FOR THE TRANSPORT OF
RADIOACTIVE MATERIALS is issued by NUCLEAR REGULATION AUTHORITY

Identification mark: J/2026/AF-96
Issue date: March 20™ 2019



Table of Contents

Chapter I Description of Nuclear Fuel Package «+«++«++«-+ - wssresesssessssenieninen. I-A-1
I-A  Purpose and CONItions ««+++«++««+++sssreemrmessesiseie s I-A-1
I-B  Type of packages - e I-B-1
I-C Packaging o+ w+oerssrsssmsossssses st I-C-1
[-D  Contents of packaging «««+--«r+-=rr=ssreersrsssrsaseset e I-D-1

Chapter II  Safety Analysis of Nuclear Fuel Package ««----------oreereeresreseeeeeens II-1
II-A  Structural @NAlYSis «««- «w--rwressreessreesrs e -A-1

Al Structural design «+-w--weroreeres s I-A-1
ALL  SUMMAIY coveoeesssresssssese st I-A-1
A12 DESIgN Criteria «=wwrrrreerrmssresssre e I-A-2

A2 Weights and centers Of gravity ««----«---we=soreemmmemmmesmnee, -A-16

A3 Mechanical properties of materials ««««---w=wreovresmrmemnre I-A-16

A4 Requirements for package r+-vroerereeies s 1-A-20
A.4.1  Chemical and galvanic reactions «=--«----«==se=ssreessremineeaiess 11-A-20
A42  LOW temperature Strength «--«-+««+swssressrsmmssrssiseiniies II-A-21
A.43  CONtAINMENt SYSIEM +++wc=swresrresrsmsasrmanes s I-A-21
Ad4  Lifting devices «-wrrrrrerrreerse e -A-22
A4S Tie dOWN AEVICES +++rrrrrrrrrrrrrrrsmrrneesaeiie e et eia e -A-43
N I e P 1-A-51
AT VIDFALON -« eerrrermrrmenmmmneee e e e e e e e e e M-A-51

A.5  Normal conditions of ranSPOrt «««=+««+=«==sr=sressmssmserearnins 11-A-56
A5.1  Thermal teSt «-«-+rrrrvrrrrsrmnmmmneesnaeetie e e e e 1-A-56

A.5.1.1  Summary of temperatures and pressures «-ccoeeeesseeee I1-A-56
A.5.12  Thermal eXpansion ««+-«-+«r+srsseessmsmmsssssiseies I-A-56
A.5.13  Stress CalCUlation ««---«-rrrrrrrrrmsrrmmeraarieee e I-A-57
A.5.1.4  Comparison with allowable stress «=---wereeerereemeerreeeeee II-A-66
A.5.2  WALEE SPIAY wrew+orwrsssrmessmsosssesss et 1-A-67
A.53 Free drop «+oreoertssresosrseee e 1-A-68

Contents-1



II-B

AS54 Stacking BESE v v e et e I1-A-84

ASS Penetration «-:::ccrrrrre e 11-A-92
AS5.6 Corner or edge drOp ....................................................... 11-A-93
AS.7 Summary of results and evaluation ==« crrrrrrre s 1I-A-93
A6 Accident conditions of transport ................................................ 11-A-94
A7 Enhanced water immerSiOH LESt s v 11-A-94
A.8 Radioactive con‘pents ....................................... N 11-A-94
A9 Packages Containing fissile material -« -corrrrrr e 11-A-94

A.9.1 Normal conditions of transport for packages containing fissile material

............................................................................................ 1-A-96
A0 APPENAIX wvrrrr e 1I-A-140
Thermal ANalySiS «««-«w-wrssrsrmrssrsosssssais s II-B-1
B.l  SUMMAIY «veoeresrmosrsorsesss e II-B-1
B.2  Thermal properties of materials -« ««+--wwssreosesmrssssirninnis II-B-3
B.3  Technical specifications of components -«---:xxoererrerere s 1I-B-3
B.4  Normal conditions of tranSport «««+««+=««+=rssseesesssssssiiiniisis II-B-8
B.4.1  Thermal analysis model -«+-erosremeemsmsmssmissi I-B-8
B.4.1.1  Analysis model «weeoereereeine e 1I-B-8
B.4.1.2  Test MOAE] «wrr-rrrrrermrmrmmrnameeeei e II-B-8
B.42  MaXimum temperatures = -«=-«= = rsesrosssmsssssnssas I-B-9
B.4.3  Minimum temperatures «-««--«+-«+ ressrssssssrsrsns -B-11
B.4.4  Maximum internal Pressures ««--«+-«essreoseossssesnsss [I-B-11
B.4.5  Maximum thermal STreSSES -« -«««-crrr-rerrrmrrmrmmmmmmmmmneeeins. [I-B-11
B.4.6  Summary of results and evaluation «+-««+-«++«++ eesseesssiesin. II-B-12
B.5  Accident conditions Of tranSport:+««+««+=++=+=rssseemrssmsinsiisis 1I-B-13
B.5.1  Thermal analysis model «««««+w-+-eeeeeeeeee: TP II-B-13
B.5.1.1  Analysis model «roreeeeeoresis s 1I-B-13
B.5.1.2  Test MOdel «w-rrrrrrrrrmrmmmmnnammnnmeeeeie e II-B-16

Contents-2



B .5 .2 Package Conditions ........................................................ II_B_2 1

B.5.3  Temperatures of package ««+-«+= = weosressremmssssmsassass 1I-B-22
B.5.4  Maximum internal Pressures ««---«-----srsoeeorserreanne 1I-B-28
B.5.5 Maximum thermal StreSSes ««--««-cr«erersrermrmnsmrnmmmiermrnenineenns 11-B-29
B.5.6  Summary of results and evaluation «+-«--+«==+-=---sssreeroreneaens 11-B-29
B.6  APPENAiX +rrrrreieeenee e I-B-30
[I-C  Containment Analysis «««=-«+«r=rrreremmmmrsmsore et 1-C-1
C.1  SUMMAIY «rveoswrsreeesrsosse st II-C-1
C.2  CON{AINMENE SYSLEM -+ w++ww=srsmreessressasssseeis s 1-C-1
21 CONEMEN SyStem v err e erroor e .
C.2.2  Penetrations of containment system «--«oreoreesesreee II-C-1
C.2.3  Gaskets and welds of containment system ««--ocereereeseereeeeees II-C-1
C2.3.1  GASKEES <+-vvveerrreeemmemmmmmms e e e e et e et -C-1
C232  Welding area «--r--weeoeeeemmmmermmsmmessne e, 1-C-2
C.24  Lid -oeverrerrrrrmmemom e e 1-C-2
C.3  Normal conditions of tranSpOrt «+-««++«=++==srsssrersrssmmeasaisa [1-C-2
C3.1 Leakage of radioactive material -+--«=++«=+«+-seeosreesreenmmeraens 11-C-2
C.3.2  Pressurization of containment system «--«-reooeerrereseseeeneee II-C-2
C33  Contamination Of COOIANt «««+-«+rrrrrrrrrrrrsmmmmreaenieeaarenaaneens I-C-3
C.3.4 LSS OF COOLANE -+ rrrrrrrrrrrmmmmmmnmea e e e 1-C-3
C.4  Accident conditions of tranSport «««--«+--«==wssseermssmmsirsiins 1-C-3
C.5  Summary of results and evaluation -«+++«=+-=+==++seerseermaesiea I-C-3
II-D  Shielding analysis -+« ««+«+==csssrressrmamrasre i II-D-1
D.l  SUIMMAIY +oeeorreseresnee s II-D-1
D2 SOUCE SPECIfICAHON <+« ++wrrrrresmessrreemes e [I-D-2
D21 GAIMMA SOUICES -+ -+« rerrrerrrmrmnmmennmrmsa st e eeeeeaeeeeanss I-D-3
D22 NeUTOnSOUIGes +<-eresereseisesemsesesseseasessenssnsesestosens 1D.5
D.3 Model SPECIfications ««««+++««==srrssrrresmressneeiee e I-D-6
D3.1 Analysis model v« rrrrrrr 1I-D-6
D.3.2  Atomic number density in each region of analysis model -~ II-D-11

Contents-3



II-E

II-F

D.4 Shielding eValuation .............................................................. II_D_ 1 5

D.5  Summary of results and evaluation:-«-+-=+-«=+--=reeeeesemaira, II-D-17
D.6  APPENAIX vrrereere e II-D-18
Criticality ANalySis ««-«r=weerreosmrmrsore e II-E-1
Bl SUIMMEIY reevrerrsssmesssoms s, I-E-1
B2 ARalySiS ftems -« w+ erorrromreessors s 1I-E-3
E.2.1  CONEEALS -+ cvvrrrerrmemrmmenmesn e e e e e e II-E-3
E.2.2  Packaging ««+ovtoerovroereses e II-E-3
E.2.3  NEUION POISON «+vrswrsrrssmrsssmessmssssiss et II-E-4
E.3  Model Specifications «««-««=-««= s srereesrsnes s II-E-5
E.3.1  Analysis model «oeeoereereeses s II-E-5
E.3.2  Atomic number density in each region of analysis model ---------- II-E-9
E4  Subcriticality evaluation -« -« wrsreseemressas II-E-11
E4.1  Calculation CONItions «««««-«««++-rrrrrrrrrrrerrmnmrenneeeiaeeaneannns II-E-11
E4.2  Leakage of water into package -+« ==ssesoreomiesinii II-E-11
E43  Calculation Method -« ««« - rerrrmrrrmrrmimreaeeiereeeeaennn II-E-11
E44  CaleUlation TESUILS -« «r«rerrrrerrmmmmrmnieenieeeaeiaeie e II-E-12
E.5  Bench MAark test -« -c««cerrererrmrmnmmmmmmenmeaen e eee e I-E-13
E.6  Summary of results and evaluation -«--«---«-=-e-sreeeesmeaieeninn II-E-16
E.7 APPENAIX +vrrvrrrvreoremosns st I-E-17
Evaluation of compliance to the Regulation and the Notification---------+---- II-F-1

Contents-4



Chapter Il Fundamental Policy of Quality Management -« <« «rxcoeeerrremeeereeeeeens I1-1

I11-A
I11-B
I1-C
I1-D
II-E
II-F

11-G

Quahty management System ............................................................ I1I-1

Responsibility Of applicants ............................................................. 111-6

Education and training ................................................................... III-11
Design Control ............................................................................ 111-12
Production Order Of packaging .......................................................... 111-15
Handling and maintenance .............................................................. 111-19
Measurement’ analysis and improvement ............................................. III_20

Chapter IV Maintenance of Packaging and Handling Procedure of Nuclear Fuel Package

......................................................................................................... IV-A-1
IV-A Handling procedure of package ..................................................... IV-A-1
Al Loading IMELROMA v v v e e e e e e e et e e IV-A-1
A2 InSpeCtion before Shipment .................................................... IV_A_2
A3 Unloading method ............................................................... IV_A_2
A4 Preparation Of empty packaging .............................................. IV_A_2
IV-B  Maintenance COndition -« --««--««««««-rrrrremmmmmmmnmmaeaeie e IV-B-1
B.l  ViSUAl INSPECHON -+ v+ vrrveerseeses st IV-B-2
B.2  Pressurized iNSPeCtion <+« -+« +rssrssmreeseasraie it IV-B-2
B.3  Leak tightness iNSpection:««««+«««=+«x=srresrremmmmarsaiea IV-B-2
B.4  Shielding inSpection:-««««++«==+rr= srressmmermreiii IV-B-2
B.5  Subcriticality inSpection -+ +«««++«==++rr=srresmrreamreaiee IV-B-2
B.6  Thermal teSt -« «c v eceeerrerrermeennenneaneatttt ettt ettt IV-B-2
B.7 Lifting inspection ................................................................... IV-B-2
B.8 Workability inspection ............................................................. IV-B-3
B9 Maintenance Of Subsystem ....................................................... IV_B_3
B.10 Maintenance of valves and gaskets of containment system-----«----+---+- IV-B-3
Bl 1 Storage Of packaging ............................................................. IV_B_3
B.12  StOrage Of [ECOrdS: <+ +«r= +r=rrssrersrsasssaseeit st IV-B-3
B.13  MiSCEIlAnEOUS -« rrrrrrrrrmrmmmnmmmnmeme e et e e IV-B-3

Contents-5






Chapter I Description of Nuclear Fuel Package






Chapter I

Description of Nuclear Fuel Package

I-A ~ Purpose and conditions

1.

10.

11.

Intended use of package

Model of packaging
Type of package
Restriction number of packages
Transport index
Criticality safety index
Gross weight of package
Outside dimensions of packaging
Material of packaging
Body:

Lid parts:
Basket:

Shock absorbing cover:

Nuclear material contained in
packaging

Transport mode

To be used to transport fresh fuel assemblies stored in a
spent fuel pool of a light water reactor power plant to a

fuel fabrication facility.
MX-6
Type A package containing fissile material

No restriction

0.1 or less

Not more than 19.5 ton (transport frame not included)

External diameter: approx. 2.1 m, Length: approx. 6.0 m

(Top and rear shock absorbing covers included)

Stainless steel, Copper, Alloy steel, Resin
Titanium alloy, Alloy steel, Resin
Aluminum alloy, Borated stainless steel

Wood, Stainless steel, Alloy steel

The nuclear material specifications are shown in
Table I-A.1.
Land transportation by vehicle and marine

transportation by ship

I-A-1



Table I-A.1: Specifications of nuclear material contained in packaging

Type of fuel assembly
9 x 9 fuel
Items
Description Fresh fuel assembly for BWR D
Physical state Solid (UO, Pellet or Gadolinia - UO, Pellet)
Number of assemblies 10 or less
Weight of content (kg) l:or less
[ Jorless
Total activity (GBq)
v (GBq (Total Major Nuclides: |:|or less)
(;TJU 232U
o
g 23475
g‘ ..
i} Activity 23515
? Major nuclides 2 (GBq)
236U
2385
99TC
Heat generation rate N/A (Fresh fuel assembly)
Enrichment (wt%) 5.0 or less
Fuel assembly (kg) :lor less
(_:1? (Including channel box)
g Weight | Uranium oxide (kg) [Jorless
% Uranium (kg) I:Ior less
¢ ,
g Burn up rate N/A (Fresh fuel assembly)
Cooling time N/A (Fresh fuel assembly)
2y sL__ngeu
MU | s e
2367 < U
Impurity specification of enriched uranium I:lug/g
®Te <[ugreu

In case of 2%U <[] pg/gU, 232U and *Tc are
not applicable.

Note 1) Ffesh fuel assembly stored in a spent fuel pool

Note 2) For enrichment of 5.0 wt%
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I-B  Type of package

Type A package containing fissile material

A supplementary description about the type of package is included in Appendix-1, Chapter I.
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I-C
C.1

Packaging
Design summary
As shown in Figure I-C.1, this cylindrical packaging is housed in a maritime container and
horizontally installed on a transport frame that also serves as a tie down device during transport.
A general view of the packaging is shown in Figure I-C.2 and a longitudinal cross section of the
packaging in Figure I- C.3.
The following gives a summary of the packaging:
The packaging is handled with trunnions or handling belts mounted onto the body.
The packaging has a shock absorbing cover on the top and another on the rear to alleviate
any impact caused by a drop or other incident.
The packaging is designed to ensure leaktightness. As shown in Figure I-C.4, the inner
surface of the shell part, the inner surface of the bottom, the inner surface of the lid, the lid
gasket, the inner surface of the quick connection cover and the quick connection cover gasket
constitute a containment boundary.
The major shielding materials include stainless steel, titanium alloy, aluminum alloy and
resin that make up the packaging.
The basket used to hold fuel assemblies in the packaging uses borated stainless steel as
neutron poison.
The exterior of the packaging has been finished to be a smooth surface so that any

contaminants can easily be removed if contaminated with radioactive material.
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01

Figure I-C.1: Example of packing style of package

(Unit: mm)




€01

Figure I-C.2: General view of packaging




¥-0-1

Figure I-C.3: Longitudinal cross section of packaging

(Unit: mm)




-1

Figure 1-C.4: Containment boundaries of packaging




C.2 Structure

The packaging mainly consists of four parts: body, lid parts, basket, and top and rear shock

absorbing covers.

M

Body

The body consists of a shell part and bottom parts. Figure I-C.5 to Figure 1-C.9 show the

longitudinal cross section, the end surface geometry, the lateral cross section, the trunnion
structure and the handling belt structure respectively.

The shell part consists of a cylindrical inner shell of a thickness of Dmm, Dstiffeners of a
thickness of] Dmm radially installed around the perimeter of the inner shell, Dexternal plates
of a thickness of [ Jnm installed so as to sandwich the stiffeners, a top flange which has surfaces
to assemble lid and top shock absorbing cover and trunnion bases, and a bottom of a thickness
of| Dmm which has surface to assemble rear shock absorbing cover and trunnion bases. These
components are made of stainless steel.

The inner shell is | |

| | The inner shell,
the top flange and the bottom are | |
The stiffeners and the inner shell are | | The stiffeners and the external
plates are| | The external plates are| leach other. The

external plates and the top flange and the bottom are | 1

The area enclosed by the inner shell, the stiffeners and the external plates is filled with shell part

resin. In this area,| |

On the top end of the external plates, a thermal protection consisting of stainless steel plates
filled with[__Jwood is installed in the gap between the top shock absorbing cover and the
external plates to prevent the ingress of heat into the top flange in case of a fire accident.

The external plates are mounted with a pressure regulating valve to control the pressure in the
area between the inner shell and the external plates and with a fusible plug to release the pressure
in case of an accident. Furthermore, on the outer surface of the external plates, positioning pins
are provided to specify the installation position of the handling belts.

The bottom parts consist of a bottom, bottom resin of a thickness of Dnm and a stainless steel
bottom resin cover.

All the trunnions are made of stainless steel. There are four trunnions on the top flange and two on
the bottom. All these trunnions are installed with[__Jtrunnion fixing bolts and used for tilting
up (tilting down) or vertical (horizontal) lifting.

The handling belt is ring shape and its cross sectionis [_______ Jof outside dimensions of
| | These belts are installed onto the top and rear sides of the shell part with lining

laid under them each and used for horizontal lifting of the packaging with the shock absorbing

covers installed.
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L-O1

Figure I-C.5: Longitudinal cross section of body

(Unit: mm)

* See Figure I-C.6




8-D-1

Figure I-C.6: Body end geometry

(Unit: mm)

* See Figure I-C.5




6-0-1

Figure I-C.7: Lateral cross section of body

*See Figl-C.5
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Figure I-C.8: Trunnion structure

(Unit: mm)
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Figure I-C.9: Handling belt structure

(Unit: mm)



(2) Lid parts
The lid parts consist of a lid, lid resin and a lid resin cover. The structure of the lid parts are
shown in Figure I-C.10.
The lid is made of titanium alloy and has a disk shape with its central part of a thickness of [_]
mm and its circumferential flange section of a thickness ofDmm. The 1id is mounted onto the
top flange with[_____]lid tightening bolts. ? The contact surface of the lid against the top
flange has a double gasket groove into which EPDM gaskets (lid gaskets) are installed to ensure
leaktightness of the contact surface.
A quick connection is installed on the lid at an|:| position for sampling of the internal
gas in the packaging. This quick connection is protected with a stainless steel quick connection
cover. The quick connection cover is installed onto the lid with|:|bolts. The contact surface
of the quick connection cover against the lid has a double gasket groove into which EPDM
gaskets (quick connection cover gaskets) are installed to ensure leaktightness of the contact
surface.
In order to allow leaktightness tests on the lid and quick connection cover gaskets, a test hole
to the area between the double gaskets is provided in the lid and the quick connection cover

each. The connection for testing tools has a test plug.

[ is to
be installed with |:|

Note 1) The body, as stated in the previous section, mounted with the lid parts is called a "packaging
body", which may be used as appropriate in Chapter I and the following as an assembly name

for analysis or other purpose.

I-C-12



€1-01

Figure I-C.10: Lid parts structure

(Unit: mm)




(3) Basket
The basket mainly consists of aluminum alloy disks of a thickness of[_Jmm (I

| ) and lodgment made of borated stainless steel containing fuels. The structure

of the basket is shown in Figure [-C.11.
Each lodgment is al_____Jassembly of [Jmm thick plates and is of pipe type having a square

cross section of inner width of | |mm x | |mm.

The| |have 10 holes through which the lodgments penetrate.

| | are | |spaced along the axial direction. The | 1

are axially fastened together with each other using| Jof a diameter of I:Imm.

The lodgment is| _lin the cross-section direction with

| |

For the purpose of adjusting the longitudinal position of the basket, a basket support consisting

of an aluminum alloy disc, | [and| |is provided in the bottom part. -

On the aluminum spacers installed on the perimeter of the aluminum plates, aluminum alloy
additional shielding of thickness Dmm are secured with |:]to supplement the shielding

performance.

| |
[ |
[ |The whole basket is tied to[_]
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Figure I-C.11: Basket structure

(unit :mm)




(4)  Shock absorbing covers

The shock absorbing coveris| |of stainless steel outer plates and[ |
of thickness of I:Imm, I | The inner space of the structure is
filled with Ewood as a shock absorber. The structure of the top shock absorbing cover and

the rear shock absorbing cover are shown in Figure I-C.12 and Figure I-C.13 respectively.

The top and rear covers have almost the same size and are installed to the top flange and to the

bottom respectively with I:Itightening bolts each. | |
I |
I I

Since the shock absorbing covers are installed so as to cover the trunnions, the inner surface of

the covers has dents in the positions corresponding to the trunnions.

I
I
L |

Around the perimeter of the top and rear shock absorbing covers, lifting lugs and feet to be used

for temporary placement alone are provided.
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Figure I-C.12: Top shock absorbing cover structure

(Unit: mm)
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Figure I-C.13: Rear shock absorbing cover structure

(Unit: mm)




C.3 Material

The packaging uses materials shown in Table I-C.1.

The resin used in the packaging (shell part resin, bottom resin and lid resin) is a mixture of[__|

[ as the principal material, and other materials in the specified proportion listed in Table

I-C.2.
Table I-C.1: Packaging components and their major materials (1/2)
Component Material Standard !
Body
Inner shell Stainless steel
Stiffener Stainless steel

External plate
—
Shell part resin

Thermal protection

Top flange
Trunnion
Trunnion fixing bolt
Handling belt (upper/lower belt)
Lifting handle
Lifting handle pin
Connecting bolt
Bottom
" Bottom resin

Bottom resin cover

Lid parts

Lid

Lid tightening bolt
Lid resin

Lid resin cover

Quick connection cover

Gasket

Stainless steel

]
|:|resin

Stainless steel
[:Iwood

Stainless steel
Stainless steel
Alloy steel
Stainless steel
Stainless steel
Stainless steel
Alloy steel
Stainless steel
|:|resin

Stainless steel

Titanium alloy

Alloy steel

[ Jwesin

Stainless steel

Stainless steel
EPDM

Notel) Materials meeting the requirements of the standards or their equivalent materials are used.
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Table I-C.1: Packaging components and their major materials (2/2)

Component Material Standard P

3. Basket

Lodgment Borated stainless steel

| | Aluminium alloy

| | Aluminium alloy

| | Aluminium alloy

Aluminum spacer Aluminium alloy

Additional shielding Aluminium alloy

| | Aluminium alloy

Basket support Aluminium alloy

I | —

I:-_:l Aluminium alloy

4. Top and rear shock absorbing

covers

Shock absorber

Outer plate, | |

[ 1

Tightening bolt

| |

Lifting lug, foot

[ Jwood

Stainless steel
Stainless steel

Alloy steel

Stainless steel

[Iwood

Stainless steel

Note 1) Materials meeting the requirements of the standards or their equivalent materials should be used.

Table I-C.2: Resin ingredients and their proportion

Material

Weight ratio (%)
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C.4 Dimensions

" The packaging has the dimensions shown in Table I-C.3.

Table I-C.3: Dimensions of packaging (1/2)

(Unit: mm)
Component Dimension See
1. Body

Overall length | 5, 189 Fig I-C.5
Inner shell Internal cavity diameter 1,072

Thickness Fig I-C.7
Stiffener Thickness
External plate Thickness
Dlate Thickness
Shell part resin Thickness Fig I-C.5
Bottom Thickness

External diameter
Bottom resin Thickness
Trunnion External diameter (top) Fig I-C.8

(rear)
Height (top)
(rear)

Handling belt Internal diameter (belt V) Fig I-C.9

Cross section profile
Lifting handle Distance

Note 1) Liner thickness not included
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Table I-C.3: Dimensions of packaging (2/2)

(Unit: mm)
Component Dimension See
2. Lid parts
Lid External diameter Fig I-C.10
Thickﬁess
Lid tightening bolt Size
Lid resin Thickness
3. Basket
External diameter Fig I-C.11
Overall length
Lodgment Inner width
Thickness
| | Thickness
Additional shielding Thickness
4. Top shock absorbing cover
External diameter 2,125 Fig I-C.12
Thickness 826
5. Rear shock absorbing cover
External diameter 2,125 FigI-C.13
Thickness 736
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C.5 Weight

This package has a gross weight of not more than 19.5 ton. The weight of the components is shown
in Table I-C.4.

Table I-C.4 : Package weight

(Unit: ton)

Component or content Weight

Body
Lid parts
Top shock absorbing cover
Rear shock absorbing cover
Basket

Contents !

j00o0d

Package gross weight (max.) 19.5

Note 1) The contents include 10 fuel assemblies as well as packing materials to be

contained in the package.
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I-D  Contents of packaging

0]

@)

Fuel assemblies
The contents of this packaging is fresh BWR fuel assemblies and example of the specifications
is shown in Table I-D.1. General drawing and section drawings of the BWR fuel assembly

contained in the packaging are shown in Figure I-D.1 to Figure I-D.3 respectively.

The fuel assembly consists of fuel rods having square array and the both ends are supported by
tie plates. And fuel rods between both tie plates are supported by the spacers.

The fuel is uranium oxide pellet which enrichment is not more than 5wt%. The pellets are
inserted into cladding made of zircalloy which is sealed by welded plugs at both ends. The fuel
may contain the burnable poison Gd,Os.

A fuel assembly is housed in the package alone or with a channel box mounted. An example of
the specifications of the channel box to be installed onto the fuel assembly is shown in Table I-
D2. |

Only fresh fuel assemblies are housed. Among the content specification items, combustion
conditions (burnup and cooling time) and decay heat generation are not applicable.

The fuel assembly is housed in a lodgment along with packing materials such as card boards,

cotton bags as necessary.

Stools
A stainless steel stool is installed in the bottom of the compartment so that the fuel assembly

can settle in the compartment stably. An example of the stool structure is shown in Figure I-D.3.
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Channel box
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Figure I-D.1: General view of BWR fuel assembly
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Figure I-D.2: Cross section of BWR fuel assembly




Table I-D.1: Example of fuel assembly type and specifications

Type of fuel assembly
9 x 9 fuel

Major items
Material

Fuel Uranium dioxide

Cladding Zircaloy-2

(Zirconium lining)

Channel box Zircaloy-4
Pellet density (theoretical density, %) Approx.|:]
Enrichment (wt%) 5.0 or less
Dimensions

Length of assembly (mm) ' Approx.l_:I

Active length of fuel (mm) Approx. [—___l

Fuel rod diameter (mm)
Fuel rod pitch  (mm)

Assembly width (mm)

JO04

Number of fuel rods
Weight

Fuel assembly weight (kg) |:|or less
(including channel box)

Uranium dioxide weight (kg) [ TJorless
Uranium weight (kg) [:]or less
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Table I-D.2: Example of channel box specifications

Items

Specifications

Dimensions
Opverall length (mm)
Channel width (mm)
Total width (mm)
Channel thickness (mm)
Weight
Total weight (kg)
Material

Channel material

1 Ul

Zircaloy-4
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Figure I-D.3: Example of stool structure
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(3) Fuel composition specifications

The fuel composition specifications of the content are shown in Table I-D.3.

Table I-D.3: Contents (fuel) composition specifications

Fuel composition
35y <5.0 wt%
28y Rest
22y <[ Jug/sU
Impurities containedin | **U < uye*u
enriched uranium Y 26y <[ Jng/eu
PTe <[ lng/gu

Note 1) If 2°U contains impurities of less than[ _|ug/gU, U and *Tc are not applicable.

(4) Quantity of radioactive material of major nuclides

The major nuclides of the contents have specific activity used to calculate the radioactivity

and the calculated radioactivity shown in Table I-D.4 and Table I-D.5 respectively.

Table I-D.4: Specific activity used to calculate radioactivity

Specific activity (Bq/g)
Major nuclides
Progeny nuclides not included Progeny nuclides included
By 7.923 x 10! 5.757 x 102
24y 2313 x 108 2313 x 108
35y 8.001 x 10* 1.601 x 10°
26y 2.395 x 10° 2.395 x 10°
B8y 1.244 x 10* 3.735 x 10
PTe 6.275 x 108 6.275 x 108

Note 1) Specific activity with progeny nuclides excluded (Source: Origen2 database)
Note 2) Specific activity with progeny nuclides included after a decay period of 10 years
(Result of calculation by Origen2)
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Table I-D.5: Activity of major nuclides

Major nuclides

Activity Y (GBq / package)

Progeny nuclides not included Progeny nuclides included

Total

Note 1) For an enrichment of 5.0 wt%
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Chapter | Appendix—1  Supplementary description about the type of packages

The contents of this package are "fresh BWR fuel assemblies" that contain "unirradiated uranium of
an enrichment of less than 5%".

The uranium falls under the "U (unirradiated uranium of an enrichment of not more than 20%)" listed
in Schedule 1 of the "Notification to specify particulars related to technical standards on the transport
of nuclear material off-site;' (hereinafter referred to as the "Notification"). The "quantity (A, value)
of nuclear material if the materials is any other type than the special form nuclear material" of the
uranium is "unlimited".

On the other hand, the related fuel assemblies are those stored in a spent fuel pool of a light water
reactor nuclear power plant. Although these fuel assemblies are washed for cleaning of the surface
of the assemblies after being taken out of the pool, part of the radioactive material may remain on
the assembly surface.

As a virtual, conservative assumption, a 1 mm film of pool water containing radioactive material is
assumed to remain on the surface of each of the fuel assemblies, and the quantity of contamination
would beIZl[ %°Co TBq/packaging] (See Chapter (II), D.2 (2) Surface contamination by pool
water).

The A value for °Co described in Schedule 1 of the Notification is 0.4 [TBq]. Therefore, the
radioactivity of ®Co deposited on the fuel assembly is sufficiently smaller than the A, value and is
classified into Type A paékage.

This package may contain up to|:|ng uranium of an enrichment of 5% or less, which means
that each packaging may contain up to[__]kg?**U of fissile nuclides. Thus the package falls under

the package containing fissile material.

Therefore, this package is classified into Type A package containing fissile material.
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Chapter 11 Safety Analysis of Nuclear Fuel Package

A safety analysis of this package is conducted to indicate that the package conforms to the
technical standards for the Type A package containing fissile material according to the
"Regulation related to the transport of nuclear materials off-site (1978 Ordinance of Prime
Minister's Office No. 57) (hereinafter referred to as "Regulation") and the "1990 Japan Science
and Technology Agency Notification No.5 (Notification to specify particulars related to
technical standards on the transport of nuclear material off-site")" (hereinafter referred to as
"Notification").

The following gives a summary of the analysis:

1.  Structural analysis ‘

A structural analysis has verified that no crack or damage occurs in the package under routine
conditions of transport and that the containment system maintains integrity under normal
conditions of transport.

In order to obtain evaluation conditions for thermal and shielding analyses, the package state
and integrity under normal and accident conditions of transport was evaluated.

Furthermore, since this package is a Type A package containing fissile material, the package
state and integrity under normal and accident conditions of transport for packages containing

fissile material have been evaluated to evaluate subcriticality.

2. Thermal analysis
With considerations given to the result of the structural analysis stated above, a thermal
analysis was conducted to evaluate the temperature and pressure in various parts of the
package under normal and accident conditions of transport, rendering evaluation conditions

for structure, shielding and criticality analyses.

3.  Containment analysis
A containment analysis has verified that the containment system maintains its integrity under
normal conditions of transport, proving that the package conforms to the technical standards

for Type A packages.

4.  Shielding analysis
With consideration given to the evaluation conditions obtained through the structural and
thermal analyses, a shielding analysis has evaluated the equivalent dose rate on the package
surface or in a position 1 m away from the surface under routine conditions of transport and

normal conditions of transport, proving that the criteria are satisfied.
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Criticality analysis

With considerations given to the results of the structural and thermal analyses stated above, a
criticality analysis has verified subcriticality in any case of a package under routine conditions
of transport, an isolated package, or an isolated package or an package in an array of packages
under normal and accident conditions of transport for packages containing fissile material.

In terms of deformation of the contents, the analysis model under the normal and accident
conditions of transport assumes sufficiently conservative conditions to provide conservative

evaluation.

Evaluation of conformity to Regulation and Notifications

These results and the description of nuclear fuel package in Chapter I can be put together to
indicate that the design of this package conforms to the technical standards set forth in the

Regulation and Notification.

The following Sections A to F, Chapter II, describe the details of the analyses and evaluations.
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II-A
A.l
Al

Structural analysis
Structural design
Summary
The basic structure and configuration necessary for safe handling of the package are as follows:
As shown in Figure I-C.2, this packaging consists of a body consisting of a shell part (including
an inner shell, external plates, stiffeners and a top flange) and a bottom, a lid secured to the top
flange with lid tightening bolts, a basket to contain 10 BWR fuel assemblies, and top and rear
shock absorving covers to mitigate mechanical impacts caused by, for example, a drop.
The packaging constitutes a containment vessel. The joint between the body and the lid ensures
leaktightness with double gaskets.
Other containment boundaries include the penetration in the lid with a quick connection. As
shown in Figure 1-C.10, the penetration is designed to ensure leaktightness with quick
connection cover gaskets.
Note that the lid tightening bolts used in the joint between the body and the lid as well as the
quick connection cover tightening bolts are covered with the top shock absorving cover during
transport and cannot be accidentally opened, as shown in Figure I-C.3.
As shown in Figures I-C.5 and I-C.6, the lid and bottom sides of the packaging have two sets
and one ‘set of trunnions respectively so that the packaging can be lifted, tilted up or tilted down
in an easy, safe manner.
The shell part has a handling belt on its top and bottom sides each so that the packaging can be
horizontally lifted in an easy, safe manner.
The basket to be installed inside the packaging has 10 lodgments to support the fuel assemblies
as shown in Figure I-C.11 in order to prevent the fuel assemblies from making contact with each
other to be damaged or from coming together to reach criticality. “
This analysis is intended to evaluate the behavior of the packaging under the test conditions set
forth in the applicable laws and regulations and to demonstrate that the packaging conforms to

the design criteria described in the following section.
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A.1.2 Design criteria

According to the requirements of the Notification, criteria applicable to each analysis item have
been established with considerations given to the material, form and load conditions of the
components:
(1)  Criteria
The following shows the criteria established for the relevant test conditions and analysis
items:
a.  Routine conditions of transport (lifting and tie down devices)
[1] The stress intensity (the absolute value for the difference in principal stress) shall be
not higher than the yield stress.
[2] Alllifting devices shall be subjected to fatigue evaluation and the calculated allowable
number of cycles shall be not lower than the assumed number of times.
b.  Normal conditions of transport

(@  Thermal evaluation

[1] The lid tightening bolts shall be applied with the following criteria for stress evaluation:
2
om <= Sy

om + ob < Sy
where, om: Average tensile stress, ob: Bending stress, Sy: Design yield stress

Fatigue evaluation shall also be conducted. The calculated allowable number of cycles

shall be not lower than the assumed number of cycles.

[2] For all components except the lid tightening bolts, relevant stresses shall be classified.

Each stress intensity shall be applied with the following criteria:

Pm < Min. {% Su, Z Sy}
. 1 2
PL, PL + Pb <1.5 x Min. {? Su, 3 Sy}

1 2
PL+Pb+ Q<3 x Min. {? Su, 3 Sy}

where, Pm: General primary membrane stress intensity,
PL: Local primary membrane stress intensity
Pb: Primary bending stress,  Q: Secondary stress intensity
Su: Design tensile stress
[3] For components used in the containment seal part, the stress intensity shall not exceed
the yield stress.

[4] The basket shall have no thermal stress due to constraints.
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(b)  Water spray
[1] To resist water spray.
(c) Free drop
[1] The lid tightening bolts shall be applied with the following stress criteria:
om < Sy |
om + ob < Sy
[2] All components except the lid tightening bolts shall have no deformation that would
have to be considered in other analysis.
[3] The fuel cladding shall not rupture.
(d) Stacking test
[1] The shell part of the body shall not have a stress intensity exceeding the yield stress.
(e) Penetration
[1] The external plates shall have no penetration.
c.  Normal conditions of transport for packages containing fissile material
(a)  Water spray
[1] To resist water spray.
(b)  Free drop
[1] In the packaging body and basket, any deformation that would have to be considered
in the criticality analysis shall be identified.
[2] The lid tightening bolts shall not rupture.
[3] The fuel cladding shall not rupture.
(c)  Stacking test
[1] In the shell part of the body, any deformation that would have to be considered in the
criticality analysis shall be identified.
(d)  Penetration
[1] Any deformation that would have to be considered in the criticality analysis shall be
identified.
d.  Accident conditions of transport for packages containing ﬁssile material
(@) Mechanical test Drop I (9 m drop)
[1] In the packaging body and basket, any deformation that would have to be considered
in the criticality analysis shall be identified.
[2] The lid tightening bolts shall not rupture.
[31 The fuel cladding shall not rupture.
(b)  Mechanical test Drop II (1 m drop)
[1] In the packaging body and basket, any deformation that would have to be considered
in the criticality analysis shall be identified.

[2] The fuel cladding shall not rupture.
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@)

3)

(¢) Thermal test
[1] In the packaging body and basket, any deformation that would have to be considered
in the criticality analysis shall be identified.
[2] The lid tightening bolt shall not rupture.
[3] The fuel cladding shall not rupture.
(d) Immersion (0.9 m)
[1]1 For criticality evaluation, ingress of water is assumed in advance.
The evaluation criteria for the various test conditions and analysis items are summarized in

Table I1-A.1.

Combinations of load conditions
Combinations of load conditions for various analysis items according to design conditions are

summarized in Table II-A.2.

Safety margin
Among the analysis results, those with established quantitative design criteria shall be

evaluated for the following margin of safety (MS):

Design criteria

Analysis result

Safety margin (MS) =

For those to which no safety margin can be applied, the relative criteria value etc. shall be put
in the relevant position.
According to the aforementioned design criteria, the structural analysis conditions, analysis

items and analysis methods are summarized in Table 11-A.3 (1/7) to Table I1-A.3 (7/7).
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Table 1I-A.1: Criteria for structural analysis (1/2)

PL+Pb+Q

2

1
<3 x Min. {T Su, 3 Sy}

Criteria

Q
g Primary +
= .. Component to be Pri + ary
8 | Analysis item ; Timary
= Y evaluated Primary stress secondary secondary +
S intensity . . peak stress

stress intensity - . .

Intensity
éﬂ Trunnion <Sy ) Number of operating
=3 o . cycles <Na
% Lifting device Handling belt <s Number of operating
e andiing be =5y j cycles <Na
5—, Tie down Shell part <s
g device eip =>Y ) )
]
; Pressure Package To resist outside pressure variations.
2
:_% Vibration Package To resist vibration during transport.
| 2 '
Pm <Min. {? Su, 3 Sy}
PL,PL+Pb
| 2
Body, lid <15 xMin. {3~ Su, 73 Sy} -

Thermal test

Containment seal

< -
part =%
Oz om < 2z Sy
P . = Number of ti
% Lid tightening bolt 3 c u:;:r Z I\?:cra e
= om + cb < Sy Y -
g
% Basket No thermal stress shall be caused by constraints.
% .
% Water spray Package To resist water spray.
=
5
§ Body, lid No deformation that would have to be considered in other
= basket analysis shall occur.
om<S
Freedrop | 44 tiohtening bolt Y . .
om + b <S8y
Fuel cladding No rupture.
Stacking test Body <Sy - -
Penetration External plate Anti-puncture strength

Pm: General primary membrane stress,

Q: Secondary stress,

Na: Allowable number of cycles,

PL: Local primary membrane stress,

II-A-5

om: Average tensile stress,

Pb: Primary bending stress,

ob: Bending stress




Table II-A.1: Criteria for structural analysis (2/2)

Component to be

g
=
=1 Analysis item Criteria
= : evaluated
=3
z
= Water spray Package To resist water spray.
=R
g g Body, lid Identify any deformation that would have to be
§ é basket considered in criticality analysis.
=
i :
® o Free drop Lid tightening bolt | No rupture
=ho=h
2 3 .
g ._§ Fuel cladding No rupture
==
S = - Identify any deformation that would have to be
o= Stacking test Body . R .
2 considered in criticality analysis.
%‘ . Identify any deformation that would have to be
02 Penetration External plate . N .
a considered in criticality analysis.
> Body, lid Identify any deformation that would have to be
8. basket considered in criticality analysis.
% Drop test 1 L. .
o Lid tightening bolt | No rupture
S (9 m drop)
=
g Fuel cladding No rupture
]
5? = Body, lid Identify any deformation that would have to be
g § Drop test IT basket considered in criticality analysis.
5
2 g 1 m dro
g ;‘; ( P) Fuel cladding No rupture
2=
E Body, lid Identify any deformation that would have to be
(g basket considered in criticality analysis.
[¢
wn
§ Thermal test Lid tightening bolt | No rupture
g, :
E.
= Fuel cladding No rupture
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Table I1-A.2: Combinations of load conditions (1/2)

g Load conditions
=4 Analysis item Component to be .
= ' 1 | Miscella-
=5 evaluated Weight | Pressure T erma iseetia
= expansion | neous
@)
Trunnion o - - (Initial
= tightening
= irs . f
%, Lifting device Oge)
@ . (Initial
§ Handling belt o - - tightening
& force)
g
s Tie down device Shell part o o) - -
=
g
Az Pressure Package - A - -
2
Vibration Package - - - A
Body, lid, - o o) -
(e}
Thermal test Lid tightening bolt - o o | tié::::}?ig
force)
g Basket - - A -
= .
g Water spray Package - - - A
=
% Body, lid, A
2 basket ) . B
2 o
= . Initial
g Free drop Lid tightening bolt o - - ti;h[:lerl:ilng
"8 force)
a
Fuel cladding o o) - -
Stacking test Body A - - -
Penetration External plate - - - A

O: Evaluate according to combinations of load conditions; A: Evaluate according to single load

11-A-7




Table II-A.2: Combinations of load conditions (2/2)

g Load conditions
g Analysis item Component to be - 1 —
g evaluated Weight | Pressure T erma Miscella-
=] expansion | neous
= Water spray Package - - - A
S
g z Body, lid, N _ ] ]
& 3 basket
g = o
g S (Initial
S 2 Free drop Lid tightening bolt o - - tighr:ening
g' g force)
£ % Fuel cladding o o - -
o 3
28 Stacking test Body A - - -
a =4
5
Penetration External plate - - - A
% Body, lid, A ) ) i
Q. basket
(=N
S| o I °
g rop test ey . ) (Initial
8 Lid tightening bolt o - - S
é—. (9 m drop) 8 & tlgflgtrecr:)ng
§.
@ Fuel cladding o o - -
=
§ Drop test 11 Body, lid, A
5 s (1 m drop) basket
5} =
25
3 Body, lid - o} o} -
Q
& o
a o
e Lid tightening bolt - o o ; S]'::;?; 3
% Thermal test force)
2.
=3 Basket - - A -
]
=
a
& Fuel cladding - A - .

O: Evaluate according to combinations of load conditions; A: Evaluate according to single load
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Table II-A.3: Analysis conditions and methods for structural analysis (1/7)

a Analysis condition Analysis method
=1
5:. Item Tempera- Load Remarks
<k See Material ture - Index Applicable formula or elements Criteria
= ¢C) Type Loading
factor
[Chemical and galvanic - - - Corrosion - Activated - No chemical or galvanic A4l
reactions] potential reaction should occur.
difference
[Low temperature strength] - Stainless stecl, -40 Low temperature - Material - Strength shall be AA42
etc. deterioration maintained.
[Containment system] A43
1. Lid Figure I-C.10 Titanium alloy - Opening by - Mis- Whether misoperation with the top shock Shall not be opened by
misoperation operation absorbing cover installed is OK or NG. mis-operation.
2. Quick connection cover Figure [-C.10 Stainless steel - - OK/NG
[Lifting devices] Ad4
1. Trunnion ]
z 1) Trunnion cylinder Figure II-A.2 | Stainless steel Package weight 3 instg:ssisty S= 1[02 +47 Sy
g
& | 2) Trunnion fixing bolt - Alloy steel Package weight 3 | Tensilestress | M o —sta Sy
8 Initial tightening Fati , Z
§;. force evﬁ&gﬁgn Allowable number of cycles Assumed number of
g |2. Handling belt cycles or more
g, | D Topand rear belts Figure [I-A.3 - | Stainless steel Package weight 3 _Stress Membrane stress, Membrane stress + Bending Sy
g . Figure II-A.8 intensity stress
2 2) Llﬁlng handle Figure I-A9 - Stainless steel Package weight 3 i Stres_s Membrane stress, Membrane stress + Bending Sy
S ) Figure II-A.14 intensity stress
3)Lifting handle pin - Stainless steel Package weight 3 Stress ___F _ Sy
intensity T S=2t
2-nd¥4
4) Connecting bolt ;
) ¢ B Alloy steel Pap!(agg welght 3 Tensile stress _ _ . _ Sy
Initial tightening S1= 237 0,=T *k or=o0to,
force .
Fatigue Assumed number of
evaluation Allowable number of cycles cycles or more
Ti devi
[Tie down device] A4S
Shell part of body
Longitudinal direction 2 G Figure II-A.15 Stainless steel D Package weight 1 Stress Membrane stress, Membrane stress + Bending Sy
Lateral direction 2 G - Internal-external intensity stress
Vertical direction 2 G (up) Figure I1-A.19 pressure
3 G (down) difference
(including dead load
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Table II-A.3: Analysis conditions and methods for structural analysis (2/7)

absorption

o Analysis condition Analysis method
[=]
& Item Tempera- Load Remarks
'g"' See Material t?re Loading Index Applicable formula or elements Criteria
(©) Type factor
[Pressure] - - - Internal-external - Stress - No damage shall occur. A46
pressure
difference
[Vibration] Figure II-A.20 - Stainless steel D Vibration during - Frequency Natural frequency No vibration resonance shall A4
Figure II-A.23 transport occur.
[Thermal test] AS.1
| 2
1. Body, lid Figure 11-A.24 - Stainless steel Internal pressure, 1 Stress Pm Min. {—3- Su, 3 Sy} Sy for
Figure 11-A.28 Titanium alloy temperature intensity ] 1 2 containment
distribution and PL,PL+Pb L5xMin. {5~ Su, 3~ Sy} | seal part
initial tightening o1 2
force PL+Pb+Q 3xMin. {5~ Su, 5~ Sy}
z .
é 2. Lid tightening bolt Figure I1-A.24 - Alloy steel Ditto 1 Tensile stress om % Sy
§ Figure I1-A.28 Combined om + cb Sy
& stress
g
° Fatigue Allowable number of cycles Assumed number of cycles or
= evaluation more
§ 3. Basket
b= . X
£t 1) Thermal expansion of - Stainless steel Thermal ! Expansion AL=(L,— L)+ (AL~ ALy) Axial/radial clearance:
basket and body Aluminum alloy expansion difference AD=(D,~Dy)+ (4D, ~AD) 0 mm or more
[Water spray] - Stainless steel - Water spray - Deterioration |  Water absorptivity None AS52
Paint or water pool
by water Smoothness for water Good
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Table I1-A.3: Analysis conditions and methods for structural analysis (3/7)

penetration

t
W = emd(t —y)dy

o Analysis condition Analysis method
o
= Item Tempera- Loading Remarks
g' See Material tlexre T Loading Index Applicable formula or elements Criteria
(O ype factor
[Free drop] AS53
1. Deformation of shock | Figure II-A.29 - Stainless steel Impact velocity 1 Deformation Maximum displacement in drop direction -
absorbing covers Figure 11-A.32 wood
1) Vertical drop
2) Horizontal drop
3) Comer drop
2. Body and lid Figure I1-A.29 - Stainless steel Impact velocity, 1 Plastic strain Maximum plastic strain, strain distribution | Leaktightness shall
1) Vertical drop Figure II-A.31, Titanium alloy initial tightening ?}?er;n a;g;a}inege anng
2) Horizontal drop Figure II-A.33 force deformation  that
3) Corner drop would have to be
considered in other
analysis.
3. Lid tightening bolt Figure 1I-A.29 - Alloy steel Ditto 1 Tensile stress om Sy
> 1) Top vertical drop Figure I1-A.31 Combined om + cb Sy
9 2) Horizontal drop stress
é 3) Top comer drop
(<]
<]
E.. 4. Basket Figure I1-A.34 - Borated Impact velocity, 1 Plastic strain Maximum plastic strain, strain distribution There shall be no
g | 1) Horizontal drop Figure 11-A.37 stainless steel body velocity deformation that
E Aluminum alk histo would have to be
o uminum .oy y considered in other
e? analysis.
g
B |5. Fuel cladding Figure I1-A.38 - Zircaloy-2 Impact velocity, 1 Plastic strain Maximum plastic strain No rupture
= Figure 11-A.41 body/basket
velocity history,
internal pressure
[Stacking test] As54
1. Vertical position Figure 1I-A.42 - Stainless steel 5 times the 1 Stress intensity |  Membrane stress, Membrane stress + Sy
Figure I[I-A .44 package weight Bending stress
2. Horizontal position Figure 11-A 45 - Stainless steel Inertia force 6 1 Stress intensity Membrane stress, Membrane stress + Sy
Figure I1-A .47 times the dead Bending stress
load to be loaded
Wr=mgh
[Penetration] Figure 11-A .48 Stainless steel D Drop energy - Necessary ’ & Wp<W ASS
energy for
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Table II-A.3: Analysis conditions and methods for structural analysis (4/7)

Figure I1-A .41

body/basket
velocity history,
internal pressure

a Analysis condition Analysis method
=)
é Item Tempera- Load Remarks
g‘ See Material ttlre Loading Index Applicable formula or elements Criteria
(©) Type factor
=
g & . .
2 S | [Fuel cladding strength] (Evaluate by citing Chapter I and A8
B2 Section A.9)
o
[Water spray] - Stainless steel - Water spray - Deterioration Water absorptivity None A9.1
Paint or Smoothness for water Good
water pool by
water
. absorption
[=]
é [Free drop]
8 1. Deformation of shock Figure II-A.29 - | Stainless steel Impact velocity 1 Deformation Maximum displacement in drop Identify any deformation that A9.1
=4 absorbing covers Figure I1-A.32 ood direction would have to be considered in
= 1) Vertical drop criticality analysis.
2 2) Horizontal drop
i’ 3) Comer drop
5 . . . .
§ 2. Body and lid Figure II-A.29 - | Stainless steel Impact  velocity, 1 Plastic strain Maxlmum plastic strain, strain Identify any deformation that A9.1
i 1) Vertical drop Figure II-A.31, | Titanium alloy initial tightening distribution would have to be considered in
E 2) Horizontal drop Figure [1-A.33 force criticality analysis.
§ 3) Corner drop
o
@
a
§ 3. Lid tightening bolt Figure II-A.29-|  Alloy steel Ditto 1 Tensile stress om No rupture A9.1
B, 1) Top vertical drop Figure II-A.31 Combined om + cb No rupture
5' 2) Horizontal drop stress
0;, 3) Top corner drop
g 4. Basket Figure I1-A.34 - Boron Impact velocity, 1 Plastic strain Max1mum plastic strain, strain Identify any deformation that A9.1
2 1) Horizontal drop Figure II-A.37 | stainless steel body velocity distribution would have to be considered in
g: Aluminum alloy history criticality analysis.
5. Fuel cladding Figure II-A.38 - |  Zircaloy-2 Impact velocity, 1 Plastic strain Maximum plastic strain No rupture A9.1
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Table II-A.3: Analysis conditions and methods for structural analysis (5/7)
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a Analysis condition Analysis method
Q
& Ttem Tempera- Loading _ Remarks
g' See Material t?re T Loading Index Applicable formula or elements Criteria
(0 ype factor
[Stacking test] A9.1
1. Vertical position Figure 11-A .42 - Stainless steel 5 times the package 1 Stress intensity Membrane stress, Membrane stress + Sy
Figure 11-A .44 weight Bending stress
2. Horizontal position Figure 1I-A 45 - Stainless steel Inertia force 6 times 1 Stress intensity Membrane stress, Membrane stress + Sy
Figure 11-A .47 the dead load to be Bending stress
loaded
[Penetration] Figure I1-A 48 Stainless steel :I Drop energy - Necessary Wp= Itn gh W,<W A9.1
energy for W= _[Orcm; d(t —y)dy :
penetration
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Table 1I-A.3: Analysis conditions and methods for structural analysis (6/7)

1. Top vertical drop
1) Direct hit with lid

2. Bottom vertical drop
1) Direct hit with bottom

3. Horizontal drop
1) Direct hit with shell
part

Figure 1I-A.67 -
Figure II-A.74

Stainless steel
00d, resin

Stainless steel
00d, resin

Stainless steel
Resin

- Drop on to mild
steel bar

- Drop on to mild
steel bar

- Drop on to mild
steel bar

Damaged
condition

Damaged
condition

Damaged
condition
Deformation
condition

Identify any deformation that
would have to be considered
in criticality analysis.

:model test
:model test
I:Imodcl test

Maximum deformation of basket

Identify any deformation that
would have to be considered
in criticality analysis.

Identify any deformation that
would have to be considered
in criticality analysis.

a Analysis condition Analysis method
O .
2 Item Tempera- Loading Remarks
§' See Material ture Loading Index Applicable formula or elements Criteria
() Type factor
[Drop test I] A92
1. Deformation of shock | Figure II-A.49 - Stainless steel - Impact velocity 1 Deformation Maximum displacement in drop Identify any deformation that
absorbing covers Figure II-A.54 'wood direction would have to be considered
1) Vertical drop in criticality analysis.
2) Horizontal drop
3) Comer drop
4) Slap down drop
> |2. Body and lid Figure II-A.55 - Stainless steel Impact velocity, 1 Plastic strain Maxunum plastic strain, strain Identify any deformation that
8. 1) Vertical drop Figure I1-A.59 Titanium alloy initial tightening distribution would have to be considered
& | 2) Horizontal drop force in criticality analysis.
Io-,' 3)- Corner drop
5-. 4) Slap down drop
g.
& |3. Lid tightening bolt - Alloy steel Ditto., 1 Tensile stress om No rupture
2 | 1) Top vertical drop Combined om + ob
§ 2) Top corner drop stress
-§ 3) Slap down drop
=3
2 4. Basket Figure I1-A.60 - Borated Impact velocity, 1 Plastic strain MaXﬁmuyn plastic strain, strain Identify any deformation that
B 1) Horizontal drop Figure [I-A.62 stainless steel body velocity distribution would have to be considered
Q . . B s . .
U&: Aluminum alloy history in criticality analysis.
o
€ |5 Fuel cladding Figure II-A.63 - Zircaloy-2 Impact velocity, 1 Plastic strain Maximum plastic strain No rupture
s Figure II-A.66 body/basket
E velocity history,
B internal pressure
& | [Drop testII] A92
8
5]
g
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Table 1I-A.3: Analysis conditions and methods for structural analysis (7/7)

[Immersion (0.9 m)]

(Ingress of water is
considered in criticality
analysis).

a Analysis condition Analysis method
Q
é;. Item Tempera- Load Remarks
g' See Material t?ée Tvoe Loading Index Applicable formula or elements Criteria
(0) P factor
[Thermal test] A92
1. Body, lid Figure II-A.75 - Stainless steel Internal pressure, 1 Plastic strain Maximum plastic strain Identify any deformation
> Figure II-A.76 Titanium alloy temperature that would have to be
8. distribution and considered in criticality
§- initial tightening analysis.
2 force
8
é:, 2. Lid tightening bolt - Alloy steel Ditto 1 Tensile stress om No rupture
g Tension + om +ob
o Bending
=8
g
% 3. Basket
3 1) Thermal expansion - Stainless steel Thermal 1 Expansion AL=(L~ L)+ (AL—AL,) Identify any deformation
g difference between Aluminum alloy expansion difference AD=(D;~Dy)+ (AD; ~£Dy) that would have to be
§ basket and body considered in criticality
e .
4 analysis.
% !
8
§ 4. Fuel cladding i Zircaloy-2 Internal pressure 1 Stress $=Max{jo,~, | lo,~, oo, |} No rupture
E' intensity
0Q
&=
g
=4
8
S - - - - - - - - A92
=R




A.2 Weight and center of gravity
The gross weight of the packaging and its contents and the weight of individual components are

shown in Table I-C.4. The center of gravity of the package is shown in Figure II-A.1.

Figure 1I-A.1: Center of gravity

A.3 Mechanical properties of materials

The mechanical properties of materials used for analyses are shown in Table I1-A 4.
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Table I1-A.4: Mechanical properties of materials (1/3)

Material

Component

1
Design yield
stress

(Temperature)
[MPa](°C)

1))
Design tensile
stress

(Temperature)
[MPa](°C)

1)
Elongation

(Temperature)
[%]CC)

2)

Poisson's
ratio

Density
[10° kg/m®]

Young's
modulus
(Temperature)
[10° MPa]("C)

Coefficient of
linear thermal
expansion
(Temperature)

[1/Cx10°1CC)

stainless
steel

Inner shell
Stiffener
External plate

Top flange
Bottom

Handling belt

- Upper/lower belt
- Lifting handle

- Lifting handle pin

Trunnion

Titanium alloy

Lid

0.3

(51

7.8

1

(1

0.3

[2]

4.42

stainless steel

3)
Shock absorbing cover

outer shell,r__—l

[ ]
[ |
1

0.3

[51

7.9

Note 1) Design requirement specification value

Note 2) Representative value

Note 3) The stress-strain relationship used for drop analysis is shown in A.10.2, Appendix-2.
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Table II-A.4: Mechanical properties of materials (2/3)

D)

D

1

2)

Coefficient of

Design yield | Designtensile | Elongation Poisson's Densi zznguz linear thermal
Material Component stress stress (Temperature) ratio [10°k g/tr1}1,3] (Temperature) expansion
(Temperature) | (Temperature) [%](CC) [10° I\I;IPa] 0 (Temperature)
[MPa](°C) [MPa](°C) [1/Cx10%YCC)
: (1 (1 (1
Lid tightening bolt - - 0.3 7.75
Alloy steel Trunnion fixing bolt - - - -
Handling belt ) 03
connecting bolt ) i i
Shock absorber ¥

Note 1) Design requirement specification value

Note 2) Representative value

Note 3) The stress-strain relationship used for drop analysis is shown in A.10.2, Appendix-2.
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Table I1-A.4: Mechanical properties of materials (3/3)

D b b 2 Youne's Coefficient of
_ Design yield Design tensile Elongation Poisson's Density mo du%us linear thermal
Material Component stress stress (Temperature) ratio [10° ke/m’] | (Temperature) expansion
(Temperature) | (Temperature) [%](°C) p . (Temperature)
[10° MPa]("C)
[MPa](°C) [MPa](°C) [1/Cx10°C)
[4] [4]
Boron Lodgment
0.3 7.8 -
stainless steel (Basket)
(1] (1
BaskeD) - 0.3 2.78
(1]
Aluminum alloy I | - 0.3 2.78
(Basket) :l
] I
| | S i | B ER S
(Basket)

Note 1) Design requirement specification value

Note 2) Representative value




A.4  Requirements for package

A.4.1 Chemical and galvanic reactions

Table 1I-A.5 lists dissimilar materials that may come into contact with each other within the

packaging or between the packaging and the contents. No chemical or galvanic reactions will

occur between dissimilar materials when they come into contact with each other since the

package is transported in dry condition.

Table II-A.5: List of dissimilar materials that may come into contact with each other

Dissimilar materials that may come

into contact with each other

Components that may come into contact with each other

Stainless steel - Titanium alloy

Top flange - lid

Stainless steel -|—___|

Inner shell, stiffener, external plate -I: plate

Stainless steel -I:lresin

Inner shell, stiffener, external plate - Shell part resin
Lid resin cover - Lid resin, Bottom resin cover - Bottom resin

Bottom - Bottom resin

Titanium alloy - Alloy steel

Lid - Tightening bolt

Stainless steel - Alloy steel

Shock absorbing cover, top flange, quick connection cover -
Tightening bolt

Trunnion - Fixing bolt

Stainless steel -I:_Iwood

Shock absorbing cover outer shell,|:|- Shock absorber

Thermal protection - Shock absorber

Stainless steel - EPDM

Top flange, quick connection cover - Gasket

Stainless steel - Elastomer

External plate, upper belt, lower belt - Liner

Titanium alloy - EPDM

Lid - Gasket

Stainless steel - Aluminum alloy

Inner shell - Basket

Lodgment - |

|- | Jresin

|:|plate - Shell part resin

Stainless steel - Zirconium alloy

Lodgment - Fuel assembly (or channel box)
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Low temperature strength

Low temperature characteristics of components

The materials used in the packaging listed in Table I-C.1 will not have a brittle fracture or crack
at —40°C. Therefore, they cannot have a crack or breakage within the temperature range from
—40°C to 70°C specified in the Regulation. '
Strength at low temperature »

The[___stainless steel used in the inner shell, stiffeners and external plates that constitute
the shell part of the body as well as the borated stainless steel used in the basket are both thin
plates and will not have strength degradation at low temperature due to a brittle fracture. (The
less the plate thickness is, the more unlikely to have a brittle fracture these plates are. Therefore,
the fracture toughness test is not applicable to thin plates of a thickness of less than 16 mm [¢),

The titanium alloy used in the lid will not show low-temperature brittleness even at an ultra-
low temperature. [7)

The aluminium alloy of the basket and the[ __|stainless steel of the shock absorbing
covers will not show low-temperature brittleness.

The forgedlletainless steel used in the top flange and bottom of the body and the alloy
steel used in the lid tightening bolts show low-temperature brittleness. These materials are
subjected to an impact test at —40°C to ensure that materials with the required toughness are used.
EPDM used in the lid gasket can be used at —40°C. !

The|:] wood used in the shock absorbers will not have any strength degradation even at a
low temperature and can be used at —40°C.

In conclusion, the strength and other mechanical performance of this packaging will not have
degradation or damage of mechanical strength even at low temperatures under normal or

accident conditions of transport.

Containment system
The lid and lid tightening bolts of the packaging are covered with the top shock absorbing cover
under routine conditions of transport as shown in Figure I-C.3. The quick connection cover
protecting the quick connection of the lid is also covered with the top shock absorbing cover.
This means that the lid and quick connection cover, which can both serve as an opening to the

inside of the packaging, cannot be accidentally opened by misoperation.
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A.4.4  Lifting devices
The package has four (two pairs of) trunnions on the top side and two (one pair of) trunnions on
the rear side as shown in Figure I-C.5 and can be lifted using these trunnions.
The package can be lifted horizontally with one pair of top trunnions and one pair of rear

trunnions or vertically with one pair of top trunnions.

The analysis here focuses on the top trunnions that have a smaller diameter than that of the rear

trunnions to evaluate vertical lifting during which the top trunnions are applied with a maximum

load. V |

The package also has a handling belt installed onto the top and rear sides of the shell part each as

shown in Figure I-C.3. These handling belts are used to carry out horizontal lifting.

(1) Stress evaluation
a. Trunnions
(a) Maximum load

The maximum load applied to the trunnions can be calculated using the equation below.
Note that the maximum load F applied to the trunnions should be calculated using the
total mass of the package although the shock absorbing covers have been removed from

the package before lifting with the trunnions:
F=mx g X %

where, m : Package mass [ 19,500 kg ]
g: Gravity acceleration [ 9.81 m/s? ]
G: Loading factor [ 3 ]
N: Number of trunnions [ 2 ]
Therefore,
F=2.87x10°N
(b) Stress calculation .
The dimensions and loading points of various parts of the trunnions are shown in Figure
i.  Cylinder section of trunnions
The maximum bending stress and the shearing stress that occur in the cylinder section

of the trunnions can be expressed using the beam theory as follows:

Note 1) Evaluation for rear trunnions under horizontal lifting operation shows a result that top trunnions

under vertical lifting operation is more severe. (See Apendix-5)
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Figure II-A.2: Top trunnion dimensions and loading points

(Unit: mm)




(i) Maximum bending stress (o)

_M
=z
M=FxL

where, M: Bending moment (N*mm)
F: Maximum load applied to a single trunnion [ 2.87 x 10° N |
L : Distance between the F loading point and the cross section to be
evaluated [Section A-A:[__Jmm, Section B-B: I:Imm]

Z: Section modulus (mm?)

Z= 3% D?® (D: Trunnion cylinder diameter

[Section A-A:[_Jmm, Section B-B:[__Jmm])

(i) Shearing stress (1)

_E
T=A

where, F: Maximum load applied to a single trunnion [ 2.87 x 10° N ]

A: Sectional area (mm?)

A== D?

ala

(iii) Stress intensity (S)
S = /c? +47
An evaluation of the section A-A and the section B-B in Figure I1-A.2 has revealed
that the stress intensity is[__JMPa for the section A-A and[_JMPa for the section
B-B. The criteria (Sy) for this item is[__JMPa (CFC V).

The safety margin MS in this case is:

MS=%—1=|:|

Therefore, the cylinder section of the trunnion has a sufficient strength against the

load during handling.

Note 1) Package temperature under normal conditions of transport for thermal analysis in II-B (The

same applies to the following).
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ii. Trunnion fixing bolts
The package is designed so that the shearing load applied to the trunnion is borne by
its cylinder section to be engaged with the flange. Therefore, the trunnion fixing bolts
are applied with a tensile load due to the moment during lifting as well as the axial
force by the initial tightening torque.
(i) Tensile stress due to moment
The maximum tensile stress 61 due to the moment at the support of Point O shown
in Figure II-A.2 occurs in the boltsDand |:]and can be determined by the

equation:

L]

c61=M x I (D Distance between Point O and the boltDrL__] Ii:‘mm D

M=FxL
T T dr2 2
1= —— xd x> ( x Di%) x 2
64 4
i=1
where, F : Maximum load applied to a single trunnion [ 2.87 x 10° N ]

M : Moment (N*-mm)
I : Moment of inertia of the section (mm?)

L : Moment arm [I:mm]

Di : Distance between Point O and the bolt (mm)

dr : Minimum diameter of bolt (] [:lmm ]

Therefore,
o1 =|:|MPa
(i) Tensile stress due to initial tightening torque
The tensile stress due to the initial tightening torque o, can be determined by the

equation:

=T x 1 X 1
02~ 02d ~ (nd?/4)

where, T : Initial tightening torque [:N'mm ]
d: Nominal diameter of bolt [l:lmm 1

Therefore,

62 =|::|MPa

Then, the tensile stress ¢ that occurs in the trunnion fixing bolts during lifting is:
6=01+t0; =|:]MPa
The criteria (Sy) for this is:lMPa D O).

Then, the safety margin MS in this case is:
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Therefore, the trunnion fixing bolts have a sufficient strength against the tensile
stress during handling.
Handling belts
The package is horizontally lifted using two handling belts installed in the positions shown
in Figure I-C.3. So, this section evaluates the strength of the handling belts when they are
applied with an acceleration during lifting.

(a) Upper and lower belts

The upper and lower sections of a handling belt are| |

[ Jas shown in Figure I-C-9. So, the analysis code ABAQUS is used to

determine the stress that occurs in the various portions of the upper and lower sections of
the handling belts.
i.  Analysis model
A plane symmetry 3-dimensional model is used for analysis of the upper and lower
sections of the handling belt. :l constituting the upper/lower section of the
handling belt has been modeled| |

The upper and lower sections are| |

1

Furthermore, the shell part of the packaging on which the handling belts are installed

has been modeled to determine the mass borne by the handling belts.

The general view, dimensional drawing and mesh model are shown in Figures II-A.3

to Figures II-A.S.

ii. = Load and boundary conditions
(i) Load condition

I |
{ I
[ } the mass m' of the shell part of the

packaging is set to:

1
m=mXx —~

where, m: Package mass [ 19,500 kg ]
Therefore,

m'= 4,875 kg
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Figure I1-A.3: General view of analysis model (lifting devices: upper and lower belts)

(Unit: mm)

Figure 1I-A.4: Dimensional drawing of analysis model (lifting devices: upper and lower belts)
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Figure I1I-A.5: Mesh model (lifting devices: upper and lower belts)
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iii.

During lifting operation, the lower belts of the handling belts are applied with the
dead load of the package multiplied by the loading factor of operation.
Therefore, the entire analysis model is applied with an acceleration three times the
gravity acceleration (9.81 m/s?).

(ii) Boundary condition

The handling belts are |

Analysis results

The deformation is shown in Figure II-A.6 and the stress contour in Figure II-A.7.
According to the target positions shown in Figure II-A.8, the results of stress
evaluation for the relevant components are shown in Table I[I-A.6. As shown in the
table, the stress that occurs in the upper/lower belts of the handling belts is within the
criteria. In conclusion, the upper and lower belts of the handling belts have an enough

strength against the load during lifting operation.
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Figure II-A.6: Lifting device analysis results (upper and lower belts) (Deformation diagram)

Figure I1-A.7: Lifting device analysis results (upper and lower belts)
(Stress contour diagram <Tresca stress intensity>)
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Figure IT1-A-8: Stress evaluation positions of lifting devices (upper and lower belts of handling belt)
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Table II-A.6: Evaluation of stress in lifting devices during lifting operation
(upper and lower belts of handling belt)

Evaluation position Toe of Stress intensity | Criteria? Safety
: ype of stress (MPa) (MPa) margin (MS)

Membrane stress

Membrane stress+
Bending stress

Membrane stress+
Bending stress

Membrane stress+
Bending stress

Membrane stress+

Bending stress

Membrane stress

Membrane stress+
Bending stress

Membrane stress+
Bending stress

Membrane stress+

Bending stress

Membrane stress

Membrane stress

Membrane stress

Membrane stress+

Bending stress 1 I

Note 1) The criteria specifies Sy for the membrane stress or the membrane stress + bending stress.
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(b) Lifting handles
The lifting handles of the handling belts have a complex shape as shown in Figure I-C.9.
The analysis code ABAQUS is used to determine the stress that occurs in their various
parts:
i.  Analysis model
A 3D model for a single lifting handle modeled with solid elements is use for analysis.
The dimensional drawing is shown in Figure [I1-A.9 and the mesh model in Figure
1I-A.10.
ii. Load and boundary conditions

(i) Load condition

|the maximum load Fy on each lifting handle

can be determined using the equation:
a
Fy= 7 xgxm

where, o: Loading factor[3 ]
N: Number of lifting handles [ 4 ]
G: Gravity acceleration [ 9.81 m/s? ]
M : Package mass[ 19,500 kg ]
Therefore,
Fy=144%x10°N

This load is applied to |

I |

(ii) Boundary condition

—

[ | These load and boundary

conditions are shown in Figure I1-A.11.
iii. Analysis results '

The deformation is shown in Figure II-A.12 and the stress contour in Figure 11-A.13.
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(Unit: mm)

Figure II-A.9: Dimensional drawing of analysis model (lifting device: lvifting handle of handling belt)

_ Figure I1-A.10:Mesh model (lifting device: lifting handle of handling belt)
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Figure II-A-11: Load and boundary conditions for analysis of
lifting device (lifting handle of handling belt)

Figure I1-A.12: Results of analysis of lifting device (lifting handle
of handling belt) (Deformation diagram)

Figure 1I-A.13: Analysis results of lifting device (lifting handle of handling belt)

(Stress contour diagram <Tresca stress intensity>)
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The results of stress evaluation for the target positions shown in Figure I1-A.14 are
shown in Table II-A.7. As shown in the table, the stress that occurs in the lifting handle
is within the criteria. In conclusion, the lifting handles of the handling belts have an

enough strength against the load during lifting operation.

Figure I1-A.14: Stress evaluation positions of lifting device (lifting handle of handling belt)

Table II-A.7: Evaluation of stress in lifting devices during lifting (lifting handle of handling belt)

Evaluation Tvpe of stress Stress intensity |  Criteria’ | Safety margin
position yp (MPa) (MPa) (MS)

Membrane stress+

@
@

@ Membrane stress

Bending stress

Membrane stress+
Bending stress

@ Membrane stress+
Bending stress T ,
Note 1) The criteria specifies Sy for the membrane stress or the membrane stress + bending stress.
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Lifting handle pins and connecting bolts
Maximum load
The maximum load Fy applied to the lifting handle pins and connecting bolts of the

handling belts can be calculated using the equation below. It should be taken into

account that the top and bottom handling belts, | |
| |

and that a pair of (two) lifting handle pins and a pair of (two) connecting bolts are

installed in a single handling belt.

o
FB= N X n xgxm

where, a: Loading factor[3 ]
N: Number of handling belts [ 2 ]
n: Number of lifting handle pins and connecting bolts [ 2 ]
G: Gravity acceleration [ 9.81 m/s? |
m: Package mass [ 19,500 kg ]
Therefore,
Fp=144x10°N
Calculating stress in lifting handle pins
A load associated with lifting of the package is applied to the lifting handle pins as a
shearing stress. The shearing stress T caused by the shearing load can be expressed in
the equation:
Fp
T 2xA

where, Aj: Sectional area of lifting handle pin
A1 = ndlz /4
where, d; : Diameter of lifting handle pin [Dmm ]

Therefore,

v=[_MPa

Then, the stress intensity S is:

S=2t__|MPa
The criteria (Sy) for this is[__MPa {_}C).

Then, the safety margin MS in this case is:
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iii.

Therefore, the lifting handle pins have a sufficient strength against the shearing stress
during lifting operation.

Stress calculation for connecting bolts

The connecting bolts are applied with a longitudinal load associated with lifting of the

package as well as the axial force by the initial tightening torque.

(i) Tensile stress due to longitudinal load

The tensile stress o1 due to the longitudinal load can be expressed in the equation:
Fp
v
where, A,: Minimum sectional area of connecting bolt (mm?)
Ar=mnd>?/ 4 ‘
where, d; : Minimum diameter of connecting bolt D [I:Imm ]

Therefore,

61=[__|MPa

(ii) Tensile stress due to initial tightening torque

The tensile stress o2 due to the initial tightening torque can be expressed in the
equation:
1 1
2=T* 754, * (wd2/ 4)
where, T: Initial tightening torque [I:_|N'mm]
ds: Nominal diameter of bolt [Dmm ]

Therefore,
(73 =|:|MPa
Then, the tensile stress ¢ that occurs in the connecting bolts during lifting by the
handling belts is:
6 =01t 02 =|:|MPa
The criteria (Sy) for this is[__|MPa ().

Then, the safety margin MS in this case is:

Y
MS == 1=

Therefore, the connecting bolts of the handling belts have a sufficient strength against

the tensile stress during lifting operation.

1I-A-38



(2) Fatigue evaluation
Fatigue evaluation is based on the actual load and uses the impact factor (the maximum value
to be conservatively taken) specified by the Crane Structure Standards ['! as a loading factor.
Therefore, the stress intensity to be used to calculate the cyclic peak stress intensity is
corrected as follows according to the ratio of the loading factor for stress evaluation to the
loading factor for fatigue evaluation.
The corrected stress intensity is shown in Table II-A.8.
SE=S x (A/B)
where, Sp:  Stress intensity of parts used for fatigue evaluation(MPa)
S: Stress intensity of parts for stress evaluation (MPa)
A: Loading factor for fatigue evaluation [ 1.6 ]

B : Loading factor for stress evaluation [ 3 ]

Table I1-A.8: Stress intensity for fatigue evaluation

Stress intensity

Component Part (MPa)

Fatigue

Stress evaluation .
evaluation

Trunnion cylinder
Trunnion —
Trunnion fixing bolt

Upper and lower belts

Lifting handle
Handling belt —
- | Lifting handle pin

Connecting bolt
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Trunnions

The stress that occurs in the trunnions is evaluated by comparing the allowable number of

cycles with the assumed number of times for the cyclic stress intensity with the stress

concentration taken into account.

(a) Trunnion cylinder

i.

ii.

Cyclic peak stress intensity
Sa=S x Kt x (1.95x 10°/Et)/2
where, Sa: Cyclic peak stress intensity (MPa)
S : Stress intensity of trunnion cylinder section []:__IMPa]

Kt: Stress concentration factor

[ 5 (Maximum value for structural discontinuity] [
Et: Young's modulus of material at service temperature []:::MPa (I:l" O]

Therefore,

Sa={__|MPa
Allowable number of cycles
According to the design fatigue strength curves for[______|stainless steels shown in
Figure 11-A. Appendix 1.1 in A.10.1 Appendix-1, the allowable number of cycles Na
for Sa (I:lMPa) is:

Na =|:I times

Assuming that the number of times of lifting during transport is 20, the allowable

number of cycles is sufficiently higher than the assumed number of times. In

conclusion, the trunnions have a sufficient fatigue strength.

() Trunnion fixing bolts

i.

ii.

Cyclic peak stress intensity
Sa=S x Kt x (2.07 x 105 Et) /2
where, Sa: Cyclic peak stress intensity (MPa)
S : Stress intensity of trunnion fixing bolt (stress range) [l___|MPa ]
Kt: Stress concentration factor

[ 4 Maximum value for the threaded part of bolts)] !
Et: Young's modulus of material at service temperature [l___l MPa {_—_|" O]

Therefore,
Sa =|:] MPa
Allowable number of cycles
According to the design fatigue curves for high strength steel bolting shown in Figure
II-A. Appendix 1.2 in A.10.1 Appendix-1, the allowable number of cycles Na for Sa

DMPa) is:
Na =|:|times or more

Assuming that the number of times of lifting during transport is 20, the allowable
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number of cycles is sufficiently higher than the assumed number of times. In
conclusion, the trunnion fixing bolts have a sufficient fatigue strength.
b. Handling belts
The stress that-occurs in the handling belts is evaluated by comparing the allowable number
of cycles with the assumed number of times for the cyclic stress intensity with the stress
concentration taken into account.
(@) Upper and lower belts
i.  Cyclic peak stress intensity
Sa=S x Kt x (1.95x 10°/Et) /2
where, Sa: Cyclic peak stress intensity (MPa)
S : Maximum stress intensity shown in Table II-A.8 [|___]MPa]
Kt: Stress concentration factor

[ 5 (Maximum value for structural discontinuity)]
Et: Young's modulus of material at service temperature [I:MPa D“ O]

Therefore,
Sa =|:lMPa
ii. Allowable number of cycles
According to the design fatigue strength curves for[______ktainless steels shown in
Figure II-A. Appendix 1.1 in A.10.1 Appendix-1, the allowable number of cycles Na
for Sa (__|MPa) is:
Na =|:|times
Assuming that the number of times of lifting with the handling belts during transport is
10, the allowable number of cycles is higher than the assumed number of times. In
conclusion, the upper and lower sections of handling belts have a sufficient fatigue
strength.
(b) Lifting handles
i.  Cyclic peak stress intensity
Sa=S xKtx (1.95x 10°/Et) /2
where, Sa: Cyclic peak stress intensity (MPa)
S : Maximum stress intensity shown in Table 1I-A.8 []:IMPa]
Kt: Stress concentration factor

[ 5 Maximum value for structural discontinuity)]

Et: Young's modulus of material at service temperature Ij:‘MPa D 0]

Therefore,

Sa{ MPa

ii. Allowable number of times
According to the design fatigue strength curves for:lstainless steels shown in
Figure II-A. Appendix 1.1 in A.10.1 Appendix-1, the allowable number of cycles Na
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for Sa (DMPa) is:
Na= I:ltimes
Assuming that the number of times of lifting with the handling belts during transport is
10, the allowable number of cycles is higher than the assumed number of times. In
conclusion, the lifting handles of the handling belts have a sufficient fatigue strength.
(c) Lifting handle pins
i.  Cyclic peak stress intensity
Sa=Sx(1.95x 10°/Et)/2
where, Sa: Cyclic peak stress intensity (MPa)
S : Stress intensity of lifting handle pin [|:|MPa ]
Et: Young's modulus of material at service temperature []:l MPa D” O]

Therefore,
Sa =|__—|MPa
ii. Allowable number of cycles
According to the design fatigue strength curves for[______stainless steels shown in
Figure II-A. Appendix 1.1 in A.10.1 Appendix-1, the allowable number of cycles Na
for Sa DMPa) is:
Na= I:ltimes or more
Assuming that the number of times of lifting with the handling belts during transport is
10, the allowable number of cycles is sufficiently higher than the assumed number of
times. In conclusion, the lifting handle pins of the handling belts have a sufficient
fatigue strength.
(d) Connecting bolt
i.  Cyclic peak stress intensity
Sa=S x Kt x (2.07 x 10°/Et) /2
where, Sa: Cyclic peak stress intensity (MPa)
S : Stress intensity of connecting bolt (stress range) [:k\/IPa ]
Kt: Stress concentration factor

[ 4 Maximum value for the threaded part of bolts)]
Et: Young's modulus of material at service temperature l]:lMPa D O]
Therefore,

Saq__ |MPa
ii. Allowable number of cycles
According to the design fatigue curves for high strength steel bolting shown in Figure

II-A. Appendix 1.2 in A.10.1 Appendix-1, the allowable number of cycles Na for Sa
DMPa) is:
Na =|:Itimes
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Assuming that the number of times of lifting with the handling belts during transport is
10, the allowable number of cycles is sufficiently higher than the assumed number of
times. In conclusion, the connecting bolts of the handling belts have a sufficient

fatigue strength.

Tie down devices
This packaging has no tie down device. As shown in Figure I-C-1, the packaging is mounted on
the transport frame with its shell part secured to the frame. Therefore, with a focus placed on the
zones of the shell part installed with the transport frame, the strength of the zones when applied
with an acceleration during transport is evaluated.
The acceleration during transport is assumed to be:
- 2 G in the longitudinal direction
- 2 G in the lateral direction
- 2 G in the vertical direction (upward) or 3 G in the vertical direction (downward)
The stress that occurs in the zones of the shell part installed with the transport frame is
determined by using an analysis model in which the transport frame mounting position is set to a
support condition and the analysis code ABAQUS.
Analysis model
The analysis model consists of the body and the lid parts. A mass equivalent to the mass of the
shock absorbing cover is applied to the top and bottom end surfaces each. The resin density is
adjusted so that individual components have their mass equivalent to actual.
Considering symmetry of analysis model, 3-dimensional plane symmetry model is used.
The dimensional drawing is shown in Figure II-A.15 and the mesh model in Figure I1-A.16.
Load and boundary conditions
a. Load condition
A load due to an acceleration and another load due to an internal pressure are applied
during transport.
(a) Load due to acceleration
For axial acceleration, the acceleration value in the longitudinal direction during
transport is applied. For radial acceleration, the vector sum of the acceleration value in
the lateral direction and that in the vertical direction is applied. In addition, as the load by
the basket and its contents is applied to the shell part, its equivalent density is given to

Iof the inner shell.
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Figure 1I-A.15: Dimensional drawing of analysis model (tie down devices)

(Unit: mm)




Figure II-A.16: Mesh model (tie down devices)

II-A-45




A3)

(b) Load due to an internal pressure
According to the thermal analysis in 1I-B, the maximum pressure of the package under
normal conditions of transport is I:'MPa absolute. Even if the external pressure drops
to 0.060 MPa due to fluctuations of the outside air pressure, the maximum difference
between the internal and external pressures is|:| MPa. In this evaluation, the
difference between the internal and external pressures is conservatively assumed to be
[ Impa
Boundary condition
The transport frame is installed onto the shell part in such a manner that secures the shell
part for the entire perimeter. In terms of the radial direction, the shell part is supported
along a half of the perimeter regardless of the direction of acceleration. In terms of the axial
direction in turn, the shell part is secured with the transport frame by means of friction
between the shell and the frame. Therefore, the zones installed with the transport frame are
restrained by displacement constraints in the radial and longitudinal directions as a
boundary condition.
These load and boundary conditions are shown in Figure I1-A.17.
Analysis results
The deformation is shown in Figure 11-A.18 and the stress contour in Figure I1-A.19.
The results of stress evaluation for the components of the shell part (the inner shell, stiffeners
and external plates) in the vicinity of the zones installed with the transport frame are shown in
Table II-A.9. As shown in the table, the stress is below the criteria for all the components. In

conclusion, the shell part has a sufficient strength for the acceleration during transport.
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Figure 11-A.17: Load and boundary conditions of shell part against acceleration during transport

(Unit: rhm)




Figure 11-A.18: Results of analysis of shell part against acceleration during transport (Deformation diagram)
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Figure II-A.19: Results of analysis of shell part against acceleration during transport

(Stress contour diagram <Tresca stress intensity>)
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Table 11-A.9: Results of stress evaluation of the shell part against the acceleration during transport

. . . . 1) -
Evaluation position Type of stress Stres(ilirfl)f)nsny C(rls[e;:; Safe‘zl{/[ng)ar g
Membrane stress
Lid side —
Membrane stress+
Bending stress
Inner shell —
Membrane stress
Bottom ||
side Membrane stress+
Bending stress
Membrane stress
Lid side [ |
Membrane stress+
. Bending stress
Stiffener —
Membrane stress
Bottom n
side Membrane stress+
Bending stress
Membrane stress
Lid side —
Membrane stress+
Bending stress
External plate —
. Membrane stress
Bottom ||
side Membrane stress+
Bending stress : .

Note 1) The criteria specifies Sy for the membrane stress or the membrane stress + bending stress.
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Pressure

The maximum internal pressure under normal conditions of transport is:lMPa absolute. In
A.5.1 Thermal test, the strength of the body and lid parts was evaluated under the internal-external
pressures difference of I:]MPa, verifying the integrity. When the external pressure drops to 60
kPa (0.060 MPa) due to fluctuations of the atmospheric pressure, the maximum internal-external

pressure difference islePa. This means that integrity of the packaging is not impaired.

Vibration
As shown in Figure I-C.1, the package is transported with the shell part secured to thé transport
frame. This section determines the natural frequency of the package secured to the transport
frame and then compares it with the vibration frequency during transport to assess the possibility
of vibration resonance.
The natural frequency of the package is determined by using an analysis model in which the
transport frame installation area is set to a support condition and the analysis code ABAQUS.
Analysis model
The analysis model consists of the body and the lid parts. A mass equivalent to the shock
absorbing cover is applied to the top and bottom end surfaces each. The resin density is
adjusted so that individual components have their mass equivalent to actual.
A 360° 3-dimensional model is used for analysis.

As the mass of the basket and contents is applied to the shell part, its equivalent density is

given to| Jof the inner shell.

The dimensional drawing and mesh model of the analysis model are shown in Figure 11-A.20
and Figure 11-A.21 respectively.

Boundary condition

The transport frame is installed onto the shell part in such a manner that secures the shell for
the entire perimeter, the external plates, which correspond to the area in which the transport
frame is to be installed, are restrained by displacement constraints. The boundary condition is
shown in Figure 11-A.22.

Analysis results

Among the vibration phase diagrams, the two cases with the smallest natural frequency are

shown in Figure [1-A.23. According to the figure, the natural frequency of the package is:

Natural frequency of package
I:IHZ or higher

Therefore, the package will have no vibration resonance due to the vibration during transport

Analysis result

(mainly 20 Hz or less).
Furthermore, the lid tightening bolts and other tightening bolts are securely tightened and will
not easily be loosened due to the vibration during transport.

Therefore, the package will not be affected by the vibration during transport.
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Figure 1I-A.20: Dimensional drawing of analysis model (vibration)

(Unit: mm)




Figure I11-A.21: Mesh model (vibration)
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Figure II-A.22: Boundary condition for vibration analysis

(Unit: mm)




Figure I1-A.23: Vibration analysis results (Vibration phase diagrams)
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A.5  Normal conditions of transport
A.5.1 Thermal test
The evaluation of the package temperatures under normal conditions of transport (II-B Thermal
Analysis, B.4 Normal conditions of transport) conservatively takes into account the solar insolation. A
A.5.1.1 Summary of temperatures and pressures
The temperature of the package under normal conditions of transport is described in II-B.4.
Based on the temperature, the object temperature criteria for the test is set to DC for all
components.
The internal pressure of the package under normal conditions of transport is :MPa
absolute. Even if the external pressure drops to 0.060 MPa due to fluctuations of the outside
air pressure, the maximum difference between the internal and external pressures is I:l
MPa. Therefore, this test conservatively uses an internal-external pressure difference of:

MPa for evaluation.

A.5.1.2 Thermal expansion
The packaging will have a thermal stress in its components due to thermal expansion under
normal conditions of transport.
The thermal stress in the packaging body is described in A.5.1.3 where combinations of loads
due to the internal pressure and the initial tightening force of bolts are taken into account.
For basket, the decrease of clearance between the basket and the packaging body due to a
difference in thermal expansion is calculated to assess whether any thermal stress is caused by
constraints.
(1) Longitudinal direction
The longitudinal clearance between the basket and the shell part of the packaging body will be
smaller due to a difference in thermal expansion between the basket and the shell part.
The longitudinal clearance between the basket and the inner surface of the packaging body IL
can be determined by the equation:
AL= (L1 = La)— {Ls x (T2 = 20) X 03— L1 x (T1—20) X o}

where, L1 : Length of cavity of packaging body [I:lmm ]

L2: Overall length of cavity [I:lmm ]

T1: Temperature of shell part [DC ]

T,: Temperature of basket [[:I C]

a1: Coefficient of linear thermal expansion of shell part [:/"C D O]

oz: Coefficient of linear thermal expanéion of basket |I:|/°C D O]
Therefore, ALDmm > (0mm
This means that there is a longitudinal clearance between the basket and the inner surface of

the packaging body. No thermal stress will occur due to constraints.
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Radial direction
The radial clearance between the basket and the shell part of the packaging body will be
smaller due to a difference in thermal expansion between the basket and the shell part.

The packaging body has inner and outer diameters as follows:

- Inner diameter of packaging body: mm

- Quter diameter of basket: mm

Therefore, the minimum inner diameter of packaging body D; and the maximum outer
diameter of basket D, are:

- Dy =|:mm

c Dy =|:|mm |
The clearance between the inner surface of the packaging body and the outer surface of the

basket /D can be calculated using the equation:
/D =(D;—Dy) + {D; x (T1—20) x a;— Dy x (T2— 20) % 02}

where, T1 : Temperature of shell part [DC ]

T>: Temperature of basket [D’C 1

a1: Coefficient of linear thermal expansion of shell part [I:/°C (D’ O]

a: Coefficient of linear thermal expansion of basket [l:VC D O]
Therefore, /1D =|:|mm > (0mm
This means that there is a radial clearance between the inner surface of the packaging body

and the outer surface of the basket. No thermal stress will occur due to constraints.

Stress calculation

This section calculates the stress that occurs in the components of the packaging body during
a thermal test under normal conditions of transport.

The heat genération from the contents is negligible, but the package will have a higher
temperature with heat supply from solar insolation. Increasing of temperature will give
differences of thermal expansion between the components of the packaging body, which will
generate thermal stresses.

By using the analysis code ABAQUS, this section determines the primary stress due to the
internal pressure and the initial tightening force of bolts and the (primary + secondary) stress
with the difference in thermal expansion among the components taken into account.

Analysis model

A|:| 3-dimensional model of the packaging body is used for analysis |

L |

This model consists of the body (top flange, inner shell, stiffeners, external plates and bottom)

and the lid parts (lid and lid tightening bolts). The lid is connected to the top flange with the
lid tightening bolts. The contact between the lid and the top flange is taken into account.
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The dimensional drawing and mesh model of the analysis model are shown in Figure 11-A.24
and Figure I1-A.25 respectively.
Load and boundary conditions
a. Load condition
For éalculation of the primary stress, the inner surface of the packaging body is applied
with|:|MPa and the lid tightening bolts are applied with an axial force by the initial
tightening. |

The axial force F due to the initial tightening torque is given by the equation:

where, T: Initial tightening torque d:lN°mm ]
d: Nominal diameter of bolt [Dmm ]
Therefore, F=2.36x10°N
Then, to calculate the (primary + secondary) stress, the entire analysis model is subjected to
the temperature {__JC) of normal conditions of transport.
b. Boundary condition ‘

The center of bottom is restrained by displacement constraints in axial direction. The
central axis is restrained by displacement constraints in radial direction. The symmetrical
surfaces are restrained by displacement constraints in circumference direction.

Analysis results

The deformation and stress contour diagrams according to the calculation of the (primary +

secondary) stress are shown in Figure II-A.26 and Figure II-A.27 respectively.

For the target positions shown in Figure 1I-A.28, the primary stress evaluation is shown in
Table 1I-A.10 and the (primary + secondary) stress evaluation is shown in Table II-A.11. As
shown in these tables, the stresses that occur in the packaging body are below the criteria.
Therefore, the package will not be affected by the thermal test under normal conditions of

transport.
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Figure 1I-A.24: Dimensional drawing of analysis model (thermal test under normal conditions of transport)

(Unit: mm)




Figure II-A.25: Mesh model (thermal test under normal conditions of transport)

1I-A-60




Figure I11-A.26: Results of analysis of thermal test under normal conditions of transport
(Deformation diagram)

Figure II-A.27: Results of analysis of thermal test under normal conditions of transport
(Stress contour diagram <Tresca stress intensity>) (1/2)
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Figure I1-A.27: Results of analysis of thermal test under normal conditions of transport
(Stress contour diagram <Tresca stress intensity>) (2/2)
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Figure I1-A.28: Stress evaluation positions for thermal test under normal conditions of transport
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Table I1-A.10: Results of stress evaluation for primary stress in packaging body components

during a thermal test under normal conditions of transport

Evaluation position

Stress

classification !

Stress intensity

(MPa)

Criteria?
(MPa)

Safety margin
(MS)

Lid

Pm

PL+Pb

PL

PL

External plate

Pm

PL

PL

Inner shell

Pm

PL

PL

Stiffener

PL

PL

SN ESH O ONONONONONOINC)

PL

Bottom

&)

Pm

PL+Pb

Note 1) Pm: General primary membrane stress intensity, PL: Local primary membrane stress intensity,

Pb: Primary bending stress intensity

Note 2) The criteria is Min. {% Su, % Sy} for Pm, 1.5 x Min. {% Su, % Sy} for PL or PL + Pb, |

and Sy for the containment seal part.
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Table II-A.11: Results of stress evaluation for (primary + secondary) stress in packaging body

components during a thermal test under normal conditions of transport

Evaluation position

Stress intensity
(MPa)

Criteria!
(MPa)

Safety margin
(MS)

Lid

External plate

BHENEISHONCHONOHONONCHONS!

Inner shell
Stiffener
Bottom
. om
Lid tightening bolt
om-t+ob

1 2
Note 1) 3 x Min. {? Su, 3 Sy} for (primary + secondary) stress, Sy for the containment seal part,

%" Sy for om of the lid tightening bolts, and Sy for om + cb
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(4) Fatigue evaluation
The stress that occurs in the lid tightening bolts is evaluated by comparing the allowable
number of cycles with the assumed number of times for the cyclic stress intensity with the
stress concentration taken into account.
a. Cyclic peak stress intensity
Sa=S x Kt x (2.07 x 10°/ Et) / 2
where, Sa: Cyclic peak stress intensity (MPa)
S : Stress intensity of lid tightening bolt (stress fluctuating range) [I:lMPa ]
Kt: Stress concentration factor [ 4 (Maximum value for the threaded part of bolts) ]!
Et: Young's modulus of material at service temperature [:IMPa D" O]
Therefore,
Sa =|:]MPa
b. Allowable number of times
According to the design fatigue curves for high strength steel bolting shown in Figure II-A.
Appendix 1.2 in A.10.1 Appendix-1, the allowable number of cycles Na for Sa DMPa) is:
Na =|:|times
Thus, the allowable number of cycles is sufficiently higher than the assumed number of

times. In conclusion, the lid tightening bolts have a sufficient fatigue strength.

A.5.1.4 Comparison with allowable stress
As shown in Tables II-A.10 and II-A.11, any safety margin of the criteria for the stress that
occurs in the packaging has a positive value. Therefore, the integrity of the package during a

thermal test under normal conditions of transport will be maintained.
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A.5.2 Water spray

The packaging has stainless steel or painted stainless steel external surfaces. These external
surfaces will not deteriorate due to water absorption during water spray or will not be corroded

by water pool.

Therefore, water spray will not impair the leaktightness or lead to increse of equivalent dose

rate.
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Free drop
Since the maximum weight of the package is 19.5 ton, the height of a free drop for the drop test
is 0.3 m according to the Notiﬁcation.
To determine the behavior of the packaging during a drop, a model of a |::|of the actual
packaging was subjected to the drop test and the deformation, impact acceleration and
leaktightness were measured in various drop directions and conditions. The test revealed that the
packaging body has no deformation or damage in the leaktightness after a drop from the height
of 9 m. Therefore, in this test where the packaging is dropped from a height of 0.3 m, the
required structural integrity of the packaging should be able to be maintéined. Still, this section
uses an analysis approach to quantitatively determine the behavior of the packaging during the
free drop and assess the possible effect of this test on the packaging.
Packaging body
The packaging body and shock absorbing covers are modeled according to the actual profile.
The dynamic analysis code LS-DYNA is used to analyze the event in which the package is
dropped from a height of 0.3 m, to determine the stress and strain that occur in the
components of the packaging body, and to demonstrate that no deformation that would affect
other analysis occurs.
Since the impact load applied to the packaging body depends on the shock absorbing
characteristics of the shock absorbing covers, adequacy of the characteristics of the shock
absorbing covers given to the analysis model has been determined through verification
analyses focusing on typical cases of mock-up tests. (See Appendix-2)
a.  Analysis model
A plane symmetry 3-dimensional model is used for analysis so as to be commonly applied
to the different drop directions (vertical, horizontal and corner). This model includes shock
absorbing covers based on the analysis conditions verified with the drop test verification
analysis of the drop test using the l:' model and consists of the lid parts integrated
with the lid tightening bolts, the shell part and the bottom. Resin is added to the modei asa
density-adjusted area so that the entire analysis model has a mass equal to the design mass.
To reflect the load applied by the contents, an area of an equivalent density is provided with
the basket shape taken into account. . ,
The dimensional drawing and mesh model of the analysis model are shown in Figure

I1-A.29 and Figure I1-A.30 respectively.

For conservative calculation of the plastic strain that occurs in the structural strength
members, the stress-strain relationship based on the nominal stress and elongation (see

Figure I1-A.31) has been used as material characteristics.
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Figure 1I-A.29: Dimensional drawing of analysis model (free drop/packaging body)




Figure 11-A.30: Mesh model (free drop/packaging body)

Stress

Tensile stress /
Yield stress

Young's modulus

Strain I Elongation !

Figure I11-A.31: Stress-strain relationship given to evaluation target components
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Load and boundary conditions

The analysis model is made into contact with a rigid surface at an angle corresponding to

the relevant drop direction. First, the lid tightening bolts are applied with a tensile stress

DMPa) due to the initial tightening torque. Next, an impact velocity (2.43 m/sec) of the

free drop is given.

Analysis is made for the following drop directions:

[1] Vertical drop (top and bottom)
[2] Horizontal drop
[3] Corner drop (top and bottom)

Analysis results

The analysis was continued until the time at which the maximum deformation was

identified. As a result, the analysis derived the maximum deformation, the plastic strain

occurring in the structural strength members after a drop and the stress in the lid tightening

bolts for evaluation of the leaktightness. The deformation diagrams of the shock absorbing

covers for the different drop directions are shown in Figure 11-A.32.

The following describes the results of the analysis of the damaged condition for the

different drop directions:

(@)

(b)

©

@

Top vertical drop

The components of the packaging body have no plastic strain or no deformation that
would have to be considered in other analysis. The stress in the lid tightening bolts is »
below the criteria (Sy), so the leaktightness will be maintained.

Bottom vertical drop

The components of the packaging body have no plastic strain or no deformation that
would have to be considered in other analysis.

Horizontal drop

Among the components of the packaging body, I:l have a plastic strain of not
greater thanD% (see Figure II-A.33). However, | |

| l This means

that the form is adequately maintained.

Therefore, any deformation that would have to be considered in other analysis will not
occur in the packaging body after a horizontal drop. Furthermore, the stress in the lid
tightening bolts is below the criteria (Sy), so the leaktightness will be maintained.

Top corner drop

The components of the packaging body have no plastic strain or no deformation that
would have to be considered in other analysis. The stress in the lid tightening bolts is

below the criteria (Sy), so the leaktightness will be maintained.
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Figure II-A.32: Free drop / packaging body analysis results (Deformation diagram)
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Figure 11-A.33: Results of analysis of 0.3 m horizontal drop / packaging body
(Plastic strain contour diagram)

(e) Bottom corner drop
The components of the packaging body have no plastic strain or no deformation that
would have to be considered in other analysis.

These analysis results are summarized in_Table 11-A.12.
As shown in the table, the leaktightness will be maintained for all the drop directions and a

deformation that would have to be considered in other analysis will not occur. The

structural integrity will be maintained against the free drop test.
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Table 1I-A.12: Summary of results of analysis of packaging body subjected to free drop test (1/2)

Dro Shock absorbing cover
d&i p maximum deformation | Component Plastic strain (%) Evaluation
irection ,
(mm)
Lid
; Top flange
qu Inner shell
vertical
Stiffener
External plate
Inner shell
Bottom Stiffener
vertical External plate
Bottom
Top flange
Inner shell
Horizontal -
Stiffener
External plate
Lid
Top flange
Top Inner shell
corner
Stiffener
External plate
Inner shell
Bottom Stiffener
corner
External plate
Bottom

Table I1-A.12: Summary of results of analysis of packaging body subjected to free drop test (2/2)

Target L Analysis results | Criteria | Safety margin
component Drop dlrectlon Type of stress (MPa) (MPa) (MS)
om
Top vertical ]
om + cb
Lid tightening . om
Horizontal —
bolt : om + ob
Top om [ |
corner lo-m + ob

Note 1) The criteria specifies Sy for om or om + ob.
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Basket

The basket is applied with an inertia force due to its dead load and an inertia force by the
contents at a drop test. Among the drop directions, the horizontal drop is the severest
condition for the basket because it has to bear the total load of the contents. This section

determines the strain occurring in the basket when it is applied with an impact of the

_ horizontal drop by using the dynamic analysis code LS-DYNA in order to demonstrate that

the structural integrity necessary for the basket will be maintained.
Analysis model

The basket I

The packaging body is modeled as an annular ring consisting of an inner shell, stiffeners,
external plates and shell part resin to simulate the condition in which the basket is
supported by the shell part of the packaging body at horizontal drop.

The contents are modeled as a rectangular solid of the density calculated from the volume
of a prism having a total length equal to the active length of fuel and a cross sectional area

equal to that of the channel box.

The physical properties given to the basket, | | which are one of the

major structural components, are considered as elastic-perfectly plastic solid and the other
components are applied with the stress-strain relationship based on the nominal stress and
elongation as shown in Figure II-A.31, in order to conservatively calculate the strain.

The dimensional drawing and mesh model of the analysis model are shown in Figure

I1-A.34 and Figure I11-A.35 respectively.

Load and boundary conditions

The basket is given the impact velocity of the free drop (2.43 m/sec). The lateral section of
the shell part of the packaging body supporting the basket is given the velocity history of
the center of the shell part (shown in Figure II-A.36) that has been derived from the
analysis of the packaging body subjected to a horizontal drop.

The both sliced end surfaces of the basket are assumed to be symmetrical.

[ ], the test is conducted for[__]drop directions|

I__—Ias shown in Figure I1-A.37.

Analysis results

The analysis derived the plastic strain that occurred in the basket components. Table
II-A.13 summarizes the results of analysis for the different drop directions. As shown in the
table, no deformation that would have to be considered in other analysis did not occur in
any of the drop directions. In conclusion, the structural integrity of the basket will be

maintained after the free drop test.
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Figure 11-A.34: Dimensional drawing of analysis model (free drop/basket)

(Unit: mm)




Velocity (mm/sec)

Figure II-A.35: Mesh model (free drop/basket)
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Figure I1-A.36: Packaging body velocity history
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Figure I1I-A.37: Basket drop directions

Table 1I-A.13: Summary of results of analysis of basket subjected to free drop test

Drop direction

Component

Plastic strain
(%)

Evaluation

Lodgment

Aluminum spacer

Lodgment

Aluminum spacer

Lodgment

Aluminum spacer
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Fuel cladding

The BWR fuel assemblies contained in the packaging is applied with an impact load by the
packaging at a drop test.

Assuming that the impact load is directly applied to the fuel cladding containing fuel pellets,
this section determines the maximum plastic strain that occurs in the fuel cladding by using
the dynamic analysis code LS-DYNA in order to demonstrate that the fuel cladding has no
rapture.

Among the various drop directions, vertical and horizontal drops are selected because the fuel
cladding bears the maximum compression load for the former drop and the maximum bending
load for the latter drop.

The fuel assembly specifications and the fuel cladding physical properties used for the

analysis are shown in Table II-A.14 and Table II-A.15 respectively.

Table I1-A.14: Fuel assembly specifications

Item Value used for evaluation
Fuel assembly weight kg
(including channel boxes)
Number of fuel rods ]
Fuel pellet weight (per assembly) :Ikg
Active length [ Jmm
Fuel cladding external diameter [ Jmm
Fuel cladding internal diameter [ Jmm
Spacer span " Imm
Internal gas pressure (20°C) [__IMPa absolute

Table II-A-15: Physical properties of fuel cladding ']

Item Value used for evaluation
Density (10° kg/m?) 6.55
Young's modulus (10° MPa) I [ (o))
Yield stress (MPa) C1CTo
Tensile strength (MPa) C1CTo
Poisson's ratio C1CTJ0o
Elongation (%) OCTo
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Analysis model

The fuel rods are supported by almost equally spaced spacers. So, a length of fuel cladding

equivalent to a spacer span is modeled.

In terms of the physical properties given to the analysis model, the stress-strain relationship

based on the nominal stress and elongation (see Figure II-A.31) is applied in order to

conservatively calculate the strain.

The mesh model of the analysis model is shown in Figure I1-A.38.

Load and boundary conditions

(@

(b

Vertical drop

For a vertical drop, it is assumed that the fuel cladding will directly collide with the inner
surface of the packaging.

The surface to be collided by the fuel cladding is defined as a rigid body on the
assumption that the absorption of the drop energy of the fuel rod by the surface in the
form of deformation is ignored.

The analysis model is given the impact velocity (2.43 m/sec) of the free drop and the
collided surface is given the velocity history shown in Figure II-A.39. The velocity
history has been extracted from the bottom subjected to a bottom vertical drop test,
which involves a higher impact than that of a top vertical drop.

Since the inertia force of the pellets is taken by the pellets themselves during a vertical
drop, it is assumed that the mass of the fuel assemblies (including channel boxes)
deducted by the mass of the pellets is applied. This resultant mass is then divided by the
number of fuel rods, which is applied to the top end of the analysis model.

The inner surface of the fuel cladding bears the internal gas filling pressure. Since the
internal gas filling pressure is [_IMPa absolute at 20°C, the internal-external pressure

difference P at[_J'C can be calculated as follows:

P=[]x %;g—:% — 0.101 =_JmPa
Therefore, a pressure of [_]MPa is applied to the inner surface of the analysis model.
As a boundary condition, symmetrical condition is given to the both ends of the analysis model.
Horizontal drop
For a horizontal drop, it is assumed that the spacer positions of the fuel assemblies are
retained in the inner surfaces of the lodgments and the fuel cladding is subject to bending
deformation with the spacers as the support points.
In order to simulate the condition in which the fuel cladding is supported by the spacers,
the fuel cladding is so modeled that it’s both ends are held by a rigid surface each.
The analysis model is given the impact velocity (2.43 m/sec) of the free drop and the
rigid surface on the both ends is given the velocity history shown in Figure 1I-A.40. The

velocity history has been extracted from the basket subjected to a horizontal drop.
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Figure II-A.38: Fuel cladding analysis model for drop test
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Figure I11-A.39: Packaging body velocity history (bottom vertical drop)
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Figure I1-A.40: Basket velocity history (horizontal drop)
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Since the inertia force of the pellets is all taken by the fuel cladding, the pellet mass is
uniformly applied to the inner surface.
In addition, pressure of [IMPais applied to the inner surface of the analysis model.
As a boundary condition, symmetrical condition is given to the both ends of the analysis
model.
Analysis results
The results of analysis for vertical and horizontal drops are shown in Table II-A.16.
For a vertical drop, a plastic strain of up to[__]% occurs around the lowermost part of the
fuel cladding as shown in Figure II-A.41. However, this strain is sufficiently smaller than
the elongation of the fuel cladding. On the other hand, no plastic strain occurs at horizontal
drop.

Therefore, the fuel cladding will not rupture at free drop.

Table I1I-A-16: Summary of results of analysis of fuel cladding subjected to free drop

Maximum plastic strain Elongation
(%) (%)

Conditions

0.3 m vertical drop

0.3 m horizontal drop

Figure II-A.41: Results of analysis of 0.3 m vertical drop/fuel cladding
(Plastic strain contour diagram)

11-A-83




A.5.4 Stacking test
In this test, a load equivalent to five times the gross weight of the package or the projected area
of the packaging multiplied by 13 kPa, whichever is higher, should be applied. For this
packaging, a load equivalent to five times the package weight (19.5 ton) is applied to evaluate
the strength of the packaging body.
(1)  Vertical position
The stress that occurs in the shell part when a load equivalent to five times the gross weight of
the package is applied to the top end of the packaging body is determined using the analysis
code ABAQUS.
a.  Analysis model ;
In order to determine the stress in the components of the shell part, a[__]3-dimensional
model of the packaging, which was used in the thermal test in A.5.1, is used for analysis.
The dimensional drawing and mesh model of the analysis model are shown in Figure
11-A-24 and Figure II-A-25 respectively.
b. Load ahd boundary conditions
A load equivalent to six times the package weight is applied to the end surface of the top
flange as a distributed load and the surrounding part of the bottom surface of the bottom is

fixed. The applied load F is:
F=mxgx6x 3550

where, m : Package mass [ 19,500 kg ]
g : Gravity acceleration [9.81 m/s? ]
Therefore, ‘
FL N
In addition, the central axis is restrained by displacement constraints in radial direction. The
symmetrical surfaces are restrained by displacement constraints in circumference direction.
The load and boundary conditions given to the analysis model is shown in Figure 11-A.42.
c.  Analysis results

The deformation and stress contour diagrams are shown in Figure II-A.43 and Figure '

1I-A .44 respectively.
Evaluation of the stress in the components of the shell part is shown in Table II-A.17.
For all the components, the stress is below the criteria. In conclusion, the structural

integrity of the shell part will not be affected by a stacking test in vertical position.
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Figure 11-A.42: Load and boundary conditions for stacking test (vertical position)

Figure I1-A.43: Results of analysis of stacking test/vertical position (Deformation diagram)
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