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3.3 Weights of Container and Payloads

Design Analyses and Calculation

The weight comparisons of the RAJ-Il CTU [Ref. 1], GNF-Drop Test [Ref. 26] and the TN-B1 package (this

report) are tabulated below.

Table 3.3-1 Weight Distribution of the Packaging

Packaging and s
fter dxaciiption CcTu Reference (LSDYNA Note
Analyses)
Instrumented Drop Test [Ref, 1] and FEM validation
Weight of inner container 308 kg Ref, 1, page (B)-A.2
Weight of Quter container 622 kg | Ref. 1, page (B)-A.2
Gross weight of packaging 930 kg | Ref. 1, page (B)-A.2
Fuel contents (Ballast) 280 kg x2 | Ref. 1, page (8)-A.2
Total weight of package 1490 kg | Ref. 1, page (B)-A.2
Drop Test performed by NTRC At Oak Ridge, Tennessee [Ref. 26]
Gross weight of packaging 930 kg Rel.26, Table 2-8
Fuel cantents (Ballast) 684 kg Ref.26, Table 2-8
Total weight of package 1614 kg Ref.26, Table 2-8
TN-B1 Analyses [LSDYNA Simulation in this report)
Weight of inner container Ref, 7, Table 2-1 308 kg
Weight of Outer container Ref. 7, Table 2-1 622 kg
Gross weight of packaging Ref, 7, Taole 2-1 930 kg
Fuel contents (Rigid Mass) Ref. 7, Table 2-1 684 kg
Total weight of package Ref. 7, Table 2-1 1614 kg

Sensitivity Studies performed in this report

upper hound fuel content weight studied

Section 3.3

weight sensitivity study

lower bound fuel content weight studied

Section 3.3

weight sensitivity study
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Appendix B Reconfirmation of ATRIUM-11 Fuel Assembly Structural Integrity

B.1 introduction

As reported in [Ref. 2], the ATRIUM-11 fuel assembly can withstand the 30ft-drop impact using the

accelerations measured at the inner container shell of the CTU taken from the drop test [Ref. 1] which
was performed at room temperature condition. The structural integrity and plastic stability of the fuel
assembly is confirmed by subjecting the fuel assembly to amplified, factored (140%) peak accelerations

of the actual drop test. This procedure established that the minimum factor of safety for the fuel

assembly is greater than 1.4.

When the ambient temperature drops below room temperature, the stiffness of the impact-absorbing-
material in the TN-B1 container become greater. The change in stiffness at lower temperature for the
stainless steel in the container shell is insignificant. Under the cold temperature condition, when the

container is dropped from the 30-ft height during the transportation accident, the acceleration
experienced by the inner container and the fuel bundle become greater than that eccurred during a
room temperature drop condition. With lighter payload, the inner container acceleration becomes
even greater. Asreported in the main text of this report, the bounding accelerations of the drops
occur at cold temperature are tabulated below and compared with the measured acceleration for

drops performed at room temperature. The acceleration for corner drop is not included because it is

bound by that of the end drop and Horizontal Drop configuration. The accelerations for hot

temperature drops are not considered because they are bound by that of the cold temperature drops.
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Table B.1-2 Designation of Analysis Drop Cases for Fuel Assembly Evaluation

CaseID | Corresponding Drop Case Drop Orientation
HAC-FA1 HAC14 HAC free drop, Vertical Bottom End
HAC-FA2 HAC16 HAC free drop,15° shallow angle off Horizontal Drop on Lid

B-2 Amplified Acceleration Time Histories
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B.3 Acceptance Criteria

The fuel cladding is the containment boundary. The ultimate strain of the cladding material Zircaloy is
16% as listed in Section 7.3.1, Therefore, the criteria for plastic stability are described below,

(1) The plasticstrain of the cladding material does not exceed the ultimate strain to prevent
breach of the containment boundary.

(2) There is neither gross deformation of the fuel rods nor localized structural collapse of the fuel
bundle array.

B.4 Finite Element Models

The finite element models of the fuel assembly to resist end drop is shown in Figure B.4-1 below. The
fuel assembly model is the same model as described in [Ref, 2], Below the (Lower Tie Plate) LTP of the
fuel assembly are the hemlock wood and the Alumina Silicate plates that are inside the inner

container. The rigid plane represents the inner container end shell where the acceleration is measured
from the container drop analyses.

-Fuel Bundle

- Fuel Cage

- Lower Tie Plate

- Hemlock

- Alumina Silicate

—— Rigid Plane

Figure B.4-1 FEM Model of the Fuel Assembly for the Plastic Stability Evaluation against End Drop Impact
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For the Horizontal Drop analysis, partial view of the finite element model is shown in Figure B.4-2
below. This is the same FEM model described in [Ref. 2]. The cushioning material of hemlock wood

and the Alumina Silicate plates are conservatively ignored in the model.

Fuel Assembly

Rigic Wall

Figure B.4-2 FEM Model of the Fuel Assembly Plastic Stability Evaluation against the Horizontal Drop impact.

B.5 Plastic Stability Evaluation Results
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Figure B.5.1-1 Plastic Strain of the Fuel Assembly after 30-ft End Drop Accident, Case HAC-FA1

Figure B.5.1-2 Deformation of the Fuel Assembly and LTP after 30-ft End Drop Accident, Case HAC-FA1
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Figure B.5.2-2 Deformation of the Fuel Assembly near the Handle, 30-ft Horizontal Drop Accident, Case HAC-
FA2

B.6 Fuel Assembly Structural Stability Conclusion
From the above observation, it can be concluded that under the cold temperature condition, with the

greater impact accelerations and lighter fuel load, the fuel assembly maintains a factor of safety of 1.4
against plastic instability.

Page B9 of B9

This document is subject to the restrictions set forth on the first or title page




Nu

FS1-0025122 Rev. 1.0

TEP - Technical Report
Page

1541177

AREVA

ATKINS

Design Analyses and Calculation

APPENDIX C, Shipping with A Single Fuel Assembly in the TN-B1 Container

C.1. Introduction

The total weight of the TN-B1 container with payload in the drop simulation [main report] is 1614 kg.
The weight of the ballast simulating the two fuel bundle is 684 kg. The weight of the TN-B1 container

i 930 kg. It is based on the assumption that the TN-B1 container is fully loaded that the LSDYNA
simulation of the accident drops of the fuel bundle is performed as reported in the main report.

According to Appendix B of Ref. 2, the TN-B1 container (2050 pounds) may be shipped with one fuel
assembly (584 pounds) and one other component with a minimum weight of 65 pounds. When the
TN-B1 container holds the reduced weight, the dynamic behavior of the shipping container is altered

and the effects on the peak acceleration is determined and reported in this appendix.
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Figure C.2-1 Acceleration Time History Input to the Bottom End Drop Case HAC-SFA1

C.3 Acceptance Criteria

The fuel cladding is the containment boundary, The ultimate strain of the cladding material Zircaloy is

16% as listed in Section 7.3.1. Therefore, the criteria for plastic stability are the same as described in
Appendix B.

C.4 Finite Element Models

The finite element models for this plastic stability evaluation for single fuel bundle cansist of the fuel
assembly impacting on a rigid plane. The model for the fuel assembly is the same model described in

[Ref, 2]. There is no cushioning material in the model. Forthe end drop analysis, the finite element is
shown in Figure C.4-1 below.
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Fuel
Bundle

Cage

<«———— Rigid Wall

Figure C.4-1 Finite element model for the 30-ft end drop impact of asingle fuel bundle, Case HAC-SFA1.

For the Horizontal Drop analysis, the finite element is shown in Figure C.4-2 below.

Rigid Wall

Fuel Assembly

Figure C.4-2 Finite element model for the 30-ft Horizontal Drop impact of a single fuel bundle, Case HAC-
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C.5 Plastic Stability Evaluation Results

C.5.1 End Drop Evaluation

C.5.1 Horizontal Drop Evaluation

Page C6 of C7

This document is subject to the restrictions set forth on the first or title page




Nu

FS1-0025122 Rev. 1.0

TEP - Technical Report A
Page AREVA

160/177

ATKINS

Design Analyses and Calculation

C.6 Fuel Assembly Structural Stability Conclusion

From the above observation, it can be concluded that under the cold temperature condition, with the
greater impact accelerations due to the very light weight of a single fuel bundle, the fuel assembly still
maintains a factor of safety of 1.4 against plastic stahility.
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APPENDIX D Pin Puncture Evaluation

D.1 Code Requirements

10 CFR Part 71.73 (3) requires that a free drop of the specimen through a distance of 1 m (40 in) in a
position for which maximum damage is expected, onto the upper end of a solid, vertical, cylindrical,
mild steel bar mounted on an essentially unyielding, horizontal surface. The bar must be 15 c¢m (6 in) in
diameter, with the top horizontal and its edge rounded to a radius of not more than 6 mm (0.25 in),
and of a length as to cause maximum damage to the package, but not lessthan 20 cm (8 in) long. The
long axis of the bar must be vertical. The drop case is designated as Case HAC-PIN1

D.2 Pin Puncture Analysis Methodology

A single “worst-case’ 30-ft free drop is required by 10CFR 71.73(cj(1). The pin puncture is evaluated at
elevated ambient temperature of 150°F, where the stiffness of the packaging material is the lowest.
As shown in Figure D2-1 below, a rigid plane with 25-degree from the horizontal and a rigid pin of 6-in
diameter with 8-in long erected in the vertical direction are created for the sequential drops of (a) 30-
ft drop of the package with the lid down followed by (b) a 40-in vertical drop on the pin with the lid at
25-degree from horizantal, The orientation of the lid after first impact is the drop orientation with the
maximum damage [Ref. 7, Section 2.7.3]. The finite element model is shown with a cross-sectional

view.
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D.3 Puncture and Penetration Resuits.

Figure D.3-1 and D.3-2 below show the package before and after the impact respectively. The pictures
demonstrate that the absence of the rigid plane at the beginning of the secondary impact (pin
puncture).

Figure D.3-1 Package Before the 30-ft impact
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Figure D.3-2 Package After the 30-ft impact and Pin Puncture
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D.4 Conclusion of Pin Puncture

The puncture pin did not penetrate the outer container. It deformed the lid inward and it contacted
the inner container lid and deformed it a small amount. The outer lid total deformation was less than

4.7 inches and the inner container lid deformed less than 0.6 inches.
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APPENDIX E Listing of Input Files
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The input files for the analysis are listed in this section and stored on the DVD. For each of the drop

case, the folder name, file name, and the simple description of the file are listed.

Table E-1, LSDYNA Input Files, Normal Conditions of Transport

NCTO1 Top End Drop -40°F

\end2\normal_n40

Run file Run_end 2 ml3a_nd0_normal.dyn
Geometry file Top_end_drop2_geom13.dyn
Material file Matprop-40a_1614_m13.dyn

Node constraint file

Constrainlid.dyn

NCTO2 Bottom End Drop -40°F

\end1\normal_nd0

Run flle Run_end_1_ml3a n40_normal.dyn
Geometry file Bot_end_dropl_geoml3.dyn
Material file Matprop-40a_1614_m13.dyn

Node constraint file

Constrainlid.dyn

NCTO3 Horizontal Drop on Lid -40°F

\side3\normal_nac

Run file Run_side_3_m13a_nd40_pormal.dyn
Geometry file Side_drop3_geom13.dyn
Material file Matprop-40a_1614_m13.dyn

Node constraint file

Constramlid.dyn

NCT04 Horizontal Drop on Side -40°F

\sidez\narmal_naa

Run file Run_side_2_mi3b_nd0_normal.dyn
Geometry file Side_drop2_geom13.dyn
Material file Matprop-40a_1614_m13.dyn

Node constraint file

Constrainlid.dyn

Table E-2. LSDYNA Input Files, Hypothetical Accident Conditions

HACO1 Top End Drop 40°F

\end2\neg40deg

Run file Run_end_2 mil3a_nd0.dyn
Geometry file Top_end_drop2_seomi3.dyn
Material file Matprop-40a_1614_m13.dyn

Nade constraint file

Constrainlid.dyn

HACO2 Bottom End Drop ~40°F

\endi\neg40deg

Run file

Run_end_1_m1l3a_nd0.dyn

Geometry [ile

Bol_ena_dropl_geom13.dyn

Material file

Matprop-40a_1614_m13.dyn

Node constraint file

This document is subject to the restrictions set forth on the first or title page
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l

HACO3 Horizontal Drop on Lid -4D°F

\slde3\nega0deg

Run file Run_side_3_mi3a_n40.dyn
Geametry file Side_drop3_geom13.dyn
Materfal file Matprop-40a_1614_mil3.dyn

Node constraint file

Censtrainlid.dyn

HACD4 Horizonts! Drop on Side -40°F

\side2\neg40deg

Run file Run_side_2_m13b_n40.dyn
Geometty file Side _dropZ_geom13.dyn
Material file Matprop-406_1614_m13.dyn

Node canstraint file

Constrainlid.dyn

HACOS Corner Drop on Lid -40°F
Run file Run_corner_2_m13a_nd0.dyn
Geometry file Bot_corner_drop2_geom13.dyn
2\negi - = —
\soorer2\negdOces Material file Matprop-40a_1614_m13.dyn

Node constraint file

Constrainlid.dyn

HACO6 Corper Drop on Side

-40°F

\cormerl\negdOdeg

Run file Run_corner_1_m13_nd0a.dyn
Geometry file Bot_corner_dropl_geom13.dyn
Material file Maiprop-40a_1614 _m13.dyn

Node constraint file

Constrainlid.dyn

HACO7 Top End Drop 150°F

\end2\150ceg

Run file Run_end_2_m1l3a_150.dyn
Geometry file Top_end _drop2_gecml3.dyn
Material file Matpropl50a_1614_mi3.dyn

Node constraint file

Constrainlid.dyn

HACO8 Bottom End Drop 150°F

\end1\150deg

Run file Run_end_1_m13a_150.dyn
Geometry file Bot_end_dropl_geoml13.dyn
Material file Matpropl150a_ 1614 _mi3.dyn

Node constraint file

Constrainlid.dyn

HACOS Horizonta!l Drop on Lid 150°F

\side3\150aeg

Run file Run_side_3 _mi3a_150.dyn
Geametry file Side_drop3_geom13.dyn
Material file Matpropl150a_1614 _mi13.dyn

Node constraint file

Censtrainlid.dyn

HAC10 Horizonta! Drop on Side 150°F

\side2\150deg

Run file Run_side_2_m13b_150.dyn
Geometry file Side_drop2_geom13.dyn
Material file Matpropl50h_1614 _ml3.dyn
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Node constraint file

Constrainlid.dyn

HAC11 Corner Drop on Lid 150°F

Run file

~

Run_corner_Z2 ml3a_150.dyn

Geometry file

Bot_corner_drop2 geom13.dyn

AGopel2y1500e | Material file

Matprop150a_1614 _mi3.dyn

Node constraint file

Constrainlid.dyn

HAC12 Corner Drop on Side 150°F

Run file

Run_corner_1 m13_150.dyn

Geomertry file

Bot_corner_dropl_geoml3.dyn

\cornerl\150deg Material file

Matprop150a_1614_mi3.dyn

Node constraint file

Constrainlid.dyn

HAC13 Bottom End Drop, Heavy Load -40°F

Run file

Run_end_1 _m13a_nd0_heavy.dyn

Geometry file

Bot_end_dropl_geoml13.dyn

0
AR dnegh rieavy Material file

Matprop-40a_1650_m13.dyn

Node constraint file

Constrainlid.dyn

HAC14 Bottom End Drop, Light Load -40°F

Run file

Run_end _1_ml3a nd0 Jight.dyn

Geometry file

Zot_end_dropl_geom13.dyn

: N
iend1\negAo._light Mzterial file

Matprop-40a_1510_m13.dyn

Node constraint file

Constrainlid.dyn

HAC15 Horizontz) Drop on Side, Heavy Load -40°F

Run file

Run_side_2_mi3b_n40_heavy.dyn

Geomertry file

Side_drop2_geom13.dyn

i 40
\side2\neg40d_heavy Material file

Matprop-40a_1650_m13.dyn

Node constraint file

Constrainlid.dyn

HAC16 Horizontal Drop on Side, Light Load -40°F

Run file

Run_side_2_m13b_n40_light.dyn

Geometry file

Side _drop2_georm13.dyn

i 40, ii
WidpdpeEan. i Material file

Matprop-40b_1510_m13.dyn

Node constraint file

Constrainlid.dyn

HAC17 5" Shallow Angle Horizontal Drop on Side -40°F

Run file

Run_slap_2 5deg_m13b_nd0.dyn

Geametry file

Slap2_5deg_geom13.dyn

MiISE2-2\nsgatdes Material file

Matprop-40b_1614_m13.dyn

Node constraint file

Constrainlid.dyn

HAC18 10° Shallow Angle Horizontal Drop on Side -40°

F

Run file

Run_slap_2_10deg_m13o_n40.dyn

\slap2-10\negdOdeg

Geometry file

This document is subject to the restrictions set forth on the first or title page
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Material file Matprop-40b_1614 mil3.dyn
Node constraint file Constrainlid.dyn

HAC19 15° Shallow Angle Horizontal Drop on Side -40"F

Run file Run_slap_2 15deg mi13b_n40.dyn
Geometry file Slap2_15deg_geom13.dyn
2- 4 =
\siap2-13\negd0deg Material file Matprop-40o_1614 _mi13.dyn
Node constraint file Constrainlid.dyn

Table E-3. LSDYNA Input Files, Validation Runs

HAC-V1, HAC Bottom End Drop, 1490 Kg Package Weight, 70°F, GNF-lapan

Run file Run_end_1_m13a_70.dyn
Geometry file Bot end_dropl_geoml3.dyn
endi\test70 = =
\ ) Material file Matprop70a_1490_m13.dyn
Node constraint file Constrainlid.dyn

HAC-V2, HAC Horizontal Drop on Lid, 1420 Kg Yackage Weight, 70°F, GNF-lapan

Run file Run_side_3_m13a_70.dyn
. Geometry file Side_drop3_geom13.dyn
sida3\test70 =
v \ Material file Matprop70a_1490_m13.dyn
Node constraint file Constrainlid.dyn

HAC-V3, HAC Botlom End Drop, 1614 Kg Package Weight, 70°F, NTRC CTU-2

Run file Run_end_1_m1l3a_70.dyn
Geometry file 8ot_end_dropl_geoml3.dyn
di\test70 1614 = = =
VenoiitesTn Material file Matprop70a_1614_m13.dyn
Node constraint file Constrainlid.dyn

HAC-V4, BAC 15° Shallow Angle Horizontal Drop on Lid, 1614 Kg Package Weight, 70°F, NTRC CTU-1

Run file Run_slap_3 15deg_ml3z 70.dyn
Geometry file Slap_3 15deg geoml3.dyn
slap3-15\test70_1614 === =
\slap \ = Material file Matprop70a_1614_m13.dyn
Node constraint file Constrainlid.dyn
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Table E-4. LSDYNA Input Files, Appendix B Runs

HAC-FA1, Fuel Assembly Evaluation for End Drop Case HAC14

\Appendix B Fuel Analyses\HAC-
FAL BtmEnd_InCon_480C_HemBalsa

Run file

HACD14_Incon_wood_480G_run.k

HAC-FA2, Fuel Assembly Evaluation for Harizontal Drop Case HAC16

\Appendix B Fuel Analyses\HAC-
FA2_SideDrop_ZV_INcon_380G_RW

Run file

HACO16 Side Cold_280G_2V.dyn

Table E-5. LSDYNA Input Files, Appendix C Runs

HAC-SF1, HAC Battom Fnd Drop, 294 Kg Single Fuel Assembly weight, -40°F

Run file

Run_end_1_m13a_nd0_294.dyn

\end1\negd0_294 Geometry file

Bot_end_dropl_geom13.dyn

Material file

Matprop-40a_1224_m13.dyn

Node constraint file

Constrainlid.dyn

HAC-SF2Z, HAC Horizontal Drop on Side, 294 Kg Single Fuel Assembly weight, -40°F

Run file

Run_side_2_m13b _n40_294.dyn

\side2\neg40_294 Becimsiydie

Side_dropZ_geoml3.dyn

Material file

Matprop-40o_1224 _m13.dyn

Nade constraint file

Constrainlid.dyn

HAC-SFA1 Single Fuel Assembly Evaluation for End Drop

Case HAC-SF1

Appendix C SingleFuel
Analysis\HAC-
SFA1_EndDrop

Run filg

HACO14_Fuel _RW_650G_RUN.K

HAC-SFA2, Single Fuel Assembly Evaluation for Horizontal Drop Case HAC-SF2

\Appendix C SingleFuel
Analysis\HAC-
SFA2 SideOrop

Run file

HACO16_Side_Cold_533G_2V.dyn
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Table E-6 Fuel Assembly Reevaluations and Pin Puncture Analysis

HAC-PIN1 Pin Puncture Evaluation For Horizontal Drop

\Appendix D Puncture

Run file

Run_pin3_m13a_nd0_TF5.dyn

Material file

matprop-40a_1614_m13.dyn

Geometry file

side _pin3_geom13.dyn

Node constraint file

constrainlid.dyn
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Appendix F Vendor Data Sheets

F.1 Product Data Sheet of Alumina Silicate

81872015 ZIRCAR Ceramics Almina-Sikca Insuation Type AXL & ARHTM

You are here: Home > Products > Rlgld Materials > Alumina-Silica Products > AXL & AXHTM

Alumina-Silica Insulation Type AXL & AXHTM

GENERAL INFORMATION
ZIRCAR Alumina-Silica Insulation Types AXL & AXHTM are strong, rigid e
refractory structures of high temperature ceramic fibers and high purity
inorganic binders. Utilizing an inorganic silica binder system Type AXL
and Type AXHTM offer low thermal conductivity, excellent thermal shock
resistance and are an effective thermal Insulator in numerous thermal
process systems.
AXL is suitable for use to temperatures of 12680°C (2300°F). AXHTM is
! suitable for 1427°C(2600°F), They are
‘ " noted for thewr rigid outer surfaces and
: unbound interiors, In applications where it

Is necessary to custom cut these materials
their onginal exterior hardness can be
easily restored with the use of ZIRCAR
- < M Silica Rigidizer Type SLRIG
AXL & AXHTM contain no organic binders and produce no smoke of odor when heated.

CHARACTERISTICS & PROPERTIES

| AXL | AXHTM

Cokor | White to tan with gt brown aieas
Typical Composition, %

AlyO5 38 59

Si0z 62 41

Organics 0 0
Bulk Density, gm/cc (pcf) 0.28 (18) 0.26 (16)
Maximum Use Temperature®. *C (°F) 1260 (2300) 1427 (2600)
Linear Shrinkage¥, %

24 hrs. at 1000°C (1832°F) 1.8 -

24 hrs. At 1200°C (2192°F) 2.5 0.75
Thermal Conductivity, Wi K (BTU/Mr ft* *F/iny

400°C (752°F) 0.10 (0.8) 0.08 (0.6)

800°C (1472°F) 0.17 (1.2) 0.14 (1.0)

1100°C (2012°F) 022 (1.5) 0.26 (1.7)
Flexural Strength**, Mpa (psi) 0.17 (26) 0.14 (21)
Compressive Strength*™. Mpa (psi) at 10% Compression 0.05 (8.1) 0.03 (4.8)
Durometer**, ASTM 02240, (PTC Type A, Model 306L) 220 =15

* Maximum use temperature is dependent on vanables such as stresses. both
thermal and mechanical, and the chemical environment that the material
experiences,

** Properties expressed parallel 1o thickness,
1 Properties expressed perpendicular to thickness.

SUGGESTED APPLICATIONS

Primary thermal Insulation In low mass furnaces and thermal process systems operating to 1260°C(2300"F) for AXL and
1480°C (2696°F) for AXHTM,

Backup thermal Insulation in furnaces and thermal process systems operating to high temperatures.

hpwww.zica YESINg! d.ntm e

This document is subject to the restrictions set forth on the first or title page

Page F1of F&




Nu

FS1-0025122 Rev. 1.0

Page

173177

TEP - Technical Report

AREVA

ATKINS

Design Analyses and Calculation

F.2 PolyPlank EXT Data Sheet

Olvesiani-:

; -~
PolyPlank® EXT
Typical Physical Properties
[ Property | Test Method 1.TPCF | 22PCF | 4PCF 6PCF | 9PCF
| Type | = Type | Type | = Type Il Typ=IV | TypeV
| Density (/") | ASTM D3575 NLT 18 NTL 21 NLT 43 NLTS7 NTLBB |
| SUFFIX W '
[Cell Count (celisingh) | ASTM D-3576 20 24 0 30 3]
ASTM D-3575 65-4 T -20 ’ 46
SUFFIX O 14 13- 16 24 ’ §2-70
7(:-1mnre;.3wo Set (%) | —{
2hrs Aé 22 g o |
3 . | g 20
249hrs S 6 16 8 1" J
Compressive Creep ' (%) | A
. J S 6 8 08 08 0.8 \
Water Absorption ' (Ib/M°) | A | T ——
|s | 006 | o004 0.02 0.02 0.05
| Thermal Stabsiny (%) | A <2 | 2 <2 <2 l
| Service Temperature *F | 3d 1o 30 to 3010 -30to A0 o =180
| +180 | +180 +180 +180
[For Anti-Stalic Product Only 3 | 7
Electrostatic Decay [EIA 541 [seconds | Less T
Surface Resistivity |EIA 541 [Ohms >1.00 % 10° <
T L a B!
For Fire Retardant Only | =
{UL Listed UL 94 Classified HF-2
For Fire Retardant A/S Product Only | | =
Flame Spread Index ASTM E-162 | 1 35 1
Specific Optical Density ASTM E-662 | 100 |

Denoles properties specified in CID-AA-59136 (lermenly Federal Specification PPP-C-1752D)

www Pregls.com
1-88
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F.3 Data Sheet for Zircaloy

3% AT wan Chang

ZirAly-019

Allegheny Technologles
TECHNICAL DATA SHEET

Reactor Grade Zirconium Alloys for Nuclear Waste Disposal

ZIRCONIUM ALLOYS
Zirconlum is a commercially avallable refractory metal with excellent corrosion resistance, good mechanical
properties, very low thermal neutron cross section, and can be manufactured using standard fabrication
techniques. The unique properties of zirconium made ideal cladding material for the U.S. Navy nuclear
propulsion program In the 1950, The Initial commercial nuclear power reactors used stainless steel to clad the
uranium diaxide fuel due to cost But by mid-1960 zirconjum alloys were the principle cladding material due to
the superior neutron economy and corrosion resistance. These same zirconium alloys are available to designers
of high level nuclear waste disposal containers as internal components or external cladding. Additional
advantages of zirconium alloys for long term nuclear waste disposal include excellent radiaton stability and

100% compatibility with existing Zircaloy fuel cladding to alleviate any concerns of galvanic corrosion.

The various zirconlum alloy grades used in water-cooled nuclear reactors are also available for nuclear waste
disposal components. Reactor grade designates that the material has low hafnium content suitable for nuclear
service. The hafnium Is typically 0.010% maximum. The American Soclety for Testing and Materials (ASTM)
offers widely recognized grades of zirconlum alloys. Zircaloy-2 (Grade R60802) Is composed of Zr-| 5%Sn-
0.15%Fe-0,1%Cr-0.05%NI and has been predominantly used as fuel cladding In Bolling Water Reactors (BWR)
and as calandria tubing in CANadian Deuterium Uranium (CANDU) reactor types. Zircaloy-4 (Grade R60804)
has removed the nickel and increased the Iron content for less hydrogen uptake in certain reactor conditions.
The alloy Is typically used as fuel cladding In Pressurized Water Reactors (PWR) and CANDU reactors. The
nominal Zircaloy-4 composition |s Zr-1,5%Sn-0.2%Fe-0, 1%Cr, Refinements in the Ingot homogeneity have
allowed tighter control of the alloy elements within the ASTM specification, Conwrolled Composition Zircaloy
offers optimized In-reactor corrosion resistance by adjusting the alloy aim point within the ASTM specification
ranges. Controlled Composition Zircaloy-4 has lower tin (1.3%) and higher iron (0.22%) than the standard
grade, Zr-2,5Nb (Grade R60904) is a binary alloy with niobium to increase the strength, The alloy has been
utllized for pressure tubes In CANDU reactors, Non-reactor grade Zirconlum 702 (Grade R60702) has 4.5%

maximum hafnium and Is also avallable from Wah Chang.

Zirconlum alloys have superior thermal properties compared to other traditional materials in consideration for
spent nuclear fuel containers. Zirconium alloys have a thermal conductivity more than 30% higher than stainless
steel alloys. The linear coefficient of thermal expansion for Zirconium alloys is nearly one-third the value for
stalnless steel giving zirconium alloys superior dimenslonal stabllity at elevated temperatures. This is an

advantage in nuclear waste containers where temperatures could exceed 200°C for hundreds of years.

Zircaloy-2 and Zircaloy-4 have a hexagonal close-packed (HCP) crystal structure at room temperature as an
alpha phase. The beta phase Is body centered cubic (BCC) and begins to form upon heating to approximately

810°C. The fraction of beta phase Increases with temperature untll complete transformation to beta phase

Elacs are typlcal and i 1 b comeriind 4y i
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occurs at approximately 980°C. Zircaloy exhibits anisotropy as a result of the HCP crystal structure. The

hexagonal crystal deforms by both slip and twinning to produce a strong preferred orientation of the crystals
(texture) during cold working, Typically, cold rolled Zircaloy strip will have a strong normal texture where most
of the basal poles of the hexagonal crysuls are orientated about 35 degrees to the transverse plane of the strip.
The anisotropic properties of Zircaloy strip results in significantly higher yield strength values In the transverse

direction. The control of crystallographic orientation allows designers to optimize material properties,

ZIRCONIUM ALLOY PROPERTIES
Zirconium resists corrosive attack in most organic and mineral acids, strong alkalis, and some molten salts.
Solutions of nitric acid (HNQ, ), sulfuric acid (H, SO, ), and hydrochloric acid (HCI) with impurities of ferric,
cupric and nitrate ions generally result in corrosion rates of less than 0.13 mm/a (5 mpy) even at temperatures
well above the boiling point curve. A tightly adherent and protective oxide film protects the metal-oxide
Interface to provide corresion resistance, An additional benefit for zirconium alloys in long-term geological
disposal options is the Inert nature of zirconium oxide. Application of zirconium alloys alleviates the concern of

nickel and chromlum contamination in the ground water in severely corroded spent fuel containers.

Zirconium alloys produced by Wah Chang are avallable In a wide variety of sizes and shapes Including plate,
strip, sheet, foil, tubular products, rod, and wire. Wrought products are typically supplied In an annealed and
conditioned form, One of our specialties at Wah Chang Is the ability to develop alloys to meet your
specifications. If you have an unusual alloy or size requirement, call us and we will be happy to help in the

developmental process.

THERMAL NEUTRON CROSS SECTIONS (BARNS)

Magnesium 0.059
Lead 0.17
Zirconium 018
Zircaloy-4 022
Aluminum 023
Iron 256
Austenitic Stainless Steel EN]
Nickel 45
Tiranium 6.1
Hafnium 104
Boron 750
Cadmium 2,520
Gadolinium 48,890
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Name Zircaloy-2 Zircaloy-4 Zr-2.5Nb
UNS Grade R60802 R&0804 R60904
Tin 1.20-1.70 1.20-1.70 —

Iron 0.07-0.20 0.18-0.24 -
Chromium 0.05-0.15 0.07-0.13 —
Nickel 0.03-0.08 - -
Niobium - - 2.40-2.80
Oxygen Per P.O Per P.O, Per PO
Iron + Chromium + Nickel 0.18-0.38 - —-

Iron + Chromium — 028-0.37 —
MAXIMUM IMPURITIES, WEIGHT %

Name Zircaloy-2 Zircaloy-4 Zr-2.5Nb
Aluminum 0.0075 0.0075 0.0075

Boron 0.00005 0.00005 0.00005

Cadmium 0.00005 0.00005 000005

Carbon 0.027 0027 0.027

Chromium - 0010

Cobalt 0.0020 0.0020 0.0020

Copper 0.0050 0.0050 0.0050

Hafnium 0010 0010 0,005

Hydrogen 0.0025 0.0025 00010

Iron - .- 0.150

Magnesium 0.0020 0,0020 0.0020

Manganese 0.0050 0.0050 00050
Molybdenum 0.0050 0.0050 0.0050

Nickel - 0.0070 0.0070

Nitrogen 00080 0.0080 00065

Phosphorus - 0.0020

Silicon 00120 00120 0010

Tin - - 0.0050

Tungsten 0.010 0010 0,005

Titanium 0.0050 0.0050 0.0050

Uranjum (total) 0.00035 0.00035 000035
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Density

6.55 glec (0.237 Ibs/cu,-in)

Coefficient of Thermal Expansion at 25°C

& pm/m “C (3.3 pin/in-"F)

Heat Capacity 0,285 J/g-"C (0.07 BTU/Ib-"C)

Thermal Conductivity 21.5 Watts/m-K (149 BTU-In/he-ft” -°F)
Melting Point 1850°C (3,362°F)

Alpha=2Alpha + Beta Phase Transformation -810°C

Alpha + Beta=*Beta Phase Transformation ~980°C

Hardness

89 Rb average

Modulus of Elasticity

99.3 Gpa (14,402 ksi)

Poisson’s Ratio

037

Shear Modulus

36.2 Gpa (5,249 ksi)

MECHANICAL PROPERTIES OF ZIRCALOY-4 ANNEALED 2 MM THICK STRIP

Orientation Longitudinal Transverse

Test Temperature Room Temp. 288°C Room Temp. I 288"C
Ultimate Tensile Strength,

MPa 54| 271 515 241
(Ksl) (78.4) (39.3) (74.6) (349)
Yield Strength,

MPa 80 152 468 170
(hesi) (55.2) (22.0) (67.8) (25.6)
Elongation, % 28 43 29 44

CORROSION RATE DATA FOR ZIRCALOY-4

Corrosive Media Concentration % Temperature °C Corrosion Rate mm/a (MPY)
HCI 70 160 0.36(14)
HNO, 70 120 0.05 (2)
H,;SO, 70 150 <0.13 (<5)
CuCl, 0.1 144 003 (1)
FeCl, | 135 0.18 (7)
NaCl 25 250 nil
D Oyl o o ot yay 7oy by St horie Eoere T O T
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