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NAC-LWT Cask SAR
Revision 39

Issue Date

March 1988
August 1988

July 1989

September 1989

November 1989

June 1990

July 1990

September 1990

October 2008
RECORD OF REVISIONS
Revision
Number Change Description of Change

0 ' N/A Initial Release.

1 2.10.8 | Incorporate Drop Test Results.

2 Throughout  General rewrite and reissue to
incorporate NAC responses to NRC
comments. '

3 Throughout  Provide revised stress tables. Clarify

" post-drop test revisions. Change
from Fissile Class I to Fissile Class
III. Vacuum drying required for
PWR and BWR fuels.

4 Throughout  Revise to Type B(U). Clarification of
side and end drop analyses for the
neutron shield and expansion tank. -
Correct containment calculations.
Revise operating procedures.

5 Deleted.

6 - 21014 Incorporate failed metallic fuel as

" and permissible contents of the
throughout packaging.

6 7.1 Incorporate operational changes to

(supplement) ‘ - 7/1990, Revision 6.
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Revision 39

Issue Date

December 1990

August 1991

October 1991

: October 1994
November 1994

January 1995

March 1995

May 1995

Revision
- Number

10

11

12

13

14

Change

2.10.13
and
throughout

2.10.13

1.0,1.1,
12,42,
°4.43,7.0,
7.1

14
Throughout

1.4

12,22,
22.12.6,5.1,
53.4,6.4.4,

7.1.4

1.4
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- October 2008

- RECORD OF REVISIONS (continued)

Description of Change

Renumber 2.10.14 as 2:10.13.
Revise to include evaluation of three
failed metallic fuel rods per canister.

Revise to permit use of shipment of
severely failed research reactor
metallic fuel that has been
accumulated in filters using failed
fuel cans.

Revise to incorporate response to
NRC questions on Revision 8.

Revise License Drawings to modify
radiographic acceptance criteria.

* Revise to permit shipment of MTR

fuel.

Revised License Drawings to

-incorporate new weld and inspection

requirements.

Submittal of consolidated SAR.
Revised to incorporate responses to
NRC questions on MTR fuel
contents. :

Minor editorial corrections to

consolidated SAR.
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Revision 39
‘ o . RECORD OF REVISIONS (continued)
Revision

Issue Date Number Change Description of Change

June 1995 15 Throughout Revised to incorporate up to 25
individual PWR fuel rods as
permissible contents.

August 1995 16 ” 2.6.12.2 Revised to incorporate a
description of the canister for
individual intact PWR rods. B

August 1995 17 2.6.12,5.0,5.1,5.3, Revised to incorporate shielding

: Table 6.2-1 - analysis for 25 PWR rods and
_ ~ editotial corrections.
October 1995 ' 18 1,4,5and 6 Revise to incorporate LEU MTR
: fuel elements as permissible
. . contents.
December 1995 19 : 1.4 Submit revised MTR basket
' drawings incorporating
‘ additional fabrication details.

March 1996 20 1.2,14,71and 7.2  Submit revised drawings for
altgmate drain configuration.

December 1997 21 1.2,2.1.3,24.3,2.6, Incorporates HEU MTR analysis

' 2.7,3.1,3.4,44,5.0, for varying burnup and cool
7.14,7.1.5,8.2,9.0 time. Incorporates note to

clarify bolt thread chrome-plate
requirements. :

May 1998 2 1.0,1.1,12,2.1,  Incorporates 120 element

2.6.12,2.7.7,2.9 TRIGA fuel analysis.
(various), 3.1, 3.4, :
3.5,4.0(all), 5.0, 5.1,
5.3, 6.0 (various), 7.0
(all), 8.1,9.0
November 1998 23 1.0,1.2.3,2.7.1.6, Incorporates changes for

2.7.3,2.7.5,2.10.13.8, B(U)F-85 certification.
32,3.4,3.5,42,43,
4.4,5.1,6 (), 7.1,
8.1,9.0
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Revision 39

Issue Date

December 1998

February 1999
April 1999

-June 1999

December 1999

January 2000

October 2008

RECORD OF REVISIONS (continued) |

Revision
Number

24

25
26

27

28

29

Change

1.2.3,2.2.0,2.3.0,

26.12,2.7.7,42, 43,

453,5.1,5.3.4,6.43,
71,72

6.2.3 and 6.4.3

1.0,1.1,1.2.2,1.2.3,
2.6.12.7,2.7.7.6,
2.7.79,3.4.1.5,3.4.1.6,
3.53.4,42.1,4.5.3,5.0,
5.1,5.3.6,5.3.7, 6.0,
6.1,6.2,6.2.5,6.2.6,
6.2.7,6.3,6.3.5,6.4.5,
6.4.6,6.6.5,6.6.6,7.0,
7.1.6,8.1.7,82

1.23.1.1.2 and 6.4.6.5

License drawings, 1.2,
2.3,2.7,2.10.8,2.10.13,
3.2,3.5,54,62,64,
8.3,9.0

Complete consolidation
of SAR for CoC
Renewal Application

Chapter 7

License Drawings 315-
40-01, 02, and 03
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Description of Change

Incorporates MTR-35 basket
configuration, failed MTR fuel
containment analysis, and various
minor editorial changes.

Added additional MTR configuration.

Incorporates TRIGA fuel cluster rod
contents and TRIGA poisoned basket
configuration.

Incorporates increased fuel ,
parameters for TRIGA fuel cluster
rod contents.

Incorporates minor changes to
numerous drawings to reflect changes
facilitating fabrication and to increase

the uranium loading of NISTR MTR
fuel contents.

Consolidated SAR, removed all
shading and revision bars and
numbered all pages to Revision 29.

Incorporated miscellaneous
corrections and clarifications in the
cask operating procedures based on
cask operating experience.

Incorporated changes in Name Plate
attachment and information (for
corporate name and B(U)F-85
designation). Revised slot dimension
on shield tank (Section G-G, sheet 4).

. :
[
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Revision 39

RECORD OF REVISIONS (continued)

, Revision ) |
Issue Date : Number Change Description of Change
January 2000 29 License drawings Corrected material callout to 6061-
(continued) 315-40-05 and 06 T651 AL ALY for Items 10, 17, and
19 on 315-04-05 and Item 5 on
, 315-40-06.
July 2000 30 A Throughout Revised to incorporate high burnup -
PWR and BWR fuel rods and
McMaster MTR fuel as authorized
contents; to incorporate a revised
specification for the Ball-Lok impact
limiter attachment pins; and to
incorporate an alternate fabrication
method for the impact limiter shells.
License Drawing 315- Corrected slot dimension for neutron
40-03 shield gusset.
License Drawings Incorporated revised Ball-Lok pin
315-40-01, -048, specification.
-052, -079, -084, and -
094 '
License Drawings Incorporated alternate fabrication
315-40-05 and 06  method for the impact limiter shells.
License Drawings Added to define the components used
315-40-098 through — for shipment of high burnup fuel rods.
105 |
November 2000 31 Throughout Revised to incorporate drawing
‘ Li ine Drawi changes due to fabrication comments,
16enSNg LIAWINES 5 well as specific HEU-MTR fuel for
315-40-03,-04,-08, -\ 1 chtina research reactor
099, -102,-105,and - > © '
, 106
January-2001 32 Throughout Incorporated MEU-MTR fuel elements

bounding MTR fuel element including
tolerances for fabrication, enrichment,
burnups and cool times. Incorporated
-revised dimensional tolerances for
impact limiter shell dimensions and
acceptance criteria for local
scratches/gouges in the shells.

Licensing Drawings
315-40-05 and -06
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NAC-LWT Cask SAR

Revision 39

Issue Date

September 2001

November 2002

May 2004

December 2004

October 2008

RECORD OF REVISIONS (continued)

Revision
Number Change
33 Throughout;
Licensing Drawings
315-40-02, -03, -04,
-08, -10, -074, -108,
-109, -110, -111,
-113
34 Throughout
35 Throughout
36 ~ Complete
consolidation of
SAR for CoC

renewal application. -

License drawings:
315-40-02
315-40-03
315-40-08
315-40-10

315-40-087
315-40-127
315-40-128
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Description of Change

- Incorporated Alterate Port Cover

design, alternate PWR fuel basket
configuration and DIDO/Petten fuel

Incorporated 02A (LEU MTR) and 02B
(MTR)

Incorporated 03A, 03C, 03D, 03F &
03G (GA IFM) and 03B, 03E & 03H
(EPRV/Framatome)

General update incorporating LWT-
03I (TPBAR), LWT-04B (updated
drawings for obsolete part numbers),
LWT-04C (TPBAR RAI), LWT-04D
(-96 changes), and LWT-04F
(updates to TPBAR RALI for tritium
release limits).

Additional changes to the SAR have
been incorporated in accordance with
NRC/NAC discussions: Section 1.1,
Page 1.1-1, clarified that fuel rod insert
may also be referred to as a rod holder
and that encapsulated fuel rods are not
rod holders; Section 1.2.3, clarified that
fuel rod capsules may be placed in a
rod holder and added sketch of typical
fuel rod capsule in Figure 1.2-11 to
replace Framatome drawings; Section
1.2.3.1.2, added “intact” before "
“TRIGA fuel elements” in five places
to clarify the TRIGA contents; Section
1.2.3.6, added “stainless steel” before
“consolidation canister” in last
paragraph to identify the TPBAR
consolidation canister material; Figure
1.2-10 revised to eliminate unnecessary



NAC-LWT Cask SAR

October 2008

Description of Change

detail; added drawing 315-40-03,
revision 6, to cover LWT units 1

" through 5 per CoC specification;

revised drawing 315-40-128, per

Revision 39
RECORD OF REVISIONS (continued)
Revision
Issue Date Number Change
December 2004 36 Complete
finued) consolidation of
(continue SAR for CoC
renewal
application.

License drawings:

315-40-02
315-40-03
315-40-08
315-40-10
315-40-087
315-40-127
315-40-128

Page 7 of 9

revision 1, to delete the reference to
the Westinghouse TPBAR
consolidation canister drawing;
Figures 2.10.2-4a through —4d and
Figure 2.10.2-5 renumbered with
consecutive numbers; Table 5.1-1
simplified to only specify the

- Transport Index that is based on

shielding per JAEA —96 regulations;
Tables 5.3-3a through —3d, Table
5.3-6a, Table 5.3-7a and Table 5.3-9a
renumbered consecutively; Section
5.3.6, moved Figures 5.3-9 through
5.3-15 and Figures 5.3-19 through
5.3-23 to the end of the section;
Section 5.3.7.1, added references to
Tables 5.3-26 and 5.3-27; Section
5.3.9, added reference to Figure 5.3-
24; Figure 5.3-46, corrected MCNP
mput for 300 TPBARS at 30 days
cool times.

Files were updated to take advantage
of automatic TOC, LOF, & LOT
numbering, correct preface page
numbers to chp# + pg number, delete
extra section breaks, and except for
Chapter 2 change page numbering to
two levels. Pagination corrected, “x”
changed to “x” in formulas, format
for continued figures and tables made
consistent, some footnotes put into
true format and made consistent, and
some automatic cross references set

up.
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- Revision 39

RECORD OF REVISIONS (continued)

Revision . .
Issue Date Number Change ' Description of Change -
June 2005 37 Incorporation of LWT- Added PULSTAR fuel,
04E, LWT-05A, LWT- screened can option &
05B, LWT-05C, LWT- TPBAR dunnage
05D & LWT-05E approved amendments

to Revision 36.
License drawings:
315-40-01, Rev. 5
315-40-086, Rev.
315-40-098, Rev.
315-40-100, Rev.
315-40-104, Rev.
315-40-129, Rev.
315-40-130, Rev.
315-40-133, Rev.
315-40-134, Rev.
315-40-135, Rev.

— e (O e = = ) W

November 2007 38 ‘Incorporation of LWT- Added ANSTO, TPBAR,
: 05F, LWT-06A, LWT- TRIGA & Petten
06B, LWT-06C, LWT- approved amendments to
06E, LWT-06F, LWT- Revision 37.
06G, LWT-07A, LWT-
07B, LWT-07C, LWT-
07D & LWT-07F

License drawings: '
315-40-01, Rev. 6; 315-40-02, Rev. 20;
315-40-03, Rev. 6; 315-40-03, Rev. 22;
315-40-08, Rev. 17; 315-40-048, Rev. 3
315-40-052, Rev. 3; 315-40-079, Rev. 3
315-40-084, Rev. 3; 315-40-085, Rev. 0
315-40-094, Rev. 4; 315-40-104, Rev. 2;
315-40-111, Rev. 1; 315-40-124, Rev. 1;
.2
.1
.0
0

b
H

b

315-40-125, Rev. 3; 315-40-127, Rev
315-40-128, Rev. 2; 315-40-133, Rev
315-40-139, Rev. 0; 315-40-140, Rev
315-40-141, Rev. 0; 315-40-142, Rev.
315-40-145; Rev. 0

The following license drawings were deleted:
315-40-13, 315-40-14, 315-40-15, 315-40-17,
315-40-18 & 315-40-20

>

3
>
K
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NAC-LWT Cask SAR . October 2008

Revision 39
‘ : RECORD OF REVISIONS (continued)
Revision
Issue Date Number Change Description of Change
October 2008 39 Incorporation of LWT- Added Romanian TRIGA
: 07G, LWT-08A, LWT- = fuel & MOX fuel

08B, LWT-08C & approved amendments to
LWT-08E Revision 38.

License drawings: '
315-40-01, Rev. 7; 315-40-02, Rev. 22;
315-40-70, Rev. 4; 315-40-71, Rev. 4;
315-40-72, Rev. 4; 315-40-79, Rev. 5;
'315-40-084, Rev. 4; 315-40-096, Rev. 3;
315-40-104, Rev. 3 '

The following license drawings were deleted:
315-40-74,315-40-75 & 315-40-76
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October 2008

LIST OF EFFECTIVE PAGES

Chapter 1
C1-ithru 1-1V o, Revision 39
1-1thra 1-5 ., Revision 39
1.1-1thru 1.1-3 . Revision 39
1.2-1thru 1.2-49 ... Revision 39
D31 Revision 39
U 1AT e Revision 39

15T e SUTTR Revision 39

73 drawings in the
Chapter 1 List of Drawings

Chapter 1 Appendices 1-A
' through 1-G .

Chapter 2 : ‘
2-1 thrt 2-XX1V eeooiviieieeeeeiiieeen, Revision 39
2-1 e ST Revision 39
2.1.1-1thru 2.1.1-2 ... Revision 39
2.1.2-1thru 2.1.2-3 .................... Revision 39
02.1.3-1thru2.1.3-8 oo, ‘Revision 39
2.2.1-1thru2.2.1-3 ......... R Revision 39
231 oo .cr.... Revision 39
2.3.1-1thru2.3.1-13 .................. Revision 39
2.4-1 i Revision 39
2401 e, ... Revision 39
24.2-1 e Revision 39
2.4.3-1 ........ e Revision 39
S Revision 39
2.4.5-1 i, Revision 39
2.4.6-1 oo, Revision 39
2.5.1-1 thru2.5.1-11 .cooooovvnn. Revision 39
252-1thru2.52-17 cooeeevennn Revision 39
2.6.1-1thru2.6.1-7 ................... Revision 39

Page 1 of 3

2.6.2-1thru 2.6.2-7.cccoeuvveeenn. Revision 39
2.63-T i Revision 39
2.6.4-T e, Revision 39
2.6.5-1 thr1 2.6.52 oo Revision 39
2.6.6-1..cccccccoovveceevennnnnnn... Revision 39
2.6.7-1 thru 2.6.7-136.............. Revision 39
2:68-1.....cccccceviiciecenenee.. Revision 39
2.6.9-1 i, Revision 39
2.6.10-1 thru 2.6.10-15 ............ Revision 39
2.6.11-1thru2.6.11-12............ Revision 39
2.6.12-1thru2.6.12-91 ............ Revision 39
27T e Revision 39
2.7.1-1 thru 2.7.1-117............ ..Revision 39
2.7.2-1thru 2.7.2-23 ..o Revision 39
'2.7.3-1 thru 2.7.3-5............. ......Revision 39
2.7.4-1 . SRR Revision 39
2.7.5-1 thru 2.7.5%5 oooooeen. Revision 39
2.7.6-1 thra 2.7.6-4 ..o Revision 39
2.7.7-1 thru 2.7.7-70................. Revision 39
2.8-1 e Revision 39
2.9-1thru2.9-13.....cccoiennn. Revision 39
2.10.1-1 thru 2.10.1-3........ ......Revision 39
2.10.2-1 thru 2.10.2-49............ Revision 39
2.10.3-1 thru 2.10.3-18............ Revision 39
2.10.4-1 thru 2.10.4-11 ............ Revision 39
2.10.5-1 oo, Revision 39
2.10.6-1 thru 2.10.6-19............ Revision 39
2.10.7-1 thru 2.10.7-66 ............ Revision 39
2.10.8-1 thru 2.10.8-67 ............ Revision 39
2.10.9-1 thru 2.10.9-9.............. Revision 39
2.10.10-1 thru 2.10.10-97........ Revision 39
2.10.11-1 thru 2.10.11-10........ Revision 39
2.10.12-1 thru 2.10.12-31........ Revision 39
2.10.13-1 thru 2.10.13-17........ Revision 39
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LIST OF EFFECTIVE PAGES (Continued)

2.10.14-1 thru 2.10.14-38 .......... Revision 39
2.10.15-1 thru 2.10.15-10 .......... Revision 39
Chapter 3 :

3-1 thra 3-V eeveveeveeeveeeeeeesnee.... Revision 39
3.1-1thru3.1-2 Revision 39
3.2-1 thru 3.2-11 .o, ........ Revision 39
3.3 e Revision 39
3.4-1thru3.4-85 ciieeeeeiienes Revision 39
3.5-1thru3.5-35 i Revision 39
3.6-1 thru3.6-12 ........................ Revision 39
Chapter 4

4-1 fhru 4oV e ...... Revision 39
4.1-1 thru 4.1-3 ......cccecoeeen. . Revision 39
4.2-1thru4.2-13 .o Revision 39
43-1 thru 4.3-7 oo Revision 39
4] el Revision 39
4.5-1 thru 4.5-90 ..o, Revision 39 .
Chapter 5 :
5-1thIU 5-XI1 coveeieeeecrie e Revision 39
5-1thru 5-3 o, s .. Revision 39
5.1.1-1 thru 5.1.1-17 oo Revision 39
5.2.1-1 thru 5.2.1-7 .......... s Revision 39
53.1-1thru5.3.1-2 v, Revision 39
5.3.2-1 i Revision 39
5.3.3-1 thru 5.3.3-8 .......... e Revision 39
5.3.4-1thru5.3.4-19 ....cccoeeeenee. Revision 39
5.3.5-1thru5.3.5-4 ..cccovrvieennne Revision 39

©5.3.6-1 thru 5.3.6-18 ..ooevrerenees Revision 39

5.3.7-1 thru 5.3.7-19 ....ccceenees Revision 39
5.3.8-1thru 5.3.8-25 .cccevenneeen: Revision 39
5.3.9-1 thru 5.3.9-26 ....ccvveeuee. Revision 39
5.3.10-1 thru 5.3.10-14 ............. Revision 39
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October 2008
5.3.11-1 thru 5.3.11-48................ Revision 39
5.3.12-1 thru 5.3.12-26............... Revision 39
5.3.13-1 thru 5.3.13-17 eoeveneec.. Revision 39
5.3.14-1 thru 5.3.14-21 rvvvoonne..... Revision 39
5.3.15-1 thru 5.3.15-9 coevveceenns Revision 39
5.3.16-1 thru 5.3.16-5..c.uuvuu... Revision 39
5:3.17-1 thru 5.3.17-9 ... Revision 39
5.3.18-1 thru 5.3.18-40............... Revision 39
541-1thru5.4.1-6..ccccivevevinnnnn. Revision 39
Chapter 6 .
61 BIU 6K v Revision 39
L e ‘....Revision 39
6.1-1 thrt 6.1-5 covveeereerereereen Revision 39
6.2-1. 5 oooeeeeee oo RevVision 39
6.2.1-1 thru 6.2.1-3 oo Revision 39
6.2.2-1thru6.2.2-3 .o Revision 39
6.2.3-1thru 6.2.3-7.....cceveinnnnne. Revision 39
6.24-1. e, et Revision 39
6.2.5-1 thru 6.2.5-5.......... e, Revision 39
6.2.6-1thru6.2.6-3...c.ceeevvvnnnnn... Revision 39
6.2.7-1 thru 6.2.7-2......................Revision 39
6.2.8-1thru6.2.8-3.ccoceieiiiinennnns Revision 39
6.2.9-1 thru 6.2.9-4 ..o Revision 39
©6.2.10-1 thru 6.2.10-3 .o Revision 39
6.2.11-1 thru 6.2.11-3 ................. Revision 39
6.2.12-1 thru 6.2.12-4 ................. Revision 39
6.3.1-1 thru 6.3.1-6.....................Revision 39
6.3.2-1thru6.3.2-4 ...ccceveiennnnn... Revision 39
6.3.3-1thru 6.3.3-9...cevvrrrnnnnnne, Revision 39
6.3.4-1thru6.3.4-9....cccovvvvvnrnnnn. Revision 39
6.3.5-1 thru 6.3.5-12 v Revision 39
6.3.6-1 thru 6.3.6-9 ....covvveeeeann. Revision 39
6.3.7-1 thru 6.3.7-4 oo, Revision 39
6.3.8-1 thru 6.3.8-7 ..cvevveeennn. Revision 39




NAC-LWT Cask SAR
Revision 39

October 2008

LIST OF EFFECTIVE PAGES (Continued)
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1 GENERAL INFORMATION

This chapter of the NAC International, Legal Weight Truck spent fuel shipping cask
(NAC-LWT) Safety Analysis Report (SAR) presents a general introduction to, and description
of, the NAC-LWT cask Terminology used throughout this report is presented in Table 1.1-1.

Shipment of the NAC- LWT cask by truck, ISO container, and/or by railcar, as a Type B(U)F 96
package, as deﬁned in 10 CFR 71.4, is authorized for the followmg contents:

e PWR and BWR fuel assemblies'; ;

e MTR fuel assemblies and plates;

e DIDO fuel assemblies, metallic fuel rods;

e 25 high burnup PWR and BWR fuel rods (including up to 14 fuel rods classified as
damaged);

e 16 PWR MOX fuel rods (or mixed load of up to 16 PWR MOX and UO, PWR fuel rods)
and up to 9 burnable poison rods (BRPs);

e TRIGA fuel elements and TRIGA fuel cluster rods;

e General Atomics (GA) High-Temperature Gas-Cooled Reactor (HTGR) and Reduced-
Enrichment Research and Test Reactor (RERTR) Irradiated F uel Materials (IFM);

e upto 700 PULSTAR fuel elements;

e gpiral fuel assemblies; and

e MOATA plate bundles.

The authorized contents previously listed include both irradiated and unirradiated forms of the

materials.

Irradiated hardware is also authorized to be shipped in the NAC-LWT cask by truck, ISO
container, and/or by railcar, as a Type B(U)F-96 package, as defined in 10 CFR 71.4. Irradiated
hardware is defined as solid, irradiated and contaminated fuel assembly structural or reactor
internal component hardware, which may include fissile material, provided the quantity of fissile

material does not exceed a Type A quantity and does not exceed the exemptions of 10 CFR
71.15, paragraphs (a), (b) and (c).

Shipment of the NAC-LWT cask by truck, ISO container, and/or by railcar, as a Type B(M)-96
package, as defined in 10 CFR 71.4, is also authorized for the following contents:

e upto 300 Tritium Producmg Burnable Absorber Rods (TPBARS), of which two can be
prefailed; and
e upto 55 TPBARs segmented during PIE, including segmentation debris.

In accordance with 10 CFR 71.59, the NAC-LWT cask is assigned a Criticality Safety Index
(CSI) for criticality control of the approved contents as follows:

" NAC-LWT casks containing PWR and BWR fuel assemblies are to be transported on an open traxler with a
personnel barrier.

NAC International 11
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100 for PWR fuel assemblies;

33.4 for package with any number of canned PULSTAR fuel; .

12.5 for DIDO fuel assemblies and TRIGA payloads in a nonpoisoned basket and no
canisters, or a canister loaded with up to two equivalent TRIGA elements;

5 for BWR fuel assemblies; and

0 for metallic fuels, spiral fuel assemblies, MOATA plate bundles, PWR and BWR rods,
PWR MOX rods, MTR fuel assemblies, TRIGA fuel elements and fuel cluster rods, GA
IFM elements, and intact PULSTAR fuel elements.

TPBARs do not contain fissile material and criticality assessments are not required. Solid,
irradiated and contaminated hardware contents could include fissile material not exceeding a
Type A quantity and the exemptions of 10 CFR 71.15, paragraphs (a), (b) and (c). A CSIof 0 is

assigned for these contents for documentation purposes. - -

The estimated Transport Index (TI) for shielding for the prior listed contents is shown in Table
5.1.1-1. The actual TI for individual shipments will be determined in accordance with 10 CFR

71.4 by the licensee.
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. | Table 1.1-1 Terminology and Notation

Cask Model " NAC-LWT

Package The Packaging with its radioactive contents (payload), as presented
for transportation (10 CFR 71.4). Within this report, the Package is
denoted as the NAC-LWT cask or simply as the cask.

Packaging | The assembly of éomponents necessary to ensure compliance with

- packaging requirements (10 CFR 71.4). Within this report, the

Packaging is denoted as the NAC-LWT cask.

NAC-LWT Cask This packaging consists of a spent-fuel shipping cask body and

' closure lid with energy absorbing impact limiters.
Contents e 1 PWR assembly
(Payload) e upto 2 BWR assemblies

e up to 25 PWR or BWR rods (including high burnup fuel
rods and up to 14 fuel rods classified as damaged)

e upto 16 PWR MOX fuel rods (or mixed contents of up to
16 PWR MOX and UO, PWR fuel rods) and up to 9 BPRs

‘ e up to 42 MTR fuel elements (including plates)
e up to 42 DIDO fuel assemblies
e up to 15 sound (cladding intact) metallic fuel rods
. o -up to 9 damaged metallic fuel rods or 3 severely damaged

metallic fuel rods in filters

e up to 140 intact or damaged TRIGA fuel elements/debris

e up to 560 intact or damaged TRIGA fuel cluster rods

e 2 GA IFM packages

e up to 300 TPBARS (including up to 2 prefailed TPBARSs)

e up to 55 TPBARs segmented into individual segments and
segmentation debris

e up to 700 intact or damaged PULSTAR fuel elements in
either assembly or element form, including fuel debris

e up to 42 intact spiral fuel assemblies (also referred to as
Mark III spiral fuel). Spiral fuel assemblies may be cropped.

e up to 42 intact MOATA plate bundles

e any combination of individual ANSTO basket modules
containing either spiral fuel assemblies or MOATA plate
bundles up to a total of 42 assemblies/bundles

e irradiated hardware

. Impact Limiters Aluminum honeycomb energy absorbers located at the ends of the
' cask. :
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Table 1.1-1 Terminology and Notation (cont’d)

Intact LWR Fuel
“(Assembly or Rod)

Damaged LWR Fuel
(Assembly or Rod)

Damaged Fuel (TRIGA)

Fuel Debris (TRIGA)

TPBAR

. NAC International

Spent nuclear fuel that is not Damaged LWR Fuel, as defined herein.
To be classified as intact, fuel must meet the criteria for both intact
cladding and structural integrity. An intact fuel assembly can be
handled using normal handling methods, and any missing fuel rods
have been replaced by solid filler rods that displace a volume equal
to, or greater than, that of the original fuel rod.

Spent nuclear fuel that includes any of the following conditions that
result in either compromise of cladding confinement integrity or
recognition of fuel assembly geometry.

1. The fuel contains known or suspected cladding defects greater
than a pinhole leak or a hairline crack that have the potential for
release of significant amounts of fuel particles.

2. The fuel assembly: '

1. 1s damaged in such a manner as to impair its structural
integrity;

il. has missing or displaced structural components such as
grid spacers; '

iil. 1is missing fuel pins that have not been replaced by filler
rods that displace a volume equal to, or greater than, that of
the original fuel rod;

iv. cannot be handled using normal handling methods.

3. The fuel is no longer in the form of an intact fuel assembly and
consists of, or contains, debris such as loose pellets; rod |
segments, etc.

TRIGA fuel (elements and cluster rods) with known or suspected
clad breach (i.e., cladding defects that permit the release of gas from
the interior of the rod and/or allow water intrusion into the clad to
fuel gap while submerged).

TRIGA damaged fuel that does not maintain its structural integrity,
including fuel particles, fuel debris, and broken fuel rods.

Tritium Producing Burnable Absorber Rod
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Table 1.1-1 -~ Terminology and Notation (cont’d)

Irradiated Fuel Material
(IFM)

PULSTAR Fuel Element

Damaged PULSTAR Fuel
Element

Irradiated' Hardware

MOX Fuel Rods

NAC International

High-Temperature Gas-Cooled Reactor (HTGR/IFM) and Reduced-
Enrichment Research and Test Reactor (RERTR/IFM) type TRIGA
fuel entities produced by General Atomics.

PULSTAR fuel rod. May be contained in either assembly, rod
holder or can form for shipment. PULSTAR fuel elements may be
intact or damaged.

PULSTAR fuel rods having cladding failures greater than hairline
cracks or pinhole leaks. The damaged fuel definition for PULSTAR
fuel elements includes fuel debris. Damaged PULSTAR fuel
elements may also be referred to as failed and must be transported in
either of two types of PULSTAR cans.

Solid, irradiated and contaminated fuel assembly structural or reactor
internal component hardware, which may include fissile material,
provided the quantity of fissile material does not exceed a Type A
quantity and does not exceed the exemptions of 10 CFR 71.15,
paragraphs (a), (b) and (c). Authorized quantity of irradiated
hardware and components is limited to 4,000 lbs (including spacers,
dunnage and containers) and a gamma source term as defined in
Table 1.2-13.

The term as used in this SAR is defined as irradiated or unirradiated
mixed uranium-plutonium oxide (MOX) fuel rods. The MOX fuel
rods can be made with plutonium having various compositions of
plutonium isotopes. The evaluated mixes of the various grades of
plutonium are defined in the shielding (Chapter 5) and criticality
(Chapter 6) evaluations.
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1.1 : lntroductlon

The NAC-LWT spent-fuel shlpplng cask has been developed by NAC International (NAC) asa
safe means of transporting radioactive materials authorized as approved contents. The cask
design is optimized for legal weight over the road transport, with a gross weight of less than
80,000 pounds. The cask provides maximum safety during the loading, transport, and unloading
operations required for spent-fuel shipment. The NAC-LWT cask assembly is composed of a
package that provides a containment vessel that prevents the release of radioactive material. The
actual containment boundary provided by the package consists of a 4.0-inch thick bottom plate, a
0.75-inch thick, 13.375-inch inner diameter shell, an upper ring forging, and an 11.3-inch thick
closure lid. The cask lid closure is accomplished using twelve, 1-inch diameter bolts. The cask
has an outer shell, 1.20 inchies thick, to protect the containment shell and also to enclose the 5.75-
inch thick lead gamma shield. Neutron shielding is provided by a 5.0-inch thick neutron shield
tank with a 0.24-inch (6mm) thick outer wall, containing a water/ethylene glycol mixture and 1.0
minimum weight percent (wt %) boron (58 wt % ethylene glycol; 39 wt % demineralized water;-
3 wt % potassium tetraborate [K;B404]). The neutron shield tank system includes an expansion
tank to permit the expansion and contraction of the shield tank liquid without compromising the
shielding or overstressing the shield tank structure. Aluminum honeycomb impact limiters are
attached to each end of the cask to absorb kinetic energy developed during a cask drop, and limit

the consequences of normal operations and hypothetical accident events.
The NAC-LWT is a legal weight truck cask designed to transport the following contents:

e 1 PWR assembly;

e up to 2 BWR assemblies;

up to 15 sound metallic fuel rods;

up to 42 MTR fuel elements;

up to 42 DIDO fuel assemblies; .

up to 25 high burnup PWR fuel rods (including up to 14 rods classified as damaged);

e up to 25 high burnup BWR fuel rods (including up to 14 rods classified as damaged);

e upto 16 PWR MOX fuel rods (or a combination of 16 PWR MOX and UO, PWR rods)
and up to 9 BPRs -

e up to 9 damaged metallic fuel rods;

e up to 3 severely damaged metallic fuel rods in filters; -

e up to 140 TRIGA intact or damaged fuel elements/fuel debris (“TRIGA” is a Trademark
of General Atomics);

e up to 560 TRIGA fuel cluster rods;

e 2 GA IFM packages;

e up to 300 TPBARSs (of which two can be prefalled)

NAC International ’ 1.1-1
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e upto 55 TPBARs segmented during post- irradiation examination (PIE), mcludmg
segmentation debris; , .

e upto 700 PULSTAR fuel elements (intact or damaged);

e up to 42 spiral fuel assemblies;

e up to 42 MOATA plate bundles; or

e up to 4,000 lbs of solid, irradiated and contaminated hardware, which may mclude fissile
material less than a Type A quantity and meeting the exemptions of 10 CFR 71.15,
paragraphs (a), (b) and (c). Total allowed mass includes the weight of spacers, shoring
and dunnage. :

PWR or BWR fuel rods may be placed in a fuel rod insert (also referred to as a rod holder) orin a
fuel assembly lattice. The lattice may be irradiated or unirradiated. Up to 14 of the fuel rods
may be classified as damaged. Damaged fuel rods must be placed in a rod holder. Damaged fuel
rods or rod sections may be encapsulated to facilitate handling prior to placement in the rod
holder. PWR rods may include Integral Fuel Burnable Absorber (IFBA) rods.

PWR MOX fuel rods (or a combination of PWR MOX and UO, PWR fuel rods) are required to -
be loaded in a screened or free flow PWR/BWR Rod Transport Canister with a 5 x 5 insert and
transported in a leaktight configuration NAC-LWT. PWR MQX/UOZ rods may include Integral
Fuel Burnable Absorber (IFBA) rods.

Damaged TRIGA fuel elements, cluster rods and fuel debris afe required to be loaded in a sealed
damaged fuel canister (DFC) and transported in a leaktight configuration NAC-LWT.

PULSTAR fuel elements may be configured as intact fuel assémblies, may be placed into a fuel
rod insert, i.€., a 4x4 rod holder (intact elements only), or mayj be loaded into one of two can
designs, designated as the PULSTAR screened fuel can or thefPULSTAR failed fuel can.
Damaged PULSTAR fuel elements and nonfuel components of PULSTAR fuel assemblies must
be loaded into cans. PULSTAR fuel cans may only be loaded into the top or base module of the
28 MTR basket assembly. Intact PULSTAR fuel assemblies and intact PULSTAR fuel elements
in a TRIGA fuel rod insert may be loaded in any basket module.

Irradiated hardware may be loaded directly into the NAC-LWT cavity or preloaded into a canister
or cage. Stainless steel dunnage may be used to limit the movi‘ement of the irradiated hardware
within the cask cavity. The maximum gamma source term of fthe irradiated hardware shall be
limited to that defined for the authorized PWR content conditi?on as described in

Chapter 5. !
. |

The NAC-LWT cask provides a testable containment for the contents during both normal
operations and hypothetical accident conditions, satisfying the requirements of 10 CFR 71.51.

Any number of NAC-LWT casks may be shipped at one time,| each on its own vehicle.

NAC International ‘ 1.1-2
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VNA.C'-LW'T césks may be shipped in a closed International Shipping Organization '(IS'O)
~ container when containing all fuel contents other than PWR and BWR fuel assemblies. NAC-LWT
casks containing PWR and BWR fuel assemblies are to be transported on an open trailer with a

personnel barrier.

The terminology of MTR, DIDO and TRIGA fuel eléments will be used independent of whethér the
" element contains low, medium or high enriched uranium (i.e., LEU, MEU or HEU), except when

required for analysis or loading purposes.

NAC International _ 1.1-3
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1.2 Packggé Description

This section presents a basic description of the NAC-LWT cask and the contents that may be
transported. Drawings of the cask are presented within Section 1.4.

1 21 Pack‘aging
1.2.1.1 Gross Weight |

Gross shipping weight of the NAC-LWT spent-fuel shipping cask is approximately 52,000
pounds for the package. When mounted on the transport vehicle, the cask and vehicle weight is
less than the 80,000-pound maximum for legal weight transport. A summary of overall
component weights, detailed in Table 2.2.1-1, is listed below:

Component ~ Weight (pounds)
- Cask Body. ' 43,412
 Closure Lid and Bolts™ | 941
~ Payload and Basket ‘ 4,000 maximum
Impact Limiters : : _2.855
Total 51,208 -
SAR Analysis Weight 52,000
1.2.1.2 | Materials of Censtructi‘on, Dimensions, and Fabrication

B The NAC-LWT cask body consists of Type 304 stainless steel forgings and closure lid with Type
XM-19 stainless steel shells. Type XM-19 is a high strength stainless steel and is used in the
inner and outer structural shells, which are more highly stressed than other cask components that
use the more common Type 304 stainless steel. A lead gamma shield and a borated ethylene
glycol/water solution neutron shield are utilized for radiation shielding. The cask provides the
containment boundary for the payload and also acts as an environmental barrier. The cask is
protected at each end by energy absorbing impact limiters, which consist of crushable aluminum

“honeycomb material with a thin aluminum shell. The impact limiters also provide thermal
insulation, which protects the lid seals during the hypothetical fire transient event, although this
thermal protection is conservatively neglected in this report. The cask is passively cooled
because of its relatively low maximum heat loading of 2.5 kilowatts (kW). The overall
arrangement of the NAC-LWT cask and design details are presented in the drawings within
Section 1.4. The cask body, closure lid, and impact limiters are more fully described in the

followiﬂg sections.
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1.2.1.21 Cask Body |

The cask body is fabricated from Type 304 and Type XM-19 stainless ‘steel A poured lead
gamma shield forms an annulus 5.75 inches thick and 174.9 inches long. The lead is enclosed
between a 0.75-inch thick, 13.375-inch inner diameter Type XM-19 stainless steel inner shell and
a 1.20-inch thick, 28.78-inch outer diameter Type XM-19 stainless steel outer shell. The Type
304 stainless steel bottom end forging of the cask is 4.0 inches thick, and the bottom also |
contains a 3.0-inch thick, 20.75-inch diameter lead disk enclosed by a 3.5-inch thick Type 304

stainless steel end cover.

As discussed in Chapter 8, inStallation of the lead into the cask is done in a carefully controlled
manner. Temperatures of the inner and outer shells are continuously monitored and controlled
during the lead pour and cooldown process In addition, the welds connecting the inner and outer
shells to the bottom end forging are not made until after the cooldown process is complete and
the entire cask has reached a uniform temperature. Dimensional checks for straightness and

_ ovahty are also made before and after lead pour. ' '

The upper ring forging is a Type 304 stainless steel ring 14.25 inches thlck This forging is

machined to accept the closure lid and contains the penetrations to the cask cavity for the vent

and fill/drain valves. Four lifting trunnions are welded to the forging to permit cask lifting and

handling with a nonredundant or redundant lifting yoke. .

Neutron shielding is prcvided by an ethylene glycol/water jacket that surrounds the 1.20-inch
thick Type XM-19 stainless steel outer shell and is designed to axially blanket the active fuel
length of the more common light water reactor fuels. The neutron shield region is 5.00 inches
thick and 164.0 inches long. The external surface of the shield tank is a 0.24-inch thick Type 304
stainless steel shell with 0.50-inch thick end plates. An expansion tank for the neutron shield is
provided to allow for thermal expansion and contraction of the liquid and is connected to the
shield tank by a.siphon tube. The quuid contains a solution of ethylene glycol/water and 1.0 wt
% boron, which is added to reduce the secondary gamma radiation component. |

The inner shell, end forgings, and the closure lid establish a cask cavity that is 177.9 inches long
and 13.375 inches in dlameter 4

The welght of the cask body is approximately 43,412 pounds. The overall length of the cask
body is 199.8 inches, and the maximum outside diameter is 44.24 inches at the neutron shield
expansion tank. |
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1.2.1.2.2 Closure Lid

The cask closure lid is a Type 304 stainless steel forging 11.3 inches thick. The lid is machined
to recess into the upper ring forging when it is installed on the cask. The closure lid and upper
end forging are machined to provide a series of steps to prevent radiation streaming through the
gap between the components. The closure lid attaches to the cask using 12 bolts with a 1-inch
diameter. The containment boundary seal is achieved by a metallic O-ring captured in a groove
machined on the underside of the closure lid (a second O-ring is provided to allow seal testing of
the containment boundary O-ring). The O-rings mate against a machined sealing surface of the

cask upper ring forging.

"1.2.1.2.3 Impact Limiters

The impact limiters are fabricated from aluminum. The aluminum “honeycomb” has a crush
strength of 3,500 psi. The honeycomb is a multidirectional crushable material that does not
actually resemble a hexagonal honeycomb structure. The impact limiter is attached to the cask
body at four locations. The outside diameter of the top end impact limiter is 65.25 inches and the
bottom end impact limiter has a 60.25-inch diameter. The top and bottom impact limiters are
27.8 and 28.3 inches long, respectively, and both overlap the ends of the cask body by 12.0

nches.

1.2.1.3 Valves and Testing

The closure lid and the alternate and Alternate B drain and vent port covers each have a seal test
port. The seal test port accesses the volume between the two O-ring seals on the cover or lid
permitting leakage testing to verify proper sealing. The vent and drain valves are not considered
~ part of the containment boundary and are used during in-plant loading operations to access the |
cask cavity for water filling and draining, vacuum drying, helium backfilling, etc.

1.21.4 Heat Dissipation

There are no special devices utilized on the NAC-LWT cask for the transfer or dissipation of
heat. The package is passively cooled, which is possible because of its relatively low maximum
heat load of 2.5 kW. A more detailed discussion of the package thermal characteristics is

provided in-Chapter 3.
1.21.5 Coolants
There are no coolants utilized within the package other than the normal transportation

atmosphere of air or helium, depending on content conditions.

NAC International 1.2-3



NAC-LWT Cask SAR | | - October 2008
Revision 39

1.21.6 Protrusions

There are no outer protrusions on the package other than the four external lifting trunnions, the
longitudinal shear ring at the upper end of the cask, and the eight impact limiter attachment lugs,
four near each end of the package. All of these protrusions are located within the envelope
protected by the impact limiters. The closure lid and valve port covers are recessed into the cask
body and do not protrude from the cask surface. Refer to the drawings in Section 1.4 for more
detail.

1.21.7 Lifting and Tiedown Devices

Of the four trunnions located on the exterior of the package at the upper end forging, two are
intended for lifting with a nonredundant lifting yoke and the other two are used with a redundant
lifting yoke. The package lifting and tiedown features are described in more detail in Section
2.5.

1.21.8  Shielding

A 5.75-inch annulus of lead and 2.19 inches of steel are maintained between the cask contents
and the exterior radial surface of the package for the attenuation of radiation. Five inches of
borated water are also provided for neutron shielding. The bottom end of the cask provides 7.5
inches of steel and 3.0 inches of lead shielding, and the closure lid provides 11.3 inches of steel

shielding. Further detail is provided in Chapter 5.

1.2.2 Operational Features

The NAC-LWT cask is intended to be simple to operate. The cask is designed to be easily
loaded and handled at any nuclear facility. The outer surface of the cask is electropolished and
the configuration of the exposed surfaces aids in decontamination. An optional sleeving
arrangement is available to limit contact between the cask and the contaminated pool water

during wet loading and unloading.

The closure lid of the cask and the two valve port covers (alternate and Alternate B designs) are
one-piece fixtures designed for ease of handling and to maintain personne] dose rates as low as
reasonably achievable (ALARA). The closure lid has built-in alignment grooves (i.e. key ways)
to facilitate installation. The alternate and Alternate B port cover designs provide clearance for
valves underneath the port cover. The inner O-rings on the closure lid and the vent and drain |
valve port covers are components of the cask containment boundary. For the transport of
TPBAR contents and other contents requiring a leaktight transport containment configuration
(i.e., damaged TRIGA fuel in sealed DFCs or PWR MOX fuel rods), the cask is required to be
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configured with Alternate B drain and vent port covers incorporating metallic seals. The
transport arrangement drawings for approved contents are presented in Section 1.4.

An alternative drain tube, including a drain tube alignment ring, is required to be-installed and
utilized when loading and transporting modular fuel baskets (i.e., not full length) and canisters.

The impact limiters and the personnel barrier are designed to be removed and installed without
the aid of supplemental lifting gear or fixtures. All approved content may be transported in an
International Shipping Organization (ISO) container, except for PWR and BWR fuel assemblies.
All operational features are readily apparent from the drawings provided in Section 1.4.
Operational procedures are delineated in Chapter 7.

1.2.3 Contents of Packaging

The NAC-LWT cask is analyzed as presented in this SAR for the transport of the following
contents:

¢ 1 PWR assembly;

e upto2 BWR assemblies;

e up to 15 sound metallic fuel rods;

e up to 9 failed metallic fuel rods;

* up to 3 severely failed metallic fuel rods in filters;

e upto 42 MTR fuel elements;

e up to 42 DIDO fuel assemblies;

e up to 25 PWR fuel rods (including up to 14 rods classified as damaged);

e upto 25 BWR fuel rods (including up to 14 rods classified as damaged);

e upto 16 PWR MOX fuel rods (or a combination of up to 16 PWR MOX and UO, fuel
rods) plus up to 9 BPRs; »

e up to 140 TRIGA fuel elements;

e up to 560 TRIGA fuel cluster rods;

* 2 GA IFM packages;

¢ up to 300 TPBARSs (of which two can be prefailed);

e upto 55 TPBARs segmented during PIE, including segmentation debr1s

e up to 700 PULSTAR fuel elements (intact or damaged);

e up to 42 spiral fuel assemblies;

e up to 42 MOATA plate bundles;

e any combination of individual ANSTO basket modules containing either spiral fuel
assemblies or MOATA plate bundles up to a total of 42 assemblies/bundles; or

e up to 4,000 lbs of solid, irradiated and contaminated hardware, which may include fissile
material less than a Type A quantity and meeting the exemptions of 10 CFR 71.15,
paragraphs (a), (b) and (c). Total allowed mass includes the weight of spacers, shoring
and dunnage.
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Shipments in the NAC-LWT package shall not exceed the following limits:

1.
2.

The maximum contents weight shall not exceed 4,000 pounds.

The limits speciﬁéd in Table 1.2-1 through Table 1.2-13 for the fuel and other radioactive
contents shall not be exceeded.

. Any number of casks may be shipped at one time, one cask per tractor/trailer vehicle.

The maximum decay heat shall not exceed the following: 2.5 kW for PWR fuel .
assemblies, 2.2 kW for BWR fuel assemblies, 2.3 kW for 25 high burnup PWR fuel rods,
2.1 kW for 25 high burnup BWR fuel rods, 2.3 kW for 16 PWR MOX/UOQ, fuel rods;
1.26 kW for MTR fuel, 1.05 kW for DIDO fuel assemblies, 1.05 kW for TRIGA fuel
elements or fuel cluster rods, 13.05 W for GA IFM packages, 0.693 kW for 300 TPBARs,
0.127 kW for TPBAR segments; 0.84 kW for the PULSTAR fuel contents, 0.756 kW for
spiral fuel assemblies (0.126 kW per basket), 0.126 kW for MOATA plate bundles (21 W
per basket), and 1.26 kW for solid, nonfissile, irradiated hardware.

Radiation levels shall meet the requirements delineated in 10 CFR 71.47 or 49 CFR
173.441. The neutron shield tank may be drained for shipment of metallic fuel rods.

Surface contamination levels shall meet the requirements of 10 CFR 71.87(i) or 49 CFR
173.443. : :

Damaged TRIGA fuel elements and fuel debris (up to two equivalent elements) will be
shipped in a sealed damaged fuel canister in a leaktight configuration NAC-LWT.

Damaged TRIGA cluster rod and fuel debris will be transported in a sealed damagéd fuel
canister (maximum of up to six equivalent fuel cluster rods) in a leaktight configuration
NAC-LWT.

MTR fuel elements may consist of any éombination of intact or damaged highly enriched

uranium (HEU), medium enriched uranium (MEU) or low enriched uranium (LEU) fuel
elements that are enveloped by the parameters listed in Table 1.2-4, as supported by

- information presented in Table 5.1.1-2, Table 6.4.3-21, Table 6.4.3-22, Table 6.4.3-25

10.
11.
12.

13.

and Table 6.4.3-28. _
High burnup PWR fuel rods will be shipped in either a sealed, free flow or screened can.
High burnup BWR fuel rods will be shipped in either a sealed, free flow or screened can.

Up to 25 high burnup PWR or BWR fuel rods in a fuel assembly lattice or rod holder. Up
to 14 of the fuel rods in a rod holder may be classified as damaged. Damaged fuel rods or

rod sections may be placed into fuel rod capsules prior to placing them in the fuel rod
holder. Typical failed fuel rod capsule configuration is shown in Figure 1.2-11.

Production TPBARs will be shipped in an open top consolidation canister as shown in

_ Figure 1.2.3-10 and assembled in the cask as shown in Figure 1.2.3-12.

14.

Intact PULSTAR fuel elements may be loaded into a fuel rod insert or the PULSTAR
screened or failed fuel can.
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15. Damaged PULSTAR fuel elements and nonfuel components of PULSTAR fuel
assemblies shall be loaded into either a PULSTAR failed fuel or screened fuel can, and
placed into the top or base module of the 28 MTR fuel basket. Damaged fuel, including
fuel debris, may be placed in an encapsulating rod prior to loading in a PULSTAR can.

16. Any combination of spiral fuel assemblies or MOATA plate bundles, each loaded into
separate ANSTO basket modules containing up to a total of 42 assemblies/bundles.

17. Segmented TPBARs will be shipped in a sealed, dry Waste Container as shown in Figure
1.2.3-16 and assembled in the cask as shown in Figure 1.2.3-17.

18. Solid, irradiated and contaminated hardware containing less than a Type A quantity of -
fissile material and meeting the exemptions of 10 CFR 71.15, paragraphs (a), (b) and (c),
loaded directly into the cask or contained in a secondary container or basket. The
irradiated hardware spacer will be installed to limit the axial movement of the hardware

- above the lead shielded region of the cask body. As needed, additional secondary
* containers, dunnage and shoring may be used to limit the movement of the contents
during normal and accident conditions of transport.

19. PWR MOX fuel rods (or a combination of PWR MOX and UO, PWR fuel rods) are
required to be loaded in a screened or free flow PWR/BWR Rod Transport Canister
- provided with a § x 5 insert and transported in a leaktight configuration NAC-LWT.

1.2.3.1 TRIGA Fuel and Basket Description

Two basic types of TRIGA fuel are to be transported in the NAC-LWT cask: TRIGA fuel
elements and smaller fuel rods from TRIGA fuel cluster assemblies. TRIGA fuel elements are
approximately 1-1/2 inches in diameter and are described in Section 1.2.3.1.1. TRIGA fuel
cluster rods are smaller; approximately 1/2-inch in diameter and are also described in Section
1.2.3.1.1.

Up to 140 TRIGA fuel elemen‘fs in the form of: a) standard fuel elements — either aluminum clad

or stainless steel clad; b) instrumented fuel elements — similar to standard fuel elements

* (aluminum clad or stainless steel clad), but containing thermocouple instrumentation; and c) fuel

follower control rod elements (aluminum or stainless steel clad) — poison rods with a fuel
follower in a single tube may be shipped in the NAC-LWT cask. Up to 560 TRIGA fuel cluster
rods may be shipped.

Up to six equivalent TRIGA fuel cluster rods may be loaded and transported in a sealed damaged
fuel can (DFC). Up to the equivalent of two TRIGA damaged fuel elements and debris may be
loaded and shipped in a sealed DFC. The TRIGA transpdrt baskets and DFCs are described in
Section 1.2.3.1.2. ' |

7
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1.2.3.1.1  TRIGA Fuel

TRIGA Fuel Elements

The characteristics of the design basis TRIGA fuel element are presented in Table 1.2-4 and in
Table 1.2-1 for the poisoned basket and in Table 1.2-2 for the nonpoisoned basket.

The fuel material in a TRIGA fuel element is a solid, homogeneous mixture of uranium-
zirconium hydride alloy, i.e., a metal alloy fuel. Both the aluminum-clad and the stainless steel-
clad TRIGA fuel elements are approximately 1.5-inch diameter rods by approximately 30 inches
long. The fuel follower control rod elements range in length from 45 inches to 66.5 inches and
are cut, as required, to fit the basket length. Instrumented fuel elements are identical to standard
fuel elements with the exception of thermocouples and wires and lead-out tubing. The lead-out
tubing needs to be detached prior to shipment in order for the instrumented fuel elements to fit
into the standard element height envelope. The aluminum-clad TRIGA fuel element and
instrumented fuel element, the stainless steel-clad TRIGA fuel element and instrumented fuel
element, and the standard fuel follower control rod element are shown in Figure 1.2.3-1 through

Figure 1.2.3-5, respectively.

TRIGA Fuel Cluster Rods

The fuel material in TRIGA fuel cluster rods is a solid, homogeneous mixture of uranium-
zirconium-erbium hydride alloy, i.e., a metal alloy fuel. Erbium is a burnable neutron poison that
is used in the fuel to enhance the flux profile along the le'ngth‘of the fuel rod, and conservatively
ignored in the nuclear evaluations. The rods have a nominal diameter of 0.54 inch and are
approximately 31 inches long. The rod cladding is Incoloy 800 material and is 0.015-inch thick,
minimum. Instrumented rods are identical to the standard rods, with the exception of
thermocouples and wires. A diagram of the TRIGA fuel cluster rods, and the individual fuel pin
(cluster rod) making up the cluster, is shown in Figure 1.2.3-6. '

The active fuel region of a TRIGA fuel cluster rod is a maximum of 0.53 inch in diameter, 22.5
inches in length, and has an initial uranium enrichment of up to 95 percent for HEU material and
20 percent for LEU material. A compression spring is utilized to fill the space in the plenum
region of the rod, and top and bottom plugs are used to seal the fuel within the rod. The design-
basis TRIGA fuel cluster rod characteristics are summarized in Table 1.2-3, Table 1.2-4, and
Tables 5.1.1-1, 5.1.1-2, 6.2.6-1 and 6.2.6-2. '

Axial fuel spacers, as shown on Drawing 315-40-085, may be used to axially position the TRIGA
fuel elements, fuel inserts and DFCs. The axial spacers do not provide a safety function and are
dunnage used to position the fuel elements to facilitate fuel handling. The total weight per basket
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module cell for the TRIGA fuel elements or cluster rods, inserts, spacer(s) and fuel cans, as
applicable, shall be limited to a maximum of 80 pounds. '

TRIGA Fuel Classification

The TRIGA fuel contents are divided into three categories based on fuel condition for evaluation,

loading configuration and transport inthe NAC-LWT:

1. Intact fuel (i.e., no cladding breach) is loaded directly into the TRIGA fuel basket }
modules (Section 1.2.3.1.2) with a maximum of four TRIGA fuel elements per loading
position. Up to 16 intact cluster rods are loaded into fuel rod inserts (Drawing 315-40-
096) that are inserted into the TRIGA fuel basket module cell openings. Intact TRIGA
fuel elements and cluster rods may be loaded into a sealed DFC, if length permits.

2.. Damagéd TRIGA fuel elements and TRIGA fuel debris (up to the equivalent of two fuel
elements) shall be loaded into a sealed DFC (Section 1.2.3.1.2), and then loaded into a
top or base basket module and transported in a leaktight configuration NAC-LWT.

3. Damaged TRIGA cluster rods and cluster rod fuel debris (up to the equivalent of six
cluster rods) shall be loaded into a sealed DFC and then loaded into a top or base basket
module and transported in a leaktight configuration NAC-LWT.

1.2.3.1.2 TRIGA Fuel Baskets and Damaged Fuel Cans

The TRIGA fuel basket assembly configurations consist of five modules — a base module, three
intermediate modules, and a top module. The three intermediate modules are interchangeable,
but the base and top modules are required to be in their proper positions. Two basket
configurations are available, ‘“nonpoisoned” and “poisoned,” where the poisoned basket
configuration utilizes borated steel plates for additional criticality control. Each module has up
to seven cells (fuel positions) for loading TRIGA fuel elements or cluster rods. The center cell of
each module of the nonpoisoned basket configuration is blocked by a welded stainless steel
baffle that prevents loading of that cell. The nonpoisoned configuration is also referred to as the
24-element basket or the 120-element loading, based on the maximum of 120 intact TRIGA fuel
elements that may be loaded into the baskets in this configuration. The poisoned configuration is
also referred to as the 28-element basket or the 140-element loading, based on the maximum of
140 intact TRIGA fuel elements that may be loaded into the baskets in this configuration.
Additionally, the nonpoisoned configuration can accommodate up to 480 intact TRIGA fuel
cluster rods, while the poisoned basket can hold up to 560 intact TRIGA fuel cluster rods.

Each basket module is a Type 304 stainless stee] weldment consisting of longitudinal divider
plates with circular support plates near each end; the top module also has a support plate at its
midpoint due to its longer length. The poisoned basket modules contain four borated stainless

steel plates that are seal welded to surfaces of the divider plates in the central region of the basket
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cross-section. The nonpoisoned basket modules are shown in Drawings 315-40-070, -071, and ‘
-072 and the poisoned basket modules are shown in Drawings 315-40-080, -081, and -082. “

The nonpoisoned TRIGA. fuel basket assembly in the NAC-LWT cask 1s shown in Drawing 315-
40-079. The poisoned basket assembly in the NAC-LWT cask is shown in Drawing 315-40-084.
In the poisoned basket configuration, an alternate assembly is presented that utilizes one base
module and four intermediate modules, along with a spacer (Drawing 315-40-083). The spacer is
utilized to fill the space differential in the cask cavity resulting from the use of an additional
intermediate module, rather than a top module. This additional assembly configuration is provided |

for flexibility in situations where the extra length provided by the top module is not needed. The
fuel basket modules are described in further detail in Section 2.6.12.8. Damaged TRIGA fuel and
fuel debris shall be loaded into sealed DFCs and transported in a leaktight configuration NAC-
LWT.

The sealed DFC is a 3.25-inch outside diameter tube with a 0.065-inch thick wall. The bottom of
the sealed fuel can includes a check valve and drain plug to facilitate draining of the can. - The top
of the sealed DFC is closed by a bolted lid that is sealed with a metallic O-ring and includes a

. diaphragm valve to facilitate draining, drying, and helium backfilling of the can. The sealed
DFC is constructed of austenitic stainless steel as shown on Drawings 315-40-086, -087, and

-088. | ‘

1.2.3.2 MTR and DiDO Fuel and Basket Descriptiori

The MTR fuel elements to be shipped are 33 to 57 inches long, including the upper and lower
nonfuel-bearing hardware, which may be removed from the element prior to transport. The MTR
element fuel plates consist of a U-Al, U30g-Al, or UsSi>-Al fuel meat clad with aluminum. The
fuel plates are held in a parallel arrangement with two thick aluminum slotted pieces to form a
fuel element. The active fuel region is typically 22.75 inches in height, and the fuel meat is
typically 0.023-inch thick. MTR elements/plates may contain cadmium wires. A maximum 100-
gram cadmium source is addressed in the shielding evaluations documented in Chapter 5. Axial
fuel spacers and plates may be used in the cells of the basket modules to position MTR elements
to facilitate fuel unloading and handling. The axial fuel spacers do not perform a safety function
and are considered dunnage. The axial fuel spacers and plates are shown on Drawing 315-40-
085.
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A maximum of 42 MTR fuel elements has been analyzed for transport in the NAC-LWT cask.
This configuration consists of up to seven fuel elements placed radially in each of the six axial
fuel basket modules. Two alternate configurations of MTR fuel element loading provide for
loads of 35 elements in five basket modules or 28 elements in four basket modules. HEU MTR
fuel elements having > 380 g 2 SU, but less than 460 g 2>°U, shall have a minimum of 2.0 cm (0.8
inch) of nonfuel hardware and/or spacers/plates at both ends of the fuel element. The minimum
2.0 cm nonfuel hardware and/or spacer/plate dimension assures criticality control. The axial fuel °
spacer and plate desi gn is shown on Drawing 315-40-085. For the shipment of MTR fuel

“elements (or an equivalent number of plates in a plate canister) having **°U greater than 470 g

| per element, or greater than 22 g per plate (up to a maximum of 640 g per element or 32 g pér
plate), the maximum quantity of elements per basket module is limited to four, which are to be
loaded in basket positions 4, 5, 6 and 7. Cell block spacers shall be installed in basket openings
1, 2 and 3 to block these cells from being inadvertently loaded with fuel elements. The cell block
spacer design is shown on Drawing 315-40-085. Therefore, for the transport of elements of
greater than 470 g *°U , if only one element exceeds the 470 g (22 g per pl'ate) limit, a maximum
of four elements shall be loaded into the seven-element basket module and cell block spacers
shall be placed in basket opening positions 1, 2 and 3.

" Loose MTR fuel plates may be shipped in an MTR plate canister to facilitate handling. The
contents of the canister are limited to the number of plates in the ongmal intact fuel assembly,
and the fuel plate dimensions and fuel masses must be bounded by the MTR fuel element limits
in Table 1.2-4. The total weight per basket module cell for the fuel element, spacer(s) and fuel
plate canister, as applicable, shall be limited to a maximum of 80 pounds.

A maximum of 42 DIDO fuel assemblies has been analyzed for transport in the NAC-LWT cask.
Again, up to seven fuel assemblies may be placed radially in each of six axial fuel basket
modules. - ‘

DIDO fuel assemblies are similar to MTR fuel elements in that the fuel‘bearing hardware
consists of plates of fuel meat sandwiched by cladding. However, in'DIDO fuel, the plates have
been formed into tubular elements that are arranged in a concentric configuration. Typlcal DIDO

assemblies contain four of the concentric tubes.

MTR and DIDO fuel characteristics are presented in Table 1.2-4.
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1 .2.3.3“' General Atomics Irradiated Fuel Material (GA IFM) and Basket

Description

The GA IFM is made up of two separate types of fuel material—the High-Temperature Gas-
Cooled Reactor (HTGR) type fuel and the Reduced-Enrichment Research and Test Reactor
(RERTR) type fuel. Each type of IFM is packaged in its own unique Fuel Handling Unit (FHU).
Figures 1.2-7 and 1.2-8 illustrate the HTGR and RERTR FHUs. Detailed drawings for the GA
and IFM FHUs are in Section 1.4. ' '

The HTGRIFM is comprised of fuel in four formé_: fuel pai'ﬁcles (kernels), fuel particles

(coatings), fuel compacts (rods), and fuel pebbles. Fuel kemnels are solid, spheridized, high-

temperature sintered fully-densified, ceramic kernel substrate, composed of: UC,, UCO, U0y,

(Th,U)Cy, or (Th,U)O,. The as-manufactured enrichment of the HTGR fuel varies from ~10.0 to
'93.15 wt % *°U. Fuel coatings are solid, spheridized, isotropic, discrete multi-layered fuel '

particle coatings with chemical composition including pyrolitic-carbon (PyC) and silicon carbide
(SiC). Fuel compacts are multi-coated ceramic fuel particles, bound in solid, cylindrical,

" injection-molded, highstemperature heat-treated compacts. The fuel compact matrix is composed

of carbonized graphite shim, coke, and graphite powder. Fuel pebbles are multi-coated fuel
particles, bound in solid, spherical injection-molded, high-temperature heat-treated pebbles. The .
fully-cured binding matrix is composed of carbonized graphite shim, coke , and graphite powder.

- The RERTR IFM is comprised of 20 irradiated TRIGA fuel elements; 13 of the elements are
intact and the remaining seven have been previously sectioned for examination purposes.

Parameters characterizing the RERTR/TRIGA fuel elements are shown in Table 6.2.9-1. Three
distinct mass loadings of uranium were used in the 20 TRIGA elements: 20, 30, and 45 wt % U;
the average mass of the fueled pportion of these elements is 551g with an enrichment of 19.7 Wt %
231, The RERTR IFM consists of U-ZrH metal alloy fuel material and as a solid meets the
requirement of 10 CFR 71.63. | |

Two GA IFM Fuel Handling Units (FHU) are intended for a single shipment in the NAC-LWT.
The first IFM FHU contains HTGR type fuel and the second contains RERTR type fuel. Each
IFM FHU consists of stainless steel weld-encapsulated primary and secondary enclosures. The

- FHUs are filled and sealed with air at atmospheric pressure. The two IFM FHUs are placed in

the top of the NAC-LWT cavity with a bottom spacer to facilitate unloading of the IFM
packages. ' '

The GA IFM fuel characteristics are presented in Table 1.2-7.
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1.2.34  PWRFuel

The NAC-LWT cask is analyzed for the PWR fuel assemblies listed in Table 1.2-5. This table
provides the dimensional and enrichment constraints for the PWR fuel. The burnup and decay
heat limits are specified in Table 1.2-4.

1.2.3.5 BWR Fuel

The NAC-LWT cask is analyzed for the BWR fuel assemblies listed in Table 1.2-6. This table
provides the dimensional constraints for the BWR fuel. The ennchment burhup and decay heat
limits are specified in Table 1.2-4.

1.2.3.6 TPBARs

The NAC-LWT cask is analyzed for the transport of two separate Tritium Producing Burnable |
Absorber Rod (TPBAR) content conﬁéurations. For the transport of production TPBARs from
the reactor facility to the DOE processing facility, an open (i.e., unsealed) stainless steel
consolidation canister is utilized to contain up to 300 TPBARs, two of which can be prefalled
The characteristics of the production TPBARs are listed in Table 1.2-8. The consolidation
canister assembly is shown in Figure 1.2.3-10.

The second transport configuration is for the shipment of segmented TPBARs, following post-
irradiation examination (PIE), contained in a welded stainless steel waste container containing
segments and debris from up to 55 TPBARs. The characteristics of the TPBAR PIE segments
are provided in Table 1.2-12. The waste container and extension weldment assembly is shown in
Figure 1.2.3-16. | | |

" TPBARSs are similar in size and nuclear characteristics to standard, commercial PWR, stainless
steel-clad burnable absorber rods. The exterior of a typical TPBAR is a stainless steel clad tube.
The internal components of the TPBAR are designed and selected to produce and retain tritium.
Internal configurations differ for various TPBAR designs (see DOE reports provided in the
Chapter 1 Appendices). The internal components of a typical TPBAR include a plenum spacer
tube (getter tube), a spring clip or a plenum (compression) spring, pellet stack assemblies
(pencils), and a bottom spacer tube. A pencil consists of a zirconium alloy liner around which
lithium aluminate absorber pellets are stacked and then confined in a getter tube as shown in
Figure 1.2.3-9. The unclassified design details of the various TPBAR designs are provided in the
unclassified DOE documents and drawings provided in the Chapter 1 Appendices.

The transport assembly arrangements for both TPBAR content configurations are identical and
include a closure lid spacer assembly, a TPBAR basket and Alternate B port covers with bolting
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installed. The detailed reCiuirements‘for the NAC-LWT assembly are provided 1n license

drawing 315-40-128 in Section 1.4. The overall payload arrangement for the NAC-LWT with - '
the consolidation canister and waste container are shown in Figure 1.2.3-12 and Figure 1.2.3-17,
‘ respéctively; For the transport of fewer than 300 TPBARSs in the consolidation canister, stainless
steel dunnage inay be used to align and protect the contents. The weight and volume of the

- dunnage and the reduced TPBAR contents of the consolidation canister must be less than, or
equal to, the weight and volume of 300 TPBARs.

The TPBAR content conditions are analyzed and evaluated for compliance with structural,
thermal, containment‘and shielding conditions of the NAC-LWT in the appropriate SAR
chapters. TPBARs do not contain fissile material and, therefore, criticality evaluations have not
been performed. The operating procedures for the wet and dry loading and dry unloading of the -
TPBAR contents are provided in Chapter 7. The special leakage and pressure testing '
requirements for NAC-LWT casks intended for the transport of TPBAR contents are provided in
Chapter 8. : ' '

1.2.3.7 . Cladding for PWNR/BWR Fuel

" The PWR and BWR fuel rod cladding is of Zirconium alloy type (Zircaloy-2, Zircaloy-4, Zirlo,
M-5, etc.). Minor variations of alloy composition have no impact on performance of cladding

material. ' : - ' ‘

1.2.3.8 "PULSTAR Fuel Element arid'Trariqurt thfiquration Description

PULSTAR fuel elements are transported in the NAC-LWT in the 28 MTR fuel basket assembly,
which contains four modules with seven cells per module. The basket assembly is composed of a
top-module, a base module, and two intermediate modules (Dwgs 315-40-051, -049, and -050,
respectively). ' ‘ : | |

PULSTAR fuel elements may be loaded into the module cells in one of four configurations:

a) intact PULSTAR fuel assemblies b) intact PULSTAR fuel elements loaded into the 4x4

TRIGA fuel rod insert (Dwg. 315-40-096); c) intact or damaged PULSTAR fuel elements, fuel

debris and nonfuel-bearing components of PULSTAR fuel assemblies in the PULSTAR screened

can (Dwg. 315-40-135); or d) intact or damaged PULSTAR fuel elements, fuel debris and |
nonﬁ1e1-bearihg components of PULSTAR fuel assemblies in the PULSTAR sealed can (Dwg.

315-40-130). The contents of either can type are restricted to a quantity of fissile material and a

total volume of material equivalent to 25 PULSTAR fuel elements. The sealed cask contents are

restricted to the displaéed volume of 25 intact PULSTAR fuel elements. The total cask payload

shall not exceed 700 PULSTAR fuel elements. Loading of modules with mixed PULSTAR ‘
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payload configurations is allowed, but PULSTAR cans, either screened or sealed, are restricted to
loading in the base and top modules.

PULSTAR fuel elements are low enriched (< 7 wt %) uranium oxide rods, with zirconium alloy
cladding. During reactor operation, 25 PULSTAR fuel elements are arranged in a rectangular
5x5 lattice, surrounded by a zirconium alloy box, and capped by top- and bottom-end fittings to
form a PULSTAR fuel assembly. The nonfuel components of a PULSTAR fuel asSembly are
primarily aluminum and zirconium alloy and do not contain a significant activation source. A
sketch of a PULSTAR fuel assembly is provided in Figure 1.2.3-13. Key physical, radiation
protection and thermal characteristics of the PULSTAR fuel assembly/elements are listed in
Table 1.2-9. '

The sealed and screened PULSTAR cans are stainless steel containers that: a) minimize the
dispersal of gross fuel particles that may escape from damaged fuel element cladding and/or fuel
debris; b) facilitate retrieval of the contents from the transportation cask; and c) confine damaged
fuel and/or debris within a known volume to facilitate criticality control, maintain dose limits,
and control thermal loads within the cask. PULSTAR fuel pellets, pieces, and debris may be
_placed in an encapsulating rod for handling purposes prior to placemerit into either.a sealed or
screened can. The encapsulating rod is not required and has no safety significance. In addition
to fuel elements, the cans may contain fuel assembly hardware up to the total content weight
~ limit specified in Table 1.2-9. For operational/retrievability purposes, stainless steel rod inserts
may be used to position the PULSTAR fuel elements within the fuel rod insert. Total content
weight shall not exceed the total weighf limit specified in Table 1.2-9. The fuel rod insert is.
composed of a 4x4 grid of 0.75-inch OD x 0.065-inch wall stainless steel tubes. The tubes
provide structural support for individual intact PULSTAR fuel elements during transport in the
NAC-LWT. '

Spacers may be used to axially position PULSTAR fuel contents near the top of the module for
ease of loading and unloading operations. The spacers are provided for ease of operations and do
not provide a safety function. '

1.2.3.9 ANSTO Basket and Payload Description

Two basic fuel types are to be transported in the ANSTO baskets within the NAC—LWT cask:
spiral fuel assemblies and MOATA plate bundles: --Spifal fuel assemblies are édmposed of
cylindrical aluminum inner and outer shells connected by curved metallic fuel plates. Further
detail on the spiral fuel assemblies is provided in Section 1.2.3.9.1. MOATA plate bundles are
comprised of up to 14 MTR fuel plates. Further detail on the plate bundles is provided in Section
1.2.3.9.2. Spiral fuel assemblies and MOATA plate bundles shall be intact. Note that spiral
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-assemblies may be cropped by removing nonfuel-bearing hardware to fit within the basket tubes. ‘
Cropped spiral fuel assembhes are classified as intact fuel. - o : ‘ ' ‘

~Upto 42 sp1ra1 fuel assemblies or 42 MOATA plate bundles may be loaded. A full cask load
contains 6 baskets of up to 7 fuel assemblies or plate bundles per basket. The mixed loading of
ANSTO basket modules containing either spiral fuel assemblies or MOATA plate bundles is
authonzed :

1.2.3.9.1.  Spiral Fuel Assemblies

The design basis characteristics of spiral fuel assemblies are presented in Table 1.2-10. The fuel
material in spiral fuel assembly plates is a solid, homogeneous mixture of uranium-aluminum
alloy, i.e., a metal alloy fuel. The fuel meat of each plate is clad in aluminum. A set of 10
curved fuel plates is located between an inner and outer cyhndrical aluminum shell. Fuel
elements are cropped to fit axially within the basket envelope. Fuel material is not cut during the
~ cropping operation. The fuel plates are loc'ated in a spiral pattern, maintaining a constant pitch
between fuel plate centers. A sketch of the assembly cross-section is provided in Figure
1.2.3-14. - '

1.2.3.9.2 MOATA Plate Bundies

The design basis characteristics of MOATA plate bundles are presented in Table 1.2-4. The fuel "
material in the plate bundle is a solid, homogeneous mixture of uranium-aluminum alloy, i.e., a

metal alloy fuel. Each plate is clad in aluminum. A plate bundle is comprised of up to 14 fuel

plates. Two thick (0.635 cm) aluminum nonfuel side plates support the fuel plate stack from two

sides, making a poésible total of 16 plates per bundle. At each axial end, the plates in the stack

are connected by a pin. Spacing between plates is maintained by disk spacers placed onto the top

and bottom plns between each fuel plate and the aluminum side plates. A sketch of a typlcal

MOATA plate bundle is prov1ded in Figure 1.2.3- 15 '

“’olld |rrad|ated and Contammated Hardware o

The deéign'bas'is’charadteri_stics of the solid, irradiated and contaﬁainated hardWare are provided -
in Table 1.2-13. As described in the content definition, the solid, irradiated and contaminated
hardware may contain small quantities of fissile materials. Fissile materials in the irradiated
hardware contents are acceptable if the quantity of fissile material does not exceed a Type A
quantity and does not exceed the exemptions of 10 CFR 71.15, paragraphs (a), (b) and (c).
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The irradiated hardware may be directly loaded into the NAC-LWT cask cavity, or may be
contained in a secondary container or basket. As needed, appropriate component spacers,
_dunnage and shoring may be used to limit the movement of the contents during normal and
accident conditions of transport.

To ensure that the movement of the irradiated hardware contents above the lead shielded length
of the NAC-LWT cask body (i.e., the approximately upper 6.25 inches of the cavity length) is
precluded, an Irradiated Hardware Lid Spacer as shown on Drawing No. 315-40-145 shall be
installed for all irradiated hardware content configurations. The total installed height of the
spacer is 6.5 inches. Therefore, the available cavity length for the irradiated hardware is
approxirhately 171 inches. The NAC-LWT cask shall be assembled for transport as shown on

- NAC Drawing No. 315-40-01 with the irradiated hardware spacer installed on the lid.

A comparative shielding evaluation for a conservatively selected irradiated hardware transport
configuration (i.e., a single line source with no self-shielding) or consideration of the additional
shielding provided by additional spacers, dunnage, inserts or secondary containers is presented in
Chapter 5. The evaluations show that the regulatory dose rate requirements per 10 CFR 71.47 for
normal conditions of transport, or 10 CFR 71.51(b) under hypothetical accident conditions, are

not exceeded.

1.2.3.11 PWR MOX Fuel Rods

The NAC-LWT cask is analyzed and evaluated for the transport of up to 16 PWR MOX fuel rods
(or a combination of up to 16 PWR MOX and UO, fuél rods) loaded into a 5 x 5 insert placed in
a'screened or free flow PWR/BWR Rod Transport Canister and transported in a leaktight
containment configuration (i.e., closure lid with metallic seal and vent and drain Alternate B port
covers with metallic seals) verified by helium leakage testing to be leaktight to less than or equal
to 1 x 107 ref ce/s (less than or equal to 2 x 107 cc/s, helium). The authorized characteristics of
the evaluated PWR MOX fuel rods are provided in Table 1.2-4. For mixed PWR MOX and UO,
PWR fuel rod combinations, the UO, PWR fuel rods may have the identical heat load, burnup
and cool time characteristics as the PWR MOX fuel rods.

In addition to the 16 PWR MOX fuel rods (or.a combination of PWR MOX and UO, PWR fuel
rods), up to 9 burnable poison rods (BPRs) may be loaded in the remaining openings in the 5 x 5
insert in the PWR/BWR Rod Transport Canister. ’ '
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Figure 1.2.3-1  Aluminum Clad TRIGA Fuel Element
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Figure 1.2.3-2  Aluminum Clad Instrumented Fuel Element
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Figure 1.2.3-3 © Stainless Steel Clad TRIGA Fuel Element
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Figure 1.2.3-4  Stainless Steel Clad Instrumented Fuel Element
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Figure 1.2.3-5
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Flgure 1 2 3 6 TRIGA F uel Cluster and Rod Detalls
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Figure 1.2.3-7 HTGR Fuel Handling Unit
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o | © Figure12.3-8 RERTR Fuel Handling Unit
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Figure 1.2.3-9  Typical TPBAR Assembly
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‘Figure 1.2.3-10 TPBAR Consolidation Canister Sketch
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lFigure 1.2.3-11 Failed PWR/BWR Fuel Rod Capsule
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Figure 1.2.3-12 NAC-LWT with TPBAR Consolidation Canister Payload
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Figure 1.2.3-13 PULSTAR Fuel AsSembly
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Figure 1.2.3-14  Spiral Fuel Assembly Cross-Section Sketch
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Figure123-15  MOATA Plate Bundle Sketches o
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Figure 1.2.3-16  TPBAR Waste Container and Extension Weldment Sketch
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Figure 1.2.3-17 NAC-LWT with TPBAR Waste Container Payload
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Table 1.2-1  Characteristics of Design Basis TRIGA Fuel Elements Acéeptable for
i Loading in the Poisoned TRIGA Basket
- TRIGAHEU TRIGA LEU TRIGA LEU
(Notes 1,2,6 & 7) (Notes 1,2,6 & 7) (Notes 1,2,6 & 7)
Fuel Form Clad U-ZrH rod Clad U-ZrH rod Clad U-ZrH rod
Maximum Element Weight, Ibs 13.2 13.2 13.2
Maximum Element Length, in 47.74 47.74 47.74
Element Cladding Stainless Steel Stainless Steel Aluminum
Clad Thickness, in 0.02 0.02 0.03
Active Fuel Length, in 15 15 14-15 (Note 4)
Element Diameter, in 1.478 max. 1.478 max. 1.47 max.
Fuel Diameter, in 1.435 max. 1.435 max. 1.41 max.
Maximum Initial U _
Content/Element, kilograms 0.1%6 084 0.205
~ Maximum Initial 235U Mass, grams 137 169 41
Maximum Initial 235U Enrichment, '
weight percent | 70 20 20
Zirconium Mass, grams
(Noe 5) 2060 1886-2300 2300
Hydrogen to Zirconium Ratio, max.
(Note 5) 16 1.7 1.0
Maximum Average Burnup, 460,000 151,100 151,100
MWd/MTU (80% 235U) (80% 235U) (80% 235U)
‘Minimum Cooling Time 90 days 90 days 90 days
’ ' (Note 3) (Note 3) (Note 3)
Notes:
1. Mixed TRIGA LEU and HEU contents authorized.
2. TRIGA Standard, instrumented and fuel follower control rod type elements authorized.
3. Maximum decay heat of any element is 7.5 watts. S
- 4, Aluminum clad fuel with 14-inch active fuel is solid and has no central hole with a zirconium rod.
S. Zirconium mass and H/Zr ratio apply to the fuel material (U-Zr-H,) and do not include the center zirconium
rod. ’
6. Listed TRIGA fuel elements have a 0.225-inch diameter zirconium rod in the center.
7. Dimensions listed are as-fabricated (unirradiated) nominal values.
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Table 1.2-2 Characterlstlcs of Design Basis TRIGA Fuel Elements Acceptable for ‘
Loading in the Nonpoxsoned TRIGA Basket - ‘ |
TRIGA HEU TRIGA LEU TRIGA LEU
(Notes 1, 2, 6) (Notes 1, 2, 6) - (Notes 1, 2, 6)
Fuel Form Clad U-ZrH rod Clad U-ZrH rod Clad U-ZrH rod
(Note 4) (Note 4) -(Note 4)
Maximum Element Weight, Ibs 13.2 13.2 13.2
Maximum Element Length, in 47.74 47.74 47.74
Element Cladding ‘Stainless Steel - Stainless Steel Aluminum
Minimum Clad Thickness, in 0.01 0.01 0.01
Active Fuel Length, in (Note 5) (Note 5) (Note 5)
Maximum Element Diameter, in 1.5 max. 1.5 max. - 1.5 max.
Fuel Diameter, in (Note 5) . (Note 5) (Note 5)
- Maximum Initial U '
Content/Element, kilograms 10.196 0845 0205
Maximum Initial 235U Mass, grams 137 169 41
“Maximum |n.|tlal 235 Enrichment, 70 20" 20
weight percent
Zirconium Mass, grams (Note 5) (Note 5) - - (Note 5)
Hydrogen to Zirconium Ratio, max. (Note 5) (Note 5) ~ (Note 5)
Maximum Average Burnup, 460,000 151,100 151,100
MWd/MTU _ (80% 2350) (80% 35U) (80% 23U) ‘f
Minimum Cooling Time - 90 days 90 days - 90days
- ' - (Note 3) (Note 3) (Note 3)

Notes:

R R N

‘ Mlxed TRIGA LEU and HEU contents authorlzed ‘ .
TRIGA Standard, instrumented- and fuel follower control rod type elements authorized.
Maximum decay heat of any element is 7.5 watts.
Element may contain zirconium rod in the center.
See criticality analyses in Chapter 6, Section 6.4.5.6, for the evaluations determining critical fuel
characteristics. : )
6. Dimensions listed are as-fabricated (unirradiated) nominal values. .

NAC Interhational
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Characteristics of Design Basis TRIGA Fuel Cluster Rods

TRIGA Fuel Cluster Rod- -

Element Type
Max. Rod Length (in) 31.0
Max. Active Length (in) = 22.5
- Clad Material Incoloy 800
Min. Clad Thickness (in) 0.015
Fuel Material U-ZrH
Max. Pellet Diameter (in) 0.53
Max. Rod Weight (kg) 0.65
Min. U in U-ZrH (wt %) 43.0 (LEU) or 9.5 (HEU)'
Max. 235U in U (wt %) 19.91093.3
235J Mass (g) 55.0 (LEU) or 46.5 (HEU)
Max. H to Zr Ratio 1.7

: Equivalent to a maximum zirconium mass of 357 g for LEU fuel and 457 g for HEU fuel material. Lower weight

percents are permitted, provided the maximum zirconium mass limits are not exceeded.

NAC International
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Table 1.2-4 Fuel Characteristics
PWR BWR High Burnup High Burnup
Fuel Fuel PWR High Burnup | PWR MOX Fuel BWR Rods BWR Rods!
Parameter Assembly Assembly Rods PWR Rods Rods® Tx7 8x 8
Maximum Number of L 2 25 rods 25 rods 16 rods 25 rods 25 rods

Assemblies, Elements or Rods

~ Maximum Overall Weight, Ibs 1650 750 N/A N/A N/A N/A N/A
Maximum Overall Length, in 178.25 176.1 162 162 162 176.1 176.1
Maximum Active Fuel Length, in 150 150 150 150 153.5 150 150
Fuel Rod Cladding Zirc Zirc Zirc Zirc Zirc Zirc Zirc’
Maximum Uranium, kg U 475 198 58.2 65.6 41,67 198 198
Maximum Initial 23U, wt % See below? 4.0 5.0 5.0 7.0 max/2.0 min, 5.0 5.0
: fissile Pus '

Maximum Burnup, MWd/MTU 35,000 30,000 60,0004 80,000 62,500 60,000 - 80,000 80,000 -
Maximum Unit Decay Heat, kW 2.5 1.1 0.564 0.92 0.143 0.84 0.84
Maximum Cask Decay Heat, kW 25 - 2.2 1.41 2.3 2.3 2.1 21

Minimum Cool! Time, yr 2 2 150 days 150 days - 90 days 210 - 270 days® 150 days

irradiated.

0 ~ A A WoN

NAC International

Includes rods from all larger BWR assembly arrays (e.g., 99, 10x10).
See Table 1.2-5 for maximum PWR fuel enrichment by fuel type.

Up to 2 of the 25 PWR rods may have a maximum burmup of 65,000 MWd//MTU.

Minimum cool time for high burnup BWR 7x7 rods is determined by extent of burnup. See Section 5.3.8 and Table 5.3.8-23.
Up to 16 PWR MOX fuel rods or a combination of up to 16 MOX PWR and UO, PWR fuel rods can be loaded.

Maximum fuel mass is 2.6 kg HM/rod.
Maximum 5.0 wt % ***U for UO, rods.

1.2-38

High burnup rods are loaded in a fuel assembly lattice or rod holder Up to 14 rods, loaded in a rod holder, may be classified as damaged The lattice may be
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‘Table 1.2-4 Fuel Characteristics (Continued)
TRIGA TRIGA
: Metallic | Metallic Metallic MTR MTR MTR LEU HEU TRIGA Cluster
Parameter | Fuel Fuel Fuel HEU MEU LEU Element | Element , Rod
Maximum Number of Assemblies, | 15 rods 9 rods 3 rods 421 42 422 140 140 560
Elements or Rods (sound) (failed) | (severely failed | '
in filters)
Maximum Overall Weight, Ibs 1805 1805 1805 30 30 (max)? | 30(max)® | 13.2(max}® | 8.82(nom.) 158
| (max)® 13.2 (max)?3 '
Maximum Overall Length, in 120.5 120.5 120.5 25.44 26.14 26.14 47.745 47.745 31.0
Maximum Active Fuel Length, in 120.0 120.0 120.0 24.8 256 25.6 15 15 22.5.
Fuel Rod Cladding Al Al Al Al Al Al Alor 8§ Alor SS Incoloy 800
Maximum Uranium, kg U 54.5 54.5 54.5 0.422 0.950 2.474 0.824 0.196 0.0505 (HEU)
0.511 3.3682 ‘ 0.2894 (LEU)
Maximum Initial 235U, wt % Natural Natural Natural 94 948 - 25 20 70 95 (HEU)/20 (LEV)
Maximum Burnup, MWd/MTU 1,600 1,600 1,600 Variable Variable Variable up 151,100 460,000 600,000 (HEU)/
up to upto | t0139,300 | (80% 2%U) (80% 2381)) 140,000 (LEU)
660,0007 | 293,300 _{80% 25U)
Maximum Unit Decay Heat, kW 0.036 0.036 0.036 Variable8 0.0308 0.0308 0.0075 0.0075 0.001875
Maximum Cask Decay Heat, kW 0.54 0.54 - 054 1.26 1.26 1.26 1.05 1.05 1.05
Minimum Cool Time, yr 1 1 1 Variable® | Variable® Variable8 Variable? Variable? Variable?

v e N &

For NISTR fuel, 42 assemblies may be cut in half, producing 84 fuel-bearing pieces. Each fuel-bearing piece may contain up to 0.211 kgU. _

MTR fuel elements having U content >470 g (>22 g per plate) are limited to a total of 4 elements in a 7-element basket. Basket openings 1, 2 and 3 shall be blocked by cell
block spacers to ensure that MTR elements are not loaded in these operiings. Therefore, depending on the number of such 4-element baskets, the maximum number of elements
per cask will be reduced accordingly.

Maximum weight of fuel element(s), spacer(s) and fuel can, as applicable, per basket module cell shall be 80 pounds.

For MTR fuel elements, which are cut to remove nonfuel-bearing hardware prior to transport, a nominal 0.28 inch of nonfuel or spacer hardware will remain above and below
the active fuel region to allow for fuel handling operations. The HFBR element, with an element length of 57.24 inches, must be cut prior to shipment. For HEU MTR elements
having >380 g 235U but less than 460 g 235U, a minimum of 2.0 cm (0.8 inch) of nonfuel hardware and/or spacers/plates shall be provided at the ends of the element.

Permissible fuel element length is limited to basket cavity length, which is a minimum 47.74 inches for the basket top module, 30.94 inches for the intermediate modules,
and 32.64 inches for thebottom module. . :

Typical MEU enrichment is 45 wt% 235U. Criticality analysis-supports up to 94 wt% under the MEU fuel definition.

Maximum burnup is 660,000 MWd/MTU for 380g U and 577,500 MWd/MTU for 460g ~"U.

Minimum cool times for MTR fuel, down to 30 days, shall be determined using the procedure presented in Section 7.1.5.

Minimum cool times for TRIGA fuel elements and fuel cluster rods, down to 90 days, are determined so that the maximum decay heat of any element to be shipped is

<7.5 watts and any fuel cluster rod is <1.875 watts.

NAC International . 1.2-39
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Table 1.2-4 Fuel Characteristics (Continued)

‘ v - DIDO DIDO 'DIDO
Parameter HEU MEU LEU
Number of Fuel Cylinders per Assembly 4 4 4
Maximum Overall Weight (Ib)! , 15 15 15
Minimum Plate Thickness, in 0.051 0.051 0.051
Minimum Clad Thickness (Al), in 0.00984 0.00984 - 0.00984
Maximum 235U per Element,g 190 190 190
Maximum Initial 235U, wt % - 94 94 94
Minimum Initial 235U, wt % 90 40 19
Maximum Uranium, kg U 0.2111 0.4750 1.0000
Minimum Active Fuel Height, in ' 23.13 23.13 23.13
Minimum Element Height?, in 24.21 24.21 24.21
Maximum Burnup, MWd/MTU 577,460 256,650 121,910
Maximum Unit Decay Heat3, kW 0.025 0.025 0.025
Maximum Cask Decay Heat, kW , 1.05 1.05. 1.05
Minimum Cool Time?, yr Variable Variable Variable

Maximum weight of fuel element(s), spacer(s) and fiel can, as applicable, per basket module cell shall be 80 pounds.

Element height provides for spacing of fissile material. An optional spacer may be used to maintain spacing if the element is cut shorter than 24.21 inches.
Maximum unit decay heat of 0.025 kW allowed ouly‘in conjunction with spacers for top basket (see Section 7.1.4), otherwise the limit is 0.018 kW.
Minimum cool times for DIDO fuel assemblies, down to 180 days, shall be determined using the procedure presented in Section 7.1.4.

W N -
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Table 1.2-5 PWR Fuel Characteristics
Max. | Max.
No.of | Assembly [ Max. Max. Clad Active
Fuel Length .| Assembly | Enrich. Max. Pitch | Rod Dia. | Thick. Pellet | Length
Fuel Type Rods (in.)- | Weight (Ib) | (wt %) MTU (in.) (in.) (in) | Diain.) | (in.)
B&W 15 x 15 208 16563 | 1515 3.5 04750 | 05680 | 0430 [ 0.0265 | 0.3686 [ 144.0
B&W 17 x 17 264 165.72° |- 1505 3.5 04658 | 05020 | 0379 | 0.0240 | 03232 | 1430 _
CE14x14 176 157.00 | 1270 3.7 04037 | 05800 | 0440 [ 0.0280 | 03765 | 137.0
CE16x 16 236 178.25 | 1430 3.7 0.4417 | 05060 |} 0.382 | 0.0250 | 0.3250 | 150.0
WE 14 x 14 Std 179 159.71 | . 1302 37 04144 | 05560 | 0422 | 0.0225 | 03674 | 1452
WE 14 x 14 OFA 179 159.71 | - 1177 37 | 03612 | 05560 | 0400 | 0.0243 | 03444 | 144.0
WE 15 x 15 204 159.71 [ - 1472 . 35 04646 | 05630 | 0422 | 0.0242 | 0.3659 | 144.0
- WE17x17 Std 264 | 159.77 | . 1482 35 04671 | 04960 | 0374 | 00225 | 03225 | 144.0
~ WE 17 x 17 OFA 264 160.10 | 1373 35 04282 | 04960 | 0.360 | 0.0225 | 0.3088 | 144.0
Ex/ANF 14 x 14 WE 179 16013 | 1271 3.7 03741 | 05560 [ 0424 | 0.0300 | 03505 | 144.0
ExX/ANF 14 x 14 CE 176 157.24 | 1292 | 37 0.3814 | 0.5800 | 0.440 | 0.0310 | 0.3700 | 134.0
Ex/ANF 15 x 15 WE 204 169.70 | 1433 3.7 04410 | 05630 | 0424 | 0.0300 | 0.3565 | 144.0

ExX/ANF 17 x 17 WE 264 159.71 1348 35 04123 | 04960 | 0360 | 0.0250 | 0.3030 | 144.0

NAC International R 1.2-41 -
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Table 1.2-6 BWR Fuel Characteristics
Max. | Max.
No. of | No.of | Assembly | Assembly : Clad
‘ _ Fuel Water Length | Weight Max. Pitch | Rod Dia.| Thick. | Pellet |Max. Active
Fuel Type Rods Rods | (in) ~(Ib) MTU (in.) (in.) (in.)  |Dia. (in.)| Length (in.)
GE7x7 1 49 0 175.9 678.9 0.1923 | 0.738 0.563 0.037 | 0477 146
GE8x8-1 63 1 175.9 681.0 0.1880 | 0.640 0.493 0034 | 0416 146
GE 8 x 8-2 62 2 1759 | 681.0 0.1847 | 0.640 0.483 0032 | 0410 1501
GE8x8-4 60 4 176.1 665.0 0.1787 [ 0.640 0.484 0032 | 0410 15012
GE9x9 174 2 176.1 - 646.0 0.1854 | 0.566 0.441 0.028 | 0.376 15014
79 2 176.1 |. 646.0 0.1979 | 0.566 0.441 0.028 | 0.376 15014
EX/AANF 7 x7 49 0 1713 | 6191 0.1960 | 0.738 0.570 0.036 | 0.490 144
Ex/ANF 8 x 8-1 63 1 171.3 562.3 0.1764 | 0.641 0.484 0.036 | 0.4045 145.2
Ex/ANF 8 x 8-2 62 2 1761 | 5878 0.1793 | 0.641 0.484 0.036 | 04045 150
Ex/ANF 9 x 9 79 2 176.1 575.3 0.1778 _ 0.572 0424 0.03 0.3565 150
74 23 - 1761 575.3 0.1666 | 0.572 | 0.424 0.03 0.3565 150

. 16” natural uranium blankets on top and bottom.

2 May have 1 large water hole - 3.2 cm ID, 0.1 cm thickness. .

32 large water holes occupying 7 fuel rod locations - 2.5 cm ID, 0.07 cm thlckness
* Shortened active fuel length in some rods.

NAC International - o 1.2-42
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Table 1.2-7 Characteristics of General Atoniics Irradiated Fuel Materia! (GAIFM)

Parameter . RERTR HTGR

- Maximum Number of Assemblies, - 13 intact; 7 sectioned , N/A
Elements or Rods . '
Maximum Loaded Enclosure Weight, Ibs 76.0 715
Maximum Fuel Weight, Ibs 23.73 23.52
Maximum Overall Length, in 29.92 - N/A
Maximum Active Fuel Length, in - 2205 = ‘ N/A -
Fuel Material U-ZrH UCq, UCO, UQ, (Th,U)Co,
: ' (Th,U)Oq
Fuel Rod Cladding Incoloy 800 . N/A
Maximum Uranium, kg U 3.86 0.21
Maximum Initial 235U, wt % 19.7 93.15
Maximum Burnup, MWd/MTU . N/A N/A
Maximum Unit Decay Heat, W 11.0 205 .
Maximum Cask Decay Heat, W 13.05 13.05
Earliest Shipment Date ‘ 1/1/96 . 1/1/96

Maximum Activity, Ci 2920 _ 483

NAC International - : 1.2-43
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Table 1.2-8

Typical Production TPBAR Charactefisticsl

Value

Parameter Description
Maximum Number of TPBARs per Consolidation Canister 300
Number of Consolidation Canisters per Cask 1 -
TPBAR Clad Material S0t Stabless
teel
‘Rod Length?, in 153.04
Rod Diameter?, in 0.381
Maximum Rod Heat Load, W 2.31.
Maximum Cask Heat Load, kW 0.693
Maximum Tritium Content per Rod, gram’ 1.2
Maximum Activity per Cask3, Ci 3.84 x 108
Loaded TPBAR Consolidation Canister Maximum Weight, pounds* 1,000
Maximum Event Failed Tritium Release (Ci/rod) <55
Minimum Cooling Time, days 30

Drawings. - ,

. - Beginning of life, nominal, unirradiated dimensions.
Primary dose contribution: 1.1x 10* Ci ®Co/cask

~ The bounding weight employed in the structural analysis.

NAC International 1.2-44
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Table 1.2-9 PULSTAR Fuel Characteristics
Description Value
, Maximum Pellet Diameter (inch) 0.423
Minimum Element (Rod) Cladding Thickness (inch) 0.0185
Minimum Element (Rod) Diameter (inch) 0.470
Maximum Active Fuel Height (inch) 241 .
Element (Rod) Length {inch) 26.2 -
Rod Pitch (inch) 0.525 x 0.607
Assembly Length (inch) 38
Box Qutside Width (inch)  2.745x 3.155
A Box Thickness (inch) A 0.06
Maximum Assembly or Loaded Can Weight (Ib) ! 80
Maximum PULSTAR Can Content Weight (Ib)? 39.6
Maximum Enrichment (wt % 235U) 6.5
Maximum 235U Content per Element (g) 33
No. of Elements (Rods) per Assembly 25
No. of Elements (Rods) per Can? 25
Maximum Depletion (%235U) 45
Minimum Cool Time (yrs) 1.5
Maximum Heat Load per Assembly (W) - 30
1.2

| - Maximum Heat Load per Element (W)

! Listed weight is the maximum weight evaluated for the structural calculation to bound all payload configurations,
including loaded cans, and spacers. Nominal PULSTAR assembly weight is 45 pounds.

? The contents of a PULSTAR can are restricted to the equivalent of the fuel material in 25 PULSTAR fuel elements
and of the displaced volume of 25 intact PULSTAR fuel elements. Fuel material may be in damaged form
including fuel debris. The listed weight represents the can content limit established by the structural analyses. .

NAC International 1.2-45
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Table 1.2-10

Spiral Fuel Assembly Characteristics

Parameter Value
Number of elements per assembly 10
Fuel element type Curved plate
Nominal dimensions of element (cm) 0 147 % 7.33 x 63.5 (individual plate)
Chemical form of fuel meat U-Aly-alloy
Cladding material Aluminum

Nominal over-all dimensions (cm)

63.818 (height) x 10.16 diameter!

Max total weight of 235U (g)

160 (total per assembly)

Maximum enrichment (wt % 235U)

85

Side plate material -

Aluminum (inner and outer tubes)

Nominal side plate ~ dimensions (cm)

Inner 6.045 OD, 5.82 ID x 63.818
Outer 10.16 OD, 9.85 ID x 63.8182

Max. assembly weight (Ib) 183
Assembly maximum heat load (W) 15.74
Burnup/cool time limit Variable®

' Cropped to fit within ANSTO fuel basket module nominal height of 28.3 inches.
2 Criticality evaluations reduced inner and outer shell thickness to 0.01 ¢m to provide additional

moderator within the assembly.

®  Typical assembly weight is 7.9 pounds. Bounding structural analysis weight is listed.
4 Thermal and shielding evaluation employed 18 W per element. Based on cool time constraint, 15.7

W represents maximum heat load.

> Spiral fuel is contrained to DIDO MEU.cool time limits as a function of burnup. Minimum cool times
for the spiral assembly, down to 270 days, shall be determined using the procedure presented in -

Section 7.1 4 for 18 W DIDO MEU fuel.

NAC International
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Table 1.2-11 MOATA Plate Bundle Characteristics
Parameter Value
Maximum number of elements per assembly 14

Nominal dimensions of element (cm)

66 cm long, 7.6 cm wide and 0.203 c¢m thick

Nominal dimensions of fuel meat (cm)

58.4 cm long, 6.99 cm wide and 0.1016 cm thick
(bounding active fuel width evaluated to a maximum of

7.32 cm)
Chemical form of fuel meat _U-Al-alloy
Cladding material ~ Aluminum

Nominal clad thickness (cm)

0.05 cm (evaluated to 0.01 cm minimum)

Plate spacer thickness (cm)

0.147 min, 0.152 max (evaluated to 0.18 maximum)

Maximum weight of 235U (g) per plate 22.3
Maximum enrichment (wt % 235U) 92
‘Nominal side plate thickness (cm) 0.635 (bounding evaluation replaced by cavity moderator)
Max. assembly weight (Ib) ‘ ‘ 181

Maximum heat load per assembly (W)2

3 (total for 14 fuel plates)

Maximum burnup

30,000 MWd/MTU or 4.1 % depletion 235U

Minimum cool time (years)

1

10

Typical assembly weight is 13.6 pounds. Bounding structural analysis weight is listed.

2 Actual heat load at limiting burnup and cool time < 1 Watt. Thermal evaluations at 3 Watt per bundle.

'NAC International
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Table 1.2-12 Typical TPBAR Segment Characteristics in Waste Container ‘
Parameter/Description , Value
MaX|mum Number of TPBAR Segments and Debris per Waste } 55
Container, equivalent number of TPBARs :
Number of Waste Containers per Cask 1
Waste Container Material R 316L Stainless Steel
Maximum Tritium Content per TPBAR equivalent, gram ’ 1.2
Maximum Activity per Cask, Ci : - 6.66 x10+5
Maximum Heat Load per Waste Container, watts : 127
Maximum Loaded Waste Container Weight, pounds . 700!
Minimum Cooling Time, years _ 90

Design basis weightvof a loaded waste container is 700 pounds. Applying a maximum payload of 55 TPBARs, with
storage canister, yields a maximum weight of 662 pounds. Use of shrouds to contain segments and/or TPBAR debris
reduces overall waste container weight due to a reduction in TPBAR payload capacity resulting from the reduced container
free volume.

NAC International 1.2-48
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Table 1.2-13

Parameter

Solid, Irradiated Hardware Characteristics’

Value

Maximum Content Weight
Maximum Content Length

4,000 pounds 2
171.5 inches *

Hardware Material

Solid, irradiated and contaminated fuel assembly
structural or reactor internal component hardware *

Maximum Cask Heat Load 1.0 KW
Maximum Activity per Cask, Ci 6.0 x 10E+6
Maximum Source Term, gamma/sec 6.0 x 10E+15
1.0 x 10E+15

Maximum Source Term, MeV/sec

hardware.

the underside of the closure lid.

Maximum content weight includes any spacers, containers or dunnage loaded in the cavity with the irradiated
Length of cavity is limited to 171.5 inches by the installation and use of an irradiated hardware spacer bolted to

Appropriate secondary containers will be used to prevent any contact and cross-contamination between the

carbon steel contents and the stainless steel internals of the.cask cavity.

. The irradiated hardware contents may contain fissile material, provided the quantity of fissile material does not

exceed a Type A quantity and does not exceed the mass limits of 10 CFR 71.53.

NAC International
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1.3 - Qualifv Assurance

The Nuclear Regulatory Commission (NRC) has assigned Approval. Number 18 to the Nuclear
Assurance Corporation Quality Assurance program that satisfies the provisions of Subpart H of
10 CFR 71. |

The Quality Assurance program provides control over all activities that are important to safety
that are applicable to the design, fabrication, assembly, testing, maintenance, repair, '
modification, and use of the packaging for transportation of radioactive materials. The program
applies controls to the various activities in a graded approach, such that the effort expendéd on an
- activity is consistent with its importance to safety. The program is consistent in approach and
method with Regulatory Guide 7.10 and satisfies the specific requirements of 10 CFR 71.101 (a),
(b), and (c). : : ' '

In accordance with the requirements of 10 CFR 71.37(a), the approved Quality Assurance
program has been applied to the design, analysis, package fabrication, asserhbly, testing, .
maintenance, and repair or modification of the NAC-LWT package. An equivélent NRC
approved program maintained by a Registered User would be applied to use of the package.

NAC International : 1.3-1
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. 1.4 License Drawings

This section contains the license drawings pertinent to the NAC-LWT cask (refer to the List of
Drawings in the Table of Contents for Chapter 1). ‘

NAC International _ 1.41
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