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SUMMARY OF SIGNIFICANT CHANGES TO HI-STORM 100S 

FROM LAR 1014-1, REVISION 1 TO REVISION 2

ITEM 
Drawing format 

Overpack lid and lifting 
points 

Overpack inner steel 
shield shell and body 
concrete density 

Overpack shear bar 

Overpack pedestal 

Overpack radial channels

CHANGE 
Drawing produced using SolidWorksT 
modeling software.  

1. The HI-STORM 100S lid has 

been rotated 45 degrees away from being 
vertically aligned with the inlet air ducts.  
As a result, the long radial ribs in the 
overpack body have been likewise 
rotated 45 degrees to be re-positioned 
above the inlet air ducts.  

2. Four additional anchor blocks 
and part-length radial ribs are added 
circumferentially between the four main 
anchor blocks 
The overpack inner steel shield shell has 

been removed and the overpack body 
minimum concrete density has been 
increased from 146 lb/ft3 to 155 lb/ft3 

The original shear bar design has been 
replaced with an improved design 
whereby plates in the lid and in the 

overpack top resist the shear loads of a 
non-mechanistic tipover event.  
Concrete pour holes have been added to 
the pedestal baseplate.  

1. The channel material is changed 
from carbon steel to stainless steel.  

2. The direct welded attachment of 

the channels to the overpack inner shell 
was replaced by as adjustable 
arrangement using angles.

COMMENTS 
SolidWorks provides and an 
integrated Bill-of-Materials.  
Solidworks also provides a 
heretofore unattainable ability to 
examine the design from any 

direction desired by the viewer 
and identify any potential 

intcrerfwtences because the 
component is a solid model..  
1. This change was 
necessary to properly orient the 

Eft brackets during transport of 
the loaded overpack with a 
crawler with the added benefit 
that the long radial ribs now 
stiffen the inlet air ducts during 

bottomjacking.  

2. This change was made to 
accommodate fit-up of ancillary 
equipment.  

Thscage was made to address 
the severe stresses applied during 
attachment and welding of the 
shield shell to the overpack inner 
shell to ensure intimate contact 
between the two. The concrete 
density increase is made to 
compensate for the slight 
reduction in shielding that occurs 
as a result of the deletion of the 
shield shell.  
This change was made to address 
several questions in Chapter 3.  

These holes facilitate a more 
efficient and complete concrete 
pouting into the pedestal.  
1. Stainless steel channels 
eliminates the need to install 
stainless steel shims on the 
carbon steel channels.  

2. The adjustable design 
allows greater precision in 
positioning the channels.
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Fig. 3.4.17 0 Fig. 3.5.3 0 
Fig. 3.4.18 0 Fig. 3.5.4 0 
Fig. 3.4.19 0 Fig. 3.5.5 0 
Fig. 3.4.20 0 Fig. 3.5.6 0 
Fig. 3.4.21 0 Fig. 3.5.7 0 
Fig. 3.4.22 0 Fig. 3.5.8 0 
Fig. 3.4.23 0 Fig. 3.5.9 0 
Fig. 3.4.24 0 3.6-1 1B 
Fig. 3.4.25 0 3.6-2 1B 
Fig. 3.4.26 0 3.6-3 1 B 
Fig. 3.4.27 0 3.6-4 1B 
Fig. 3.4.28 0 3.6-5 1B 
Fig. 3.4.29 0 3.6-6 1B 
Fig. 3.4.30 1 3.6-7 1B 
Fig. 3.4.31 1 3.6-8 1B 
Fig. 3.4.32 1 3.6-9 1B 
Fig. 3.4.33 1 3.6-10 1 B 
Fig. 3.4.34 1 3.7-1 0 
Fig. 3.4.35 1 3.7-2 0 
Fig. 3.4.36 1 3.7-3 0 
Fig. 3.4.37 1 3.7-4 0 
Fig. 3.4.38 1 3.7-5 0 
Fig. 3.4.39 1 3.7-6 0 
Fig. 3.4.40 1 3.7-7 0 
Fig. 3.4.41 1 3.7-8 0 
Fig. 3.4.42 1 3.7-9 0 
Fig. 3.4.43 1 3.7-10 0 
Fig. 3.4.44 1 3.7-11 0 
Fig. 3.4.45 1 3.7-12 0 
Fig. 3.4.46 1 3.7-13 0 
Fig. 3.4.47 1 3.7-14 0 
3.5-1 0 3.8-1 1B 
3.5-2 0 3.8-2 1B 
3.5-3 0 13.A-1 1 
3.5-4 0 3.A-2 1 
3.5-5 0 3.A-3 1 
3.5-6 0 3.A-4 1 
3.5-7 0 3.A-5 1 
3.5-8 0 3.A-6 1 
3.5-9 0 3.A-7 1 
3.5-10 0 3.A-8 1 
3.5-11 0 3.A-9 1 
3.5-12 0 3.A-1 0 1 
3.5-13 0 3.A-11 1 
3.5-14 0 3.A-12 1 
3.5-15 0 3.A-13 1 
3.5-16 0 3.A-14 1

HI-STORM FSAR PAGE 7 of 31



LIST OF EFFECTIVE PAGES FOR PROPOSED FSAR REVISION 1

Page Revision Page Revision 
3.A-15 1 3.B-20 0 
3.A-1 6 1 3.B-21 0 
3.A-1 7 1 3.B-22 0 
Fig. 3.A.1 0 3.B-23 0 
Fig. 3.A.2 0 3.B-24 0 
Fig. 3.A.3 0 3.B-25 0 
Fig. 3.A.4 0 3.B-26 0 
Fig. 3.A.5 0 3.B-27 0 
Fig. 3.A.6 0 3.3-28 0 
Fig. 3.A.7 0 3.B-29 0 
Fig. 3.A.8 0 3.B-30 0 
Fig. 3.A.9 0 3.B-31 0 
Fig. 3.A.10 0 3.B-32 0 
Fig. 3.A.11 0 3.B-33 0 
Fig. 3.A.12 0 3.B-34 0 
Fig. 3.A.13 0 3.B-35 0 
Fig. 3.A.14 0 3.B-36 0 
Fig. 3.A.15 0 3.B-37 0 
Fig. 3.A. 16 0 3.B-38 0 
Fig. 3.A.17 0 3.B-39 0 
Fig. 3.A.18 0 3.B-40 0 
Fig. 3.A.19 Deleted 3.B-41 0 
Fig. 3.A.20 Deleted 3.B-42 0 
Fig. 3.A.21 Deleted 3.B-43 0 
Fig. 3.A.22 Deleted 3.B-44 0 
Fig. 3.A.23 Deleted 3.B-45 0 
Fig. 3.A.24 Deleted 3.B-46 0 
Fig. 3.A.25 Deleted 3.B-47 0 
Fig. 3.A.26 Deleted 3.B-48 0 
Fig. 3.A.27 Deleted 3.B-49 0 
Fig. 3.A.28 Deleted 3.B-50 0 
Fig. 3.A.29 Deleted 3.B-51 0 
Fig. 3.A.30 Deleted 3.B-52 0 
3.B-1 0 3.B-53 0 
3.B-2 0 3.B-54 0 
3.B-3 0 3.B-55 0 
3.B-4 0 3.B-56 0 
3.B-5 0 3.B-57 0 
3.B-6 0 3.B-58 0 
3.B-7 0 3.B-59 0 
3.B-8 0 3.B-60 0 
3.B-9 0 3.B-61 0 
3.B-10 0 3.B-62 0 
3.B-11 0 3.C-1 0 
3.B-12 0 3.C-2 0 
3.B-13 0 3.C-3 0 
3.B-14 0 3.0-4 0 
3.B-15 0 3.C-5 0 
3.B-16 0 3.C-6 0 
3.B-17 0 - 3.C-7 0 
3.B-18 0 3.C-8 0 
3.B-19 0 Fig. 3.C.1 0
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LIST OF EFFECTIVE PAGES FOR PROPOSED FSAR REVISION 1

Page Revision Pacie Revision 
Fig. 3.C.2 0 3.G-6 0 
Fig. 3.C.3 0 3.G-7 0 
3.D-1 1 3.G-8 0 
3.D-2 1 3.G-9 0 
3.D-3 1 3.G-10 0 
3.D-4 1 3.G-11 0 
3.D-5 1 3.G-12 0 
3.D-6 1 3.G-13 0 
3.D-7 1 Fig. 3.G.1 0 
3.D-8 1 Fig. 3.G.2 0 
3.D-9 1 Fig. 3.G.3 0 
3.D-10 1 Fig. 3.G.4 0 
3.D-11 1 Fig. 3.G.5 0 
3.D-12 1 3.H-1 0 
3.D-13 1 3.H-2 0 
Fig. 3.D.1 0 3.H-3 0 
Fig. 3.D.2a 0 3.H-4 0 
Fig. 3.D.2b 0 3.H-5 0 
Fig. 3.D.2c 0 3.H-6 0 
Fig. 3.D.3 0 3.H-7 0 
Fig. 3.D.4a 0 Fig. 3.H.1 0 
Fig. 3.D.4b 0 3.1-1 1 
Fig. 3.D.4c 0 3.1-2 1 
Fig. 3.D.5a 0 3.1-3 1 
Fig. 3.D.5b 0 3.1-4 1 
Fig. 3.D.5c 0 3.1-5 1 
3.E-1 0 3.1-6 1 
3.E-2 0 3.1-7 1 
3.E-3 0 3.1-8 1 
3.E-4 0 3.1-9 1 
3.E-5 0 3.1-10 1 
3.E-6 0 _Fig. 3.1.1 0 
3.E-7 0 3.K-1 0 
3.E-8 0 3.K-2 0 
3.E-9 0 3.K-3 0 
3.E-10 0 3.K-4 0 
Fig. 3.E.1 0 3.K-5 0 
Fig. 3.E.2 0 3.K-6 0 
Fig. 3.E.3 0 3.K-7 0 
3.F-1 0 3.L-1 0 
3.F-2 0 3.L-2 0 
3.F-3 0 3.L-3 0 
3.F-4 0 3.L-4 0 
Fig. 3.F.1 0 3.L-5 0 
Fig. 3.F.2 0 3.L-6 0 
Fig. 3.F.3 0 3.M-1 1 
Fig. 3.F.4 0 3.M-2 1 
3.G-1 0 3.M-3 1 
3.G-2 0 3.M-4 1 
3.G-3 0 3.M-5 1 
3.G-4 0 3.M-6 1 
3.G-5 0 13.M-7 1
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LIST OF EFFECTIVE PAGES FOR PROPOSED FSAR REVISION 1

Paae Revision Page Revision 
3.M-8 1 3.X-1 0 
3.M-9 1 3.X-2 0 
3.M-10 1 3.X-3 0 
3.M-1 1 1 3.X-4 0 
3.M-12 1 3.X-5 0 
3.M-13 1 3.X-6 0 
3.M-14 1 3.X-7 0 
3.M-15 1 3.X-8 0 
3.M-16 1 3.X-9 0 
3.M-17 1 3.X-10 0 
3.M-18 1 Fig. 3.X.1 0 
3.M-19 1 Fig. 3.X.2 0 
3.M-20 1 Fig. 3.X.3 0 
3.N-1 1B Fig. 3.X.4 0 
3.0-1 1B Fig. 3.X.5 0 
3.P-1 1B 3.Y-1 1 
3.Q-1 1B 3.Y-2 1 
3.R-1 1B 3.Y-3 1 
3.S-1 1B 3.Y-4 1 
3.T-1 1B 3.Y-5 1 
3.U-1 1 3.Y-6 1 
3.U-2 1 3.Y-7 1 
3.U-3 1 3.Y-8 1 
3.U-4 1 3.Y-9 1 
3.U-5 1 3.Y-10 1 
3.U-6 1 3.Y-11 1 
3.U-7 1 3.Y-12 1 
3.U-8 1 3.Y-13 1 
3. U-9 1 3.Y-14 1 
3.U-1 0 1 3.Y-15 1 
Fig. 3.U.1 0 3.Y-16 1 
3.V-1 1 3.Y-17 1 
3.V-2 1 3.Y-18 1 
3.V-3 1 3.Y-19 1 
3.V-4 1 3.Y-20 1 
3.V-5 1 3.Y-21 1 
3.V-6 1 Fig. 3.Y.1 0 
3.V-7 1 Fig. 3.Y.2 0 
3.V-8 1 3.Z-1 0 
3.V-9 1 3.Z-2 0 
3.V-10 1 3.2-3 0 
3.W-1 1 3.7-4 0 
3.W-2 1 3.2-5 0 
3.W-3 1 3.Z-6 0 
3.W-4 1 3.2-7 0 
3.W-5 1 3.Z-8 0 
3.W-6 1 3.Z-10 0 
3.W-7 1 3.2-11 0 
3.W-8 1 3.2-12 0 
3.W-9 1 Fig. 3.Z.1 0 
3.W-10 1 Fig. 3.2.2 0 
Fig. 3.W.1 0 Fig. 3.Z.3 0
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LIST OF EFFECTIVE PAGES FOR PROPOSED FSAR REVISION 1

Page Revision Pacae Revision 
Fig. 3.Z.4 0 3.AD-B 1 
Fig. 32Z.5 0 3.AD-9 1 
Fig. 3.Z.6 0 3.AD-1 0 1 
3.AA-1 0 3.AD-1 1 1 
3.AA-2 0 3.AD-1 2 1 
3.AA-3 0 3.AD-1 3 1 
3.AA-4 0 3.AD-1 4 1 
3.AA-5 0 3.AD-1 5 1 
3.AA-6 0 3.AD-1 6 1 
3.MA-7 0 3.AD-1 7 1 
3.AA-8 0 3.AD-1 8 1 
Fig. 3.MA.1 0 Fig. 3.AD.1 0 
Fig. 3.AA.2 0 Fig. 3.AD.2 0 
Fig. 3.AA.3 0 Fig. 3.AD.3 0 
Fig. 3.AA.4 0 3.AE-1 0 
Fig. 3.AA.5 0 3.AE-2 0 
Fig. 3.MA.6 0 3.AE-3 0 
Fig. 3.MA.7 0 3.AE-4 0 
Fig. 3.MA.8 0 3.AE-5 0 
3.AB-1 0 3.AE-6 0 
3.AB-2 0 Fig. 3.AE.l a 0 
3.AB-3 0 Fig. 3.AE.l1b 0 
3.AB-4 0 Fig. 3.AE.l1c0 
3.AB-5 0 Fig. 3.AE.2 0 
3.AB-6 0 Fig. 3.AE.3 0 
3.AB-7 0 ___ Fig. 3.AE.4 0 
3.AB-8 0 3.AF-1 1 
3.AB-9 0 ___ 3.AF-2 1 
3.AB-1 0 0 3.AF-3 1 
3.AB-1 1 0 ___ 3.AF-4 1 
3.AB-1 2 0 ___ 3.AF-5 1 
3.AB-1 3 0 3.AF-6 1 
3.AB-1 4 0 3.AF-7 1 
3.AC-1 1 3.AF-8 1 
3.AC-2 1 3.AG-1 0 
3.AC-3 1 3.AG-2 0 
3.AC-4 1 3.AG-3 0 
3.AC-5 1 3.AG-4 0 
3.AC-6 1 3.AG-5 0 
3.AC-7 1 3.AG-6 0 
3.AC-8 1 3.AG-7 0 
3.AC-9 1 3.AG-8 0 
3.AC-1O0 1 3.AG-9 0 
3.AC-1 1 1 3.AG-1O0 0 
3.AC-1 2 1 3.AH-1 0 
3.AD-1 1 3.AH-2 0 
3.AD-2 1 3.AH-3 0 
3.AD-3 1 3.AH-4 0 
3.AD-4 1 3.AH-5 0 
3.AD-5 1 3.AH-6 0 
3.AD-6 1 3.AH-70 
3.AD-7 1 ___ 3.AH-8 01
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LIST OF EFFECT[VE PAGES FOR PROPOSED FSAR REVISION 1

Paae Revision Paae Revision 
3.Al-1 0 3.AK-9 0 
3.AI-2 0 3.AK-1 0 0 
3.Al-3 0 3.AK-1 1 0 
3.AI-4 0 13.AK-1 2 0 
3.AI-5 0 3.AK-13 0 
3.AI-6 0 3.AK-1 4 0 
3.AI-7 0 3.AK-1 5 0 
3.AI-8 0 3.AK-1 6 0 
3.AI-9 0 3.AK-1 7 0 
3.AI-1 0 0 3.AK-1 8 0 
3.AI-1 1 0 3.AL-1 0 
3.Al-1 2 0 3.AL-2 0 
3.AI-1 3 0 3.AL-3 0 
3.AI-1 4 0 3.AL-4 0 
3.AI-1 5 0 3.AL-5 0 
3.AI-1 6 0 3.AL-6 0 
3.AI-1 7 0 _____3.AL-7 0 
3.AI-1 8 0 3.AL-8 0 
3.AI-1 9 0 3.AL-9 0 
Fig. 3.AI.1 0 3.AL-1 0 0 
Fig. 3.Al.2 0 3.AM-1 0 
Fig. 3.AI.3 0 3.AM-2 0 
Fig. 3.Ai.4 0 _____3.AM-3 0 
Fig. 3.AI.5 0 3.AM-4 0 
Fig. 3.AI.6 0 _____3.AM-5 0 
3.AJ-1 0 3.AM-6 0 
3.AJ-2 0 3.AM-7 0 
3.AJ-3 0 3.AM-8 0 
3.AJ-4 0 3.AM-9 0 
3.AJ-5 0 3.AM-10 0 
3.AJ-6 0 3.AM-1 1 0 
3.AJ-7 0 3.AM-12 0 
3.AJ-8 0 3.AM-13 0 
3.AJ-9 0 3.AM-1 4 0 
3.AJ-10 0 3.AM-1 5 0 
3.AJ-1 1 0 3.AM-16 0 
3.AJ-1 2 0 3.Am-1 7 0 
3.AJ-1 3 0 3.AM-1 8 0 
3.AJ-1 4 0 3.AM-1 9 0 
3.AJ-15 0 3.AM-20 0 
3.AJ-1 6 0 3.AM-21 0 
Fig. 3.AJ.1 0 3.AM-22 0 
Fig. 3.AJ.2 0 3.AM-23 0 
Fig. 3.AJ.3 0 3.AM-24 0 
3.AK-1 0 ___ 3.AM-25 0 
3.AK-2 0 ___ 3.AM-26 0 
3.AK-3 0 3.AM-27 0 
3.AK-4 0 3.AM-28 0 
3.AK-5 0 3.AM-29 0 
3.AK-6 0 3.AM-30 0 
3.AK-7 0 3.AN-1 0, 
,3.AK-8 0l ____ 3.AN-2 0l
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LIST OF EFFECTIVE PAGES FOR PROPOSED FSAR REVISION 1

Page Revision Paqe Revision 
3.AN-3 0 3.AQ-9 1 
3.AN-4 0 3.AQ-10 1 
3.AN-5 0 3.AR-1 1 
3.AN-6 0 3.AR-2 1 
3.AN-7 0 3.AR-3 1 
3.AN-8 0 3.AR-4 1 
3.AN-9 0 3.AR-5 1 
3.AN-10 0 3.AR-6 1 
3.AN-1 1 0 3.AR-7 1 
3.AN-12 0 3.AR-8 1 
3.AN-1 3 0 3.AR-9 1 
3.AN-14 0 3.AR-10 1 
Fig. 3.AN.1 0 3.AR-11 1 
Fig. 3.AN.2 0 3.AS-1 1 
Fig. 3.AN.3 0 3.AS-2 1 
Fig. 3.AN.4 0 3.AS-3 1 
Fig. 3.AN.5 0 3.AS-4 1 
Fig. 3.AN.6 0 3.AS-5 1 
Fig. 3.AN.7 0 3.AS-6 1 
Fig. 3.AN.8 0 3.AS-7 1 
Fig. 3.AN.9 0 3.AS-8 1 
Fig. 3.AN.1O 0 3.AS-9 1 
Fig. 3.AN.11 0 3.AS-10 1 
Fig. 3.AN.12 0 3.AS-11 1 
Fig. 3.AN.13 0 3.AS-12 1 
Fig. 3.AN.14 0 3.AS-13 1 
Fig. 3.AN.15 0 
Fig. 3.AN.16 0 
Fig. 3.AN.17 0 
Fig. 3.AN.18 0 

Fig. 3.AN.19 0 
Fig. 3.AN.20 0 
Fig. 3.AN.21 0 
Fig. 3.AN.22 0 
Fig. 3.AN.23 0 
Fig. 3.AN.24 0 
Fig. 3.AN.25 0 
Fig. 3.AN.26 0 
Fig. 3.AN.28 0 
Fig. 3.AN.29 0 
Fig. 3.AN.20 0 
3.AO-1 1 B 

3.AP-1 1B 
3.AQ-1 1 
3.AQ-2 1 
3.AQ-3 1 
3.AQ-4 1 
3.AQ-5 1 
3.AQ-6 1 
3.AQ-7 1 
3.AQ-8 1
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LIST OF EFFECTIVE PAGES FOR PROPOSED FSAR REVISION 1

Page Revision Paoe Revision 
4.0-1 1 B 4.4-5 1B 
4.0-2 1B 4.4-6 1B 
4.0-3 1B 4.4-7 1B 
4.1-1 1B 4.4-8 1B 
4.1-2 1B 4.4-9 1B 
4.1-3 1B 4.4-10 1B 
4.1-4 1B 4.4-11 1B 
4.1-5 1B 4.4-12 1B 
4.2-1 1B 4.4-13 1B 
4.2-2 1B 4.4-14 1B 
4.2-3 1B 4.4-15 1B 
4.2-4 1B 4.4-16 1B 
4.2-5 1B 4.4-17 1B 
4.2-6 1B 4.4-18 1B 
4.2-7 1B 4.4-19 1B 
4.2-8 1B 4.4-20 1B 
4.2-9 1B 4.4-21 1B 
4.2-10 1B 4.4-22 1l 
4.2-11 1B 4.4-23 1B 
Fig. 4.2.1 0 4.4-24 1B 
Fig. 4.2.2 0 4.4-25 1B 
4.3-1 1 B 4.4-26 1B 
4.3-2 1B 4.4-27 1 B 
4.3-3 1B 4.4-28 1B 
4.3-4 1B 4.4-29 1B 
4.3-5 1 B 4.4-30 1B 
4.3-6 1B 4.4-31 1B 
4.3-7 1B 4.4-32 1B 
4.3-8 1 B 4.4-33 1B 
4.3-9 1 B 4.4-34 1B 
4.3-10 1 B 4.4-35 1B 
4.3-11 1 B 4.4-36 1B 
4.3-12 1 B 4.4-37 1B 
4.3-13 1B 4.4-38 1B 
4.3-14 1 B 4.4-39 1B 
4.3-15 1B 4.4-40 1B 
4.3-16 1 B 4.4-41 1B 
4.3-17 1B 4.4-42 1B 
4.3-18 1B 4.4-43 1B 
4.3-19 1B 4.4-44 1 B 
4.3-20 1B 4.4-45 1B 
4.3-21 1 B 4.4-46 1B 
4.3-22 1 B 4.4-47 1B 
4.3-23 1B - 4.4-48 1B 
Fig. 4.3.1 0 4.4-49 1B 
Fig. 4.3.2 0 4.4-50 1B 
Fig. 4.3.3 0 4.4-51 1B 
Fig. 4.3.4 0 4.4-52 1B 
4.4-1 1B 4.4-53 1B 
4.4-2 1B 4.4-54 1B 
4.4-3 1B 4.4-55 1B 
4.4-4 1 B _ 4.4-56 1BI
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LIST OF EFFECTIVE PAGES FOR PROPOSED FSAR REVISION 1

Paae Revision Paae Revision 
4.4-57 1B 4.5-13 1B 
4.4-58 1B 4.5-14 1B 
4.4-59 1B 4.5-15 1B 
4.4-60 1B 4.5-16 1B 
4.4-61 1B 4.5-17 1B 
4.4-62 1B 4.5-18 1B 
4.4-63 1B 4.5-19 1B 
4.4-64 1 B 4.5-20 1 B 
4.4-65 1B 4.5-21 1B 
4.4-66 1B 4.5-22 1 B 
4.4-67 1B 4.5-23 1B 
4.4-68 1B 4.5-24 1B 
4.4-69 1B 4.5-25 1B 
4.4-70 1 B Fig. 4.5.1 0 
Fig. 4.4.1 0 Fig. 4.5.2 1 
Fig. 4.4.2 0 Fig. 4.5.3 1B 
Fig. 4.4.3 0 4.6-1 1 
Fig. 4.4.4 0 4.6-2 1 
Fig. 4.4.5 0 4.7-1 1 
Fig. 4.4.6 0 4.7-2 1 
Fig. 4.4.7 0 4.7-3 1 
Fig. 4.4.8 0 4.A-1 1B 
Fig. 4.4.9 0 4.A-2 1B 
Fig. 4.4.10 0 4.A-3 1B 
Fig. 4.4.11 0 4.A-4 1B 
Fig. 4.4.12 0 4.A-5 1B 
Fig. 4.4.13 0 4.A-6 1B 
Fig. 4.4.14 Deleted in Rev. 1 4.A-7 1B 
Fig. 4.4.15 0 4.A-8 1B 
Fig. 4.4.16 1 4.A-9 1 B 
Fig. 4.4.17 1 4.A-10 1B 
Fig. 4.4.18 0 4.A-1 1 1B 
Fig. 4.4.19 1 4.A-12 1B 
Fig. 4.4.20 1 4.A-1 3 1 B 
Fig. 4.4.21 0 4.A-14 1B 
Fig. 4.4.22 Deleted in Rev. 1 4.A-15 1B 
Fig. 4.4.23 Deleted in Rev. 1 4.A-16 1B 
Fig. 4.4.24 0 4.A-17 1B 
Fig. 4.4.25 1 4.A-18 1B 
Fig. 4.4.26 1 4.A-19 1B 
4.5-1 1 B 4.A-20 1 B 
4.5-2 1 B 4.A-21 1 B 
4.5-3 1 B 4.A-22 1 B 
4.5-4 1B 4.A-23 1 B 
4.5-5 1 B 4.A-24 1 B 
4.5-6 1B Fig. 4.A.1 1A 
4.5-7 1B Fig. 4.A.2 1 B 
4.5-8 1B Fig. 4.A.3 1 B 
4.5-9 1 B Fig. 4.A.4 1 B 
4.5-10 1 B Fig. 4.A.5 1B 
4.5-11 1B Fig. 4.A.6 1B 
4.5-12 1 B.
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LIST OF EFFECTIVE PAGES FOR PROPOSED FSAR REVISION 1

Paae Revision Page Revision 
Fig. 4.A.7 1B 
Fig. 4.A.8 1B 
Fig. 4.A.9 1B 
Fig. 4.A.10 1B 
Fig. 4.A. 11 1 B 
Fig. 4.A.12 1B 
Fig. 4.A.13 1B 
4.B-1 1 B 
4.B-2 1B 
4.B-3 1B 
4.B-4 1 B 
4.B-5 1B 
4.B-6 1B 
4.B-7 1B 
4.B-8 1B 
4.B-9 1B 
4.B-10 1 B 
Fig. 4.B.1 1A 
Fig. 4.B.2 1A 
Fig. 4.B.3 1A 
Fig. 4.B.4 1A 
Fig. 4.B.5 1A 
Fig. 4.6.6 1A 
Fig. 4.B.7 1A 
Fig. 4.B.8 1A
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LIST OF EFFECTIVE PAGES FOR PROPOSED FSAR REVISION 1

Paoe Revision Paqe Revision 
5.0-1 1 5.2-18 1B 
5.0-2 1 5.2-19 1B 
5.0-3 1 5.2-20 1B 
5.1-1 1B 5.2-21 1B 
5.1-2 1B 5.2-22 1B 
5.1-3 1B 5.2-23 1B 
5.1-4 1B 5.2-24 1B 
5.1-5 1 B 5.2-25 1B 
5.1-6 1B 5.2-26 1B 
5.1-7 1B 5.2-27 1B 
5.1-8 1B 5.2-28 1B 
5.1-9 1B 5.2-29 1B 
5.1-10 1B 5.2-30 1B 
5.1-11 1B 5.2-31 1B 
5.1-12 1B 5.2-32 1B 
5.1-13 1B 5.2-33 1B 
5.1-14 1B 5.2-34 1B 
5.1-15 1B 5.2-35 1B 
5.1-16 1B 5.2-36 1B 
5.1-17 1B 5.2-37 1B 
5.1-18 1B 5.2-38 1B 
5.1-19 1B 5.2-39 1B 
5.1-20 1B 5.2-40 1B 
Fig. 5.1.1 1 5.2-41 1B 
Fig. 5.1.2 0 5.2-42 1B 
Fig. 5.1.3 1 5.2-43 1 B 
Fig. 5.1.4 0 5.2-44 1B 
Fig. 5.1.5 0 5.2-45 1B 
Fig. 5.1.6 0 5.2-46 1B 
Fig. 5.1.7 0 5.2-47 1B 
Fig. 5.1.8 0 5.2-48 1B 
Fig. 5.1.9 0 5.2-49 1B 
Fig. 5.1.10 0 5.2-50 1B 
Fig. 5.1.11 0 5.2-51 1B 
Fig. 5.1.12 1B 5.2-52 1B 
5.2-1 1B 5.2-53 1 B 
5.2-2 1B 5.2-54 1 B 
5.2-3 1B 5.3-1 1 B 
5.2-4 1B 5.3-2 1B 
5.2-5 1B 5.3-3 1 B 
5.2-6 1B 5.3-4 1 B 
5.2-7 1B 5.3-5 1 B 
5.2-8 1B 5.3-6 1B 
5.2-9 1B 5.3-7 1B 
5.2-10 1B 5.3-8 1B 
5.2-11 1B 5.3-9 1B 
5.2-12 1B 5.3-10 1B 
5.2-13 1B 5.3-11 1B 
5.2-14 1B 5.3-12 1B 
5.2-15 1B Fig. 5.3.1 1 
5.2-16 1B Fig. 5.3.2 0 
5.2-17 1B Fig. 5.3.3 0
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LIST OF EFFECTIVE PAGES FOR PROPOSED FSAR REVISION 1

Pane Revision Paae Revision 
Fig. 5.3.4 1 5.6-2 11B 
Fig. 5.3.5 0 5.6-3 1 B 
Fig. 5.3.6 0 5.A-1 0 
Fig. 5.3.7 0 5.A-2 0 
Fig. 5.3.8 0 5.A-3 0 
Fig. 5.3.9 0 5.B-1 0 
Fig. 5.3.10 1B 5.B-2 0 
Fig. 5.3.11 0 5.B-3 0 
Fig. 5.3.12 0 5.B-4 0 
Fig. 5.3.13 0 5.B-5 0 
Fig. 5.3.14 0 5.B-6 0 
Fig. 5.3.15 0 5.B-7 0 
Fig. 5.3.16 0 5.C-1 0 
Fig. 5.3.17 0 5.C-2 0 
Fig. 5.3.18 1B 5.C-3 0 
Fig. 5.3.19 1B 5.C-4 0 
5.4-1 1 5.C-5 0 
5.4-2 1 5.C-6 0 
5.4-3 1 5.C-7 0 
5.4-4 1 5.C-8 0 
5.4-5 1 5.C-9 0 
5.4-6 1 5.C-10 0 
5.4-7 1 5.C-1 1 0 
5.4-8 1 5.C-12 0 
5.4-9 1 5.C-13 0 
5.4-10 1 5.C-14 0 
5.4-11 1 5.C-1i5 0 
5.4-12 1 5.C-1i6 o 
5.4-13 1 5.C-17 0 
5.4-14 1 5.C-18 0 
5.4-15 1 5.C-19 0 
5.4-16 1 5.C-20 0 
5.4-17 1 5.C-21 0 
5.4-18 1 5.C-22 0 
5.4-19 1 5.C-23 0 
5.4-20 1 5.C-24 0 
5.4-21 1 5.C-25 0 
5.4-22 1 5.C-26 0 
5.4-23 1 5.C-27 0 
5.4-24 1 5.C-28 0 
5.4-25 1 5.C-29 0 
5.4-26 1 5.C-30 0 
5.4-27 1 5.C-31 0 
5.4-28 1 5.C-32 0 
5.4-29 1 5.C-33 0 
5.4-30 1 5.C-34 0 
5.4-31 1 5.C-35 0 
5.4-32 1 5.C-36 0 
5.4-33 1 5.C-37 0 
5.4-34 1 5.C-38 0 
5.5-1 0 5.C-39 0 
5.6-1 1B 5.C-40 0
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LIST OF EFFECTIVE PAGES FOR PROPOSED FSAR REVISION 1

Page Revision Page Revision 
5.C-41 0 
5.C-42 0 
5.C-43 0 
5.C-44 0 
5.C-45 0_ 
5.C-46 0 
5.C-47 0 
5.C-48 0 
5.C-49 0 
5.C-50 0 
5.C-51 0 
5.C-52 0 
5.C-53 0 
5.C-54 0 
5.C-55 0 
5.C-56 0 
5.C-57 0 
5.C-58 0 
5.C-59 0 
5.C-60 0 
5.C-61 0 
5.D-1 0 
5.D-2 0 
5.D-3 0 
5.D-4 0 
5.D-5 0 
5.D-6 0

+ + + 4

i4 i + 4

I I 1� 1

__________ _____ I. ___ .1 __________ .1

--4 I 4 4

J L
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LIST OF EFFECTIVE PAGES FOR PROPOSED FSAR REVISION 1

Page Revision Paae Revision 
6.1-1 1B 6.2-35 1 
6.1-2 1B 6.2-36 1 
6.1-3 1B 6.2-37 1 
6.1-4 1 B 6.2-38 1 
6.1-5 1B 6.2-39 1 
6.1-6 1B 6.2-40 1 
6.1-7 1B 6.2-41 1 
6.1-8 1B 6.2-42 1 
6.1-9 1B 6.2-43 1 
6.1-10 1B 6.2-44 1 
6.1-11 1B 6.2-45 1 
6.1-12 1B 6.2-46 1 
6.1-13 1B 6.2-47 1 
6.1-14 1B 6.2-48 1 
6.1-15 1B 6.2-49 1 
6.1-16 1B 6.2-50 1 
6.1-17 1B 6.2-51 1 
6.1-18 1B 6.2-52 1 
6.2-1 1 6.2-53 1 
6.2-2 1 6.2-54 1 
6.2-3 1 6.2-55 1 
6.2-4 1 6.2-56 1 
6.2-5 1 6.2-57 1 
6.2-6 1 6.2-58 1 
6.2-7 1 6.2-59 1 
6.2-8 1 6.2-60 1 
6.2-9 1 6.2-61 1 
6.2-10 1 6.2-62 1 
6.2-11 1 6.2-63 1 
6.2-12 1 Fig. 6.2.1 0 
6.2-13 1 6.3-1 1B 
6.2-14 1 6.3-2 1 B 
6.2-15 1 6.3-3 1 B 
6.2-16 1 6.3-4 1B 
6.2-17 1 6.3-5 1B 
6.2-18 1 6.3-6 1B 
6.2-19 1 6.3-7 1B 
6.2-20 1 6.3-8 1B 
6.2-21 1 6.3-9 1B 
6.2-22 1 6.3-10 1B 
6.2-23 1 6.3-11 1B 
6.2-24 1 6.3-12 1B 
6.2-25 1 6.3-13 1B 
6.2-26 1 6.3-14 1B 
6.2-27 1 6.3-15 1B 
6.2-28 1 Fig. 6.3.1 0 
6.2-29 1 Fig. 6.3.1A 1B 
6.2-30 1 Fig. 6.3.2 1B 
6.2-31 1 Fig. 6.3.3 0 
6.2-32 1 Fig. 6.3.4 0 
6.2-33 1 Fig. 6.3.4A 1B 
6.2-34 1 Fig. 6.3.5 1B
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LIST OF EFFECTIVE PAGES FOR PROPOSED FSAR REVISION 1

Paae Revision Pa.e Revision Fig. 6.3.6 0 6.A-7 1 
Fig. 6.3.7 1 6.A-8 1 

6.4-1 1B 6.A-9 1 
6.4-2 1B 6.A-10 1 
6.4-3 1B 6.A-11 1 
6.4-4 1B 6.A-12 1 
6.4-5 1B 6.A-13 1 
6.4-6 1B 6.A-14 1 
6.4-7 1 B 6.A-15 1 
6.4-8 1B 6.A-16 1 
6.4-9 1B 6.A-17 1 
6.4-10 1B 6.A-18 1 
6.4-11 1B 6.A-19 1 
6.4-12 1B 6.A-20 1 
6.4-13 1B Fig. 6.A.1 0 
6.4-14 1 B Fig. 6.A.2 0 
6.4-15 1 B Fig. 6.A.3 0 
6.4-16 1 B Fig. 6.A.4 0 
6.4-17 1 B Fig. 6.A.5 0 

6.4-18 1 B Fig. 6.A.6 0 
6.4-19 1 B 6.B-1 0 
6.4-20 1B 6.B-2 0 
6.4-21 1 B 6.C-1 1 
6.4-22 1 B 6.C-2 1 
6.4-23 1 B 6.C-3 1 
6.4-24 1 B 6.C-4 1 
6.4-25 1 B 6.C-5 1 
Fig. 6.4.1 0 6.C-6 1 
Fig. 6.4.2 1 6.C-7 1 
Fig. 6.4.3 1 6.C-8 1 
Fig. 6.4.4 1 6.C-9 1 
Fig. 6.4.5 1 6.C-10 1 
Fig. 6.4.6 1 6.C-11 1 
Fig. 6.4.7 1 6.C-12 1 
Fig. 6.4.8 1 6.C-13 1 
Fig. 6.4.9 1 6.C-14 1 
Fig. 6.4.10 0 6.C-15 1 
Fig. 6.4.11 1 6.C-16 1 
Fig. 6.4.12 1 6.C-17 1 
Fig. 6.4.13 1 6.D-1 0 
Fig. 6.4.14 1 6.D-2 0 
Fig. 6.4.15 1 6.D-3 0 
6.5-1 0 6.D-4 0 
6.6-1 0 6.D-5 0 
6.7-1 0 6.D-6 0 
6.7-2 0 6.D-7 0 
6.A-1 1 6.D-8 0 
6.A-2 1 6.D-9 0 
6.A-3 1 6.D-10 0 
6.A-4 1 6.D-11 0 
6.A-5 1 6.D-12 0 
6.A-6 1 16.D-13 0

HI-STORM FSAR PAGE 21 of 31



LIST OF EFFECTIVE PAGES FOR PROPOSED FSAR REVISION 1

Pace Revision Paoe Revision 
6.D-14 0 
6.D-15 0 
6.D-16 0 
6.D-17 0 
6.D-18 0 
6.D-1 9 0 
6.D-20 0 
6.D-21 0 
6.D-22 0 
6.D-23 0 
6.D-24 0 
6.D-25 0 
6.D-26 0 
6.D-27 0 
6.D-28 0 
6.D-29 0 
6.D-30 0 
6.D-31 0 
6.D-32 0 
6.D-33 0

1-- 4. 4 1-

4-- F + 4

F 4 4

1-� 4. t +

1-- -F 4 ±

4-- + 4 -I-

4-- 4 4 4- ______________

1*� 1- 4. -+

4-- ± I- -4

4- + F 4

4-- 4 4. 4 ______________

1- 4. 4

-4- F 4

4-- 4 + 4

-4-.- 4 -4- 4

1 1- 4

4 + 4

4-- 4 4- 4

1 1 4

-4--- 4 4 4

4 4 4

4-.- 4 4 ______________

4 4 4

-4--- + 4 4

4--- 4 4 4

4 4 4

4--- 4 4 F

4-.- 4 4 4

t 4 F
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LIST OF EFFECTIVE PAGES FOR PROPOSED FSAR REVISION 1

Page Revision Page Revision 
7.0-1 0 7.A-14 1B 
7.1-1 1A 7.A-15 1B 
7.1-2 1A 7.A-16 1B 
7.1-3 1A 7.A-17 1B 
7.1-4 1A 7.A-18 1B 
7.1-5 1A 7.A-19 1B 
7.1-6 1A 7.A-20 1 B 
7.1-7 1A 7.A-21 1B 
Fig. 7.1.1 0 7.A-22 1B 
7.2-1 1B 7.A-23 1B 
7.2-2 1B 7.A-24 1 B 
7.2-3 1B 7.A-25 1 B 
7.2-4 1 B 7.A-26 1 B 
7.2-5 1B 7.A-27 1B 
7.2-6 1B 7.A-28 1B 
7.2-7 1B 7.A-29 1B 
7.2-8 1 B 7.A-30 1 B 
7.2-9 1B 7.A-31 1B 
7.3-1 1B 7.A-32 1B 
7.3-2 1 B 7.A-33 1B 
7.3-3 1B 7.A-34 1B 
7.3-4 1B 7.A-35 1B 
7.3-5 1B 7.A-36 1B 
7.3-6 1 B 7.A-37 1B 
7.3-7 1 B 7.A-38 1B 
7.3-8 1B 7.A-39 1B 
7.3-9 1B 7.A-40 1B 
7.3-10 1B 7.A-41 1B 
7.3-11 1B 7.A-42 1B 
7.3-12 1B 7.A-43 1B 
7.3-13 1B 7.A-44 1B 
7.3-14 1B 7.A-45 1B 
7.3-15 1 B 7.A-46 1B 
7.3-16 1B 7.A-47 1B 
7.3-17 1B 7.A-48 1B 
7.3-18 1B 7.A-49 1B 
7.3-19 1 B 7.A-50 1B 
7.4-1 1 7.A-51 1B 
7.4-2 1 7.A-52 1B 
7.A-1 1 B 7.A-53 1B 
7.A-2 1B 7.A-54 1B 
7.A-3 1B 7.A-55 1B 
7.A-4 1 B 7.A-56 1B 
7.A-5 1B 7.A-57 1B 
7.A-6 1 B 7.A-58 1B 
7.A-7 1 B 7.A-59 1B 
7.A-8 1B 7.A-60 1B 
7.A-9 1B 7.A-61 1B 
7.A-10 1B 7.A-62 1B 
7.A-1 1 1 B 7.A-63 1B 
7.A-12 1B 7.A-64 1B 
7.A-13 1B 7.A-65 1B

HI-STORM FSAR PAGE 23 of 31



LIST OF EFFECTIVE PAGES FOR PROPOSED FSAR REVISION 1

Paoe Revision Paoe Revision 
7.A-66 1B 
7.A-67 1B 
7.A-68 1B 
7.A-69 1B 
7.A-70 1B 
7.A-71 1B 
7.A-72 1B 
7.A-73 1B 
7.A-74 1B 
7.A-75 1B 
7.A-76 1B 
7.A-77 1B 
7.A-78 1B 

7.A-79 1B 
7.A-80 1B 
7.A-81 1B 
7.A-82 1B 

7.A-83 1B 
7.A-84 1B 
7.A-85 1B 
7.A-86 1B 
7.A-87 1B 
7.A-88 1B 
7.A-89 1B 
7.A-90 1B 
7.A-91 1B

__________________________________________ ___________________ I _____________ .1 ___________________________________________ 1 ______________________

i i i

I-- I -i 4
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LIST OF EFFECTIVE PAGES FOR PROPOSED FSAR REVISION 1

Paqe Revision Page Revision 
8.0-1 1 Fig. 8.1.1 1A 
8.0-2 1 Fig. 8.1.2a 0 
8.0-3 1 Fig. 8.1.2b 0 
8.0-4 1 Fig. 8.1.2c 0 
8.0-5 1 Fig. 8.1.2d 0 
8.0-6 1 Fig. 8.1.2e 0 
8.1-1 1B Fig. 8.1.2f 0 
8.1-2 1B Fig. 8.1.3 0 
8.1-3 1 B Fig. 8.1.4 0 
8.1-4 1B Fig. 8.1.5 0 
8.1-5 1B Fig. 8.1.6 0 
8.1-6 1B Fig. 8.1.7 0 
8.1-7 1B Fig. 8.1.8 0 
8.1-8 1B Fig. 8.1.9 0 
8.1-9 1B Fig. 8.1.10 0 
8.1-10 1B Fig. 8.1.11 0 
8.1-11 1B Fig. 8.1.12 0 
8.1-12 1B Fig. 8.1.13 0 

8.1-13 1B Fig. 8.1.14 0 
8.1-14 1B Fig. 8.1.15 0 
8.1-15 1B Fig. 8.1.16 0 
8.1-16 1B Fig. 8.1.17 0 
8.1-17 1B Fig. 8.1.18 0 
8.1-18 1B Fig. 8.1.19 0 
8.1-19 1B Fig. 8.1.20 0 
8.1-20 1B Fig. 8.1.21 0 
8.1-21 1B Fig. 8.1.22a 1A 
8.1-22 1B Fig. 8.1.22b 1A 
8.1-23 1B Fig. 8.1.23 0 
8.1-24 1B Fig. 8.1.24 0 
8.1-25 1 B Fig. 8.1.25 0 
8.1-26 1B Fig. 8.1.26 0 
8.1-27 1B Fig. 8.1.27 0 
8.1-28 1B Fig. 8.1.28 0 
8.1-29 1B Fig. 8.1.29a 0 
8.1-30 1B Fig. 8.1.29b 0 
8.1-31 1B Fig. 8.1.30 0 
8.1-32 1B Fig. 8.1.31 0 
8.1-33 1B Fig. 8.1.32 0 
8.1-34 1B Fig. 8.1.33 0 
8.1-35 1B Fig. 8.1.34a 0 
8.1-36 1B Fig. 8.1.34b 0 
8.1-37 1B Fig. 8.1.35 0 
8.1-38 1B Fig. 8.1.36 0 
8.1-39 1B Fig. 8.1.37 0 
8.1-40 1 B 8.2-1 1 
8.1-41 1 B 8.3-1 1 B 
8.1-42 1 B 8.3-2 1 B 
8.1-43 1B 8.3-3 1B 
8.1-44 1B 8.3-4 1B 
8.1-45 1B 8.3-5 1B 
8.1-46 1 B 18.3-6 1B
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LIST OF EFFECTIVE PAGES FOR PROPOSED FSAR REVISION 1

Page Revision Pae Revision 
8.3-7 1 B 
8.3-8 1 B 
8.3-9 1 B 
8.3-10 1 B 
8.3-11 1 B 
Fig. 8.3.1 0 
Fig. 8.3.2a 0 
Fig. 8.3.2b 0 
Fig. 8.3.2c 0 
!Fig. 8.3.2d 0 
Fig. 8.3.3 0 

Fig. 8.3.4 0 
8.4-1 1 
8.4-2 1 
8.5-1 1 
8.5-2 1 
8.5-3 1 
8.5-4 1 
8.6-1 0

4-- 4

4 I-

4.- 4 4 I-

4. i 4

4-- 4 4 I-

4-- 4 4 I-

HI-STORM FSAR

I

PAGE 26 of 31



LIST OF EFFECTIVE PAGES FOR PROPOSED FSAR REVISION 1

Page Revision Paqe Revision 
9.0-1 0 
9.1-1 1B 
9.1-2 1B 
9.1-3 1B 
9.1-4 1B 
9.1-5 1B 
9.1-6 1B 
9.1-7 1B 
9.1-8 1B 
9.1-9 1B 
9.1-10 1B 
9.1-11 1B 
9.1-12 1B 
9.1-13 1B 
9.1-14 1B 
9.1-15 1B 
9.1-16 1B 
9.1-17 1B 
9.1-18 1B 
9.1-19 1B 
9.1-20 1B 
9.1-21 1B 
9.1-22 1B 
9.1-23 1 B 
9.1-24 1 B 
9.1-25 1 B 
9.1-26 1 B 
9.1-27 1 B 
9.2-1 0 
9.2-2 0 
9.2-3 0 
9.2-4 0 
9.3-1 0 
9.4-1 0
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LIST OF EFFECTIVE PAGES FOR PROPOSED FSAR REVISION 1

Paae Revision Paue Revision 
10.1-1 1B 10.4-4 1 
10.1-2 1B 10.4-5 1 
10.1-3 1B 10.5-1 0 
10.1-4 1B 
10.1-5 1B 
10.1-6 1B 
10.1-7 1B 
10.1-8 1B 
Fig. 10.1.1 0 
10.2-1 1 
10.3-1 1B 
10.3-2 1B 
10.3-3 1B 
10.3-4 1B 
10.3-5 1B 
10.3-6 1B 
10.3-7 1B 
10.3-8 1B 
10.3-9 1B 
10.3-10 1B 
10.3-11 1B 
10.3-12 1B 
10.3-13 1B 
10.3-14 1B 
10.3-15 1B 
10.3-16 1B 
10.3-17 1B 
10.3-18 1B 
10.3-19 1B 
10.3-20 1B 
10.3-21 1B 
10.3-22 1B 
10.3-23 1B 
10.3-24 1B 
10.3-25 1B 
10.3-26 1B 
10.3-27 1B 
10.3-28 1B 
10.3-29 1B 
10.3-30 1B 
10.3-31 1B 
10.3-32 1B 
Fig. 10.3.1 a 0 
Fig. 10.3.1 b 0 
Fig. 10.3.1 c 0 
Fig. 10.3.1d 0 
Fig. 10.3.1e 0 
10.4-1 1 
10.4-2 1 
10.4-3 1
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LIST OF EFFECTIVE PAGES FOR PROPOSED FSAR REVISION 1

Page Revision Page Revision 
11.1-1 1 11.2-37 1B 
11.1-2 1 11.2-38 1B 
11.1-3 1 11.2-39 1B 
11.1-4 1 11.2-40 1B 
11.1-5 1 11.2-41 1B 
11.1-6 1 11.2-42 1B 
11.1-7 1 11.2-43 1B 

11.1-8 1 11.2-44 1B 
11.1-9 1 11.2-45 1B 
11.1-10 1 11.2-46 1B 
11.1-11 1 11.2-47 1B 
11.1-12 1 11.2-48 1B 
11.1-13 1 11.2-49 1B 
11.1-14 1 11.2-50 1B 
11.1-15 1 Fig. 11.2.1 0 
11.1-16 1 Fig. 11.2.2 0 
11.2-1 1B Fig. 11.2.3 0 
11.2-2 1B Fig. 11.2.4 0 
11.2-3 1B Fig. 11.2.5 0 
11.2-4 1B Fig. 11.2.6 1 

11.2-5 1B Fig. 11.2.7 0 
11.2-6 1B Fig. 11.2.8 Deleted in Rev. 1 
11.2-7 1B 11.3-1 0 
11.2-8 1 B 
11.2-9 1B 
11.2-10 1B 
11.2-11 1B 
11.2-12 1B 
11.2-13 1B 
11.2-14 1B 
11.2-15 1B 
11.2-16 1B 
11.2-17 1B 
11.2-18 1B 
11.2-19 1B 
11.2-20 1 B 
11.2-21 1B 
11.2-22 1 B 
11.2-23 1 B 
11.2-24 1B 
11.2-25 1B 
11.2-26 1 B 
11.2-27 1B 
11.2-28 1B 
11.2-29 1B 
11.2-30 1 B 
11.2-31 1B 
11.2-32 1 B 
11.2-33 1 B 
11.2-34 1B 
11.2-35 1 B 

111.2-36 1 B _
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LIST OF EFFECTIVE PAGES FOR PROPOSED FSAR REVISION 1

Paoe Revision Paqe Revision 
12.0-1 0 B 3.3.1-1 1 
12.1-1 1A B 3.3.1-2 1 
12.1-2 1A B 3.3.1-3 1 
12.1-3 1A B 3.3.1-4 1 
12.2-1 1B B 3.3.1-5 1 
12.2-2 1B Appendix 12.B Cover 1 
12.2-3 1 B Comment Resolution Letters 0 
12.2-4 1B 21 Pages 
12.2-5 1B 
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CHAPTER 1': GENERAL DESCRIPTION

1.0 GENERAL INFORMATION 

This Final Safety Analysis Report (FSAR) for Holtec International's rn-STORM 100 System is a 
compilation of information and analyses to support a United States Nuclear Regulatory Commission 
(NRC) licensing review as a spent nuclear fuel (SNF) dry storage cask under requirements specified 
in 10CFR72 [1.0.1]. This application seeks NRC approval and issuance of a Certificate of 
Compliance (C of C) for storage under provisions of 10CFR72, Subpart L, for the HI-STORM 100 
System to safely store spent nuclear fuel (SNF) at an Independent Spent Fuel Storage Installation 
(ISFSI). This report has been prepared in the format and content suggested in NRC Regulatory Guide 
3.61 [1.0.2] and NUREG-1536 Standard Review Plan for Dry Cask Storage Systems [1.0.3] to 
facilitate the NRC review process.  

The purpose of this chapter is to provide a general description of the design features and storage 
capabilities of the HI-STORM 100 System, drawings of the structures, systems, and components 
important to safety, and the qualifications of the applicant. This report is also suitable for 
incorporation into a site-specific Safety Analysis Report which may be submitted by an applicant for 
-he a license to store SNF at an ISFSI or a facility similar in objective and scope. Table 1.0.1 
contains a listing of the terminology and notation used in this FSAR.  

To aid NRC review, additional tables and references have been added to facilitate the location of 
information requested by NUREG-1536. Table 1.0.2 provides a matrix of the topics in NUREG
1536 and Regulatory Guide 3.61, the corresponding 10CFR72 requirements, and a reference to the 
applicable FSAR section that addresses each topic.  

The HI-STORM 100 FSAR is in full compliance with the intent of all regulatory requirements listed 
in Section III of each chapter of NUREG-1536. However, an exhaustive review of the provisions in 
NUREG-1536, particularly Section IV (Acceptance Criteria) and Section V (Review Procedures) has 
identified certain deviations from a verbatim compliance to all guidance, eq•i.ement... A list of all I 
such items, along with a discussion of their intent and Holtec International's approach for 
compliance with the underlying intent is presented in Table 1.0.3 herein. Table 1.0.3 also contains 
the justification for the alternative method for compliance adopted in this FSAR. The justification 
may be in the form of a supporting analysis, established industry practice, or other NRC guidance 

This chapter has been prepared in the format and section organization set forth in Regulatory Guide 

3.61. However, the material content of this chapter also fulfills the requirements of NUREG-1536.  
Pagination and numbering of sections, figures, and tables are consistent with the convention set down 
in Chapter 1, Section 1.0, herein. Finally, all terms-of-art used in this chapter are consistent with the 
terminology of the glossary (Table 1.0.1) and component nomenclature of the Bill-of-Materials 
(Section 1.5).  
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documents. Each chapter in this FSAR provides a clear statement with respect to the extent of 
compliance to the NUREG-1536 provisions.  

Chapter 1 is in full compliance with NUREG-1536; no exceptions are taken.  

The generic design basis and the corresponding safety analysis of the HI-STORM 100 System 
contained in this FSAR are intended to bound the SNF characteristics, design, conditions, and 
interfaces that exist in the vast majority of domestic power reactor sites and potential away-from
reactor storage sites in the contiguous United States. This FSAR also provides the basis for 
component fabrication and acceptance, and the requirements for safe operation and maintenance of 
the components, consistent with the design basis and safety analysis documented herein. In 
accordance with 1OCFR72, Subpart K, site-specific implementation of the generically certified HI
STORM 100 System requires that the licensee perform a site-specific safety evaluation, as defined in 
10CFR72.212. The HI-STORM 100 System FSAR identifies a limited number of conditions that are 
necessarily site-specific and are to be addressed in the licensee's 10CFR72.212 evaluation. These 
include: 

" Siting of the ISFSI and design of the storage pad (including the embedment for 
anchored cask users) and security system. Site-specific demonstration of compliance 
with regulatoiy dose limits. Implementation of a site-specific ALARA program.  

" An evaluation of site-specific hazards and design conditions that may exist at the 
ISFSI site or the transfer route between the plant's cask receiving bay and the ISFSI.  
These include, but are not limited to, explosion and fire hazards, flooding conditions, 
land slides, and lightning protection.  

" Determination that the physical and nucleonic characteristics and the condition of the 
SNF assemblies to be dry stored meet the fuel acceptance requirements of the 
Certificate of Compliance.  

" An evaluation of interface and design conditions that exist within the plant's fuel 
building in which canister fuel loading, canister closure, and canister transfer 
operations are to be conducted in accordance with the applicable 10CFR50 
requirements and technical specifications for the plant.  

" Detailed site-specific operating, maintenance, and inspection procedures prepared in 
accordance with the generic procedures and requirements provided in Chapters 8 and 
9, and the technical specifications provided in the Certificate of Compliance.  

"* Performance of pre-operational testing.  

"* Implementation of a safeguards and accountability program in accordance with 
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10CFR73. Preparation of a physical security plan in accordance with 10CFR73.55.  

Review of the reactor emergency plan, quality assurance (QA) program, training 
program, and radiation protection program.  

The generic safety analyses contained in the HI-STORM 100 FSAR may be used as input and for 
guidance by the licensee in performing a 10CFR72.212 evaluation.  

Within this report, all figures, tables and references cited are identified by the double decimal system 
m.n.i, where m is the chapter number, n is the section number, and i is the sequential number. Thus, 
for example, Figure 1.2.3 is the third figure in Section 1.2 of Chapter 1.  

Revisions to this document are made on a section level basis. Complete sections have been replaced 
if any material in the section changed. The specific changes are noted with revision bars in the right 
margin. Figures are revised individually. Drawings are controlled separately within the Holtec QA 
program and have individual revision numbers. Bills-of-Material (BOMs) are considered separate 
drawings and are not necessarily at the same revision level as the drawing(s) to which they apply. If 
a drawing or BOM was revised in support of the current FSAR revision, that drawing/BOM is 
included in Section 1.5 at its latest revision level. Drawings and BOMs appearing in this FSAR may 
be revised between formal updates to the FSAR. Therefore, the revisions of drawings/BOMs in 
Section 1.5 may not be current. Drawing users should always consult the latest revisions of 
drawings/BOMs in work activities. The latest revisions of these documents are available through 
Holtec International.
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Table 1.0.1

TERMINOLOGY AND NOTATION 

ALARA is an acronym for As Low As Reasonably Achievable.  

Boral is a generic term to denote an aluminum-boron carbide cermet manufactured in accordance 
with U.S. Patent No. 4027377. The individual material supplier may use another trade name to refer 
to the same product.  

BoralTM means Boral manufactured by AAR Advanced Structures.  

BWR is an acronym for boiling water reactor.  

C.G. is an acronym for center of gravity.  

Confinement Boundary means the outline formed by the sealed, cylindrical enclosure of the Multi
Purpose Canister (MPC) shell welded to a solid baseplate, a lid welded around the top circumference 
of the shell wall, the port cover plates welded to the lid, and the closure ring welded to the lid and 
MPC shell providing the redundant sealing.  

Confinement System means the Multi-Purpose Canister (MPC) which encloses and confines the 
spent nuclear fuel during storage.  

Controlled Area means that: area immediately surrounding an ISFSI for which the owner/user 
exercises authority over its use and within which operations are performed.  

Cooling Time for a spent fuel assembly is the time between its discharge from the reactor (reactor 
shutdown) and the time the spent fuel assembly is loaded into the MPC.  

DBE means Design Basis Ea:rthquake.  

DCSS is an acronym for Dry Cask Storage System.  

Damaged Fuel Assembly is a fuel assembly with known or suspected cladding defects, as 
determined by review of records, greater than pinhole leaks or hairline cracks, missing empty fuel rod 
locations that are not replaced with dummy fuel rods, or those that cannot be handled by normal 
means. A damaged fuel assembly's inability to be handled by n.rm.al means may be due to 
meehaniea 1 damage and mu nmet be d. e to fuel eladding damage. Fuel assemblies that cannot be 
handled by normal means due to fuel cladding damage are considered fuel debris.  

Damaged Fuel Container (or Canister) means a specially designed enclosure for damaged fuel or 
fuel debris which permits gaseous and liquid media to escape while minimizing dispersal of gross 
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Table 1.0.1

TERMINOLOGY AND NOTATION 

particulates. The Damaged Fuel Container/Canister (DFC) features a lifting location which is 
suitable for remote handling of a loaded or unloaded DFC.  

Design Life is the minimum duration for which the component is engineered to perform its intended 
function set forth in this FSAR, if operated and maintained in accordance with this FSAR.  

Design Report is a document prepared, reviewed and QA validated in accordance with the 
provisions of 10CFR72 Subpart G. The Design Report shall demonstrate compliance with the 
requirements set forth in the Design Specification. A Design Report is mandatory for systems, 
structures, and components designated as Important to Safety.  

Design Specification is a document prepared in accordance with the quality assurance requirements 
of 10CFR72 Subpart G to provide a complete set of design criteria and functional requirements for a 
system, structure, or component, designated as Important to Safety, intended to be used in the 
operation, implementation, or decommissioning of the HI-STORM 100 System.  

Enclosure Vessel means the pressure vessel defined by the cylindrical shell, baseplate, port cover 
plates, lid, and closure ring which provides confinement for the helium gas contained within the 
MPC. The Enclosure Vessel (EV) and the fuel basket together constitute the multi-purpose canister.  

Fracture Toughness is a property which is a measure of the ability of a material to limit crack 
propagation under a suddenly applied load.  

Fuel Basket means a honeycombed structural weldment with square openings which can accept a 
fuel assembly of the type for which it is designed.  

Fuel Debris refers to ruptured fuel rods, severed rods, and loose fuel pellets, or fuel assemblies with 
known or suspected defects which cannot be handled by normal means due to fuel cladding damage.  

High Burnup Fuel is a spent fuel assembly with an average burnup greater than 45,000 
MWD/MTU.  

HI-TRAC transfer cask or HI-TRAC means the transfer cask used to house the MPC during MPC 
fuel loading, unloading, drying, sealing, and on-site transfer operations to a HI-STORM storage 
overpack or HI-STAR storage/transportation overpack. The HI-TRAC shields the loaded MPC 
allowing loading operations to be performed while limiting radiation exposure to personnel. The HI
TRAC is equipped with a pair of lifting trunnions and pocket trunnions to lift and downend/upend 
the HI-TRAC with a loaded MPC. HI-TRAC is an acronym for Holtec International Transfer Cask.  
In this submittal there are two HI-TRAC transfer casks, the 125 ton HI-TRAC (HI-TRAC-125) and 
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Table 1.0.1 (continued) 

TERMINOLOGY AND NOTATION 

the 100 ton HI-TRAC (HI-i RAC-100). The 100 ton HI-TRAC is provided for use at sites with a 
maximum crane capacity of 400 less than 125 tons. The term HI-TRAC is used as a generic term to I 
refer to both the 125 ton and 100 ton HI-TRAC.  

HI-STORM 100 overpack or storage overpack means the cask whiek that receives and contains the 
sealed multi-purpose canisters containing spent nuclear fuel. It provides the gamma and neutron 
shielding, ventilation passages, missile protection, and protection against natural phenomena and 
accidents for the MPC. The term "overpack" as used in this FSAR refers to both the standard 
design overpack (HI-STORM 100), the alternate design overpack (HI-STORM 100S), and either of 
these as an overpack designed for high seismic deployment (HI-STORM 1OA or HI-STORM 
100SA), unless otherwise clarified.  

HI-STORM 100 System consists of a loaded MPC placed within the HI-STORM 100 overpack.  

71oltt 2,+ is a trad-ename de+oing an appro-ved neutron shield mater+ialf.r. use in the .HI STO I 
100 System. In this applieatkon-, Holtite A is the only approvewd neutron shield material.  

HoltiteTm is the trade name for all present and future neutron shielding materials formulated under 
Holtec International's R&D program dedicated to developing shielding materials for application in 
dry storage and transport systems. The Holtite development program is an ongoing experimentation 
effort to identify neutron shielding materials with enhanced shielding and temperature tolerance 
characteristics. Holtite-A T is the first and only shielding material qualified under the Holtite R&D 
program. As such, the terms Holtite and Holtite-A may be used interchangeably throughout this 
FSAR.  

Holtite ' -A is a trademarked Holtec International neutron shield material. eemmereia!y a-'wilab 
neutron shield materiak&devlope by Bisco, Inc-., and cur-rently sold under th4e trade nameNAS 4 FR?.  
The neutron shield materiaI- is speifedW with a minimum BtC- loadin of 1 weight perceent-. An 
equivalet neutroen shield material with equivalet neutoen shielding properties and eempesitien, but 
not sold under the trde.nam. A.S 4 F., may be used.  

Important to Safety (ITS) means a function or condition required to store spent nuclear fuel safely; 
to prevent damage to spent ruclear fuel during handling and storage, and to provide reasonable 
assurance that spent nuclear fuel can be received, handled, packaged, stored, and retrieved without 
undue risk to the health and safety of the public.  

Independent Spent Fuel Storage Installation (ISFSI) means a facility designed, constructed, and 
licensed for the interim storage of spent nuclear fuel and other radioactive materials associated with 
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Table 1.0.1 (continued)

TERMINOLOGY AND NOTATION 

spent fuel storage in accordance with 10CFR72.  

Intact Fuel Assembly is defined as a fuel assembly without known or suspected cladding defects 
greater than pinhole leaks and hairline cracks, and which can be handled by normal means. Partial 
fuel assemblies, that is fuel assemblies from which fuel rods are missing, shall not be classified as 
Intact Fuel Assemblies unless dummy fuel rods are used to displace an amount of water greater than 
or equal to that displaced by the original fuel rod(s).  

License Life means the duration for which the system is authorized by virtue of its certification by 
the U.S. NRC.  

Lowest Service Temperature (LST) is the minimum metal temperature of a part for the specified 
service condition.  

Maximum Reactivity means the highest possible k-effective including bias, uncertainties, and 
calculational statistics evaluated for the worst-case combination of fuel basket manufacturing 
tolerances.  

METCON ' is a trade name for the HI-STORM 100 overpack. The trademark is derived from the 
metal-concrete composition of the HI-STORM 100 overpack.  

MGDS is an acronym for Mined Geological Disposal System.  

Moderate Burnup Fuel is a spent fuel assembly with an average burnup less than or equal to 
45,000 MWD/MTU.  

Multi-Purpose Canister (MPC) means the sealed canister which consists of a honeycombed fuel 
basket for spent nuclear fuel storage, contained in a cylindrical canister shell which is welded to a 
baseplate, lid with welded port cover plates, and closure ring. MPC is an acronym for multi-purpose 
canister. There are different MPCs with different fuel basket geometries for storing PWR or BWR 
fuel, but all MPCs have identical exterior dimensions. The MPC is the confinement boundary for 
storage conditions. The MPC-s used as par.t of the A. STOR M 100 System are idential to the HI 
STAR 400 MPGs evaluate in the AW SLTAR 100 storage 6Doeeket Xo. -72 1900) and transportf 
(DocketAZNo. 71 9261') applieation-s.  

NDT is an acronym for Nil Ductility Transition Temperature, which is defined as the temperature at 
which the fracture stress in a material with a small flaw is equal to the yield stress in the same 
material if it had no flaws.  
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Table 1.0.1 (continued)

TERMINOLOGY AND NOTATION 

Neutron Shielding means a material used to thermalize and capture neutrons emanating from the 
radioactive spent nuclear fuel.  

Non-Fuel Hardware is defined as Burnable Poison RodAssemblies (BPRAs), Thimble Plug Devices 
(TPDs), Control Rod Assemblies (CRAs), Axial Power Shaping Rods (APSRs), Wet Annular 
Burnable Absorbers (WABAs), Rod Cluster Control Assemblies (RCCAs), Control element 
assemblies, water displacement guide tube plugs, and orifice rod assemblies.  

Planar-Average Initial Enrichment is the average of the distributed fuel rod initial enrichments 
within a given axial plane of the assembly lattice.  

Preferential Fuel Loading is a requirement in the CoC applicable to uniform fuel loading whenever 
fuel assemblies with significantly different post-irradiation cooling times (> 1 year) are to be loaded 
in the same MPC. Fuel assemblies with the longest post-irradiation cooling time are loaded into 
fuel storage locations at the periphery of the basket. Fuel assemblies with shorter post-irradiation 
cooling times are placed toward the center of the basket. Regionalized fuel loading meets the intent 
of preferential fuel loading. Preferential fuel loading is a requirement in addition to other 
restrictions in the CoC such as those for non-fuel hardware and damaged fuel containers.  

Post-Core Decay Time (PCD T) is synonymous with cooling time.  

PWR is an acronym for pressurized water reactor.  

Reactivity is used synonymously with effective neutron multiplication factor or k-effective.  

Regionalized Fuel Loading is a term used to describe an optionalfuel loading strategy used in lieu 
of uniform fuel loading. Regionalized fuel loading allows high heat emitting fuel assemblies to be 
stored in fuel storage locations in the center of the fuel basket provided lower heat emitting fuel 
assemblies are stored in the peripheral fuel storage locations. Users choosing regionalized fuel 
loading must also consider other restrictions in the CoC such as those for non-fuel hardware and 
damaged fuel containers. Regionalized fuel loading meets the intent ofpreferential fuel loading.  

SAR is an acronym for Safety Analysis Report (10CFR71).  

Service Life means the duration for which the component is reasonably expected to perform its 
intended function, if operated and maintained in accordance with the provisions of this FSAR.  
Service Life may be much longer than the Design Life because of the conservatism inherent in the 
codes, standards, and procedures used to design, fabricate, operate, and maintain the component.  
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Table 1.0.1 (continued) 

TERMINOLOGY AND NOTATION 

Single Failure Proof means that the handling system is designed so that all directly loaded tension 
and compression members are engineered to satisfy the enhanced safety criteria of Paragraphs 
5.1.6(1)(a) and (b) of NUREG-0612.  

SNF is an acronym for spent nuclear fuel.  

SSC is an acronym for Structures, Systems and Components.  

STP is Standard Temperature and Pressure conditions.  

Thermosiphon is the term used to describe the buoyancy-driven natural convection circulation of 
helium within the MPC fuel basket.  

FSAR is an acronym for Final Safety Analysis Report (10CFR72).  

Uniform FuelLoading is a fuel loading strategy where any authorized fuel assembly may be stored 
in any fuel storage location, subject to other restrictions in the CoC, such as preferential fuel 
loading, and those applicable to non-fuel hardware, and damaged fuel containers.  

ZPA is an acronym for zero period acceleration.  
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Table 1.0.2

HI-STORM 100 SYSTEM FSAR REGULATORY COMPLIANCE 
CROSS-REFERENCE MATRIX

Applicable 
Regulatory Guide 3.61 Associated NUREG- 10CFR72 HI-STORM 

Section and Content 1536 Review Criteria or 10CFR20 FSAR 
Requirement 

1. General Description 
1.1 Introduction i.m.I General Description 10CFR72.24(b) 1.1 

& Operational 
Features 

1.2 General Description 1.111.1 General Description 10CFR72.24(b) 1.2 
& Operational 
Features 

1.2.1 Cask 1.II. 1 General Description 10CFR72.24(b) 1.2.1 
Character- & Operational 
istics Features 

1.2.2 Operational 1.IH.1 General Description 1OCFR72.24(b) 1.2.2 
Features & Operational 

Features 
1.2.3 Cask 1.III.3 DCSS Contents 10CFR72.2(a)(1) 1.2.3 

Contents 1OCFR72.236(a) 
1.3 Identification of 1.111.4 Qualification of the 1OCFR72.24(j) 1.3 

Agents & Contractors Applicant 10CFR72.28(a) 
1.4 Generic Cask Arrays 1 .11. 1 General Description 10CFR72.24(c)(3) 1.4 

& Operational 
Features 

1.5 Supplemental Data 1.HI.2 Drawings 1OCFR72.24(c)(3) 1.5 
NA 1.2I1.6 Consideration of 1OCFR72.230(b) 1.1 

Transport 1OCFR72.236(m) 
Requirements 

NA 1.HI.5 Quality Assurance 10CFR72.24(n) 1.3 
2. Principal Design Criteria 

2.1 Spent Fuel To Be 2.III.2.a Spent Fuel 1OCFR72.2(a)(1) 2.1 
Stored Specifications 10CFR72.236(a) 

2.2 Design Criteria for 2.HI.2.b External 
Environmental Conditions, 10CFR72.122(b) 2.2 
Conditions and 2.I1I.3.b Structural, 1OCFR72.122(c 2.2.3.3, 2.2.3.10 
Natural Phenomena 2.II.3.c Thermal 

1OCFR72.122(b) 
(1) 2.2 
1OCFR72.122(b) 
(2) 2.2.3.11 
10CFR72.122(h) 
(1) 2.0
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Table 1.0.2 (continued)

HI-STORM 100 SYSTEM FSAR REGULATORY COMPLIANCE 
CROSS REFERENCE MATRIX

Applicable 
Regulatory Guide 3.61 Associated NUREG- 10CFR72 HI-STORM 

Section and Content 1536 Review Criteria or 1OCFR20 FSAR 
Requirement 

2.2.1 Tornado and 2.III.2.b External Conditions 1OCFR72.122(b) 2.2.3.5 
Wind (2) 
Loading 

2.2.2 Water Level 2.IIl.2.b External Conditions 1OCFR72.122(b) 2.2.3.6 
(Flood) (2) 

2.Ill.3.b Structural 
2.2.3 Seismic 2.fIH.3.b Structural 10CFR72.102(f) 2.2.3.7 

10CFR72.122(b) 
(2) 

2.2.4 Snow and Ice 2.11.2.b External Conditions 1OCFR72.122(b) 2.2.1.6 

2.IIl.3.b Structural 
2.2.5 Combined 2.III.3.b Structural 1OCFR72.24(d) 2.2.7 

Load 10CFR72.122(b) 
(2)(ii) 

NA 2.I1.1 Structures, Systems, 10CFR72.122(a) 2.2.4 
and Components 10CFR72.24(c)(3) 
Important to Safety 

NA 2.I1.2 Design Criteria for 10CFR72.236(g) 2.0, 2.2 
Safety Protection 10CFR72.24(c)(1) 
Systems 10CFR72.24(c)(2) 

10CFR72.24(c)(4) 
10CFR72.120(a) 
10CFR72.236(b) 

NA 2.UI.3.c Thermal 10CFR72.128(a) 2.3.2.2, 4.0 
(4) 

NA 2.HLI.3f Operating 10CFR72.24(f) 10.0, 8.0 
Procedures 1OCFR72.128(a) 

(5) 
10CFR72.236(h) 8.0 

10CFR72.24(1)(2) 1.2.1, 1.2.2 

10CFR72.236(1) 2.3.2.1 

10CFR72.24(e) 10.0, 8.0 
10CFR72.104(b)
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Table 1.0.2 (continued) 

HI-STORM 100 SYSTEM FSAR REGULATORY COMPLIANCE 
CROSS REFERENCE MATRIX

Applicable 
Regulatory Guide 3.61 Associated NUREG- 10CFR72 HI-STORM 

Section and Content 1536 Review Criteria or 10CFR20 FSAR 
Requirement 

2.mI.3.g Acceptance 1OCFR72.122(1) 9.0 
Tests & 10CFR72.236(g) 
Maintenance 10CFR72.122(f) 

10CFR72.128(a) 
(1) 

2.3 Safety Protection -- 2.3 
Systems 
2.3.1 General .... 2.3 
2.3.2 Protection by 2.11I.3.b Structural 10CFR72.236(l) 2.3.2.1 

Multiple 2.11I.3.c Thermal 1OCFR72.236(f) 2.3.2.2 
Confinement 
Barriers and 2.III.3.d Shielding/ 10CFR72.126(a) 2.3.5.2 
Systems Confinement/ 10CFR72.128(a) 

Radiation (2) 
Protection 10CFR72.128(a) 2.3.2.1 

(3) 
10CFR72.236(d) 2.3.2.1, 2.3.5.2 

10CFR72.236(e) 2.3.2.1 

2.3.3 Protection by 2.III.3.d Shielding/ 10CFR72.122(h) 2.3.5 
Equipment & Confinement/ (4) 
Instrument Radiation 1OCFR72.122(i) 
Selection Protection 10CFR72.128(a) 

(1) 

2.3.4 Nuclear 2.[II.3.e Criticality 
Criticality 1OCFR72.124(a) 2.3.4, 6.0 
Safety 10CFR72.236(c) 

1OCFR72.124(b) 
2.3.5 Radiological 2.III.3.d Shielding/ 10CFR72.24(d) 10.4.1 

Protection Confinement/ 1OCFR72.104(a) 
Radiation 10CFR72.236(d) 
Protection 10CFR72.24(d) 10.4.2 

10CFR72.106(b) 
1OCFR72.236(d) 
1OCFR72.24(m) 2.3.2.1

HI-STORM FSAR 
REPORT HI-2002444

Proposed Rev. 1B
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Table 1.0.2 (continued)

HI-STORM 100 SYSTEM FSAR REGULATORY COMPLIANCE 
CROSS REFERENCE MATRIX

Applicable 

Regulatory Guide 3.61 Associated NUREG- 10CFR72 HI-STORM 
Section and Content 1536 Review Criteria or 10CFR20 FSAR 

Requirement 
2.3.6 Fire and 2.11I.3.b Structural 10CFR72.122(c) 2.3.6, 2.2.3.10 

Explosion 
Protection 

2.4 Decommissioning 2.lII.3.h Decommissioning 1OCFR72.24(f) 2.4 
Considerations 10CFR72.130 

10CFR72.236(h) 
14.III.1 Design 10CFR72.130 2.4 
14.1m.2 Cask 10CFR72.236(i) 2.4 

Decontamination 
14.I11.3 Financial 10CFR72.30 () 

Assurance & 
Record Keeping 

14.111.4 License 10CFR72.54 (1) 

Termination 1 1 
3. Structural Evaluation 

3.1 Structural Design 3.11I.1 SSC Important to 10CFR72.24(c)(3) 3.1 
Safety 10CFR72.24(c)(4) 

3.III.6 Concrete Structures 1OCFR72.24(c) 3.1 

3.2 Weights and Centers 3.V. 1.b.2 Structural 3.2 
of Gravity Design Features 

3.3 Mechanical 3.V.1.c Structural Materials 10CFR72.24(c)(3) 3.3 
Properties of 3.V.2.c Structural Materials 
Materials 

NA 3.1112 Radiation 1OCFR72.24(d) 3.4.4.3 
Shielding, 1OCFR72.124(a) 3.4.7.3 
Confinement, and 10CFR72.236(c) 3.4.10 
Subcriticality 10CFR72.236(d) 

1OCFR72.236(1) 
NA 3.II.3 Ready Retrieval 1OCFR72.122(f) 3.4.4.3 

1OCFR72.122(h) 
1OCFR72.122(1) 

NA 3.m.4 Design-Basis 1OCFR72.24(c) 3.4.7 
Earthquake 1OCFR72.102(f)

Proposed Rev. 113HI-STORM FSAR 
REPORT HI-2002444 1.0-13



Table 1.0.2 (continued) 

HI-STORM 100 SYSTEM FSAR REGULATORY COMPLIANCE 
CROSS REFERENCE MATRIX

Applicable 
Regulatory Guide 3.61 Associated NUREG- 10CFR72 HI-STORM 

Section and Content 1536 Review Criteria or 1OCFR20 FSAR 
Requirement 

NA 3.1I.5 20 Year Minimum 10CFR72.24(c) 3.4.11 
Design Length 10CFR72.236(g) 3.4.12 

3.4 General Standards for -- -- 3.4 
Casks 
3.4.1 Chemical and 3.V. 1.b.2 Structural 3.4.1 

Galvanic Design Features 
Reactions 

3.4.2 Positive -- 3.4.2 
Closure 

3.4.3 Lifting 3.V. 1.ii(4)(a) Trunnions 3.4.3, 
Devices -- Appendices 

3.E, 3.AC, 3.D 

3.4.4 Heat 3.V. .d Structural Analysis 10CFR72.24(d) 3.4.4, 
1OCFR72.122(b) Appendices 3.1, 

3.U, 3.V, 3.W 

3.4.5 Cold 3.V.1.d Structural Analysis 1OCFR72.24(d) 3.4.5 
1OCFR72.122(b) 

3.5 Fuel Rods -- 10CFR72.122(h) 3.5 

4. Thermal Evaluation 
4.1 Discussion 4.1I Regulatory 1OCFR72.24(c)(3) 4.1 

Requirements 1OCFR72.128(a) 
(4) 
1OCFR72.236(f) 
1OCFR72.236(h) 

4.2 Summary of Thermal 4.V.4.b Material Properties 4.2 
Properties of 
Materials 

4.3 Specifications for 4.IV Acceptance Criteria 10CFR72.122(h) 4.3 
Components (1) 

4.4 Thermal Evaluation 4.IV Acceptance Criteria 1OCFR72.24(d) 4.4, 4.5 
for Normal 1OCFR72.236(g) 
Conditions of Storage 

NA 4.IV Acceptance Criteria 10CFR72.24(d) 11.1, 11.2 
10CFR72.122(c)

HI-STORM FSAR 
REPORT HI-2002444

Proposed Rev. 1B
1.0-14
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Table 1.0.2 (continued)

HI-STORM 100 SYSTEM FSAR REGULATORY COMPLIANCE 
CROSS REFERENCE MATRIX

Applicable 
Regulatory Guide 3.61 Associated NUREG- 10CFR72 HI-STORM 

Section and Content 1536 Review Criteria or 10CFR20 FSAR 
Requirement 

4.5 Supplemental Data 4.V.6 Supplemental Info. -

5. Shielding Evaluation 
5.1 Discussion and -- 1OCFR72.104(a) 5.1 

Results 1OCFR72.106(b) 

5.2 Source Specification 5.V.2 Radiation Source 5.2 
Definition 

5.2.1 Gamma 5.V.2.a Gamma Source 5.2.1, 5.2.3 
Source 

5.2.2 Neutron 5.V.2.b Neutron Source 5.2.2, 5.2.3 
Source 

5.3 Model Specification 5.V.3 Shielding Model 5.3 
Specification 

5.3.1 Description 5.V.3.a Configuration of the lOCFR72.24(c)(3) 5.3.1 
of the Radial Shielding and Source 
and Axial 
Shielding 
Configura
tions 

5.3.2 Shield 5.V.3.b Material Properties 1OCFR72.24(c)(3) 5.3.2 
Regional 
Densities 

5.4 Shielding Evaluation 5.V.4 Shielding Analysis 1OCFR72.24(d) 5.4 
10CFR72.104(a) 
1OCFR72.106(b) 
10CFR72.128(a) 
(2) 
1OCFR72.236(d) 

5.5 Supplemental Data 5.V.5 Supplemental Info. -- Appendices 5.A, 
I I I 5.B, and 5.C

Proposed Rev. lBrH-STORM FSAR 
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Table 1.0.2 (continued)

HI-STORM 100 SYSTEM FSAR REGULATORY COMPLIANCE 
CROSS REFERENCE MATRIX

Applicable 
Regulatory Guide 3.61 Associated NUREG- 10CFR72 HI-STORM 

Section and Content 1536 Review Criteria or 1OCFR20 FSAR 
Requirement 

6. Criticality Evaluation 
6.1 Discussion and .... 6.1 

Results 
6.2 Spent Fuel Loading 6.V.2 Fuel Specification -- 6.1, 6.2 

6.3 Model Specifications 6.V.3 Model -- 6.3 
Specification 

6.3.1 Description 6.V.3.a Configuration -- 6.3.1 
of Calcula- 10CFR72.124(b) 
tional Model[ 10CFR72.24(c)(3) 

6.3.2 Cask 6.V.3.b Material Properties 1OCFR72.24(c)(3) 6.3.2 
Regional 1OCFR72.124(b) 

10CFR72.236(g) 
Densities 

6.4 Criticality 6.V.4 Criticality Analysis 10CFR72.124 6.4 
Calculations 
6.4.1 Calculational 6.V.4.a Computer Programs 10CFR72.124 6.4.1 

or and 
Experimental 6.V.4.b Multiplication Factor 
Method 

6.4.2 Fuel Loading 6.V.3.a Configuration 6.4.2 
or Other 
Contents 
Loading 
Optimization 

6.4.3 Criticality 6.IV Acceptance Criteria 1OCFR72.24(d) 6.1, 6.2, 6.3.1, 
Results 10CFR72.124 6.3.2 

10CFR72.236(c) 

6.5 Critical Benchmark 6.V.4.c Benchmark 6.5, 
Experiments Comparisons Appendix 6.A, 

6.4.3 

6.6 Supplemental Data 6.V.5 Supplemental Info. -- Appendices 
6.B,6.C, and 6.D

HI-STORM FSAR 
REPORT H1-2002444

Proposed Rev. 1B
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Table 1.0.2 (continued)

HI-STORM 100 SYSTEM FSAR REGULATORY COMPLIANCE 
CROSS REFERENCE MATRIX

Applicable 
Regulatory Guide 3.61 Associated NUREG- 10CFR72 IIl-STORM 

Section and Content 1536 Review Criteria or 1OCFR20 FSAR 
Requirement 

7. Confinement 
7.1 Confinement 7.HlI.1 Description of 1OCFR72.24(c)(3) 7.0, 7.1 

Boundary Structures, Systems 10CFR72.24(1) 
and Components 
Important to Safety 

7.1.1 Confinement 7.III.2 Protection of Spent 10CFR72.122(h) 7.1, 7.1.1, 7.2.2 
Vessel Fuel Cladding (1) 

7.1.2 Confinement .... 7.1.2 
Penetrations 

7.1.3 Seals and 7.1.3 
Welds 

7.1.4 Closure 7.mI.3 Redundant Sealing 10CFR72.236(e) 7.1.1, 7.1.4 

7.2 Requirements for 7.E11.7 Evaluation of 10CFR72.24(d) 7.2 
Normal Conditions of Confinement System 1OCFR72.236(1) 
Storage 
7.2.1 Release of 7.III.6 Release of Nuclides 1OCFR72.24(l)(1) 7.2.1 

Radioactive to the Environment 
Material 7.11.4 Monitoring of 1OCFR72.122(h) 7.1.4 

Confinement System (4) 
10CFR72.128(a) 
(1) 

7.1II.5 Instrumentation 10CFR72.24(1) 7.1.4 
10CFR72.122(i) 

7.EIl.8 Annual Dose 10CFR72.104(a) 7.3.5 
7.2.2 Pressurization .... 7.2.2 

of 
Confinement 
Vessel 

7.3 Confinement 7.ElI.7 Evaluation of 10CFR72.24(d) 7.3 
Requirements for Confinement System 10CFR72.122(b) 
Hypothetical 10CFR72.236(1) 
Accident Conditions 
7.3.1 Fission Gas 7.3.1 

Products

Proposed Rev. 1BHI-STORM FSAR 
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Table 1.0.2 (continued)

HI-STORM 100 SYSTEM FSAR REGULATORY COMPLIANCE 
CROSS REFERENCE MATRIX

Applicable 
Regulatory Guide 3.61 Associated NUREG- 1OCFR72 HI-STORM 

Section and Content 1536 Review Criteria or 1OCFR20 FSAR 
Requirement 

7.3.2 Release of -- 7.3.3 
Contents 
NA -- 1OCFR72.106(b) 7.3 

7.4 Supplemental Dait 7.V Supplemental Info. -- -

8. Operating Procedures 
8.1 Procedures for 8.IIl.1 Develop Operating 1OCFR72.40(a)(5) 8.1 to 8.5 

Loading the Cask Procedures 
8.1II.2 Operational 10CFR72.24(e) 8.1.5 

Restrictions for 1OCFR72.104(b) 
ALARA 

8.Il.3 Radioactive Effluent 1OCFR72.24(1)(2) 8.1.5, 8.5.2 
Control 

8.I1.4 Written Procedures 10CFR72.212(b) 8.0 
(9) 

8.III.5 Establish Written 10CFR72.234(f) 8.0 
Procedures and Tests Introduction 

8.III.6 Wet or Dry Loading lOCFR72.236(h) 8.0 
and Unloading Introduction 
Compatibility 

8.Im.7 Cask Design to 1OCFR72.236(i) 8.1, 8.3 
Facilitate Decon 

8.2 Procedures for 8.III.1 Develop Operating 1OCFR72.40(a)(5) 8.3 
Unloading the Cask Procedures 

8.lII.2 Operational 10CFR72.24(e) 8.3 
Restrictions for 10CFR72.104(b) 
ALARA 

8.1I.3 Radioactive 1OCFR72.24(1)(2) 8.3.3 
Effluent Control 

8.II.4 Written Procedures 1OCFR72.212(b) 8.0 
(9) 

8.III.5 Establish Written 10CFR72.234(f) 8.0 
Procedures and Tests

HI-STORM FSAR 
REPORT HI-2002444

Proposed Rev. 1B
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Table 1.0.2 (continued)

HI-STORM 100 SYSTEM FSAR REGULATORY COMPLIANCE 
CROSS REFERENCE MATRIX

Applicable 

Regulatory Guide 3.61 Associated NUREG- 10CFR72 HI-STORM 
Section and Content 1536 Review Criteria or 10CFR20 FSAR 

Requirement 
8.mI.6 Wet or Dry Loading 10CFR72.236(h) 8.0 

and Unloading 
Compatibility 

8.II1.8 Ready Retrieval 10CFR72.122(1) 8.3 
8.3 Preparation of the .... 8.3.2 

Cask 
8.4 Supplemental Data .... Tables 8.1.1 to 

8.1.10 
NA 8.111.9 Design to Minimize 1OCFR72.24(f) 8.1, 8.3 

Radwaste 10CFR72.128(a) 
(5) 

8.11I.10 SSCs Permit 10CFR72.122(f) Table 8.1.6 
Inspection, 
Maintenance, and 
Testing 

9. Acceptance Criteria and Maintenance Program 
9.1 Acceptance Criteria 9.11. 1.aPreoperational 1OCFR72.24(p) 8.1, 9.1 

Testing & Initial 
Operations 

9.m. .c SSCs Tested and 10CFR72.24(c) 9.1 
Maintained to 10CFR72.122(a) 
Appropriate Quality 
Standards 

9.11I.1. d Test Program 10CFR72.162 9.1 
9.m.l.e Appropriate Tests 10CFR72.236(1) 9.1 
9.E1. 1 .f Inspection for 10CFR72.236(j) 9.1 

Cracks, Pinholes, 
Voids and Defects 

9.111. 1 .g Provisions that 10CFR72.232(b) 9.1(2) 

Permit Commission 
Tests

Proposed Rev. 1BHI-STORM FSAR 
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Table 1.0.2 (continued)

HIf-STORM 100 SYSTEM FSAR REGULATORY COMPLIANCE 
CROSS REFERENCE MATRIX

Applicable 
Regulatory Guide 3.61 Associated NUREG- 10CFR72 HI-STORM 

Section and Content 1536 Review Criteria or 1OCFR20 FSAR 
Requirement 

9.2 Maintenance 9.I. 1.b Maintenance 1OCFR72.236(g) 9.2 
Program 9.I11.I.cSSCs Tested and 1OCFR72.122(f) 9.2 

Maintained to 1OCFR72.128(a) 
Appropriate Quality (1) 
Standards 

9.III.l.h Records of 10CFR72.212(b) 9.2 
Maintenance (8) 

NA 9.II.2 Resolution of Issues 10CFR72.24(i) (3) 

Concerning 
Adequacy of 
Reliability 

9.fII.1.d Submit Pre-Op Test 10CFR72.82(e) (4) 

Results to NRC 
9.III.l.i Casks 1OCFR72.236(k) 9.1.7, 9.1.1.(12) 

Conspicuously and 
Durably Marked 

9.111.3 Cask Identification 
10. Radiation Protection 

10.1 Ensuring that 1. II.4 ALARA 10CFR20.1101 10.1 
Occupational 1OCFR72.24(e) 
Exposures are as Low 10CFR72.104(b) 
as Reasonably 1OCFR72.126(a) 
Achievable 
(ALARA) 

10.2 Radiation Protection I0.V.1.b Design Features 10CFR72.126(a)( 10.2 
Design Features 6) 

10.3 Estimated Onsite 10.111.2 Occupational 10CFR20.1201 10.3 
Collective Dose Exposures 10CFR20.1207 
Assessment 10CFR20.1208 

10CFR20.1301

Proposed Rev. 1BHI-STORM FSAR 
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Table 1.0.2 (continued)

HI-STORM 100 SYSTEM FSAR REGULATORY COMPLIANCE 
CROSS REFERENCE MATRIX

Applicable 
Regulatory Guide 3.61 Associated NUREG- 10CFR72 HI-STORM 

Section and Content 1536 Review Criteria or 10CFR20 FSAR 
Requirement 

N/A 10.IIH.3 Public Exposure 10CFR72.104 10.4 
10CFR72.106 

10.J11._1 Effluents and Direct 10CFR72.104 
Radiation 

11. Accident Analyses 
11.1 Off-Normal Operations 11.111.2 Meet Dose Limits 1OCFR72.24(d) 11.1 

for Anticipated 10CFR72.104(a) 
Events 10CFR72.236(d) 

11 .11.4 Maintain 1OCFR72.124(a) 11.1 
Subcritical 1OCFR72.236(c) 
Condition 

11 .II.7 Instrumentation and 10CFR72.122(i) 11.1 
Control for Off
Normal Condition 

11.2 Accidents 11 IH. 1 SSCs Important to 1OCFR72.24(d)(2) 11.2 
Safety Designed for 10CFR72.122b(2) 
Accidents 10CFR72.122b(3) 

10CFR72.122(d) 
10CFR72.122(g) 

11.1II.5 Maintain 10CFR72.236(1) 11.2 
Confinement for 
Accident 

11.III.4 Maintain 1OCFR72.124(a) 11.2, 6.0 
Subcritical 10CFR72.236(c) 
Condition 

1l1.I.3 Meet Dose Limits 10CFR72.24(d)(2) 11.2, 5.1.2, 7.3 
for Accidents 10CFR72.24(m) 

1OCFR72.106(b) 
11.111.6 Retrieval 1OCFR72.122(l) 8.3 
11.111.7 Instrumentation and 1OCFR72.122(i) (5) 

Control for Accident 
Conditions

Proposed Rev. 1BHI-STORM FSAR 
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Table 1.0.2 (continued) 

HI-STORM 100 SYSTEM FSAR REGULATORY COMPLIANCE 
CROSS REFERENCE MATRIX

Applicable 
Regulatory Guide 3.61 Associated NUREG- 1OCFR72 HI-STORM 
Section and Content 1536 Review Criteria or 1OCFR20 FSAR 

Requirement 
NA 11I I..8 Confinement 10CFR72.122h(4) 7.1.4 

Monitoring 

12. Operating Controls and Limits 
12.1 Proposed Operating -- 10CFR72.44(c) 12.0 

Controls and Limits 12.311.Le Administrative 1OCFR72.44(c)(5) 12.0 
Controls 

12.2 Development of 12.II1.1 General 10CFR72.24(g) 12.0 
Operating Controls Requirement for 1OCFR72.26 
and Limits Technical 10CFR72.44(c) 

Specifications 1 OCFR72 Subpart E 
OCFR72 Subpart F 

12.2.1 Functional 12.1m1.La Functional/ 10CFR72.44(c)(1) Appendix 12.A 
and Operating Units, 
Operating Monitoring 
Limits, Instruments and 
Monitoring Limiting Controls 
Instruments, 
and Limiting 
Control 
Settings 

12.2.2 Limiting 12.ll1.1.b Limiting Controls 10CFR72.44(c)(2) Appendix 12.A 
Conditions 12.m.2.a Type of Spent Fuel 10CFR72.236(a) Appendix 12.A 
for 12.m.2.b Enrichment 
Operation 12.UI.2.c Burnup 

12.Ill.2.d Minimum 
Acceptance 
Cooling Time 

12.III.2.f Maximum Spent 
Fuel Loading Limit

HI-STORM FSAR 
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Table 1.0.2 (continued)

HI-STORM 100 SYSTEM FSAR REGULATORY COMPLIANCE 
CROSS REFERENCE MATRIX

Applicable 

Regulatory Guide 3.61 Associated NUREG- 10CFR72 HIf-STORM 
Section and Content 1536 Review Criteria or 10CFR20 FSAR 

Requirement 
12.III.2g Weights and 

Dimensions 
12.III.2.h Condition of 

Spent Fuel 
12.III.2e Maximum Heat 1OCFR72.236(a) Appendix 12.A 

Dissipation 
12.1Jl.2.i Inerting 10CFR72.236(a) Appendix 12.A 

Atmosphere 
Requirements 

12.2.3 Surveillance 12.HI.l.c Surveillance 10CFR72.44(c)(3) Chapter 12 
Specifications Requirements 

12.2.4 Design 12.lII.l.d Design Features 10CFR72.44(c)(4) Chapter 12 
Features 

12.2.4 Suggested .... Appendix 12.A 
Format for 
Operating 
Controls and 
Limits 

NA 12.III.2 SCC Design Bases 10CFR72.236(b) 2.0 
and Criteria 

NA 12.I1.2 Criticality Control 10CFR72.236(c) 2.3.4, 6.0 
NA 12.I1.2 Shielding and 10CFR20 2.3.5, 7.0, 5.0, 

Confinement 10CFR72.236(d) 10.0 
NA 12.III.2 Redundant Sealing 1OCFR72.236(e) 7.1, 2.3.2 
NA 12.II.2 Passive Heat 10CFR72.236(f) 2.3.2.2, 4.0 

Removal 
NA 12.I1.2 20 Year Storage and 10CFR72.236(g) 1.2.1.5, 9.0, 

Maintenance 3.4.10, 3.4.11 
NA 12.1l.2 Decontamination 1OCFR72.236(i) 8.0, 10.1 

NA 12.1I[.2 Wet or Dry Loading 10CFR72.236(h) 8.0 
NA 12.1m1.2 Confinement 1OCFR72.236(j) 9.0 

Effectiveness 

NA 12.1.2 Evaluation for 10CFR72.236(l) 7.1, 7.2, 9.0 
Confinement

Proposed Rev. 1BHI-STORM FSAR 
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Table 1.0.2 (continued)

HI-STORM 1 U 0 SYSTEM FSAR REGULATORY COMPLIANCE 
CROSS REFERENCE MATRIX

Applicable 
Regulatory Guide 3.61 Associated NUREG- 1OCFR72 rn-STORM 
Section and Content 1536 Review Criteria or 1OCFR20 FSAR 

Requirement 
13. Quality Assurance 

13.1 Quality Assurance 13.111 Regulatory 10CFR72.24(n) 
Requirements 13.0 

13.1V Acceptance Criteria 10CFR72, Subpart 
G 

Notes: 

The stated requirement is the responsibility of the licensee (i.e., utility) as part of 
the ISFSI pad and is therefore not addressed in this application.  

(2) It is assumed that approval of the FSAR by the NRC is the basis for the Commission's 

acceptance of the tests defined in Chapter 9.  

(3) Not applicable to HI-STORM 100 System. The functional adequacy of all important to 
safety components is demonstrated by analyses.  

(4) The stated requirement is the responsibility of licensee (i.e., utility) as part of the ISFSI 
and is therefore not addressed in this application.  

(5) The stated requirement is not applicable to the HI-STORM 100 System. No monitoring 
is required for accident conditions.  

"--" There is no corresponding NUREG-1536 criteria, no applicable lOCFR72 or 
1OCFR20 regulatory requirement, or the item is not addressed in the FSAR.  

"NA" There is no Regulatory Guide 3.61 section that corresponds to the NUREG-1536, 
1 OCFR72, or 1 0CFR-20 requirement being addressed.

HI-STORM FSAR 
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Table 1.0.2 (continued)

HI-STORM 100 SYSTEM FSAR REGULATORY COMPLIANCE 
CROSS REFERENCE MATRIX

Applicable 

Regulatory Guide 3.61 Associated NUREG- 1OCFR72 HI-STORM 
Section and Content 1536 Review Criteria or 1OCFR20 FSAR 

Requirement 

NA 12.III.2 Shielding and 10CFR20 2.3.5, 7.0, 5.0, 
Confinement 10CFR72.236(d) 10.0 

NA 12.III.2 Redundant Sealing 1OCFR72.236(e) 7.1, 2.3.2 
NA 12.111.2 Passive Heat 10CFR72.236(f) 2.3.2.2, 4.0 

Removal 
NA 12.m1.2 20 Year Storage and 10CFR72.236(g) 1.2.1.5, 9.0, 

Maintenance 3.4.10, 3.4.11 
NA 12.m.2 Decontamination 1OCFR72.236(i) 8.0, 10.1 

NA 12.111.2 Wet or Dry Loading LOCFR72.236(h) 8.0 
NA 12.Ifl.2 Confinement 10CFR72.236(j) 9.0 

Effectiveness 
NA 12.111.2 Evaluation for 10CFR72.236(l) 7.1, 7.2, 9.0 

Confinement 
13. Quality Assurance 

13.1 Quality Assurance 13.111 Regulatory 10CFR72.24(n) 
Requirements 13.0 

13.IV Acceptance Criteria 10CFR72, Subpart 
G 

Notes: 

(1) The stated requirement is the responsibility of the licensee (i.e., utility) as part of 

the ISFSI pad and is therefore not addressed in this application.  

(2) It is assumed that approval of the FSAR by the NRC is the basis for the Commission's 

acceptance of the tests defined in Chapter 9.  

(3) Not applicable to HI-STORM 100 System. The functional adequacy of all important to 

safety components is demonstrated by analyses.  

(4) The stated requirement is the responsibility of licensee (i.e., utility) as part of the ISFSI 

and is therefore not addressed in this application.  

(5) The stated requirement is not applicable to the HI-STORM 100 System. No monitoring

Proposed Rev. 1BHI-STORM FSAR 
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Table 1.0.3

HI-STORM 100 SYSTEM FSAR CLARIFICATIONS AND EXCEPTIONS TO NUREG-1536

HI-STORM FSAR 
RE•'qRT HI-2002444

Proposed Rev. 1
1 ('16

NUREG-1536 Requirement Alternate Method to Meet Justification NUREG-1536 Intent Justification 

2.V.2.(b)(1) "The NRC accepts as the Exception: Section 2.2.1.4 for The 80'F temperature set forth in Table 2.2.2 is 
maximum and minimum "normal" environmental temperatures utilizes greater than the annual average ambient temperature 
temperatures the highest and lowest ambient an upper bounding value of 80'F on at any location in the continental United States.  
temperatures recorded in each year, averaged the annual average ambient Inasmuch as the primary effect of the environmental 
over the years of record." temperatures for the United States. temperature is on the computed fuel cladding 

temperature to establish long-term fuel cladding 
integrity, the annual average ambient temperature for 
each ISFSI site should be below 80'F. The large 
thermal inertia of the HI-STORM 100 System 
ensures that the daily fluctuations in temperatures do 
not affect the temperatures of the system.  
Additionally, the 80'F ambient temperature is 
combined with insolation in accordance with 
1 OCFR71.71 averaged over 24 hours.  

2.V.2.(b)(3)(f) "1OCFR Part 72 identifies Clarification: A site-specific safety In accordance with NUREG-1536, 2.V.(b)(3)(f), if 
several other natural phenomena events analysis of the effects of seiche, seiche, tsunami, and hurricane are not addressed in 
(including seiche, tsunami, and hurricane) tsunami, and hurricane on the HI- the SAR and they prove to be applicable to the site, a 
that should be addressed for spent fuel STORM 100 System must be safety analysis is required prior to approval for use of 
storage." performed prior to use if these the DCSS under either a site specific, or general 

events are applicable to the site. license.



Table 1.0.3 (continued) 

HI-STORM 100 SYSTEM FSAR CLARIFICATIONS AND EXCEPTIONS TO NUREG- 1536

NUREG-1536 Requirement Alternate Method to Meet Justification 
NUREG-1536 Intent 

3.V. 1.d.i.(2)(a), page 3-11, "Drops with the Clarification: As stated in NUREG- In Chapter 3, the MPC and HI-STORM overpack are 
axis generally vertical should be analyzed for 1536, 3.V.(d), page 3-11, evaluated under a 45g radial loading. A 45g axial 
both the conditions of a flush impact and an "Generally, applicants establish the loading on the MPC is bounded by the analysis 
initial impact at a comer of the cask..." design basis in terms of the presented in the HI-STAR FSAR, Docket 72-1008, 

maximum height to which the cask under a 60g loading, and is not repeated in this 
is lifted outside the spent fuel FSAR. In Chapter 3, the HI-STORM overpack is 
building, or the maximum evaluated under a 45g axial loading. Therefore, the 
deceleration that the cask could HI-STORM overpack and MPC are qualified for a 
experience in a drop." The 45g loading as a result of a comer drop. Depending 
maximum deceleration for a comer on the design of the lifting device, the type of rigging 
drop is specified as 45g's for the HI- used, the administrative vertical carry height limit, 
STORM overpack. No carry height and the stiffness of the impacted surface, site-specific 
limit is specified for the comer drop. analyses ar-emay be required to demonstrate that the 

deceleration limit of 45g's is not exceeded.  
3.V.2.b.i.(1), Page 3-19, Para. 1, "All Exception: The HI-STORM Concrete is provided in the HI-STORM overpack 
concrete used in storage cask system ISFSIs, overpack concrete is not reinforced, solely for the purpose of radiation shielding during 
and subject to NRC review, should be However, ACI 349 [1.0.4] is used normal operations. During lifting and handling 
reinforced..." for the material selection and operations and under certain accident conditions, the 

specification, and construction of compressive strength of the concrete (which is not 
3.V.2.b.i.(2)(b), Page 3-20, Para. 1, "The the plain concrete. Appendix 1..D impaired by the absence of reinforcement) is utilized.  
NRC accepts the use of ACI 349 for the provides the relevant sections of However, since the structural reliance under loadings 
design, material selection and specification, ACI 349 applicable to the plain which produce section flexure and tension is entirely 
and construction of all reinforced concrete concrete in the overpack. ACI 318- on the steel structure of the overpack, reinforcement 
structures that are not addressed within the 95 [1.0k.5] is used for the calculation in the concrete will serve no useful purpose.  
scope of ACI 359". of the compressive strength of the 

plain concrete. To ensure the quality of the shielding concrete, all 
3.V.2.c.i, Page 3-22, Para. 3, "Materials and relevant provisions of ACI 349 are imposed as 
material properties used for the design and speeified-clarified in Appendix 1 .D. In addition, the 
construction of reinforced concrete structures temperature limits for normal and off-normal
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Table 1.0.3 (continued)

HI-STORM 100 SYSTEM FSAR CLARIFICATIONS AND EXCEPTIONS TO NUREG-1536

NUTREG-1536 Requirement Alternate Method to Meet Justification 
NUREG-1536 Intent 

important to safety but not within the scope condition from ACI 349 will be imposed.  
of ACI 359 should comply with the 
requirements of ACI 349". Finally, the Fort St. Vrain ISFSI (Docket No. 72-9) 

also utilized plain concrete for shielding purposes, 
which is important to safety.4 

3.V.3.b.i.(2), Page 3-29, Para. 1, "The NRC Clarification: The HI-STORM The overpack structure is a steel weldment consisting 
accepts the use of ANSI/ANS-57.9 (together overpack steel structure is designed of "plate and shell type" members. As such, it is 
with the codes and standards cited therein) as in accordance with the ASME appropriate to design the structure to Section III, 
the basic reference for ISFSI structures B&PV Code, Section III, Subsection Class 3 of Subsection NF. The very same approach 
important to safety that are not designed in NF, Class 3. Any exceptions to the has been used in the structural evaluation of the 
accordance with Section III of the ASME Code are listed in Table 2.2.15. "intermediate shells" in the HI-STAR 100 overpack 
B&PV Code." (Docket Number 72-1008) previously reviewed and 

approved by the USNRC.  

4.IV.5, Page 4-2 'for each fuel type proposed for Clarification: As described in As described in Section 4.3, all fuel array types 
storage, the DCSS should ensure a very low Section 4.3, all fuel array types authorized for storage have been evaluated for the 
probability (e.g., 0.5 percent per fuel rod) of authorized for storage have been peak fuel cladding temperature limit. All major 
cladding breach during long-term storage." evaluated for the peak fuel cladding variations in fuel parameters are considered in the 

4.IV. 1, Page 4-3, Para. 1 "the staff should verify temperature limit, determination of the peak fuel cladding temperature 
that cladding temperaturesfor each fuel type limits. Minor variations in fuel parameters within an 
proposed for storage will be below the expected array type are bounded by the conservative 
damage thresholds for normal conditions of determination of the peak fuel cladding temperature 
storage." limit.  

4.IV. 1, Page 4-3, Para. 2 "fuel cladding limitsfor 
each fuel type should be defined in the SAR with 
thermal restrictions in the DCSS technical 
specifications."
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Table 1.0.3 (continued) 

HI-STORM 100 SYSTEM FSAR CLARIFICATIONS AND EXCEPTIONS TO NUREG-1536

NUIREG-1536 Requirement Alternate Method to Meet Justification __ UREG-_____ 536___Requirement________NUREG-1536 Intent 

4.V. 1, Page 4-3, Para. 4 "the applicant should 
verify that these cladding temperature limits are 
appropriate for allfuel types proposed for 
storage, and that the fuel cladding temperatures 
will remain below the limit for facility operations 
(e.g., fuel transfer) and the worst-case credible 
accident." 

4.V.4.a, Page 4-6, Para. 3 "applicants Exception: The natural convection Many experimental studies of this mechanism have 
seeking NRC approval of specific internal model described in Subsection been performed by others and reported in open 
convection models should propose, in the 4.4.1.-1-- is based on classical literature sources. As discussed in Subsection 
SAR, a comprehensive test program to correlations for natural convection 4.4.1.-4, natural convection has been limited to the 
demonstrate the adequacy of the cask design in differentially heated cavities relatively large MPC basket to shell peripheral gaps.  
and validation of the convection models." which have been validated by many Subsection 4.4.144. provides sufficient references to 

experimental studies. Therefore, no experiments which document the validity of the 
additional test program is proposed. classical correlation used in the analysis.  

4.V.4.a, Page 4-6, Para. 6 "the basket wall Clarification: As discussed in The finite-element based thermal conductivity is 
temperature of the hottest assembly can then Subsection 4.4.2, conservative greater than a Wooten-Epstein based value. This 
be used to determine the peak rod maximum fuel temperatures are larger thermal conductivity minimizes the fuel-to
temperature of the hottest assembly using the obtained directly from the cask basket temperature difference. Since the basket 
Wooten-Epstein correlation." thermal analysis. The peak fuel temperature is less than the fuel temperature, 

cladding temperatures are then used minimizing the temperature difference conservatively 
to determine the corresponding peak maximizes the basket wall temperature.  
basket wall temperatures using a 
finite-element based update of 
Wooten-Epstein (described in 
Subsection 4.4.1.1.2)
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Table 1.0.3 (continued)

HI-STORM 100 SYSTEM FSAR CLARIFICATIONS AND EXCEPTIONS TO NUREG-1536

NUREG-1536 Requirement Alternate Method to Meet Justification NUREG-1536 Intent Justification 

4.V.4.b, Page 4-7, Para. 2 "if the thermal Clarification: As described in Due to the large number of gaps in the cross-sectional 
model is axisymmetric or three-dimensional, Subsection 4.4.1.1.4, the axial heat transfer paths, use of the fuel basket cross
the longitudinal thermal conductivity should thermal conductivity of the fuel sectional thermal conductivity for the axial thermal 
generally be limited to the conductivity of basket is set equal to the cross- conductivity severely underrediets the axial thermal 
the cladding (weighted fractional area) sectional thermal conductivity. conductivity of the fuel basket region. This imposed 
within the fuel assembly." axial thermal conductivity restriction is even more 

limiting than that imposed by this requirement of 
NUREG-1536.  

4.V.4.b, Page 4-7, Para. 2 "high bumup Exception: All calculations of fuel Within Subsection 4.4.1.1.2, the calculated effective 
effects should also be considered in assembly effective thermal thermal conductivities based on nominal design fuel 
determining the fuel region effective thermal conductivities, described in dimensions are compared with available literature 
conductivity." Subsection 4.4.1.1.2, use nominal values and are demonstrated to be conservative by a 

fuel design dimensions, neglecting substantial margin.  
wall thinning associated with high 
burnup.  

4.V.4.c, Page 4-7, Para. 5 "a heat balance on Clarification: No additional heat The FLUENT computational fluid dynamics program 
the surface of the cask should be given and balance is performed or provided, used to perform evaluations of the HI-STORM 
the results presented." Overpack and HI-TRAC transfer cask, which uses a 

discretized numerical solution algorithm, enforces an 
energy balance on all discretized volumes throughout 
the computational domain. This solution method, 
therefore, ensures a heat balance at the surface of the 
cask.
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Table 1.0.3 (continued) 

HI-STORM 100 SYSTEM FSAR CLARIFICATIONS AND EXCEPTIONS TO NIUREG-1536

NUREG-1536 Requirement Alternate Method to Meet Justification NUREG-1536 Intent 

4.V.5.a, Page 4-8, Para. 2 "the SAR should Exception: No input or output file A complete set of computer program input and output files 
include input and output file listings for the listings are provided in Chapter 4. would be in excess of three hundred pages. All computer 
thermal evaluations." files are considered proprietary because they provide 

details of the design and analysis methods. In order to 
minimize the amount of proprietary information in the 
FSAR, computer files are provided in the proprietary 
calculation packages.  

4.V.5.c, Page 4-10, Para. 3 "free volume Exception: All free volume Calculating the volume occupied by the MPC internals 
calculations should account for thermal calculations use nominal (i.e., fuel assemblies, fuel basket, etc.) using maximum 
expansion of the cask internal components confinement boundary dimensions, weights and minimum densities conservatively 
and the fuel when subjected to accident but the volume occupied by the overpredicts the volume occupied by the internal 
temperatures. MPC internals (i.e., fuel assemblies, components and correspondingly underpredicts the 

fuel basket, etc.) are calculated remaining free volume.  

using maximum weights and 
minimum densities.  

7.V.4.c, Page 7-7, Para. 2 and 3 "Because the Exception: As described in Section 7.3, The MPC uses redundant closures to assure that there is no 
leak is assumed to be instantaneous, the in lieu of an instantaneous release, the release of radioactive materials under all credible 
plume meandering factor of Regulatory assumed leakage rate is set equal to the conditions. Analyses presented in Chapters 3 and 11 
Guide 1.145 is not typically applied." and leakage rate acceptance criteria (5xl0- demonstrate that the confinement boundary does not 
"Note that for an instantaneous release (and atm-cm3/s) plus 50% for conservatism, degrade under all normal, off-normal, and accident 
"in te which yields 7.5xl 0-' atm-cm3/s. conditions. Multiple inspection methods are used to verify instantaneous exposure), the time that an Because the release is assumed to be a the integrity of the confimement boundary (e.g., helium 
individual remains at the controlled area leakage rate, the individual is assumed leakage, hydrostatic, and volumetric weld inspection).  
boundary is not a factor in the dose to be at the controlled area boundary for 
calculation." 720 hours. Additionally, the The NRC letter to Holtec International dated 9/15/97, 

atmospheric dispersion factors of Subject: Supplemental Request for Additional Information 
Regulatory Guide 1.145 are applied. - HI-STAR 100 Dual Purpose Cask System (TAC No.  

L22019), RAI 7.3 states "use the verified confinement 
boundary leakage rate in lieu of the assumption that the 

I__confinement boundary fails."
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Table 1.0.3 (continued)

HI-STORM 100 SYSTEM FSAR CLARIFICATIONS AND EXCEPTIONS TO NUREG-1536

NUREG-1536 Requirement Alternate Method to Meet Justification 
NUREG-1536 Intent 

9.V. 1.a, Page 9-4, Para. 4 "Acceptance Clarification: Section 9.1.1.1 and the In accordance with the first line on page 9-4, the 
criteria should be defined in accordance with Design Drawings specify that the NRC endorses the use of "...appropriate acceptance 
NB/NC-5330, "Ultrasonic Acceptance ASME Code, Section III, Subsection criteria as defined by either the ASME code, or an 
Standards"." NB, Article NB-5332 will be used alternative approach..." The ASME Code, Section III, 

for the acceptance criteria for the Subsection NB, Paragraph _NB-533 is annronriate 
volumetric examination of the ivwC acceptance criteria for pre-service examination.  
lid-to-shell weld.  

9.V. l.d, Para. 1 "Tests of the effectiveness of Exception: Subsection 9.1.5 The dimensional compliance of all shielding cavities is 
both the gamma and neutron shielding may describes the control of special verified by inspection to Design Drawing requirements 
be required if, for example, the cask contains processes, such as neutron shield prior to shield installation.  
a poured lead shield or a special neutron material installation, to be absobin maeril."perorme inlie ofscanin or The Holtite-A shield material is installed in accordance absorbing material." performed in lieu of scanning or with written, approved, and qualified special process probing with neutron sources. procedures.  

The composition of the Holtite-A is confirmed by 
inspection and tests prior to first use.  

Following the first loading for the HI-TRAC transfer cask 
and each HI-STORM overpack, a shield effectiveness test 
is performed in accordance with written approved 
procedures, as specified in Section 9.1.  

13.111, " the application must include, at a Exception: Section 13.0 The NRC has approved the Holtec Quality Assurance 
minimum, a description that satisfies the incorporates the Holtec Program Manual under 10 CFR 71 (NRC QA 
requirements of 10 CFR Part 72, Subpart G, International Quality Assurance Program Approval for Radioactive Material 
'Quality Assurance... Program Manual by reference Packages No. 0784). Pursuant to 10 CFR 72.140(d), 

rather than describing the Holtec Holtec intends to apply this QA program to dry 
QA program in detail. storage cask activities. Incorporating the Holtec QA 

Program Manual by reference eliminates duplicate 
documentation.
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NUREG-1536 Requirement Alternate Method to Meet Justification 
NUREG-1536 Intent 

ISG-15, Section X5.4.2, "No more than 1% The Fuel Cladding Oxide Thickness FSAR Appendix 4.A, Section 4.A.9 provides the 
of the rods in an assembly have peak Evaluation Program in Section 5.0 justification for this deviation form NUREG-1536 
cladding oxide thicknesses greater than 8o of Appendix A to the CoC provides (ISG-J15).  
micrometers and no more than 3% of the an equation to calculate the 
rods in an assembly have peak cladding maximum allowable high burnup 
oxide thicknesses greater than 70 fuel cladding oxide thickness, based 
micrometers. A high burnup fuel assembly on fuel assembly type.  
should be treated as potentially damaged 
fuel if the assembly does not meet both of the 
above criteria of if the fuel assembly 
contains fuel rods with oxide that has 
become detached or spalled from the 
cladding_

( (



1.1 INTRODUCTION

HI-STORM 100 (acronym for Holtec International Storage and Transfer Operation Reinforced 
Module) is a spent nuclear fuel storage system designed to be in full compliance with the 
requirements of 1OCFR72. The annex "100" is a model number designation which denotes a system 
weighing over 100 tons. The HI-STORM 100 System consists of a sealed metallic canister, herein 
abbreviated as the "MPC", contained within an overpack. Its design features are intended to simplify 
and reduce on-site SNF loading, handling, and monitoring operations, and to provide for radiological 
protection and maintenance of structural and thermal safety margins.  

The HI-STORM I OOS overpack is a variant of the HI-STORM 100 overpack and has its own set of 
design drawings in Section 1.5. The "S" suffix indicates an enhanced overpack design, as 
described later in this section. The HI-STORM 100S accepts the same MPCs and fuel types as the 
HI-STORM 100 and the basic structural, shielding, and thermal-hydraulic characteristics remain 
unchanged. Hereafter in this FSAR reference to HI-STORM 100 System or the HI-STORM 100 
overpack is construed to apply to both the HI-STORM 100 and the HI-STORM 1OOS. Where 
necessary, the text distinguishes between the two overpack designs. See Figures 1.1.1A and 1.1.3A 
for a pictorial view of the HI-STORM IOOS design.  

The HI-STORM 100A overpack is a third variant of the HI-STORM 100 family and is specially 
oufitted with an extended baseplate and gussets to enable the overpack to be anchored to the ISFSI 
pad in high seismic applications. In the following, the modified structure on the HI-STORM I OOA, 
in each of four quadrants, is denoted as a "sector lug. " The HI-STORM 1 OOA design is also 
applicable to the HI-STORM IOOS overpack, in which case the assembly would be named HI
STORM I OOSA. Hereafter in the text, discussion of HI-STORM I OOA applies to both the standard 
(HI-STORM] OOA) and short (HI-STORM 1OOSA) overpacks, unless otherwise clarfied.  

The HI-STORM 100 System is designed to accommodate a wide variety of spent nuclear fuel 
assemblies in a single overpack design by utilizing different MPCs. The external dimensions of all 
MPCs are identical to allow the use of a single overpack. Each of the MPCs has different internals 
(baskets) to accommodate distinct fuel characteristics. Each MPC is identified by the maximum 
quantity of fuel assemblies it is capable of receiving. The MPC-24, MPC-24E, and MPC-24EF 
contains a maximum of 24 PWR fuel assemblies; the MPC-32 contains a maximum of32 PWR fuel 
assemblies; and the MPC-68, MPC-68F, and MPC-68FF contains a maximum of 68 BWR fuel 
assemblies.  

The HI-STORM 100 overpack is constructed from a combination of steel and concrete, both of 
which are materials with long, proven histories of usage in nuclear applications. HI-STORM 100 
incorporates and combines many desirable features of previously-approved concrete and metal 
module designs. In essence, the HI-STORM 100 overpack is a hybrid of metal and concrete systems, 
with the design objective of 

emulating the best features and dispensing with the drawbacks of both. The HI-STORM overpack 
is best referred to as a METCONTM (metal/concrete composite) system.  
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Figures 1.1.1 and 1.1. 1A shows the HI-STORM 100 with two of its major constituents, the MPC 
and the storage overpack, in a cut-away view. The MPC, shown partially withdrawn from the storage 
overpack, is an integrally welded pressure vessel designed to meet the stress limits of the ASME 
Boiler and Pressure Vessel Code, Section IH, Subsection NB [1.1.1]. The MPC defines the 
confinement boundary for the stored spent nuclear fuel assemblies with respect to 1OCFR72 
requirements and attendant review considerations. The HI-STORM 100 storage overpack provides 
mechanical protection, coolhing, and radiological shielding for the contained MPC.  

In essence, the HI-STORM 100 System is the storage-only counterpart of the HI-STAR 100 System 
(Docket Numbers 72-1008 (Ref. [1.1.2]) and 71-9261 (Ref [1.1.3])). Both HI-STORM and HI
STAR are engineered to house identical MPCs. Since the MPC is designed to meet the requirements 
of both lOCFR71 and 10CFR72 for transportation and storage, respectively, the HI-STORM 100 
System allows rapid decommIssioning of the ISFSI by simply transferring the loaded MPC's directly 
into HI-STAR 100 overpacks for off-site transport. This alleviates the additional fuel handling steps 
required by storage-only casks to unload the cask and repackage the fuel into a suitable 
transportation cask.  

In contrast to the HI-STAR 100 overpack, which provides a containment boundary for the SNF 
during transport, the HI-STORM 100 storage overpack does not constitute a containment or 
confinement enclosure. The HI-STORM 100 overpack is equipped with large penetrations near its 
lower and upper extremities to permit natural circulation of air to provide for the passive cooling of 
the MPC and the contained radioactive material. The HI-STORM is engineered to be an effective 
barrier against the radiation emitted by the stored materials, and an efficiently configured 
metal/concrete composite to attenuate the loads transmitted to the MPC during a natural phenomena 
or hypothetical accident event. Other auxiliary functions of the HI-STORM 100 overpack include 
isolation of the SNF from abnormal environmental or man-made events, such as impact of a tornado 
borne missile. As the subsequent chapters of this FSAR demonstrate, the HI-STORM overpack is 
engineered with large margins of safety with respect to cooling, shielding, and mechanical/structural 
functions.  

The HI-STORM 100 System is autonomous inasmuch as it provides SNF and radioactive material 
confinement, radiation shielding, criticality control and passive heat removal independent of any 
other facility, structures, or components. The surveillance and maintenance required by the plant's 
staff is minimized by the HI-STORM 100 System since it is completely passive and is composed 
of materials with long proven histories in the nuclear industry. The HI-STORM 100 System can be 
used either singly or as the basic storage module in an ISFSI. The site for an ISFSI can be located 
either at a reactor or away from a reactor.  

The information presented in this report is intended to demonstrate the acceptability of the HI
STORM 100 System for use under the general license provisions of Subpart K by meeting the 
criteria set forth in 1OCFR72.236.  
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The modularity of the HI-STORM 100 System accrues several advantages. Different MPCs, 
identical in exterior dimensions, manufacturing requirements, and handling features, but different 
in their SNF arrangement details, are designed to fit a common overpack. Even though the different 
MPCs have fundamentally identical design and manufacturing attributes, qualification of HI
STORM 100 requires consideration of the variations in the characteristics of the MPCs. In most 
cases, however, it is possible to identify the most limiting MPC geometry and the specific loading 
condition for the safety evaluation, and the detailed analyses are then carried out for that bounding 
condition. In those cases where this is not possible, multiple parallel analyses are performed.  

The HI-STORM overpack is not engineered for transport and, therefore, will not be submitted for 
1 OCFR Part 71 certification. HI-STORM 100, however, is designed to possess certain key elements 
of flexibility.  

For example: 

"* The HI-STORM 100 overpack is stored at the ISFSI pad in a vertical orientation which helps 
minimize the size of the ISFSI and leads to an effective natural convection cooling flow 
around the MPC.  

"* The HI-STORM 100 overpack can be loaded with a loaded MPC using the HI-TRAC 
transfer cask inside the 10CFR50 [1.1.4] facility, prepared for storage, transferred to the 
ISFSI, and stored in a vertical configuration, or directly loaded using the HI-TRAC transfer 
cask at or nearby the ISFSI storage pad.  

The version of the HI-STORM overpack equipped with sector lugs to anchor it to the ISFSI pad is 
labeled HI-STORM I0O0A, shown in Figure 1.1.4. Figure 1.1.5 shows the sector lugs and anchors 
used to fasten the overpack to the pad in closer view. Complete design details on HI-STORM I OOA 
are presented in the design drawing and BOM contained in Section 1.5. Users may employ a double 
nut arrangement as an option. The HI-STORM 1 OOA overpack will be deployed at those ISFSI sites 
where the postulated seismic event (defined by the three orthogonal ZPAs) exceeds the maximum 
limit permitted for free-standing installation. The design of the ISFSI pad and the embedment are 
necessarily site-specific and the responsibility of the ISFSI owner. These designs shall be in 
accordance with the requirements specified in Appendix 2.A. The jurisdictional boundary between 
the anchored cask design and the embedment design is defined in Table 2.0.5. Additional description 
on the HI-STORM I OOA configuration is provided in Subsection 1.2.1.2.1.  

The MPC is a multi-purpose SNF storage device both with respect to the type of fuel assemblies 
and its versatility of use. The MPC is engineered as a cylindrical prismatic structure with square 

cross section storage cavities. The number of storage locations depends on the type of fuel.  
Regardless of the storage cell count, the construction of the MPC is fundamentally the same; it is 
built as a honeycomb of cellular elements positioned within a circumscribing cylindrical canister 
shell. The manner of cell-to-cell weld-up and cell-to-canister shell interface employed in the MPC 
imparts extremely high structural stiffness to the assemblage, which is an important attribute for 
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mechanical accident events. Figure 1.1.2 shows an elevation cross section of a MPC.  

The MPC is identical to those presented in References [1.1.2] and [1.1.3], except for MPC-24, 24E, 
24EF, 32, and 68FF, until such time as those CoCs are amended to include these additional MPC 
models. Referencing these squbqi~te!s documents, as applicable, avoids repetition of information on 
the MPCs which is comprehensively set forth in the above-mentioned Holtec International 
apphieatie, documents docketed with the NRC. However, sufficient information and drawings are 
presented in this report to mnaintain clarity of exposition of technical data.  

The HI-STORM 100 storage overpack is designed to provide the necessary neutron and gamma 
shielding to comply with the provisions of 10CFR72 for dry storage of SNF at an ISFSI. A cross 
sectional view of the HI-STORM 100 storage overpack is presented in Figure 1.1.3. A MI-TRAC 
transfer cask is required for loading of the MIPC and movement of the loaded MPC from the cask 
loading area of a nuclear plaint spent fuel pool to the storage overpack. The HI-TRAC is engineered 
to be emplaced with an empty MPC into the cask loading area of nuclear plant spent fuel pools for 
fuel loading (or unloading). TIhe HI-TRAC/MPC assembly is designed to preclude intrusion of pool 
water into the narrow annular space between the HI-TRAC and the MPC while the assembly is 
submerged in the pool water. The Ill-TRAC transfer cask also allows dry loading (or unloading) of 
SNF into the MPC.  

To summarize, the HI-STORM 100 System has been engineered to: 

"* minimize handling of the SNF; 

"* provide shielding and physical protection for the MIPC; 

"* permit rapid and unencumbered decommissioning of the ISFSI; 

"* require minimal ongoing surveillance and maintenance by plant staff; 

"* minimize dose to operators during loading and handling; 

"* allow transfer of the loaded MPC to a HI-STAR overpack for transportation.  
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1.2 GENERAL DESCRIPTION OF HI-STORM 100 System 

1.2.1 System Characteristics 

The basic HI-STORM 100 System consists of interchangeable MPCs providing a confinement 

boundary for BWR or PWR spent nuclear fuel, a storage overpack providing a structural and 

radiological boundary for long-term storage of the MPC placed inside it, and a transfer cask 

providing a structural and radiological boundary for transfer of a loaded MPC from a nuclear plant 

spent fuel storage pool to the storage overpack. Figure 1.2.1 provides a cross sectional view of the 

HI-STORM 100 System with an MPC inserted into a storage overpack. Figure 1.2.1A provides a 

cross sectional view of the HI-STORM 100S System with an MPC inserted into a storage overpack.  

Each of these components is described below, including information with respect to component 

fabrication techniques and designed safety features. All structures, systems, and components of the 

HI-STORM 100 System which are identified as Important to Safety are specified in Table 2.2.6. This 

discussion is supplemented with a full set of detailed design drawings in Section 1.5.  

The HI-STORM 100 System is comprised of three discrete components: 

i. multi-purpose canister (MPC) 

ii. storage overpack (HI-STORM) 
iii. transfer cask (HI-TRAC) 

Necessary auxiliaries required to deploy the HI-STORM 100 System for storage are: 

i. vacuum drying (or other moisture removal) system 
ii. helium (He) backfill system with leakage detector 
iii. lifting and handling systems 
iv welding equipment 
v. transfer vehicles/trailer 

All MPCs have identical exterior dimensions which-that render them interchangeable. The outer 

diameter of the MPC is 68-3/8 inchest and the overall length is 190-1/2 inches. See Section 1.5 for 

the detailed design drawings. Due to the differing storage contents of each MPC, the maximum 
loaded weight differs bewee- among MPCs. See Table 3.2.1 for each MPC weight. However, the 

maximum weight of a loaded MPC is approximately 44-1/2 tons. Tables 1.2.1 and 1.2.2 contain the 
key parameters for the MPCs.  

A single, base HI-STORM overpack design is provided which is capable of storing each type of I 
MPC. The overpack inner cavity is sized to accommodate the MPCs. The inner diameter of the 

overpack inner shell is 73-1/2 inches and the height of the cavity is 191-1/2 inches. The overpack 

t Dimensions discussed in this section are considered nominal values.  
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inner shell is provided with channels distributed around the inner cavity to present an inside diameter 
of 69-1/2 inches. The channels are intended to offer a flexible medium to absorb some of the impact 
during a non-mechanistic tip-over, while still allowing the cooling air flow through the ventilated 
overpack. The outer diameter of the overpack is 132-1/2 inches. and The overall height of the HI
STORM 100 and the HI-STORM 100S is 239-1/2 inches and 232 inchesg respectively. See Section 
1.5 for the detailed design drawings. The weight of the overpack without an MPC is approximately 
135 tons. See Table 3.2.1 for the detailed weights.  

Before proceeding to presenat detailed physical data on the HI-STORM 100 System, it is of 
contextual importance to summarize the design attributes which enhance the performance and safety 
of the system. Some of the principal features of the HI-STORM 100 System which enhance its 
effectiveness as an SNF storage device and a safe SNF confinement structure are: 

"* the honeycomb design of the MPC fuel basket; 

"* the effective distribution of neutron and gamma shielding materials within the system; 

"* the high heat dissipation capability; 

"* engineered features to promote convective heat transfer; 

"* the structural robustness of the steel-concrete-steel overpack construction.  

The honeycomb design of the MPC fuel baskets renders the basket into a multi-flange plate 
weldment where all structural elements (i.e., box walls) are arrayed in two orthogonal sets of plates.  
Consequently, the walls of the cells are either completely co-planar (i.e., no offset) or orthogonal 
with each other. There is complete edge-to-edge continuity between the contiguous cells.  

Among the many benefits of the honeycomb construction is the uniform distribution of the metal 
mass of the basket over the entire length of the basket. Physical reasoning suggests that a uniformly 
distributed mass provides a more effective shielding barrier than can be obtained from a nonuniform 
basket. In other words, the honeycomb basket is a most effective radiation attenuation device. The 
complete cell-to-cell connectivity inherent in the honeycomb basket structure provides an 
uninterrupted heat transmission path, making the MPC an effective heat rejection device.  

The composite shell construction in the overpack, steel-concrete-steel, allows ease of fabrication and 
eliminates the need for the sole reliance on the strength of concrete.  

A description of each of the components is provided in the following sections, along with 
information with respect to its fabrication and safety features. This discussion is supplemented with 
the full set of Design Drawings and Bills-of-Material in Section 1.5.  
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1.2.1.1 Multi-Purpose Canisters

The MPCs are welded cylindrical structures as shown in cross sectional views of Figures 1.2.2 and 
1.-24 through 1.2.4A. The outer diameter and cylindrical height of each MPC are fixed. Each spent 
fuel MPC is an assembly consisting of a honeycombed fuel basket, a baseplate, canister shell, a lid, 
and a closure ring, as depicted in the MPC cross section elevation view, Figure 1.2.5. The number of 
spent nuclear fuel storage locations in each of the MPCs depends on the fuel assembly 
characteristics.  

There are thiree seven MPC models, distinguished by the type and number of fuel assemblies 
authorized for loading. The MPC-24 is designed to store up to 24 intact PWR fuel assemblies. The 
MPC-24E is designed to store up to 24 total PWR fuel assemblies including up to four (4) damaged 
PWR fuel assemblies. The MPC-24EF is designed to store up to 24 total PWR fuel assemblies 
including up to four (4) damaged PWR fuel assemblies or fuel classified as fuel debris. The MPC-68 
is designed to store up to 68 intae- totalBWR fuel assemblies including up to 68 damaged Dresden 
Unit 1 or Humboldt Bay BWR fuel assemblies. Damaged B WR fuel assemblies other than Dresden 
Unit 1 and Humboldt Bay are limited to 16fuel storage locations in the MPC-68 with the remainder 
being intact BWR fuel assemblies, up to a total of 68. The MPC-68F is designed to store up to 68 
intact or damaged Dresden Unit 1 and Humboldt Bay BWR fuel assemblies, and Up to four of the 
68 fuel storage locations in the MPC-68F may be Dresden Unit 1 and Humboldt Bay BWR fuel 
assemblies classified as fuel debris. The MPC-68FF is designed to store up to 68 totalBWR fuel 
assemblies including up to 16 damaged BWR fuel assemblies. Up to eight (8) of the 16 BWR 
damaged fuel assembly storage locations may be filled with BWR fuel classified as fuel debris.  
In addition, allfuel loading combinations permitted in the MPC-68F are also permitted in the 
MPC-68FF. Design Drawings for all of the MPCs are provided in Section 1.5.  

The MPC provides the confinement boundary for the stored fuel. Figure 1.2.6 provides an 
elevation view of the MPC confinement boundary. The confinement boundary is defined by the 
MPC baseplate, shell, lid, port covers, and closure ring. The confinement boundary is a seal
strength-welded enclosure of all stainless steel construction.  

The construction , catu.es . f the PWR MPC-24, MPC-24E and the B". .PG 68 are similar.  
Hoiwever-, te PIR M4PC 24 caniser- in F-igure 1.2.4-, which is designed for- high enriched PW 
fuel, MPC-24EF differs in construction from the MPC-32 and the MPC-68 (including the MPC
68F and MPC-68FF) in one important aspect: the fuel storage cells are physically separated 
from one another by a "flux trap", for criticality control. ThePWR MPC-32 is designed similar to 
the MPC-68 (without flux traps) and its design includes credit for soluble boron in the MPC 
water during wet fuel loading and unloading operations for criticality control. All MPC baskets 
are formed from an array of plates welded to each other, such that a honeycomfb structure is 
created which r-esembles a multiflanged, closed section beam in its structur-al char-acter-istics.  

The MPC fuel baskets of non-flux trap construction (namely, MPC-68, MPC-68F, MPC-68FF, and 
MPC-32) are formed from an array ofplates welded to each other at their intersections. In the flux
trap type fuel baskets (MPC-24, MPC-24E, and MPC-24EF), formed angles are interposed onto the 
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orthogonally configured plate assemblage to create the required flux-trap channels (see MPC-24 
and MPC-24E design drawings in Section 1.5). In both configurations, two key attributes of the 
basket (described in U.S. Paient No. 5,897,747, assigned to Holtec International) are preserved: 

i. The cross section of the fuel basket simulates a multi-flanged closed section beam, 
resulting in extremely high bending rigidity.  

ii. The principal structural frame of the basket consists of co-planar plate-type members 
(i.e., no offset).  

This structural feature eliminates the source of severe bending stresses in the basket structure by 
eliminating the offset between the cell walls that must transfer the inertia load of the stored SNF to 
the basketlMPC interface during the various postulated accident events (e.g., non-mechanistic 
tipover, uncontrolled lowering of a cask during on-site transfer, or off-site transport events, etc.).  

The MPC fuel basket is positioned and supported within the MPC shell by a set of basket 
supports welded to the inside of the MPC shell. Between the periphery of the basket, the MPC 
shell, and the basket supports, optional heat conduction elements afemay be installed. These heat 
conduction elements are fabricated from thin aluminum alloy 1100 in shapes and a design which 
enabkl allows a snug fit in the confined spaces and ease of installation. If used, Tthe heat 
conduction elements are installed along the full length of the MPC basket except at the drain 
pipe location to create a nonstructural thermal connection which facilitates heat transfer from the 
basket to shell. In their in-4at-• operating condition, the heat conduction elements contact the 
MPC shell and basket walls.  

Lifting lugs attached to the inside surface of the MPC canister shell serve to permit placement of 
the empty MPC into the HI-TRAC transfer cask. The lifting lugs also serve to axially locate the 
MPC lid prior to welding. These internal lifting lugs are not used to handle a loaded MPC. Since 
the MPC lid is installed prior to any handling of a loaded MPC, there is no access to the lifting 
lugs once the MPC is loaded.  

The top end of the MPC incorporates a redundant closure system. Figure 1.2.6 shows the MPC 
closure details. The MPC lid is a circular plate edge-welded to the MPC outer shell. This plate is 
equipped with vent and drain ports w-hieh-that are utilized to remove moisture and air from the 
MPC, and backfill the MPC with a specified mass amount of inert gas (helium). The vent and 
drain ports are covered and seal welded before the closure ring is installed. The closure ring is a 
circular ring edge-welded to the MPC shell and lid. The MPC lid provides sufficient rigidity to 
allow the entire MPC loaded, with SNF to be lifted by threaded holes in the MPC lid.  

To maintain a constant exterior axial length between the PWR MPCs MPG 24 and the BWR 
MPCs MPG 68 the thickness of the PWR MPCs' MPC 24 lid is ½ inch thinner than the MPC
68s' lid to accommodate the longest PWR fuel assembly which is approximately a ½ inch longer 
than the longest BWR fuel assembly. For fuel assemblies that are shorter than the design basis 
length, upper and lower fuel spacers (as appropriate) maintain the axial position of the fuel 
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assembly within the MPC basket. The upper fuel spacers are threaded into the underside of the 
MPC lid as shown in Figure 1.2.5. The lower fuel spacers are placed in the bottom of each fuel 
basket cell. The upper and lower fuel spacers are designed to withstand normal, off-normal, and 
accident conditions of storage. An axial clearance of approximately 2 inches is provided to 
account for the irradiation and thermal growth of the fuel assemblies. The suggested values for 
the upper and lower fuel spacer lengths are listed in Tables 2.1.9 and 2.1.10 for each fuel 
assembly type. The actual length of fuel spacers will be determined on a site-specific or fuel 
assembly-specific basis.  

The MPC is constructed entirely from stainless steel alloy materials (except for the neutron 
absorber and aluminum heat conduction elements). No carbon steel parts are permitted in the 
MPC. Concerns regarding interaction of coated carbon steel materials and various MPC 
operating environments [1.2.1] are not applicable to the MPC. All structural components in a 
MPC shall be made of Alloy X, a designation which warrants further explanation.  

Alloy X is a material whic-h-that is expected to be acceptable as a Mined Geological Disposal 
System (MGDS) waste package and which meets the thermophysical properties set forth in this 
document.  

At this time, there is considerable uncertainty with respect to the material of construction for an 
MPC which-that would be acceptable as a waste package for the MGDS. Candidate materials 
being considered for acceptability by the DOE include: 

Type 316 
Type 316LN 

Type 304 
Type 304LN 

The DOE material selection process is primarily driven by corrosion resistance in the potential 
environment of the MGDS. As the decision regarding a suitable material to meet disposal 
requirements is not imminent, this application requests approval for use of any one of the four 
Alloy X materials.  

For the MPC design and analysis, Alloy X (as defined in this application) may be one of the 
following materials. (-Only a single alloy from the list of acceptable Alloy X materials may be 
used in the fabrication of a single MPC basket or shell - the basket and shell may be of different 
alloys in the same MPC.  

Type 316 
Type 316LN 
Type 304 

Type 304LN 
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The Alloy X approach is accomplished by qualifying the MPC for all mechanical, structural, 
neutronic, radiological, and thermal conditions using material thermophysical properties which 
are the least favorable for the entire group for the analysis in question. For example, when 
calculating the rate of heat rejection to the outside environment, the value of thermal 
conductivity used is the lowest for the candidate material group. Similarly, the stress analysis 
calculations use the lowest value of the ASME Code allowable stress intensity for the entire 
group. Stated differently, we have defined a material, which is referred to as Alloy X, whose 
thermophysical properties, from the MPC design perspective, are the least favorable of the 
candidate materials.  

The evaluation of the Alloy X constituents to determine the least favorable properties is provided 
in Appendix L.A.  

Other alloy materials which are identified to be more suitable by the DOE for the MGDS in the 
future and which are also bounded by the Alloy X properties set forth in Appendix L.A can be 
used in the MPC after an amnendment to this FSAR is approved.  

The Alloy X approach is conservative because no matter which material is ultimately utilized in 
the MPC construction, the Alloy X approach guarantees that the performance of the MPC will 
exceed the analytical predictions contained in this document.  

1.2.1.2 Overpacks 

1.2.1.2.1 HI-STORM 100 Overpack (Storage) 

The HI-STORM 100 and .100S overpacks is-a are rugged, heavy-walled cylindrical vessels.  
Figures 1.2.7, and 1.2.8, and 1.2.8A provide cross sectional views of the HI-STORM 100 
System, including both of the overpack designs. The HI-STORM 100A is an anchored variant of 
the same structure and hereinafter is identified by name only when the discussion specifically 
applies to the anchored overpack. The HI-STORM 100A differs only in the diameter of the 
overpack baseplate and the presence of bolt holes and associated anchorage hardware (see 
Figures 1.1.4 and 1.1.5).The main structural function of the storage overpack is provided by 
carbon steel, and the main shielding function is provided by plain concrete. The overpack plain 
concrete is enclosed by cylindrical steel shells, a thick steel baseplate, and a top plate. The 
overpack lid has appropriate concrete shielding atta.hed to i. underside and tp to provide 
neutron and gamma attenuation in the vertical direction.  

The storage overpack provides an internal cylindrical cavity of sufficient height and diameter for 
housing an MPC. The inner shell of the overpack has channels attached to its inner diameter. The 
channels provide guidance for MPC insertion and removal and a flexible medium to absorb 
impact loads during the non-mechanistic tip-over, while still allowing the cooling air flow to 
circulate through the overpack. Stainless steel shims are attached to channels to allow the proper 
inner diameter dimension to be obtained and to provide a guiding surface for MPC insertion and 
removal.  
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The storage .. er.paek-system has air ducts to allow for passive natural convection cooling of the 
contained MPC. Four air inlets and four air outlets are located at the lower and upper extremities 
of the eovieac-kstorage system, respectively. The location of the air outlets in the HI-STORM 100 
and the HI-STORM 100S design differ in that the outlet ducts for the HI-STORM 100 overpack 
are located in the overpack body and are aligned vertically with the inlet ducts at the bottom of 
the overpack body. The air outlet ducts in the HI-STORM 100S are integral to the lid assembly 
and are not in vertical alignment with the inlet ducts. The location of the air inlet ducts is same 
for both the HI-STORM 100 and the HI-STORM 100S. The air inlets and outlets are covered by a 
fine mesh screen to reduce the potential for blockage. Routine inspection of the screens (or, 
alternatively, temperature monitoring) ensures that blockage of the screens themselves will be 
detected and removed in a timely manner. Analysis, provided-described in Chapter 11 of this 
FSAR, evaluates the effects of partial and complete blockage of the air ducts.  

The four air inlets and four air outlets are penetrations through the thick concrete shielding 
provided by the HI-STORM 100 overpack. The outlet air ducts for the HI-STORM 100S 
overpack, integral to the lid, present a similar break in radial shielding. Within the air inlets and 
outlets, an array of gamma shield cross plates are installed (see Figure 5.3.19 for a pictorial 
representation of the gamma shield cross plate designs). These gamma shield cross plates are 
designed to scatter any particles traveling through the ducts. The result of scattering the particles 
in the ducts is a significant decrease in the local dose rates around the four air inlets and four air 
outlets. The configuration of the gamma shield cross plates is such that the increase in the 
resistance to flow in the air inlets and outlets is minimized. The shielding analysis conservatively 
credits only the mandatory version of the gamma shield cross plate design because they provide 
less shielding than the optional design. Conversely, the thermal analysis conservatively 
evaluates the optional gamma shield cross plate design because it provides greater resistance to 
flow than the mandatory design.  

Four threaded anchor blocks at the top of the overpack are provided for lifting. The anchor 
blocks are integrally welded to the radial plates which in turn are full-length welded to the 
overpack inner shell, outer shell, and baseplate (HI-STORM 100) or the inlet sir duct horizontal 
plates (HI-STORM 100S) (see Figure 1.2.7). The four anchor blocks are located on 900 
eenPr-sarcs around the circumference of the overpack. The overpack may also be lifted from the 
bottom using specially-designed lifting transport devices, including hydraulic jacks, air pads, affd 
Hillman rollers, or other design based on site-specific needs and capabilities. Slings or other 
suitable devices mate with lifting lugs wiie-h-that are inserted into threaded holes in the top 
surface of the overpack lid to allow lifting of the overpack lid. After the lid is bolted to the 
storage overpack main body, these lifting bolts shall be removed and replaced with flush plugs.  

The plain concrete between the overpack inner and outer steel shells is specified to provide the 
necessary shielding properties and compressive strength. The concrete shall be in accordance 
with the requirements specified in Appendix 1.D.  
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The principal function of the concrete is to provide shielding against gamma and neutron 
radiation. However, in an implicit manner it helps enhance the performance of the HI-STORM 
overpack in other respects as well. For example, the massive bulk of concrete imparts a large 
thermal inertia to the HI-STORM overpack, allowing it to moderate the rise in temperature of the 
system under hypothetical conditions when all ventilation passages are assumed to be blocked.  
The case of a postulated fire accident at the ISFSI is another example where the high thermal 
inertia characteristics of the HI-STORM concrete control the temperature of the MPC. Although 
the annular concrete mass in the overpack shell is not a structural member, it does act as an 
elastic/plastic filler of the inter-shell space, such that, while its cracking and crushing under a tip
over accident is not of significant consequence, its deformation characteristics are germane to the 
analysis of the structural members.  

Density and compressive strength are the key parameters which delineate the performance of 
concrete in the HI-STORM System. The density of concrete used in the inter-shell annulus, 
pedestal, and HI-STORM lid has been set as defined in Appendix 1.D. For evaluating the 
physical properties of concrete for completing the analytical models, conservative formulations 
of Reference [1.20.65] are used.  

To ensure the stability of the concrete at temperature, the concrete composition has been 
specified in accordance wilh NUREG-1536, "Standard Review Plan for Dry Cask Storage 
Systems" [1.02-.403]. The:nnal analyses, presented in Chapter 4, show that the temperatures 
during normal storage conditions do not threaten the physical integrity of the HI-STORM 
overpack concrete.  

There are two base HI-STORM overpack designs. The significant differences between the two 
are overpack height, MPC pedestal height, location of the air outlet ducts, and the vertical 
alignment of the inlet and outlet air ducts. The HI-STORM 100 overpack is approximately 240 
inches high from the bottom of the baseplate to the top of the lid bolts and 227 inches high 
without the lid installed. The HI-STORM 100S is approximately 232 inches from the bottom of 
the baseplate to the top of the lid bolts in its final storage configuration. However, the HI
STORM 100S design includes an optional temporary top closure plate and bolts as ancillary 
equipment for use in moving the loaded overpack out of the Part 50 facility through existing, 
lower clearance doorways. In this temporary configuration the HI-STORM 100S overpack is 
approximately 215 inches high.  

Once outside, the permanent HI-STORM 100S overpack lid is installed using the permanent 
bolts to provide the final storage configuration. Users who require even more clearance based 
on their plant-specific configuration may move the loaded HI-STORM 100S overpack into or out 
of the Part 50facility with neither the temporary nor thepermanent lid installed. Before moving 
the overpack to the ISFSI, the permanent lid should be installed as soon as practicable after the 
loaded overpack leaves the Part 50facility. This, and other administrative controls for moving 
the loaded overpack without the permanent lid installed are detailed in Section 8.1.1.2 of this 
FSAR.  
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The anchored embodiment of the HI-STORM overpack is referred to as HI-STORM 1OOA. As 
explained in the foregoing, the HI-STORM overpack is a steel weldment, which makes it a relatively 
simple matter to extend the overpack baseplate, form lugs, and then anchor the cask to the 
reinforced concrete structure of the ISFSI. In the HI-STORM terminology, these lugs are referred 
too as "sector lugs". The sector lugs, as shown in Figure 1.1.5 and the design drawing in Section 
1.5, are formed by extending the HI-STORM overpack baseplate, welding vertical gussets to the 
baseplate extension and to the overpack outer shell and, finally, welding a horizontal lug support 
ring in the form of an annular sector to the vertical gussets and to the outer shell. The baseplate is 
equipped with regularly spaced clearance holes (round or slotted) through which the anchor studs 
can pass. The sector lugs are bolted to the ISESI pad using anchor studs that are made of a creep
resistant, high-ductility, environmentally compatible material. The bolts are pre-loaded to a precise 
axial stress using a "stud tensioner" rather than a torque wrench. Pre-tensioning the anchors using 
a stud tensioner eliminates any shear stress in the bolt, which is unavoidable if a torquing device is 
employed (Chapter 3 of the text "Mechanical Design of Heat Exchangers and Pressure Vessel 
Components", by Arcturus Publishers, 1984, K.P. Singh and A.L Soler, provides additional 
information on stud tensioners). The axial stress in the anchors induced by pre-tensioning is kept 
below 75% of the material yield stress, such that during the seismic event the maximum bolt axial 
stress remains below the limit prescribed for bolts in the ASME Code, Section III, Subsection NF 
(for Level D conditions). Figures 1.1.4 and 1.1.5 provide visual depictions of the anchored HI
STORM 100A configuration. This configuration also applies to the HI-STORM IOOSA.  

The anchor studs pass through liberal clearance holes (circular or slotted) in the sector lugs (0. 75" 
minimum clearance) such that the fastening of the studs to the ISFSI pad can be carried out without 
mechanical interference from the body of the sector lug. The two clearance hole configurations give 
the ISESI pad designer flexibility in the design of the anchor embedment in the ISFSI concrete. The 
axial force in the anchors produces a compressive load at the overpack/pad interface. This 
compressive force, F, imputes a lateral load bearing capacity to the cask/pad interface that is equal 
to pF (It • 0.53 per Table 2.2.8). As is shown in Chapter 3 of this FSAR, the lateral load-bearing 
capacity of the HI-STORM/pad interface (Itu) is many times greater than the horizontal (sliding) 
force exerted on the cask under the postulated DBE seismic event. Thus, the potential for lateral 
sliding of the HI-STORM I OOA System during a seismic event is preecluded, as is the potential for 
any bending action on the anchor studs.  

The seismic loads, however, will produce an overturning moment on the overpack that would cause 
a redistribution of the compressive contactpressure between thepad and the overpack. To determine 
the pulsation in the tensile load in the anchor studs and in the interface contact pressure, bounding 
static analysis of the preloaded configuration has been performed. The results of the static analysis 
demonstrate that the initial preloading minimizes pulsations in the stud load. A confirmatory non
linear dynamic analysis has also been performed using the time-history methodology described in 
Chapter 3, wherein the principal nonlinearities in the cask system are incorporated and addressed.  
The calculated results from the dynamic analysis confirm the static analysis results and that the 
presence of pre-stress helps minimize the pulsation in the anchor stud stress levels during the 
seismic event, thus eliminating any concern with regard to fatigue failure under extended and 
repetitive seismic excitations.  
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The sector lugs in HI-STORMI 1OOA are made of the same steel material as the baseplate and the 
shell (&A516- Gr. 70) which helps ensure high quality fillet welds used to join the lugs to the body of 
the overpack. The material fgr the anchor studs can be selected from a family of allowable stud 
materials listed in the ASME Code (Section II). A representative sampling ofpermitted materials is 
listed in Table 1.2.7. The menu of materials will enable the 1SFSI owner to select a fastener material 
that is resistant to corrosion in the local ISFSI environment. For example, for ISFSIs located in 
marine environments (e.g., coastal reactor sites), carbon steel studs would not be recommended 
without concomitant periodic inspection and coating maintenance programs. Table 1.2.7provides 
the chemical composition ofseveral acceptable fastener materials to help the ISFSI owner select the 
most appropriate materialfino his site. The two mechanical properties, ultimate strength cru and yield 
strength yry are also listed. For purposes of structural evaluations, the lower bound values of cru and 
oryfrom the menu of materials listed in Table 1.2.7 are used (see Table 3.4.10).  

For convenience in referencing, the representative menu offastener materials listed in Table 1.2.7 
(and other additional acceptable materials from the ASME Code) will be referred to as "Alloy Z. " 

As shown in the design drawing, the anchor studs are spaced sufficiently far apart such that a 
practical reinforced concrete pad with embedded receptacles can be designed to carry the axial pull 
from the anchor studs without overstressing the enveloping concrete monolith. The design 
specification and supporting analyses in this FSAR are focused on qualifying the overpack 
structures, including the secror lugs and the anchor studs. The design of the ISFSI pad, and its 
anchor receptacle will vary from site to site, depending on the geology and seismological 
characteristics of the sub-terrain underlying the ISFSi pad region. The data provided in this FSAR, 
however, provide the compleie set offactored loads to which the ISFSI pad, its sub-grade, and the 
anchor receptacles must be designed within the purview of ACI-349-97 [1.0.4]. Detailed 
requirements on the ISFSl pads for anchored casks are provided in Section 2.0.4.  

1.2.1.2.2 HI-TRAC (Transfer Cask) 

Like the storage overpack, the HI-TRAC transfer cask is a rugged, heavy-walled cylindrical vessel.  
The main structural function of the transfer cask is provided by carbon steel, and the main neutron 
and gamma shielding functions are provided by water and lead, respectively. The transfer cask is a 
steel, lead, steel layered cylinder with a water jacket attached to the exterior. Figure 1.2.9 provides a 
typical cross section of a HI.-TRAC with the pool lid installed.  

The transfer cask provides an internal cylindrical cavity of sufficient size for housing an MPC.  
The top lid has additional neutron shielding to provide neutron attenuation in the vertical 
direction (from SNF in the MPC below). The MPC access hole through the HI-TRAC top lid is 
provided to allow the lowering/raising of the MPC between the HI-TRAC transfer cask, and the 
HI-STORM or HI-STAR overpacks. The HI-TRAC is provided with two bottom lids, each used 
separately. The pool lid is bolted to the bottom flange of the HI-TRAC and is utilized during 
MPC fuel loading and sealing operations. In addition to providing shielding in the axial 
direction, the pool lid incorporates a seal which is designed to hold clean demineralized water in 
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the HI-TRAC inner cavity, thereby preventing contamination of the exterior of the MPC by the 
contaminated fuel pool water. After the MPC has been drained, dried, and sealed, the pool lid is 
removed and the HI-TRAC transfer lid is attached. The transfer lid incorporates two sliding 
doors which allow the opening of the HI-TRAC bottom for the MPC to be raised/lowered.  
Figure 1.2.10 provides a cross section of the HI-TRAC with the transfer lid installed.  

Trunnions are provided for lifting and rotating the transfer cask body between vertical and 
horizontal positions. The lifting trunnions are located just below the top flange and the pocket 
trunnions are located above the bottom flange. The two lifting trunnions are provided to lift and 
vertically handle the HI-TRAC, and the pocket trunnions provide a pivot point for the rotation of 
the HI-TRAC for downending or upending.  

Two HI-TRAC transfer casks of different weights are provided to house the MPCs. The 125 ton 
HI-TRAC weight does not exceed 125 tons during any loading or transfer operation. The 100 ton 
HI-TRAC weight does not exceed 100 tons during any loading or transfer operation. The internal 
cylindrical cavities of the two HI-TRACs are identical. However, the external dimensions are 
different. The 100ton HI-TRAC has a reduced thickness of lead and water shielding and 
consequently, the external dimensions are different. The structural steel thickness is identical in 
the two HI-TRACs. This allows most structural analyses of the 125 ton HI-TRAC to bound the 
100 ton HI-TRAC design. Additionally, as the two HI-TRACs are identical except for a reduced 
thickness of lead and water, the 125 ton HI-TRAC has a larger thermal resistance than the 
smaller and lighter 100 ton HI-TRAC. Therefore, for normal conditions the 125 ton HI-TRAC 
thermal analysis bounds that of the 100 ton HI-TRAC. Separate shielding analyses are performed 
for each HI-TRAC since the shielding thicknesses are different between the two.  

1.2.1.3 Shielding Materials 

The HI-STORM 100 System is provided with shielding to ensure the radiation and exposure 
requirements in 10CFR72.104 and 10CFR72.106 are met. This shielding is an important factor 
in minimizing the personnel doses from the gamma and neutron sources in the SNF in the MPC 
for ALARA considerations during loading, handling, transfer, and storage. The fuel basket 
structure of edge-welded composite boxes and Boral ' neutron poison panels attached to the fuel 
storage cell vertical surfaces provide the initial attenuation of gamma and neutron radiation 
emitted by the radioactive spent fuel. The MPC shell, baseplate, lid and closure ring provide 
additional thicknesses of steel to further reduce the gamma flux at the outer canister surfaces.  

In the HI-STORM 100 storage overpack, the primary shielding in the radial direction is provided 
by concrete and steel. In addition, the storage overpack has a thick circular concrete slab attached 
to the under-side ef the lid, and a thick circular concrete pedestal upon which the MPC rests.  
These slabs provide gamma and neutron attenuation in the axial direction. The thick overpack lid 
and concrete shielding integral to fing-atep-the lid provide additional gamma attenuation in the 
upward direction, reducing both direct radiation and skyshine. Several steel plate and shell 
elements provide additional gamma shielding as needed in specific areas, as well as incremental 
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improvements in the overall shielding effectiveness. Gamma shield crossplates, as depicted in 
Figure 5.3.19, provide attenuation of scattered gamma radiation as it exits the inlet and outlet 
air ducts.  

In the HI-TRAC transfer cask radial direction, gamma and neutron shielding consists of steel
lead-steel and water, respeclively. In the axial direction, shielding is provided by the top lid, and 
the pool or transfer lid. In the HI-TRAC pool lid, layers of steel-lead-steel provide an additional 
measure of gamma shielding to supplement the gamma shielding at the bottom of the MPC. In 
the transfer lid, layers of steel-lead-steel provide gamma attenuation. For the 125 ton HI-TRAC 
transfer lid, the neutron shield material, Holtite-A, is also provided. The 125 ton HI-TRAC top 
lid is composed of steel-neutron shield-steel, with the neutron shield material being Holtite-A.  
The 100 ton HI-TRAC top lid is composed of steel only providing gamma attenuation.  

1.2.1.3.1 Boral Neutron Absorber 

Boral is a thermal neutron poison material composed of boron carbide and aluminum (aluminum 
powder and plate). Boron carbide is a compound having a high boron content in a physically 
stable and chemically inert form. The boron carbide contained in Boral is a fine granulated 
powder that conforms to ASTM C-750-80 nuclear grade Type III. The Boral cladding is made 
of alloy aluminum, a lightweight metal with high tensile strength which is protected from 
corrosion by a highly resistant oxide film. The two materials, boron carbide and aluminum, are 
chemically compatible and ideally suited for long-term use in the radiation, thermal, and 
chemical environment of a nuclear reactor, spent fuel pool, or dry cask.  

The documented historical applications of Boral, in environments comparable to those in spent 
fuel pools and fuel storage casks, dates to the early 1950s (the U.S. Atomic Energy 
Commission's AE-6 Water-Boiler Reactor [1.2.2]). Technical data on the material was first 
printed in 1949, when the report "Boral: A New Thermal Neutron Shield" was published [1.2.3].  
In 1956, the first edition of the Reactor Shielding Design Manual [1.2.4] was published and it 
contained a section on Boral and its properties.  

In the research and test reactors built during the 1950s and 1960s, Boral was frequently the 
material of choice for control blades, thermal-column shutters, and other items requiring very 
good thermal-neutron absorption properties. It is in these reactors that Boral has seen its longest 
service in environments comparable to today's applications.  

Boral found other uses in the 1960s, one of which was a neutron poison material in baskets used 
in the shipment of irradiated, enriched fuel rods from Canada's Chalk River laboratories to 
Savannah River. Use of Boral in shipping containers continues, with Boral serving as'the poison 
in current British Nuclear Fuels Limited casks and the recently licensed Storable Transport Cask 
by Nuclear Assurance Corporation [1.2.5].  

As indicated in Tables 1.2.2;-1.2.5, Boral has been licensed by the NRC for use in numerous 
BWR and PWR spent fuel storage racks and has been extensively used in international nuclear 
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installations.

Boral has been exclusively used in fuel storage applications in recent years. Its use in spent fuel 
pools as the neutron absorbing material can be attributed to its proven performance and several 
unique characteristics, such as: 

"* The content and placement of boron carbide provides a very high removal cross 
section for thermal neutrons.  

"* Boron carbide, in the form of fine particles, is homogeneously dispersed 
throughout the central layer of the Boral panels.  

"• The boron carbide and aluminum materials in Boral do not degrade as a result of 
long-term exposure to radiation.  

"* The neutron absorbing central layer of Boral is clad with permanently bonded 
surfaces of aluminum.  

"• Boral is stable, strong, durable, and corrosion resistant.  

Boral absorbs thermal neutrons without physical change or degradation of any sort from the 
anticipated exposure to gamma radiation and heat. The material does not suffer loss of neutron 
attenuation capability when exposed to high levels of radiation dose.  

Holtec International's QA Program ensures that Boral is manufactured under the control and 
surveillance of a Quality Assurance/Quality Control Program that conforms to the requirements 
of 10CFR72, Subpart G. Holtec International has procured over 200,000 panels of Boral from 
AAR Advanced Structures in over 30 projects. Boral has always been purchased with a 
minimum 10B loading requirement. Coupons extracted from production runs were tested using 
the wet chemistry procedure. The actual 30B loading, out of thousands of coupons tested, has 
never been found to fall below the design specification. The size of this coupon database is 
sufficient to provide reasonable assurance that all future Boral procurements will continue to 
yield Boral with full compliance with the stipulated minimum loading. Furthermore, the 
surveillance, coupon testing, and material tracking processes which have so effectively 
controlled the quality of Boral are expected to continue to yield Boral of similar quality in the 
future. Nevertheless, to add another layer of insurance, only 75% '0B credit of the fixed neutron 
absorber is assumed in the criticality analysis in compliance with Chapter 6.0, IV, 4.c of 
NUREG-1536, Standard Review Plan for Dry Cask Storage Systems.  

1.2.1.3.2 Neutron Shielding 

The specification of the HI-STORM overpack and HI-TRAC transfer cask neutron shield 
material is predicated on functional performance criteria. These criteria are: 
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"* Attenuation of neutron radiation to appropriate levels; 

"* Durability of the shielding material under normal conditions, in terms of thermal, 
chemical, mechanical, and radiation environments; 

"* Stability of the homogeneous nature of the shielding material matrix; 

"• Stability of the shielding material in mechanical or thermal accident conditions to the 
desired performance levels; and 

"- Predictability of the manufacturing process under adequate procedural control to yield an 
in-place neutron shield of desired function and uniformity.  

Other aspects of a shielding material, such as ease of handling and prior nuclear industry use, are 
also considered, within the limitations of the main criteria. Final specification of a shield 
material is a result of optimizing the material properties with respect to the main criteria, along 
with the design of the shield system, to achieve the desired shielding results.  

Neutron attenuation in the HI-STORM overpack is provided by the thick walls of concrete 
contained in the steel vessel, lid, and pedestal. Concrete is a shielding material with a long 
proven history in the nuclear industry. The concrete composition has been specified to ensure its 
continued integrity at the long term temperatures required for SNF storage.  

The HI-TRAC transfer cask is equipped with a water jacket providing radial neutron shielding.  
Demineralized water will be utilized in the water jacket. To ensure operability for low 
temperature conditions, ethylene glycol (25% in solution) will be added to reduce the freezing 
point for low temperature operations (e.g., below 32°F) [1.2.7].  

Neutron shielding in the 125 ton HI-TRAC transfer cask in the axial direction is provided by 
Holtite-A within the top lid and transfer lid. Holtite-A is a poured-in-place solid borated 
synthetic neutron-absorbing polymer. commnercially available under- the trade name NS 4 FR (or 
equivalent) and wil be Holtite-A is specified with a mbinmum nominal B4 C loading of 1 weight 
percent for the HI-STORM 100 System. Appendix 1.B provides the Holtite-A material properties 
germane to its function as a neutron shield. Holtec has performed confirmatory qualification 
tests on Holtite-A under the company's QA program.  

In the following, a brief summary of the performance characteristics and properties of Holtite-A 
is provided.  
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Density 

The specific gravity of Holtite-A is 1.68 g/cm3 as specified in Appendix 1.B. To conservatively 

bound any potential weight loss at the design temperature and any inability to reach the 

theoretical density, the density is reduced by 4% to 1.61 g/cm3 . The density used for the 

shielding analysis is conservatively assumed to be 1.61 g/cm3 to underestimate the shielding 

capabilities of the neutron shield.  

Hydrogen 

The weight concentration of hydrogen is 6.0%. However, all shielding analyses conservatively 

assume 5.9% hydrogen by weight in the calculations.  

Boron Carbide 

Boron carbide dispersed within Holtite-A in finely dispersed powder form is present in 1% 

(minimum nominal) weight concentration. Holtite-A may be specified with a B4C content of up 

to 6.5 weight percent. For the HI-STORM 100 System, Holtite-A is specified with a mimum 
nominal B4C weight percent of 1%.  

Design Temperature 

The design temperature of Holtite-A is set at 300'F. The maximum spatial temperature of 

Holtite-A under all normal operating conditions must be demonstrated to be below this design 
temperature.  

Thermal Conductivity 

Table 1.B.1 lists the thermal conductivity of Holtite A specified by the manufaeturer.  

The Holtite-A neutron shielding material is stable below the design temperature for the long term 

and provides excellent shielding properties for neutrons. A conservative, lower bound 

conductivity is stipulated for use in the thermal analyses of Chapter 4 (Section 4.2) based on 

information in the technical literature. Technical papers provided in Appendix- 1.B validate the 

ability to resist the effects of a fire accident. Holtite A has been utilized in similar- application 

and has been licensed for- use in a tr-anspor-tation cvask under- Docket No. 71 9235 and for- storage
in the HI1 STAR 100 ever-aek under- Docket No. 7-2 1008-.  
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1.2.1.3.3 Gamma Shielding Material

For gamma shielding, the HI-STORM 100 storage overpack primarily relies on massive concrete 
sections contained in a robust steel vessel. A carbon steel plate, the shield shell, is located 
adjacent to the overpack inner shell to provide additional gamma shielding (Figure 1.2.7).  
Carbon steel supplements the concrete gamma shielding in most portions of the storage 
overpack, most notably the baseplate and the lid. To reduce the radiation streaming through the 
overpack air inlets and outlets, gamma shield cross plates are installed in the ducts (Figure 1.2.8) 
to scatter the radiation. This scattering acts to significantly reduce the local dose rates adjacent to 
the overpack air inlets and outlets.  

In the HI-TRAC transfer cask, the primary gamma shielding is provided by lead. As in the 
storage overpack, carbon steel supplements the lead gamma shielding of the HI-TRAC transfer 
cask.  

1.2.1.4 Lifting Devic:es 

Lifting of the HI-STORM 100 System may be accomplished either by attachment at the top of 
the storage overpack ("top lift"), as would typically be done with a crane, or by attachment at the 
bottom ("bottom lift"), as would be effected by a number of lifting/handling devices.  

For a top lift, the storage overpack is equipped with four threaded anchor blocks arranged 
circumferentially around the overpack. These anchor blocks are used for overpack lifting as well 
as securing the overpack lid to the overpack body. The anchor blocks are integrally welded to the 
overpack radial plates which in turn are full-length welded to the overpack inner shell, outer 
shell, and baseplate (HI-STORMIO0) or inlet air duct horizontal plates (HI-STORM 100S). Studs 
are threaded into the anchor blocks to secure the lid and provide for lifting. These four studs 
provide for direct attachment of lifting devices which, along with a specially-designed lift rig to 
ensure a vertical lift, allow liIfting by a crane or similar equipment. The lift rig shall be designed 
to lift a fully-loaded storage overpack with margins of safety specified in ANSI N14.6 [1.2.9].  

A bottom lift of the HI-STORM 100 storage overpack is effected by the insertion of four 
hydraulic jacks underneath the inlet vent horizontal plates (Figure 1.2.1). A slot in the overpack 
baseplate allows the hydraulic jacks to be placed underneath the inlet vent horizontal plate. The 
hydraulic jacks lift the loaded overpack to a sufficient height to allow air pads to be placed or 
removed from under the overpack baseplate.  

The HI-TRAC transfer cask is equipped with two lifting trunnions and two pocket trunnions.  
The lifting trunnions are positioned just below the top forging. The two pocket trunnions are 
located above the bottom forging and attached to the outer shell. The pocket trunnions are 
designed to allow rotation of the HI-TRAC. All trunnions are built from a high strength alloy 
with proven corrosion and non-galling characteristics. The lifting trunnions are designed in 
accordance with NUREG-0612 and ANSI N14.6. The lifting trunnions are installed by threading 
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into tapped holes just below the top forging. The lifting tnnions fea tur, e a locking plat-, .1.ieh 

is placed onto the trunnien shaf and bolted to the HIW TRAG external suf-faee to prevent e 
lifting trunnion froem backing out-.  

The top of the MPC lid is equipped with four threaded holes that allow lifting of the loaded 
MPC. These holes allow the loaded MPC to be raised/lowered through the HI-TRAC transfer 

cask using lifting cleats. The threaded holes in the MPC lid are designed in accordance with 

NUREG-0612 and ANSI N14.6.  

1.2.1.5 Design Life 

The design life of the HI-STORM 100 System is 40 years. This is accomplished by using 
material of construction with a long proven history in the nuclear industry and specifying 
materials known to withstand their operating environments with little to no degradation. A 
maintenance program, as specified in Chapter 9, is also implemented to ensure the rI-STORM 
100 System will exceed its design life of 40 years. The design considerations that assure the HI
STORM 100 System performs as designed throughout the service life include the following: 

HI-STORM Overpack and HI-TRAC Transfer Cask 

"• Exposure to Environmental Effects 
"• Material Degradation 
"* Maintenance and Inspection Provisions 

MPC 

"• Corrosion 
"* Structural Fatigue Effects 
"* Maintenance of Helium Atmosphere 
"* Allowable Fuel Cladding Temperatures 
"* Neutron Absorber Boron Depletion 

The adequacy of the HI-STORM 100 System for its design life is discussed in Sections 3.4.11 

and 3.4.12.  

1.2.2 Operational Characteristics 

1.2.2.1 Design Features 

The HI-STORM 100 System incorporates some unique design improvements. These design 
innovations have been developed to facilitate the safe long term storage of SNF. Some of the 
design originality is discussed in Subsection 1.2.1 and below.  
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The free volume of the MPCs is inerted with 99.995% pure helium gas during the spent nuclear 
fuel loading operations. Table 1.2.2 specifies the helium fill mass to be pe i..requirementsfor 
the MPC internal cavity. a"s-af ieti-n of the free spae•. As the.fi. ....sre is highly depend. n 
en the M4PG internmaltempe2-aturc, which increases beca use of the deeay heat andi the vaeuum 
drying preeess, it is mare aecur-ate to measure the mass placed in the MPG internal eavity rather 

The HI-STORM overpack has been designed to synergistically combine the benefits of steel and 
concrete. The steel-concrete-steel construction of the HI-STORM overpack provides ease of 
fabrication, increased strength, and an optimal radiation shielding arrangement. The concrete is 
primarily provided for radiation shielding and the steel is primarily provided for structural 
functions.  

The strength of concrete in tension and shear is conservatively neglected. Only the compressive 
strength of the concrete is accounted for in the analyses.  

The criticality control features of the HI-STORM 100 are designed to maintain the neutron 
multiplication factor k-effective (including uncertainties and calculational bias) at less than 0.95 
under all normal, off-normal, and accident conditions of storage as analyzed in Chapter 6. This 
level of conservatism and safety margins is maintained, while providing the highest storage 
capacity.  

1.2.2.2 Sequence of Operations 

Table 1.2.6 provides the basic sequence of operations necessary to defuel a spent fuel pool using 
the HI-STORM 100 System. The detailed sequence of steps for storage-related loading and 
handling operations is provided in Chapter 8 and is supported by the Design Drawings in Section 
1.5. A summary of the general actions needed for the loading and unloading operations is 
provided below. Figures 1.2.16 and 1.2.17 provide a pictorial view of typical loading and 
unloading operations, respectively.  

Loading Operations 

At the start of loading operations, the HI-TRAC transfer cask is configured with the pool lid 
installedt. The HI-TRAC water jacket is filled with demineralized water or a 25% ethylene 
glycol solution depending on the ambient temperature conditions. The lift yoke is used to 
position HI-TRAC in the designated preparation area or setdown area for HI-TRAC inspection 
and MPC insertion. The annulus is filled with plant demineralized water (borated if necessary), 
and an inflatable annulus seal is installed. The inflatable seal prevents contact between spent fuel 
pool water and the MPC shell reducing the possibility of contaminating the outer surfaces of the 

t This text discusses the use of separate pool and transfer lids. Users may, with appropriate design features and 
crane capacity, use only one lid. See Chapter 8 for additional details on applicable requirements for the 
single-lid option.  
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MPG. The MPC is then filled with spe..t fuel 1 water. Based on the MPC model and fuel 
enrichment (as required by the CoG), this may be borated water or plant demineralized water.  
HI-TRAC and the MPC are lowered into the spent fuel pool for fuel loading using the lift yoke.  
Pre-selected assemblies are loaded into the MPC and a visual verification of the assembly 
identification is performed.  

While still underwater, a thick shielding lid (the MPC lid) is installed. The lift yoke is remotely 
engaged to the HI-TRAC lifting trunnions and is used to lift the HI-TRAC close to the spent fuel 
pool surface. As an ALARA measure, dose rates are measured on the top of the HI-TRAC and 
MPC prior to removal from the pool to check for activated debris on the top surface. The MPC 
lift bolts (securing the MPC lid to the lift yoke) are removed. As HI-TRAC is removed from the 
spent fuel pool, the lift yoke and HI-TRAC are sprayed with demineralized water to help remove 
contamination.  

HI-TRAC is removed from the pool and placed in the designated preparation area. The top 
surfaces of the MPC lid and the upper flange of HI-TRAC are decontaminated. The inflatable 
annulus seal is removed, and an annulus shield is installed. The annulus shield provides 
additional personnel shielding at the top of the annulus and also prevents small items from being 
dropped into the annulus. Dose rates are measured at the MPC lid and around the mid-height 
circumference of HI-TRAC to ensure that the dose rates are within expected values. The 
Automated Welding System baseplate shield (if used) is installed to reduce dose rates around the I 
top of the cask. The MPC water level is lowered slightly and the MPC lid is seal-welded using 
the Automated Welding System (AWS) or other approved welding process. Liquid penetrant 
examinations are performed on the root and final passes. A multi-layer liquid penetrant or 
volumetric examination is also performed on the MPC lid-to-shell weld. The water level is raised 
to the top of the MPC and the weld is hydrostatically tested. Then a small volume of the water is 
displaced with helium gas. The helium gas is used for leakage testing. A helium leakage rate test 
is performed on the MPC lid confinement weld (lid-to-shell) to verify weld integrity and to 
ensure that required leakage rates are within acceptance criteria. The ;water level is raised to the 
top *f the MPC again and then the The MPC water is displaced from the MPC by blowing 
pressurized helium or nitrogen gas into the vent port of the MPC, thus displacing the water 
through the drain line. The volume of water... dilaedfom the •MP•G is measured to dete rmin 
the free volume inside_ the MPGI. This information is used to deter-mine the himb-ae!9-04 

rAquremets for the MPGC.  

For storage of moderate burnup fuel, the a Vacuum Drying System (VDS) may be used to 
remove moisture from theMPC cavity. The VDS is connected to the MPC and is used to remove 
all liquid water from the MPC in a stepped evacuation process. The stepped evacuation process 
is used to preclude the formation of ice in the MPC and Vacuum Drying System lines. The 
internal pressure is reduced and held for a duration to ensure that all liquid water has evaporated.  
This process is continued until the pressure in the MPC meets the technical specification limit 
and can be held therefor the required amount of time.  
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For storage of high burnup fuel and as an option for storage of moderate burnup fuel, the 
removal of moisture from the MPC is accomplished by forced recirculation of helium through 
the MPC cavity. Warm, dry gas is supplied to the MPC drain port and forced through the MPC 
cavity where it absorbs moisture. The humidified gas travels out of the MPC and through 
appropriate equipment to filter, cool, and remove the absorbed water from the gas. The dry gas 
may be heated prior to its return to the MPC in a closed loop system to begin the moisture 
removal process again. This process is continued until the temperature of the gas in the MPC 
cavity meets the limit specified in the technical specifications. Using a gas recirculation system 
for moisture removal provides simultaneous fuel cooling.  

Following moisture removal, this ,-yes--s test, the VDS or helium recirculation system is 
disconnected and the Helium Backfill System (HBS) is attached and the MPC is backfilled with 
a predetermined amount of lhelium gas. The helium backfill ensures adequate heat transfer during 
storage, provides an inert almosphere for long-term fuel integrity, and provides the means of 
future leakage rate testing of the MPC confinement boundary welds. Cover plates are installed 
and seal-welded over the MPC vent and drain ports with liquid penetrant examinations 
performed on the root and final passes. The cover plates are helium leakage tested to confirm that 
they meet the established leakage rate criteria.  

The MPC closure ring is then placed on the MPC, aligned, tacked in place, and seal welded, 
providing redundant closure of the MPC lid and cover plates confinement closure welds. Tack 
welds are visually examined, and the root and final welds are inspected using the liquid penetrant 
examination technique to ensure weld integrity. The annulus shield is removed and the remaining 
water in the annulus is drained. The AWS Baseplate shield is removed. The MPC lid and 
accessible areas of the top of the MPC shell are smeared for removable contamination and HI
TRAC dose rates are measured. The HI-TRAC top lid is installed and the bolts are torqued. The 
MPC lift cleats are installed on the MPC lid. The MPC lift cleats are the primary lifting point of 
the MPC. Two cleats provide redundant support of the MPC when it is lifted or supported.  

Two or four stays (depending on the site crane hook configuration) are installed between the 
MPC lift cleats and the lift yoke main pins. The stays secure the MPC within HI-TRAC while the 
pool lid is replaced with the transfer lid. The HI-TRAC is manipulated to replace the pool lid 
with the transfer lid. The MPC lift cleats and stays support the MPC during the transfer 
operations.  

MPC transfer from the HI-TRAC transfer cask into the overpack may be performed inside or 
outside the fuel building. Similarly, HI-TRAC and HI-STORM may be transferred to the ISFSI 
in several different ways. Tihe loaded HI-TRAC may be handled in the vertical or horizontal 
orientation. The loaded HI-STORM can only be handled vertically.  

For MPC transfers inside the fuel building, the empty HI-STORM overpack is inspected and 
positioned in the truck bay with the lid removed and, for the HI-STORM 100 overpack, the vent 
duct shield inserts installed. The loaded HI-TRAC is placed using the fuel building crane on top 
of HI-STORM. Alignment pins help guide HI-TRAC during this operation.  
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After the HI-TRAC is positioned atop the HI-STORM, the MPC is raised slightly. The transfer 

lid door locking pins are removed and the doors are opened. The MPC is lowered into HI

STORM. Following verification that the MPC is fully lowered, slings are disconnected and 

lowered onto the MPC lid. For the HI-STORM 100, the doors are closed and the locking pins are 

installed. HI-TRAC is removed from on top of HI-STORM along with the vent shield inserts.  

For the HI-STORM 100S, the HI-TRAC may need to be lifted above the overpack to a height 

sufficient to allow closure of the transfer lid doors without interfering with the MPC lift cleats.  

The HI-TRAC is then removed and placed in its designated storage location. The MPC lift 
cleats and slings are removed from atop the MPC.  

For the HI-STORM 100, the overpack lid is installed, and the upper vent screens and gamma 

shield cross plates are installed. The HI-STORM lid studs and nuts are installed and torqued.  
For the HI-STORM 100S, if the temporary or permanent lid is used, the lid is installed and the 

appropriate studs and nuts are installed and torqued. After the overpack has left the Part 50 

facility, the permanent overpack lid is installed and the permanent studs and nuts are installed 

and torqued. Upper vent screens and gamma shield cross plates are installed. As plant-specific 
needs dictate, the loaded HI-STORM 100 or 100S overpack may be moved into or out of the Part 

50 facility without the temporary orpermanent lid installed. When moving the overpack to the 
ISFSI, the permanent lid should be installed as soon as practicable after the loaded overpack has 

left the Part 50 facility. See Section 8.1.1.2 for specific administrative controls required to move the 
loaded overpack out of the Part 50 facility without the permanent lid installed.  

For MPC transfers outside of the fuel building, the empty HI-STORM overpack is inspected and 

positioned in the cask transfer facility with the lid removed and, for the HI-STORM 100, the vent 
duct shield inserts installed. The loaded HI-TRAC is transported to the cask transfer facility in 
the vertical or horizontal orientation. A number of methods may be utilized as long as the 
handling limitations prescribed in the technical specifications are not exceeded.  

To place the loaded HI-TRAC in a horizontal orientation, a transport frame or "cradle" is 

utilized. The cradle is equipped with rotation trunnions which engage the HI-TRAC pocket 
trunnions. While the loaded HI-TRAC is lifted by the lifting trunnions, the HI-TRAC is lowered 
onto the cradle rotation trunnions. Then, the crane lowers and the HI-TRAC pivots around the 
pocket trunnions and is placed in the horizontal position in the cradle.  

If the loaded HI-TRAC is transferred to the cask transfer facility in the horizontal orientation, the 
HI-TRAC and cradle are placed on a transport vehicle. The transport vehicle may be an air pad, 

railcar, heavy-haul trailer, dolly, etc. If the loaded HI-TRAC is transferred to the cask transfer 
facility in the vertical orientation, the HI-TRAC may be lifted by the lifting trunnions or seated 

on the transport vehicle. During the transport of the loaded HI-TRAC, standard plant heavy load 
handling practices shall be applied including administrative controls for the travel path and tie
down mechanisms.  
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After the loaded HI-TRAC arrives at the cask transfer facility, the HI-TRAC is upended by a 
crane if the HI-TRAC is in a horizontal orientation. The loaded HI-TRAC is then placed, using 
the crane located in the transfer area, on top of HI-STORM. Alignment pins help guide HI
TRAC during this operation.  

After the HI-TRAC is positioned atop the HI-STORM, the MPC is raised slightly. The transfer 
lid door locking pins are removed and the doors are opened. The MPC is lowered into HI
STORM. Following verification that the MPC is fully lowered, slings are disconnected and 
lowered onto the MPC lid. For the HI-STORM 100, the doors are closed and the locking pins are 
installed. HI-TRAC is removed from on top of HI-STORM along with the vent duct shield 
inserts. For the HI-STORM 100S, the HI-TRAC may need to be lifted above the overpack to a 
height sufficient to allow closure of the transfer lid doors without interfering with the MPC lift 
cleats. The HI-TRAC is then removed and placed in its designated storage location. The MPC 
lift cleats and slings are removed from atop the MPC. The HI-STORM lid is installed, and the 
upper vent screens and gamma shield cross plates are installed. The HI-STORM lid studs and 
nuts are installed and torqued.  

After the HI-STORM has been loaded either within the fuel building or at a dedicated cask 
transfer facility, the HI-STORM is then moved to its designated position on the ISFSI pad. The 
HI-STORM overpack may be moved using a number of methods as long as the handling 
limitations listed in the technical specifications are not exceeded. The loaded HI-STORM must 
be handled in the vertical orientation. However, the loaded overpack may be lifted from the top 
through the lid studs or from the bottom by the inlet vents. After the loaded HI-STORM is lifted, 
it may be placed on a transport mechanism or continue to be lifted by the lid studs and 
transported to the storage location. The transport mechanism may be an air pad, crawler, railcar, 
heavy-haul trailer, dolly, etc. During the transport of the loaded HI-STORM, standard plant 
heavy load handling practices shall be applied including administrative controls for the travel 
path and tie-down mechanisms. Once in position at the storage pad, vent operability testing is 
performed to ensure that the system is functioning within its design parameters.  

In the case of HI-STORM 1OOA, the anchor studs are installed and fastened into the anchor 
receptacles in the ISFSI pad in accordance with the design requirements.  

Unloading Operations 

The HI-STORM 100 Systema unloading procedures describe the general actions necessary to 
prepare the MPC for unloading, cool the stored fuel assemblies in the MPC, flood the MPC 
cavity, remove the lid welds, unload the spent fuel assemblies, and recover HI-TRAC and empty 
the MPC. Special precautions are outlined to ensure personnel safety during the unloading 
operations, and to prevent the risk of MPC overpressurization and thermal shock to the stored 
spent fuel assemblies.  

The MPC is recovered from HI-STORM either at the cask transfer facility or the fuel building 
using any of the methodologies described in Section 8.1. If it hasn't already been removedprior 
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to entering the Part 50facility, the HI-STORM lid is removed and, for the HI-STORM 100, the 

vent duct shield inserts are installed. The MPC lift cleats are attached to the MPC and the MPC 

lift slings are attached to the MPC lift cleats. For the HI-STORM 100S, the transfer doors may 

need to be opened to avoid interfering with the MPC lift cleats. HI-TRAC is raised and 

positioned on top of HI-STORM. The MPC is raised into HI-TRAC. Once the MPC is raised 

into HI-TRAC, the HI-TRAC transfer lid doors are closed and the locking pins are installed. HI

TRAC is removed from on top of HI-STORM.  

The HI-TRAC is brought into the fuel building and manipulated for bottom lid replacement. The 

transfer lid is replaced with the pool lid. The MPC lift cleats and stays support the MPC during 

the transfer operations.  

HI-TRAC and its enclosed MPC are returned to the designated preparation area and the MPC 

stays, MPC lift cleats, and HI-TRAC top lid are removed. The annulus is filled with plant 

demineralized water(borated, if necessary). The annulus shield is installed and pressurized to I 
protect the annulus from debris produced from the lid removal process. Similarly, HI-TRAC top 

surfaces are covered with a protective fire-retarding blanket.  

The MPC closure ring and vent and drain port cover plates are core drilled. Local ventilation is 

established around the MPC ports. The RVOAs are attached to the vent and drain port. The 

RVOAs allow access to the inner cavity of the MPC, while providing a hermetic seal. The MPC 

is cooled using a closed-loop heat exchanger to reduce the MPC internal temperature to allow 

water flooding. Following the fuel cool-down, the MPC is flooded with borated or unborated 

water in accordance with the CoC. The -MPC lid-to-MPC shell weld is removed. Then, all weld 

removal equipment is removed with the MPC lid left in place.  

The inflatable annulus seal is installed and.pressuri.ed. The MPC lid is rigged to the lift yoke 

and the lift yoke is engaged to HI-TRAC lifting trunnions. If weight limitations require, the 

neutron shield jacket is drained. HI-TRAC is placed in the spent fuel pool and the MPC lid is 

removed. All fuel assemblies are returned to the spent fuel storage racks and the MPC fuel cells 

are vacuumed to remove any assembly debris. HI-TRAC and MPC are returned to the designated 

preparation area where the MPC water is removed pumped ck•-in.te-the spent fuel-pl p. The I 
annulus water is drained and the MPC and HI-TRAC are decontaminated in preparation for re

utilization.  

1.2.2.3 Identification of Subjects for Safety and Reliability Analysis 

1.2.2.3.1 Criticality Prevention 

Criticality is controlled by geometry and neutron absorbing materials in the fuel basket. The 

MPC-24, MPC-24E, and 24EF(all with lower enriched fuel) and the MPC-68 do not rely on 

soluble boron credit during loading or the assurance that water cannot enter the MPC during 
storage to meet the stipulated criticality limits.  
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Each MPC model is equipped with Boral neutron absorber plates affixed to the fuel cell walls as 
shown on the design drawings. The minimum 10B areal density specified for the Boral in each 
MPC model is shown in Table 1.2.2. These values are chosen to be consistent with the 
assumptions made in the criticality analyses.  

The MPG 68,tMP y 68FF, MPG 2-k, and MPG 32 baskets ped with Boral with a 
Mimum0d ... i n ýe ' he. IMP•C 2; basket i s e quip.p.e. d with B a,-oal with a 
";'4B Dl• of 0. 2 , o ,. , lue to the lower- reactiity of the Aiel to be stored in 

the MPG 68F as specified by- the TcchniealSpeeifteations in GhapteF 12Appendixll to Ahe CoC, 
the MPG 6SF is equipped with Boral '.vth a Inimum ýB ar-ea density of 0.01 g'cm? 

The MPC-24, MPC-24E and 24EF(all with higher enriched fuel) and the MPC-32 take credit for 
soluble boron in the MPC water for criticality prevention during wet loading and unloading 
operations. Boron credit is only necessary for these PWR MPCs during loading and unloading 
operations that take place under water. During storage, with the MPC cavity dry and sealed 
from the environment, criticality control measures beyond the fixed neutron poisons affixed to 
the storage cell walls are not necessary because of the low reactivity of the fuel in the dry, 
helium filled canister and the design features that prevent water from intruding into the canister 
during storage.  

1.2.2.3.2 Chemical Safety 

There are no chemical safety hazards associated with operations of the HI-STORM 100 dry 
storage system. A detailed evaluation is provided in Section 3.4.  

1.2.2.3.3 Operation Shutdown Modes 

The HI-STORM 100 System is totally passive and consequently, operation shutdown modes are 
unnecessary. Guidance is provided in Chapter 8, which outlines the HI-STORM 100 unloading 
procedures, and Chapter 11, which outlines the corrective course of action in the wake of 
postulated accidents.  

1.2.2.3.4 Instrumentation 

As stated earlier, the HI-STORM 100 confinement boundary is the MPC, which is seal welded 
and leak tested. The HI-STORM 100 is a completely passive system with appropriate margins of 
safety; therefore, it is not necessary to deploy any instrumentation to monitor the cask in the 
storage mode. At the option of the user, a the*-neeopLe temperature elements may be utilized to 
monitor the air temperature of the HI-STORM overpack exit vents in lieu of routinely inspecting 
the ducts for blockage. See Subsection 2.3.3.2 and the Technical Specifications in .hapt,"-
Appendix A to the CoC for additional details.  
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1.2.2.3.5 Maintenance Technique 

Because of their passive nature, the rn-STORM 100 System requires minimal maintenance over 
its lifetime. No special maintenance program is required. Chapter 9 describes the acceptance 

criteria and maintenance program set forth for the HI-STORM 100.  

1.2.3 Cask Contents 

The HI-STORM 100 System is designed to house different types of MPCs. The MPCs are 

designed to store both BWR and PWR spent nuclear fuel assemblies. Tables 1.2.1 and 1.2.2 

provide key design parameters for the MPCs. A description of acceptable fuel assemblies for 
storage in the MPCs is provided in Section 2.1 and the Tcrnical Spe"-'ifl"atin Approved 

Contents section ofAppendix B to the CoC. This includes fuel assemblies classified as damaged 

fuel assemblies and fuel debris in accordance with the definitions of these terms in the CoC. A 

summary of the types offuel authorized for storage in each MPC model is provided below. All 

fuel assemblies must meet the fuel specifications provided in Appendix B to the CoC. All fuel 

assemblies classified as damaged fuel or fuel debris must be stored in damaged fuel containers.  

The quantity of damaged fuel containers with fuel debris is limited to meet the off-site 

transportation requirements of 10CFR71, specifically, 10CFR71.63(b).  

th is tihm e, fa.led fuel assemblies dis.harged from D resden i Unit ,1 aq • • t Bay ire aeto•r s• 

have been evaluated and this application reqests approvawl 6f these i~ve "yes of damaged fuel 

asse-mblies and fuel debris as contents for storage in the MPGC 68. Damaged-fuel assemblies and 

fuel debris shall be placed in damaged fuel containers prior to loading into the MPCGt facilte 

handling and contain loose components. Any combbination of damaged fuel assemblie in 

damaged fuel container-s and intact fuel assemblies, up to a total of 68, may be stoemd inth 

standard MPG 68. The MPG 68 design to store fuel debris is almost identical to the MPC 68 

design to stoem intact oir damaged fuel, the sole difference being the former requires a lower 

m,m•.;•÷..mp-"• areal, destyin the°...÷, Bora. Therefore,,a P 8wihi osoedmgdfe container-s wvith fuel as-semblies clasified as fuel debins must be designated during fabri catio to 

ensure thepoemiimB aaldniycieiisapidTodsndsanMG6 
whiceh is fabrkicted to stoem damaged fuel container-s with fuel assemblies- clas-sified as fuel4 

debris-, the AMPG shall be designated as an 'MPýG 68F".  

Up to 4 damaged fuel container-s with fuel assemblies classified as fuel debris and meeting the 

requremnts in the Technical Spec-ifcatiens may be stored within an M1PG 68F 

MPC-24 

The MPC-24 is designed to accommodate up to twenty-four (24) PWR fuel assemblies classified 

as intact fuel assemblies, with or without non-fuel hardware.
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MPC-24E 

The MPC-24E is designed to accommodate up to twenty-four (24) PWR fuel assemblies, with or 
without non-fuel hardware. Up to four (4) fuel assemblies may be classified as damaged fuel 
assemblies, with the balance being classified as intact fuel assemblies. Damaged fuel assemblies 
must be stored in fuel storage locations 3, 6, 19, and/or 22 (see Figure 1.2.4A).  

MPC-24EF 

The MPC-24EF is designed to accommodate up to twenty-four (24) PWR fuel assemblies, with 
or without non-fuel hardware. Up to four (4) fuel assemblies may be classified as damaged fuel 
assemblies or fuel debris, with the balance being classified as intact fuel assemblies. Damaged 
fuel assemblies and fuel debris must be stored in fuel storage locations 3, 6, 19, and/or 22 (see 
Figure 1.2.4A).  

MPC-32 

The MPC-32 is designed to accommodate up to thirty-two (32) PWR fuel assemblies classified as 
intact fuel assemblies, with or without non-fuel hardware.  

MPC-68 

The MPC-68 is designed to accommodate up to sixty-eight (68) BWR intact and/or damaged fuel 
assemblies, with or without channels. For the Dresden Unit 1 or Humboldt Bay plants, the 
number of damaged fuel as•semblies may be up to a total of 68. For damaged fuel assemblies 
from plants other than Dresden Unit 1 and Humboldt Bay, the number of damaged fuel 
assemblies is limited to sixteen (16) and must be stored in fuel storage locations 1, 2, 3, 8, 9, 16, 
25, 34, 35, 44, 53, 60, 61, 66, 67, and/or 68 (see Figure 1.2.2).  

MPC-68F 

The MPC-68F is designed to accommodate up to sixty-eight (68) Dresden Unit 1 or Humboldt 
Bay BWR fuel assemblies (with or without channels) made up of any combination of fuel 
assemblies classified as intact fuel assemblies, damaged fuel assemblies, and up to four (4) fuel 
assemblies classified as fuel debris.  

MPC-68FF 

The MPC-68FF is designed to accommodate up to sixty-eight (68) BWR fuel assemblies with or 
without channels. Any number of these fuel assemblies may be Dresden Unit I orHumboldtBay 
BWR fuel assemblies classified as intact fuel or damaged fuel. Dresden Unit 1 and Humboldt 
Bay fuel debris is limited to eight(8) DFCs. DFCs containing Dresden Unit 1 or Humboldt Bay 
fuel debris may be stored in any fuel storage location For BWR fuel assemblies from plants 
other than Dresden Unit 1 and Humboldt Bay, the total number offuel assemblies classified as 
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damaged fuel assemblies or fuel debris is limited to sixteen (16), with up to eight (8) of the 16 
fuel assemblies classified as fuel debris. These fuel assemblies must be stored in fuel storage 

locations 1, 2, 3, 8, 9, 16, 25, 34, 35, 44, 53, 60, 61, 66, 67, and/or 68 (see Figure 1.2.2). The 
balance of the fuel storage locations may be filled with intact BWR fuel assemblies, up to a total 
of 68.
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Table 1.2.1 

KEY SYSTEM DATA FOR HI-STORM 100 SYSTEM

ITEM QUANTITY NOTES 

Types of MPCs included in tis z 7 J- 4 for PWR 

revision of the submittal 2 3 for BWR

MPC storage capacity1 : MPC-24 

MPC-24E 

MPC-24EF 

MPC-32

MPC-68

Up to 24 intact zircaloy or 
stainless steel clad PWR fuel 
assemblies with or without non
fuel hardware. Up to four 
damaged fuel assemblies may be 
stored in the MPC-24E and up to 
four (4)damaged fuel assemblies 
and/or fuel assemblies classified 
as fuel debris may be stored in 
the MPC-24EF entrel 
ompf..on.gns and nen fuel 

har-dware aire met auther-izd for 

leading.  

OR 

Up to 32 intact zircaloy or 
stainless steel clad PWR fuel 
assemblies.
Any combination of Dresden Unit 
1 or Humboldt Bay damaged fuel 
assemblies in damaged fuel 
containers and intact fuel 
assemblies, up to a total of 68. i/, 
the A4P 68. For damaged fuel 
other than Dresden Unit 1 and 
Humboldt Bay, the number offuel 
assemblies is limited to 16, with 
the balance being intact fuel 
assemblies.  

OR

t See Section 1.2.3 and Appendix B to the CoC for a complete description of cask contents and fuel 

specifications, respectively.
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Table 1.2.1 (continued) 
KEY SYSTEM DATA FOR HI-STORM 100 SYSTEM

MPC storage capacity: MPC-68F

MPC-68FF

_________________________________ L J.

Up to 4 damaged fuel containers 
with zircaloy clad Dresden Unit 1 
(D-1) or Humboldt Bay (HB) 
BWR fuel debris and the 
complement damaged zircaloy 
clad Dresden Unit 1 or Humboldt 
Bay BWR fuel assemblies in 
damaged fuel containers or intact 
Dresden Unit 1 or Humboldt Bay 
BWR intact fuel assemblies 
ORithin an MPC F 

OR

Up to 68 Dresden Unit 1 or 
Humboldt Bay intact fuel or 
damaged fuel and up to 8 
damaged fuel containers 
containingD-1 or HB fuel debris.  
For other BWR plants, up to 16 
damaged fuel containers 
containing BWR damaged fuel 
and/or fuel debris with the 
complement intact fuel 
assemblies, up to a total of 68.  
The number of damaged fuel 
containers containing BWR fuel 
debris is limited to eight (8) for 
all BWR plants.
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Table 1.2.2

KEY PARAMETERS FOR HI-STORM 100 MULTI-PURPOSE CANISTERS

PWR BWR 
Pre-disposal service life (year.,__ 40 40 
Design temperature, max./min. (OF) 7250'/-400" 725ot/-400't 
Design internal pressure (psig) 

Normal conditions 100 100 
Off-normal conditions 100 100 
Accident Conditions 425 200 1-2-5 200 

20-.8 27.77 (MPC-24) 24-.4 28.19 

Total heat load, max. (kW) 28.17 (MPC-24E & MPC-24EF) (MPC-68, MPC-68F, & MPC

28.74 (MPC-32) 68FF) 

Maximum permissible peak fuel 
cladding temperature: 

Normal ('F) See Table 2.2.3 See Table 2.2.3 

Short Term & Accident (OF) 10580 10580 
MPC internal environment 0424-2-29.3 - 33.3 psig -02 - 29.3 - 33.3psig 

Helium fill (g meleks/ effree" -pzee) OR OR 

0.1212 gm-moles/l of free space 0.1212 gm-moles/I of free space 
Maximum permissible multiplication 
factor (keff) including all uncertainties < 0.95 < 0.95 
and biases 

0.0267 0.0372 

Boral 10B Areal Density (g/cm2) (MPC-24, MPC-24E & MPC-24EF) (MPC-68 & MPC-68FF) 

0.0372 (MPC-32) 0.01 (MPC-68F) 
End closure(s) Welded Welded 
Fuel handling Opening compatible with Opening compatible with standard 

standard grapples grapples 
Heat dissipation Passive Passive

Maximum normal condition design temperatures for the MPC fuel basket. A complete 
listing of design temperatures for all components is provided in Table 2.2.3.  

Temperature based on off-normal minimum environmental temperatures specified in 
Section 2.2.2.2 amd no fuel decay heat load.

tt
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Table 1.2.3
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BORAL EXPERIENCE LIST 
DOMESTIC PRESSURIZED WATER REACTORS

Plant Utility 

Donald C. Cook American Electric Power 

Indian Point 3 New York Power Authority 

Maine Yankee Maine Yankee Atomic Power 

Salem 1,2 Public Service Electric and Gas 

Sequoyah 1,2 Tennessee Valley Authority 

Yankee Rowe Yankee Atomic Power 

Zion 1,2 Commonwealth Edison Company 

Byron 1,2 Commonwealth Edison Company 

Braidwood 1,2 Commonwealth Edison Company 

Three Mile Island I GPU Nuclear 

Sequoyah (rerack) Tennessee Valley Authority 

D.C. Cook (rerack) American Electric Power 

Maine Yankee Maine Yankee Atomic Power Company 

Connecticut Yankee Northeast Utilities Service Company 

Salem Units 1 & 2 (rerack) Public Service Electric & Gas Company



Table 1.2.4 

BORAL EXPERIENCE LIST 
DOMESTIC BOILING WATER REACTORS 

Browns Ferry 1,2,3 Tennessee Valley Authority 

Brunswick 1,2 Carolina Power & Light 

Clinton Illinois Power 

Dresden 2,3 Commonwealth Edison Company 

Duane Arnold Energy Center Iowa Electric Light and Power 

J.A. FitzPatrick New York Power Authority 

E.I. Hatch 1,2 Georgia Power Company 

Hope Creek Public Service Electric and Gas 

Humboldt Bay Pacific Gas and Electric Company 

LaCrosse Dairyland Power 

Limerick 1,2 Philadelphia Electric Company 

Monticello Northern States Power 

Peachbottom 2,3 Philadelphia Electric Company 

Perry 1,2 Cleveland Electric Illuminating 

Pilgrim Boston Edison Company 

Susquehanna 1,2 Pennsylvania Power & Light 

Vermont Yankee Vermont Yankee Atomic Power 

Hope Creek Public Service Electric and Gas Company 

Shearon Harris Pool B Carolina Power & Light Company 

Duane Arnold Iowa Electric Light and Power 

Pilgrim Boston Edison Company 

LaSalle Unit 1 Commonwealth Edison Company 

Millstone Point Unit One Northeast Utilities Service Company
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Table 1.2.5 

BORAL EXPERIENCE LIST 
FOREIGN PLANTS 

INTERNATIONAL INSTALLATIONS USING BORAL 

COUNTRY PLANT(S) 

France 12 PWR Plants 

South Africa Koeberg 1,2 

Switzerland Beznau 1,2 

Gosgen 

Taiwan Chin-Shan 1,2 

Kuosheng 1,2 

Mexico Laguna Verde Units 1,2 

Korea Ulchin Units 1, 2 

Brazil Angra 1 

United Kingdom Sizewell B



Table 1.2.6 

HI-STORM 100 OPERATIONS SEQUENCE
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Site-specific handling and operations procedures will be prepared, reviewed, and approved by each 
owner/user.

1 HI-TRAC and MPC lowered into the fuel pool without lids 

2 Fuel assemblies transfenred into the MPC fuel basket 

3 MPC lid lowered onto the MPC 

4 HI-TRAC/MPC assembly moved to the decon pit and MPC lid welded in place, volumetrically or 
multi-layer PT examined, hydrostatically tested, and leak tested 

5 MPC dewatered, Vae-ura-d4fedmoisture removed, backfilled with helium, and the closure ring 
welded 

6 HI-TRAC annulus drained and external surfaces decontaminated 

7 MPC lifting cleats installed and MPC weight supported by rigging 

8 HI-TRAC pool lid removed and transfer lid attached 

9 MPC lowered and seated. on HI-TRAC transfer lid 

10 HI-TRAC/MPC assembly transferred to atop rH-STORM overpack 

11 MPC weight supported by rigging and transfer lid doors opened 

12 MPC lowered into Hn-STORM overpack, HI TrAC Ganscr l4 .d de.r.s elesd, and HI-TRAC 
removed from atop HI-STORM overpack 

13 HI-STORM overpack lik installed and bolted in place 

14 HI-STORM overpack placed in storage at the ISFSI pad 
15 ForHI-STORM 100A (or 100SA) users, the overpack is anchored to the ISFSI pad by installation 

I of nuts onto studs and to.quing to the minimum required torque.

I



Table 1.2.7

REPRESENTATIVE ASME BOLTING AND THREADED ROD MATERIALS ACCEPTABLE 
FOR THE HI-STORM 1 OOA ANCHORAGE SYSTEM 

ASME MATERIALS FOR BOLTING

Type Grade or Ultimate Yield Strength Code 

Composition LD. UNC No. Strength (ksi) Permitted 
(ksi) Size 

Ranget 

C SA-354 BC 125 109 t s2.5" 
K04100 

3 Cr SA-574 51B37M 170 135 tZ5/8" 

1 Cr-1/5Mo SA-574 4142 170 135 tŽ518" 

1 Cr-1/2 Mo-V SA-540 B21 165 150 ts4" 
(K.14073) 

5 Cr- /Mo SA-193 B7 125 105 ts2.5" 

2N1 - ¾ Cr - / Mo SA-540 B23 135 120 
(H-43400) 

2Ni - 31Cr - 113 Mo SA-540 B-24 135 120 
(K-24064) 

17Cr-4Ni-4Cu SA-564 630(H-1100) 140 115 

17Cr-4Ni-4Cu SA-564 630(H-1075) 145 125 

25Ni-15Cr-2Ti SA-638 660 130 85 
22CR-13Ni-5Mn SA-479 XM-19($20910) 135 105 

Note: The materials listed in this table are representative of acceptable materials and have been abstracted from the 

ASME Code, Section II, Part D, Table 3. Other materials listed in the Code are also acceptable as long as they 
meet the size requirements, the minimum requirements on yield and ultimate strength (see Table 2.0.4), and are 

suitable for the environment. The family of acceptable materials is denoted as "Alloy Z. " 

t Nominal diameter of the bolt (or rod) as listed in the Code tables. Two-inch diameter studs/rods are specified 

for the HI-STORM 10 A.
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1.4 GENERIC CASK ARRAYS

The HI-STORM 100 System is stored in a vertical configuration. The required center-to-center 
spacing between the modules (layout pitch) is guided by he•t•,..,fei, operational 
considerations. Tables 1.4.1 and 1.4.2 provide the nominal layout pitch information. mfinimum 
pitch requir-.ent-. Site-specific pitches are determined by practical operation with supporting 
heat transfer calculations in Chapter 4. The pitch values in Tables 1.4.1 and 1.4.2 are nominal 
mi'•'"m... and may be varied incr-eased to suit the user's specific needs. •f, M ,PG ....  
oper.ti ons between the HI TR. transfer TAk and HI STORM overpack arT to. be pefpo,. ed . , 
the ISFSI pad, the minimum cask pitch values may mot p9rovide sufficeient clearanee to peifen
ffie tfflHjfr oPer-afftns;. ,+in wna tePHave tepefreinnzng M622nc 6 M ansjcer 6perantiens en If Hi 
pad is to proevide a separ-ate AMPC- tranmr area at the ISF-SI.  

Table 1.4.1 provides recommended cask spacing data for array(s) of two by N casks. The pitch 
between adjacent rows of casks (-P-)-and between each adjacent column of casks (-24 are 
denoted by P, and P2 In Table 1.4.1. shall be in acco rdance with Table 1.4.1. There may be an 
unlimited number of rows. The distance between adjacent arrays of two by N casks (P3) shall be 
as specified in Table 1.4.1. See Figure 1.4.1 for further clarification. The pattern of required 
pitches and distances may be repeated for an unlimited number of columns.  

For a square array of casks the pitch between adjacent casks may Shan be in accordance with 
Table 1.4.2. See Figure 1.4.2 for further clarification. The total quatity ,f ro..W and columflns is 
Unli-ited pr.vided th• e *inim pich spec. ed in Table 1. 4.2 is met-. The data in Table 1.4.2 
provide nominal values for large ISFSIs (i.e., those with hundreds of casks in a uniform layout), 
where access offeed air to the centrally located casks may become a matter of thermal 
consideration. From a thermal standpoint, regardless of the size of the ISFSI, the casks should 
be arrayed in such a manner that the tributary area for each cask (open ISFSI area attributable 
to a cask) is a minimum of 225 ft2. Subsection 4.4.1.1.7 provides the detailed thermal evaluation 
of the required tributary area. For specific sites, a smaller tributary area can be utilized after 
appropriate thermal evaluations for the site-specific conditions are performed., ."bjeet.•e 
evalmation under- 10 CFR 7-2.48.
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Table 1.4.1

CASK LAYOUT MIAIUM PITCH DATA FOR 2 BY N ARRAYS 

Orientation Minim• m 
Nominal 

Cask Pitch (ft.) 

Between adjacent rows, P1, 13.5 
and adjacent columns, P2 

Between adjacent sets of two 38 
colurnns, P3
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Table 1.4.2

CASK LAYOUT ,INIMUM PITCH DATA FOR SQUARE ARRAYS 

Orientation iH:IMi.m 
Nominal 

Cask Pitch (ft.) 

Between adjacent casks 18 - 8"
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1.5 GENERAL ARRANGEMENT DRAWINGS

The following HI-STORM 100 System design drawings and bills of 
subsequent pages in this subsection:

materials are provided on

Drawing 
Number/Sheet Description Rev.  

5014-1392 Sht 1/4 HI-STAR 100 MPC-32 Construction 110 
5014-1392 Sht 2/4 HI-STAR 100 MPC-32 Construction 10 
5014-1392 Sht 3/4 HI-STAR 100 MPC-32 Construction 10 
5014-1392 Sht 4/4 HI-STAR 100 MPC-32 Construction 9 
5014-1393 Sht 1/6 HI-STAR 100 MPC-32 Construction 11 
5014-1393 Sht 2/6 HI-STAR 100 MPC-32 Construction 10 
5014-1393 Sht 3/6 HI-STAR 100 MPC-32 Construction 10 
5014-1393 Sht 4/6 HI-STAR 100 MPC-32 Construction 9 
5014-1393 Sht 5/6 HI-STAR 100 MPC-32 Construction 8 
5014-1393 Sht 6/6 HI-STAR 100 MPC-32 Construction 8 
5014-1395 Sht 1/4 HI-STAR 100 MPC-24 Construction 13
5014-1395 Sht 2/4 HI-STAR 100 MPC-24 Construction 10 
5014-1395 Sht 3/4 HI-STAR 100 MPC-24 Construction 11 
5014-1395 Sht 4/4 HI-STAR 100 MPC-24 Construction 9 
5014-1396 Sht 1/6 HI-STAR 100 MPC-24 Construction 15 
5014-1396 Sht 2/6 HI-STAR 100 MPC-24 Construction 13 
5014-1396 Sht 3/6 HI-STAR 100 MPC-24 Construction 12 
5014-1396 Sht 4/6 HI-STAR 100 MPC-24 Construction 10 
5014-1396 Sht 5/6 HI-STAR 100 MPC-24 Construction 9 
5014-1396 Sht 6/6 HI-STAR 100 MPC-24 Construction 8 
5014-2889 HI-STAR 100 MPC-24E Construction (1) 0 
5014-2890 HI-STAR 100 MPC-24E Construction (2) 1-2 
5014-2891 HI-STAR 100 MPC-24E Construction (3) 0 
5014-2892 HI-STAR 100 MPC-24E Construction (4) 0 
5014-1401 Sht 1/4 HI-STAR 100 MPC-68 Construction 15-3 
5014-1401 Sht 2/4 HI-STAR 100 MPC-68 Construction 9 
5014-1401 Sht 3/4 HI-STAR 100 MPC-68 Construction 10 
5014-1401 Sht 4/4 HI-STAR 100 MvPC-68 Construction 9 
5014-1402 Sht 1/6 HI-STAR 100 MPC-68 Construction 15 
5014-1402 Slit 2/6 HI-STAR 100 MPC-68 Construction 14 
5014-1402 Slit 3/6 HI-STAR 100 MPC-68 Construction 13 
5014-1402 Slit 4/6 HI-STAR 100 MPC-68 Construction 11 
5014-1402 Sht 5/6 HI-STAR 100 MPC-68 Construction 10 
5014-1402 Sht 6/6 HI-STAR 100 MPC-68 Construction 10 
5014-1495 Slht 1/6 HI-STORM 100 Assembly 8 
5014-1495 Sht 2/6 Cross Section "Z" - "Z" View of HI-STORM 9 
5014-1495 Sht 3/6 Section "Y" - "Y" of HI-STORM 7 
5014-1495 Sht 4/6 Section "X" -"X" of HI-STORM 8
5014-1495 Sht 5/6 Section "W" -"W" of HI-STORM
5W1. 1495 Sht 66 1 H STOP.MA! f " . fOul•e VTý- "

9
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Drawing 
Number/Sheet Description Rev.  

AW dwai.e 
5014-1561 Sht 1/5 View "A" -"A" of HI-STORM 7 
5014-1561 Sht 2/5 Detail "B" of HI-STORM 7 
5014-1561 Sht 3/5 Detail of Air Inlet of HI-STORM 7 
5014-1561 Sht 4/5 Detail of Air Outlet of HI-STORM 7 
:5011 1561 Sht:W 5/ i9Zacu .ti FHITORW ____ 

,C f ,71SPI< 669, Sht I HI-STORM 1OOS Assembly 0 
74O4-4-o 6HI-STORM 1 OOS Assembly and BOMCr-ss Sction "Z" 

___4_ 6,69__ Sht 2 '," V-ei r of HISTOPRM 1005 90 

J044-30693669, Sht .3 HI-STORM 1 OOS AssemblySeetien "Y" "Y" tf 0! 
S_"TORM__ i ST00S 

§W4-30703 669, Sht 4 Secon W- 2"" o.f HI STO-GRM 109SHI_-STORM 1OOS Overpack Body Assembly Sub- Component A 
501 03669. Sht . ........ ... Seti. "W". "W" of- IT OS HI-STORM JOOS 0 Overpack Body Iner Shell Part Details 

VO44- -307-23669, Sht V..ie. ..."""" S Rl HI-STORM S 0 Overpack Body Inner Shell Part Details 

-50! 34733669, Sht .7 S..ti.. B B of-Lid Shield of-Hi ST-ORM410Hl,0 STORM 100S Pedestal Assembly Sub-Component B 
043736 ,,o Detail 'B" ofHI STORM! Q0SHI-STORM lOOS Lid S6,Assembly Sub-Component C 

604-4-3-7-#3669, Sht!) Detail .. f... Inlet of. .TOR... 1..SHI STORM lP 0 Lid Stud and Nut Sub-Components D & E 

3669, Sht 10 HI-STORM 1O0S Vent Screen Assemblies SubComponents F & G 
3669, Sht 11 HI-STORM 1OS Gamma Shield Cross Plates 0 
5011 173 S& 144/i G.e.ea ......gemient Damaged Fue... Cotai.  
:5014 17841•, S 4 Dan.ag.edFuel •, ntainerDeta il 
5014-1880 Sht 1/10 125 Ton HI-TRAC Outline with Pool Lid 7 
5014-1880 Sht 2/10 125 Ton HI-TRAC Body Sectioned Elevation 8 
5014-1880 Sht 3/10 125 Ton HI-TRAC Body Sectioned Elevation "B" - "B" 7 
5014-1880 Sht 4/10 125 Ton Transfer Cask Detail of Bottom Flange 8 
5014-1880 Sht 5/10 125 Ton Transfer Cask Detail of Pool Lid 8 
5014-1880 Sht 6/10 125 Ton Transfer Cask Detail of Top Flange 8 
5014-1880 Sht 7/10 125 Ton Transfer Cask Detail of Top Lid 7 
5014-1880 Sht 8/10 125 Ton Transfer Cask View "Y" - "Y" 7 
5014-1880 Sht 9/10 125 Ton Transfer Cask Lifting Trunnion and Locking 

Pad 
5014-1880 Sht 10/10 125 Ton Transfer Cask View "Z" - "Z" 7 
5014-1928 Slit 1/2 125 Ton HI-TRAC Transfer Lid Housing Detail 8 
5014-1928 Slit 2/2 125 Ton HI-TRAC Transfer Lid Door Detail 8 
5014-2145 Sht 1/10 100 Ton HI-TRAC Outline with Pool Lid 6 
5014-2145 Sht 2/10 100 Ton HI-TRAC Body Sectioned Elevation 6 
5014-2145 Sht 3/10 100 Ton HI-TRAC Body Sectioned Elevation 'B-B' 6 
5014-2145 Sht 4/10 100 Ton HI-TRAC Detail of Bottom Flange 5 
5014-2145 Slit 5/10 100 Ton HI-TRAC Detail of Pool Lid 4
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Drawing 
Number/Sheet Description Rev.  

5014-2145 Sht 6/10 100 Ton Ill-TRAC Detail of Top Flange 6 
5014-2145 Sht 7/10 100 Ton HI-TRAC Detail of Top Lid 6 
5014-2145 Sht 8/10 100 Ton HI-TRAC View Y-Y 6 
5014-2145 Sht 9/10 100 Ton HI-TRAC Lifting Trunnions and Locking Pad 4 
5014-2145 Sht 10/10 100 Ton HI-TRAC View Z-Z 5 
5014-2152 Sht 1/2 100 Ton HI-TRAC Transfer Lid Housing Detail 6 
5014-2152 Sht 2/2 100 Ton HI-TRAC Transfer Lid Door Detail 6 
5014-3187 Lug and Anchoring Detailfor HI-STORM I OOA 1 

BM-1477 Sht 1/2 Bill-of-Materialfor 32-Assembly HI-STAR 100 PWR 9 
MPC 

BM-1477 Sht 2/2 Bill-of-Materias for 32-Assembly HI-STAR 100 PWR 10 MPC 

BM-1478, Sht 1/2 Bill-of-Material for 24-Assembly HI-STAR 100 PWR 10 MPC 
BM-1478, Sht 2/2 Bill-of-Material for 24-Assembly HI-STAR 100 PWR 13 MPC 
BM-2898 Bill-of-Material for 24-Assembly HI-STAR 100 PWR 

MPC-24E. Sheet 1 

BM-2899 Bill-of-Material for 24-Assembly HI-STAR 100 PWR 4-2 MPC-24E. Sheet 2 

BM-1479, Sht 1/2 Bill-of-Material for 68-Assembly HI-STAR 100 BWR 12 MPC 
BM-1479, Sht 2/2 Bill-of-Material for 68-Assembly HI-STAR 100 BWR 15 MPC 
BM-1575, Sht 1/2 Bill-of-Materials HI-STORM 100 Storage Overpack 8 
BM-1575, Sht 2/2 Bill-of-Materials HI-STORM 100 Storage Overpack 8 
BI 19, Sht 1' Bills of M•aýe4akl'efr HI ST•R 400 SstTA Fai•..u' 4

BM-1880, Sht 1/2 Bill-of-Material for 125 Ton HI-TRAC 7 
BM-1880, Sht 2/2 Bill-of-Material for 125 Ton HI-TRAC 5 
BM-1928, Sht 1/1 Bill-of-Material for 125 Ton HI-TRAC Transfer Lid 7 
BM-2145 Sht 1/2 Bill-of-Material for 100 Ton Ifl-TRAC 4 
BM-2145 Sht 2/2 Bill-of-Material for 100 Ton HI-TRAC 3 
BM-2152 Sht 1/1 Bill-of-Material for 100 Ton HI-TRAC Transfer Lid 5 
BM-3-0" B•iAll of ial AV H- TORM " "OOS 0 
B 6 23,Bigll of MAterial for H TR" • I Q O0 0 
BM-3189 Bill-of-Material for HI-STORM 1O0A 2 

Netes: 1. =Thz-- H1 S T-AR 10 0 N 4P C-- S oro:e i d- en;t io t.-o A TS, MPz used- in-4 thb e H-I STO R M 10 0 8 19t efm.
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APPENDIX 1.B: HOLTITE T' MATERIAL DATA 
(Total of 20 Pages Including This Page) 

The information provided in this appendix describes the neutron absorber material, Holtite-A (-ks k.ewn 
commr. cialy a&.S 4 FR) for the purpose of confirming its suitability for use as a neutron shield material in 
spent fuel storage casks. Holtite-A is one of the family of Holtite neutron shield materials denoted by the 
generic name Holtite T. It is currently the only neutron shield material approved for installation in the HI
STAR 100 cask It is chemically identical toNS-4-FR which was originally developed by Bisco Inc. and used 
for many years as a shield material with B4C or Pb added.  

A4S • AFR Holtite-A contains aluminum hydroxide (AI(OH)3) in an epoxy resin binder. Aluminum hydroxide is 
also known by the industrial trade name of aluminum tri-hydrate or ATH. ATH is often used commercially as a 
fire-retardant, henme the "FR " desi•wation inN AS 4 FR. NrS 4 FR Holtite-A contains approximately 62% ATH 
supported in a typical 2-part epoxy resin as a binder. Holtite-A the Holte Internat.nal versio• . •f A , F4R, 
contains 1% (nominal) by weight B4C, a chemically inert material added to enhance the neutron absorption 
property. Pertinent properties of Holtite-A are listed in Table 1.B.1.  

The essential properties of Holtite-A are: 

1. the hydrogen density (needed to thermalize neutrons), 

2. thermal stability of the hydrogen density, and 

3. the uniformity in distribution of B4C needed to absorb the thermalized neutrons.  

ATH and the resin binder contain nearly the same hydrogen density so that the hydrogen density of the mixture 
is not sensitive to the proportion of ATH and resin in the ANS 4 FR Holtite-A mixture. B4C is added %-in 
H!ki•te-. as a finely divided powder and does not settle out during the resin curing process. Once the resin is 
cured (polymerized), the ATH and B4C are physically retained in the hardened resin. AayIsi Qualification 
testing for B 4C throughout a column of Holtite-A has confirmed ( ............. .•__'n , ..'i t... , that 
the B4C is uniformly distributed with no evidence of settling or non-uniformity. Furthermore, an excess of 
B4C is specified in the Holtite-A mixing and pouring procedure as a precaution to assure that the B4C 
concentration is always adequate throughout the mixture.

NS 4 FR material has been extensivel tes jtedfo thermal stability, as bidicated in the followving doeument 
(copies of these deeuments arm attached)-.  

Legter dated 1/20/87 frm Mr. Larry Dietric Biseo Prodets~ to Mr. TodLesser-, Ae 1C lnternatinal, 
"Wcight loss of NS 4 FR under &Exremkentmperature eonditions" 

"Exper-imental Studies On Leng Term Thermal Degradatin of~telosedA;Neutroen Shielding Resin 1, 
Asano, R-yoi and N2agn Niomura 

"Thermial Testing of Soid Neutron Shieldimg Materiakl", Boonso!ra, Riehard H-.  

HI-STORM FSAR Proposed Rev.1 
REPORT HI-2002444 

1.B-1



The specific gravity specified-in Table 1.B.1 does not include an allowance for weight loss. The specific 
gravity aspuefied in Chapter 1 -si el de a %s a udes% r eduction to eseeatively account for potential weigh loss a 
weih os the design temperatr o; Ho0ever,. the BISCn letter dated oe2ct7preovides ticnforimton staing tht 

samples had been expesed t-iy Hontinuous te Inperaturie of 338TF fr 116 days and a maximum of e3.45% 
weight Ross had been-2eperi0ne9d. Thus, &tere is a substantial level of ranserafoima in the Hataee andowaneI 
fer weight less 

The specific gravity specified in Table 1.B.1 does not include an allowance for weight loss. The specific 
gravity assumed in the shielding analysis includes a 4% reduction to conservatively account for potential 
weight loss at the design temperature of 300'F or an inability to reach theoretical density. Tests on the 
stability of Holtite-A were a4fo j performed by Holtec International. The results of the tests are summarizzed in 
Holtec Reports HI-2002396, 'Holtite-A Development History and Thermal Performance Data " and HI2002420, "Results of Pre- and Post-Irradiation Test Measurements." The information provided in these 
reports demonstrates that Holtite-A T possesses the necessary thermal and radiation stability characteristics 
to function as a reliable shielding material in the HI-STAR 100 overpack

The paer entited!"Experimnen il~die eL .,g TOF1W ... ~ '-~ Teal egradade e~f..Q.,edA-A u- Shielinf
Resin poiesifrato hc corroborates the informnationprovided jin the BISC-Oletter dated 1/20/87.  
The paper- suggests that -enclm-es of the AS1FRmtrlca rhedceseheprnteitrduio 
at eleiwte:d Aemp lu. r . The N-4 F-R Holtite-A is encapsulated in the HI-STAR 100 overpack and, therefore, 
should experience a very small weight reduction during the design life of the HI-STAR 100 System. At s.-:*d, 
be noted that the shielding-analysis conservatively assumes 4% less in density.  

The paper entitled "Thermal T-&ting of Solid Xcutroen Shielding Materials "provides information regar ding NS 4 FR material stability... . g afire accident.. Results of the stdsuggests tatAIS 4 FR could withstan 
a fire accident w.ith minim.al damage. This data is provided for- inforionfn only, as the post acdent 
shielding 6aly5 ver.y assumes. cmplete degradaon of the Hote A neron shield and 
replaces the .ne.o.. ed wih-•-•i.  

The data and test results presented here confirm that Holtite-A remains stable under design thermal and 
radiation conditions, the material properties meet or exceed that assumed in the shielding analysis, and the 
B4C remains uniformly distributod with no evidence of settling or non-uniformity.  

1. Holtite A with 1-%-BC is thermally stable has the same thermnal stab~iiy and character-istc 
as Ake pevieuw4y approeved NS 4 FR materialb, 

2.The hydrogen densiity meets or e.ceeds minimumA 4S FR specifications (measured at 04105 
9H.46e ---.--- ed to theN IW FLR specifiation of A.096 g_10eo, and 

3. Th R4-sý6rily distributed, with no evidence ef settinjz or non unifermitv~.

Based on the information described above, Holtite-A meets all of the requirements for an acceptable neutron 
shield material. i en eme.-.f.. 4 F4R-, which was licensed previously in DocketXNo. 71 9235 (4GC STC•.
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Table 1.B.1

REFERENCE PROPERTIES OF HOLTITE-A NEUTRON SHIELD MATERIAL 

PHYSICAL PROPERTIES (R*f ..... : A;A4 Intr-nadio l Br-chre.  

% ATH 62 nominal maximwm •,(eef,..med by 
Holtee in independent affalysoe 

Specific Gravity 1.68 g/cc nominal 

Theigal Gmd~eiW~y0.: ; Z3B~I~t- 0 F 

Max. Continuous Operating Temperature 300'F 

spfi&#te Ho 7f- 39-Bfqb- 0F 

Hydrogen Density 0.096 g/cc minimum (e/fiiined-by 

Jioltee in idpnntanaiyseqý 

Radiation Resistance Excellent 

CHEMICAL PROPERTIES (Nominal) 

wt% Aluminum 21.5 "e^-•-r-e b--. ec, 

wt% Hydrogen 6.0 6"" ryrokq 

wt% Carbon 27.7 

wt% Oxygen 42.8 

wt% Nitrogen 2.0 

wt% 134C upt 6.5 (H-lite 4 •... 1% B4C 1.0

- LU t'raz.Ct3 1df D~am fiemn iDcce~t 14 .5b,* JVAU . FCSARl
'I.
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APPENDIX 1.D: Requirements on HI-STORM 100 Shielding Concrete 

1.D.1 Introduction 

The HI-STORM 100 overpack utilizes plain concrete for neutron and gamma shielding.  
While most of the shielding concrete used in the HI-STORM 100 overpack is installed 
in the annulus between the concentric structural shells, smaller quantities of concrete are 
also present in the pedestal shield and the overpack lid. Because plain concrete has little 
ability to withstand tensile stresses, but is competent in withstanding compressive and 
bearing loads, the design of the HI-STORM 100 overpack places no reliance on the 
tension-competence of the shielding concrete. ACI 318-95 provides formulas for 
permissible compressive and bearing stresses in plain concrete which incorporate a 
penalty over the corresponding permissible values in reinforced concrete. The formulas 
for permissible compressive and bearing stresses set forth in ACI 318-95 are used in 
calculations supporting this TSAR in load cases involving compression or bearing loads 
on the overpack concrete. However, since ACI 318-95 is intended for commercial 
applications and the overpack concrete is designated as an ITS Category B material, it is 
necessary to invoke provisions of ACI 349 (85) (which is sanctioned by NUREG-1536) 
for all requirements except for the allowable stress formulas (which do not exist in ACI 
349) and load combinations. This appendix provides a complete set of criteria applicable 
to the plain concrete in the HI-STORM 100 overpack.  

1.D.2 Design Requirements 

The primary function of the plain concrete is to provide neutron and gamma shielding.  
As plain concrete is a competent structural member in compression, the plain concrete's 
effect on the performance of the HI-STORM overpack is included. The formulas for 
permissible compressive and bearing stresses set forth in ACI 318-95 are used.  
However, as plain concrete has very limited capabilities in tension, no tensile strength is 
allotted to the concrete.  

The steel structure of the HI-STORM overpack provides the strength to meet all load 
combinations specified in Chapters 2 and 3. Credit for the structural strength of the plain 
concrete is limited to the compressive load carrying capability of the concrete in 
calculations appropriate to handling and transfer operations, and to demonstrate that the 
HI-STORM 100 System continues to provide functional performance in a post-accident 
environment. Therefore, the load combinations provided in ACI 349 and NUREG-1536, 
Table 3-1 are not applied to the plain concrete.  

The shielding performance of the plain concrete is maintained by ensuring that the 
allowable concrete temperature limits are not exceeded. The thermal analyses for normal 
and off-normal conditions demonstrate that the plain concrete does not exceed the 
allowable long term temperature limit provided in Table 1.D.1. Under accident 
conditions, the bulk of the plain concrete in the HI-STORM overpack does not exceed 
the allowable short term temperature limit provided in Table 1.D.1. Any portion of the 
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plain concrete which exceeds the short term temperature limit under accident conditions 
is neglected in the post-accident shielding analysis and in any post-accident structural 
analysis.  

1.D.3 Material Requirements 

Table 1.D.1 provides the material limitations and requirements applicable to the 
overpack plain concrete. These requirements are drawn from ACI 349 (85) 
supplemented by the provisions of NUREG 1536 (page 3-21) and standard good 
practice. Two different minimum concrete densities are specified for the overpack 
concrete, based on the presence or absence of the steel shield shell.  

1.D.4 Construction Requirements 

The rn-STORM 100 overpack is composed of a steel structure w-hieh-that houses plain 
concrete. The steel structure acts as the framework for the pouring of the concrete. The 
steel structure defines the dimensions of the concrete which ensures that the required 
thickness of concrete is provided. The fabrication sequence for the HI-STORM 100 
overpack as it pertains to the concrete is provided below. All item numbers are taken 
from the design drawingsDra;wings 195 and 161 provided in Section 1.5. All 
nomenclature is taken from bills-of-material BM 1575 w-hich is previded in Section 1.5.  

The steel structure of the HI-STORM 100 overpack body is assembled at a qualified 
steel fabrication facility. However, the top plate (Item 9) is not welded to the overpack 
inner and outer shells (Items 3 and 2, respectively); likewise, the pedestal shell (Item 5) 
is welded to the baseplate (Item 1), but the pedestal platform (Item 24) is not welded to 
the pedestal shell. The steel structure of the overpack body is transported to the reactor 
site or a nearby concrete facility.  

Once the steel structure of the body is received, the body will be inspected to ensure the 
steel structure meets the requirements of Sections 5.1 and 6.1 of ACI 349. The concrete 
shall be mixed, conveyed, and deposited in accordance with Sections 5.2 through 5.4 of 
ACI 349. Sufficient rigidity in the steel structure overpack body is provided such that 
all the concrete may be placed in a single pour into each of the four segments formed by 
the inner shell (Item 3), outer shell (Item 2), and radial plates (Item 14). If more than one 
pour is performed, the requirements of Section 6.4 of ACI 349 must be met for 
construction joints. The pedestal shell may require bracing and support in accordance 
with Section 6.1 of ACI 349 to maintain the proper position and shape.  

Mixing and placing of the concrete shall follow the guidance of Sections 5.6 and 5.7 for 
cold and hot weather conditions, respectively. Consolidation of the plain concrete shall 
be performed in accordance with ACI 309-87. As no reinforcement is placed in the 
concrete, the possibility of voids is greatly diminished. Curing of the concrete shall be in 
accordance with Section 5.5 of ACI 349, except that accelerated curing in accordance 
with Section 5.5.3 is not permitted. The water curing method shall be utilized in 
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accordance with ACI 308-92, Standard Practice for Curing Concrete.

After curing, non-shrink grout shall be applied as necessary to account for any shrinkage 
of the concrete elevation. Then, the top plate (Item 9) is welded to the overpack inner 
and outer shells (Items 3 and 2, respectively) and the pedestal shell (Item 5) is welded to 
the pedestal platform (Item 24).  

To fabricate the overpack lid an identical process is followed. The lid shell (Item 7) is 
welded to the lid bottom plate (Item 6) and the inner and outer shield block shells (Items 
27 and 26, respectively) are welded to the lid top plate (item 10). The overpack lid is 
transported to the reactor site or a nearby concrete facility. The lid will be inspected to 
ensure the structure meets the requirements of Sections 5.1 and 6.1 of ACI 349. The 
concrete shall be mixed, conveyed, and deposited in accordance with Sections 5.2 
through 5.4 of ACI 349. Sufficient rigidity in the overpack lid is provided such that all 
the concrete may be placed in a single pour. If bracing and support is required, it shall be 
provided in accordance with Section 6.1 of ACI 349 to maintain the proper position and 
shape. If more than one pour is performed, the requirements of Section 6.4 of ACI 349 
must be met for construction joints.  

Mixing and placing of the concrete for the lid shall follow the guidance of Sections 5.6 
and 5.7 for cold and hot weather conditions, respectively. Curing of the concrete shall be 
in accordance with Section 5.5 of ACI 349, except that accelerated curing in accordance 
with Section 5.5.3 is not permitted. The water curing method shall be utilized in 
accordance with ACI 308-92, Standard Practice for Curing Concrete. After curing, the 
lid shell (Item 7) is welded to the lid top plate (Item 10) and the shield block ring (Item 
20) is welded to the inner and outer shield block shells (Items 27 and 26, respectively).  

Table 1.D.1 provides the construction limitations and requirements applicable to the 
overpack plain concrete. These requirements are drawn from ACI 349 (85).  

1.D.5 Testing Requirements 

Table 1.D.2 provides the testing requirements applicable to the overpack plain concrete.  
These requirements are drawn from ACI 349 (85).  
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Table 1.D. 1: Requirements on Plain Concrete

ITEM APPLICABLE LIMIT OR REFERENCE 
Density in overpack body (Minimum) 146 lb/f- eie fieet (HI-STORM 100), 155 lb/fr' (HI

STORM 1OOS) 
Density in lid and pedestal (Minimum) 146 lb/ft' 
Specified Compressive Strength 4,000 psi (min.) 
Compressive and Bearing Stress Limit Per ACI 318-95 
Cement Type and Mill Test Repoit Type II; Section 3.2 (ASTM C 150 or ASTM C595) 
Aggregate Type Section 3.3 (including ASTM C33( Note 2)) 
Nominal Maximum Aggregate Size 3/4 (inch) 
Water Quality Per Section 3.4 
Material Testing Per Section 3.1 
Admixtures Per Section 3.6 
Air Content 6%' (Table 4.5.1) 
Maximum Water to Cement Ratio 0.5 (Table 4.5.2) 
Maximum Water Soluble Chloride Ion Cl in Concrete 1.00 percent by weight of cement (Table 4.5.4) 
Concrete Quality Per Chapter 4 of ACI 349 
Mixing and Placing Per Chapter 5 of ACI 349 
Consolidation Per AC1309-87 
Quality Assurance Per Holtec Quality Assurance Manual, 10 CFR Part 72, 

Appendix G commitments 
Maximum Local Temperature Limit Under ANena 200OF (See Note 3) 
an d Off ,rwl Long Term Conditions 
Maximum Leal-Section Average Temperature Limit 350'F (Appendix A, Subsection A.4.2) 
Under Aeeiden Short Term Conditions 

Aggregate Maximum Value2 of Coefficient of Thermal 6E-06 inch/inch/F 
Expansion (tangent in the range of 70'F to 100'F) (NUREG- 1536, 3.V.2.b.i.(2)(c)2.b) 
Notes: 
1. All section and table references are to ACI 349 (85).  

2. The coarse aggregate shall meet the requirements of ASTM C33 for class designation IS from Table 3.  
However, if the requirements of ASTM C33 cannot be met, concrete that has been shown by special tests or 
actual service to produce concrete of adequate strength and durability meeting the requirements of Tables 
1.D. I and 1.D.2 is acceptable in accordance with ACT 349 Section 3.3.2.  

3. The 200 TF long term temperature limit is specified in accordance with Paragraph A.4.3 of ACI 349 for 
normal conditions. The 200 'F long term temperature limit is based on (1) the use of Type TI cement, specified 
aggregate criteria, and the specified compressive stress in Table 1.D. 1, (2) the relatively small increase in long 
term temperature limit over the 150'F specified in Paragraph A.4. 1, and (3) the very low maximum 
stresses calculated for normal and off-normal conditions in Section 3.4 of this FSAR.  

1 This limit is specified to accommodate severe exposure to freezing and thawing (Table 4.5.1).  
2 The following aggregate lypes are a priori acceptable: limestone, dolomite, marble, basalt, granite, 

gabbro, or rhyolite. The thlermal expansion coefficient limit does not apply when these aggregates are 
used. Careful consideration shall be given to the potential of long-term degradation of concrete due to 
chemical reactions between the aggregate and cement selected for 1n-STORM 100 overpack concrete.
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Table 1.D.12: Testing Requirements eofor Plain Concrete
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TEST SPECIFICATION 

Compression Test ASTM C31, ASTM C39, ASTM C192 

Air Content ASTM C231 

Unit Weight (Density) ASTM C138 

Maximum Water Soluble Federal Highway Administration Report FHWA-RD-77-85, "Sampling 
Chloride Ion Concentration and Testing for Chloride Ion in Concrete"


