
CHAPTER 3: STRUCTURAL EVALUATIONt

In this chapter, the structural components of the HI-STORM 100 System that are important to safety 
(ITS) are identified and described. The objective of the structural analyses is to ensure that the 
integrity of the HI-STORM 100 System is maintained under all credible loads for normal, off
normal, and design basis accident/natural phenomena. The chapter results support the conclusion that 
the confinement, criticality control, radiation shielding, and retrievability criteria set forth by 
1OCFR72.236(l), 1OCFR72.124(a), 1OCFR72.104, 10CFR72.106, and 1OCFR72.122(l) are met. In 
particular, the design basis information contained in the previous two chapters and in this chapter 
provides sufficient data to permit structural evaluations to demonstrate compliance with the 
requirements of 1 OCFR72.24. To facilitate regulatory review, the assumptions and conservatism's 
inherent in the analyses are identified along with a complete description of the analytical methods, 
models, and acceptance criteria. A summary of other material considerations, such as corrosion and 
material fracture toughness is also provided. Design calculations for the HI-TRAC transfer cask are 
included where appropriate to comply with the guidelines of NUREG-1536.  

Detailed numer-ical computations supporting the conclusions in fl- main body of this chapter- are 
pfesened . da serie of app endices. Whecre appr-epriatc, the subsections make refer-ence to results in 
the appenldice-S. Seetion 3.6.3 contains the complete list of appendices that support this chaptern 

"This revision to the HI-STORM Safety Analysis Report, the first since the HI-STORM 100 System 
was issued a Part 72 Certificate-of-Compliance, incorporates several features into the structural 
analysis to respond to the changing needs of the U.S. nuclear power generation industry. The most 
significant changes to this chapter for this revision are: 

The incorporation of structural results associated with the MPC-32 and the MPC-24E/24EF 
fuel baskets. In the case of the MPC-32, this revision simply returns results of analyses that 
were contained in this chapter prior to the initial CoC. In the case of the 24E basket, the new 
results are based on the same structural analysis model used for all the other baskets 
evaluated.  

The revision of the analyses of free thermal exparision'and MPC canistershell to incorporate 
the changed temperature distribution from the inclusion of the thermosiphon effect 
(convective heat transfer inside the canister).  

The introduction of new analyses that permit the use of additional damaged fuel canisters in 
the HI-STORM 100.  

t 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-1 536. 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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The inclusion of a short version of the HI-STORM overpack (designated as HI-STORM 
100S) to accommodate plants with reduced clearances. In general, we show that the HI
STORM 100S is bounded by results previously obtained.  

Revisions to approved HI-TRAC analyses to accommodate fabrication enhancements.  

Enhancement of the handling accident and tipover analyses to provide an additional qualified 
reference ISFSI pad configuration with higher strength concrete.  

Introduction of an anchored HI-STORM (designated as HI-STORM 100A). This 
enhancement permits use of a HI-STORM at sites in high seismic zones where a free 
standing cask is not acceptable.  

The organization of technical information in this chapter follows the format and content guidelines 
of USNRC Regulatory Guide 3.61 (February 1989). The FSAR ensures that the responses to the 
review requirements listed in NUREG-1536 (January 1997) are complete and comprehensive. The 
areas of NRC staff technical inquiries, with respect to structural evaluation in NUREG- 1536, span a 
wide array of technical topics within and beyond the material in this chapter. To facilitate the staff s 
review to ascertain compliance with the stipulations of NUREG-1536, Table 3.0.1 "Matrix of 
NUREG-1536 Compliance - Structural Evaluation", is included in this chapter. A comprehensive 
cross-reference of the topical areas set forth in NUREG-1536, and the location of the required 
compliance information is contained in Table 3.0.1.  

Section 3.7 describes in detail HI-STORM 100 System's compliance to NUREG-1536 Structural 
Evaluation Requirements.  

The HI-STORM 100 System matrix of compliance table given in this section is developed with the 
supposition that the storage overpack is designated as a steel structure that falls within the purview of 
subsection 3.V.3 "Other Systems Components Important to Safety" (page 3-28 of NUREG-1536), 
and therefore, does not compel the use of reinforced concrete. (Please refer to Table 1.0.3 for an 
explicit statement of exception on this matter). The concrete mass installed in the HI-STORM 100 
overpack is accordingly equipped with "plain concrete" for which the sole applicable industry code is 
ACI 318.1 (92). Plain concrete, in contrast to reinforced concrete, is the preferred shielding material 
HI-STORM 100 because of three key considerations: 

(i) Plain concrete is more amenable to a void free pour than reinforced concrete in narrow 
annular spaces typical of ventilated vertical storage casks.  

(ii) The tensile strength bearing capacity of reinforced concrete is not required to buttress the 
steel weldment of the HI-STORM 100 overpack.  
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(iii) The compression and bearing strength capacity of plain concrete is unaffected by the absence 
of rebars. A penalty factor,-on the compression strength, pursuant to the provisions of ACI
318.1 is, nevertheless, applied to insure conservatism. However, while plain concrete is the 
chosen shielding embodiment for the HI-STORM 100 storage overpack, all necessary 
technical, procedural Q.C., and Q.A. provisions to insure nuclear grade quality will be 
implemented by utilizing the relevant sections from ACI-349 (85) as specified in Appendix 
1.D.  

In other words, guidelines ofNUREG 1536 pertaining to reinforced concrete are considered to insure 
that the material specification, construction quality control and quality assurance of the shielding 
concrete comply with the provisions of ACI 349 (85). These specific compliance items are listed in 
the compliance matrix.
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TABLE 3.0.1 
MATRIX OF NUREG-1536 COMPLIANCE ITEMS - STRUCTURAL EVALUATIONt

PARAGRAPH IN NUREG-1536 LOCATION IN FSAR LOCATION OUTSIDE 
NUREG-1536 COMPLIANCE ITEM CHAPTER 3 OF FSAR CHAPTER 3 
IV. l.a ASME B&PV Compliance 

NB 3.1.1 Tables 2.2.6,2.2.7 
NG 3.1.1 Tables 2.2.6,2.2.7 

IV.2 Concrete Material Appendix 1..D 
Specification 

V.4 Lifting Devices 3.1; 3.4;3.D;3.E;3.AC 
V. Identification of SSC that Table 2.2.6 

are ITS 
" Applicable 3.6.1 Table 2.2.6 

Codes/Standards 
"__ Loads Table 2.2.13 
" Load Combinations 3.1.2.1.2; Tables 3.1.1- Table 2.2.14 

3.1.5 
Summary of Safety Factors 3.4.3; 3.4.4.2; 3.4.4.3.1-3 

3.4.6-3.4.9; Tables 3.4.3
3.4.9 

Design/Analysis Chapter 3 -pus-Appendiree 
Procedures 
Structural Acceptance Tables 2.2.10-2.2.12 
Criteria
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TABLE 3.0.1 (CONTINUED) 
MATRIX OF NUREG-1536 COMPLIANCE'ITEMS - STRUCTURAL EVALUATION t

PARAGRAPH IN NUREG-1536 ' LOCATION IN FSAR LOCATION OUTSIDE 
NUREG-1536 COMPLIANCE ITEM CHAPTER 3 OF FSAR CHAPTER 3 " Material/QC/Fabrication Table 3.4.2 Chap. 9; Chap. 13 Testing/In-Service Chap. 9; Chap. 12 

Surveillance 
"cc Conditions for Use Table 1.2.6; Chaps. 8,9,12 
V. 1.a Description of SSC 3.1.1 1.2 
V.1.b.i.(2) Identification of Codes & Tables 2.2.6, 2.2.7 

Stadards -__ 
V.1 .b.ii Drawings/Figures 1.5 

"Identification of .1.5; 2.3.2; 7.1; Table 7.1.1 
Confinement Boundary 
Boundary Weld 3.3.1.4 1.5; Table 7.1.2 
Splecifications 
"Boundary Bolt Torque NA 
"Weights and C.G. Location Tables 3.2.1-3.2.4 
"Chemical/Galvanic 3.4.1; Table 3.4.2 
Reactions 

V. 1.c Material Properties '3.3; Tables 3.3.1-3.3.5 1.A; 1.C; 1.D 
"-Allowable Strengths Tables 3.1.6-3.1.17 ,Tables 2.2.10-2.2.12; 1.D 
"Suitability of Materials 3.3; Table 3.4.2 1.A; 1.B; 1..D 

"_Corrosion 3.3 
Material Examination 9.1.1 
before Fabrication



TABLE 3.0.1 (CONTINUED) 
MATRIX OF NUREG-1536 COMPLIANCE ITEMS - STRUCTURAL EVALUATIONt

PARAGRAPH IN NUREG-1536 LOCATION IN FSAR LOCATION OUTSIDE 
NUREG-1536 COMPLIANCE ITEM CHAPTER 3 OF FSAR CHAPTER 3 
" Material Testing and 9.1; Table 9.1.1; 1.D 

Analysis 
" Material Traceability 9.1.1 
" Material Long Term 3.3; 3.4.11; 3.4.12 9.2 

Performance 
Materials Appropriate to Chap. 1 
Load Conditions 

" Restrictions on Use Chap. 12 
" Temperature Limits Table 3.1.17 Table 2.2.3 
" Creep/Slump 3.4.4.3.3.2;--3F 
" Brittle Fracture 3.1.2.3; Table 3.1.18 

Considerations 
Low Temperature 2.2.1.2 
Handling 

V.1.d.i.(1) Normal Load Conditions 2.2.1; Tables 2.2.13,2.2.14 
"Fatigue 3.1.2.4 
Internal 3.4.4.1 2.2.2; Tables 2.2.1,2.2.3 

Pressures/Temperatures for 
Hot and Cold Conditions 

"Required Evaluations 
"_Weight+Pressure 3.4.4.3.1.2 
"_Weight/Pressure/Temp. 3.4.4.3.1.2 

"Free Thermal Expansion 3.4.4.2; 3.U, 3.V; 3.W; 4.4.5; Figure 4.4.30T-able 
3... 3.A.. ; 3.A • 4-,.. ý. , ý~.at
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TABLE 3.0.1 (CONTINUED) 
MATRIX OF NUREG-1536 COMPLIANCE ITEMS - STRUCTURAL EVALUATION t

(

PARAGRAPH IN NUREG-1536 LOCATION IN FSAR - LOCATION 
NUREG-1536 COMPLIANCE ITEM CHAPTER 3 OUTSIDE OF FSAR 

CHAPTER 3 
V.1 .d.i.(2) Off-Normal Conditions 2.2.2; Tables 2.2.13, 

2.2.14; 11.1,.  
V.1.d.i.(3) Accident Level Events and Tables 3.1.1, 3.1.2 2.2.3; Tables 2.2.13, 

Conditions 2.2.14; 11.2 
V.l.d.i.(3).(a) Storage Cask Vertical Drop 3.1.2.1.1.2; 3.4.10; 3.A 2.2.3.1 
S....IStorage Cask Tipover 3.1.2.1.1.1; 3.4.10; 3.A 2.2.3.2 

"Transfer Cask Horizontal 3.4.9; 3.Z; 3.AL; 3.AN 2.2.3.1 
Drop 

V.1l.d.i.(3).(b) Explosive Overpressure 3.1.2.1.1.43AK 2.2.3.10 
V.l.d.i.(3).(c) Fire ' 
S......'Structural Evaluations 3.4.4.2 - 2.2.3.3 
" Material Properties - 11.2 " Material Suitability 3.1.2.2; 3.3.1.1 Table 2.2.3; 11.2 
V.l.d.i.(3).(d) Flood 
" Identification 3.1.2.1.1.3; 3.4.6 2.2.3.6 
" 'Cask Tipover 3.4.6 

"Cask Sliding 3.4.6 
"""Hydrostatic Loading 3.1.2.1.1.3; 3.4.6 72-1008(3.H) 
"Consequences 11.2 

V.1.d.i.(3).(e) Tornado Winds 
"cc _ Specification 3.1.2.1.1.5 2.2.3.5; Table 2.2.4 
" Drag Coefficients 3.4.8;-3:.G 
"cc Load Combination 3.4.8;---34
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TABLE 3.0.1 (CONTINUED) 
MATRIX OF NUREG-1536 COMPLIANCE ITEMS - STRUCTURAL EVALUATION t

PARAGRAPH IN NUREG-1536 LOCATION IN FSAR LOCATION OUTSIDE 
NUREG-1536 COMPLIANCE ITEM CHAPTER 3 OF FSAR CHAPTER 3 
"44 Overturning -Transfer NA 
V.1.d.i.(3).(f) Tornado Missiles 
" Missile Parameters 3.1.2.1.1.5 Table 2.2.5 
" Tipover 3.4.8i--3:G 
" Damage' 3.4.8.1; 3.4.8.23.B; 3.G; 3.14; 3Z; 3.MAA1 
"__ Consequences 3.4.8.1; 3.4.8.2 11.2 
V.l.d.i.(3).(g) Earthquakes 
"__ Definition of DBE 3.1.2.1.1.6; 3.4.7 2.2.3.7; Table 2.2.8 
"__ Sliding 3.4.7 
"__ Overturning 3.4.7 
"__ Structural Evaluations 3.4.7;--3B 11.2 
V.1 .d.i.(4).(a) Lifting Analyses 
"__ Trunnions 
"_ _ 1 Requirements 3.1.2.1.2; 3.4.3.1 ;3.4.3.2 72-1008(3.4.3);2.2.1.2 
" Analyses 3.4.3.1; 3.4.3.2; 3.D-;3.•E; .3.A"; 3.AEA 72-1008(3.4.3) 
" Other Lift Analyses 3.4.3.7-3.4.3.9; 3.0; 3.A .AC; -. 3.AE; 

"3.AD; 3..AM; 3A.2 

V.1 .d.i.(4).(b) Fuel Basket 
" Requirements 3.1.2.1.2; Table 3.1.3 

Specific Analyses 3.4.4.2; 3.4.4.3; 3.6.3; 3.;3W3-.-3 72-1008(3.4.4.3.1.2; 
S3.4.4.3.1.6; 3.AA; 3.M; 

3.H; 3.1)
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TABLE 3.0.1 (CONTINUED) 
MATRIX OF NUREG-1536 COMPLIANCE ITEMS - STRUCTURAL EVALUATION t 

PARAGRAPH IN NUREG-1536 LOCATION IN FSAR LOCATION OUTSIDE 
NUREG-1536 COMPLIANCE ITEM CHAPTER 3 OF FSAR CHAPTER 3 
""Dynamic Amplifiers 3.4.4.4.1-3X 

"Stability 3.4.4.3; 3.4.4.41,;-AK 72-1008(Figures 3.4.27-32) 
V.l.d.i.(4).(c) Confinement Closure Lid 

Bolts 
"Pre-Torque NA 
"Analyses NA 
"Engagement Length NA 

"Miscellaneous Bolting 
"Pre-Torque 3.4.3.7,; 3.4.3.83-AG 
"Analyses 3.4.4.3.2.23_tb 
"Engagement Length 3.4.3.5; 3.4.3. 7, 

3.4.3.83.ACj-,-D' 
V.1 .d.i.(4) Confinement 
" Requirements 3.1.2.1.2; Table 3.1.4 Chap. 7 

Specific Analyses 3.6.3; Tables 3.4.3, 3.4.4- 72-1008(3.E; 3.K; 3.1; 
3 -- * - 3.AA 3.4.4.3.1.5) 

"Dynamic Amplifiers 3Xj-3.4.4.1, 
"Stability 3.4.4.3.1 72-1008(3.H) 

"Overpack --.  
" Requirements 3.1.2.1.2; Tables 3.1.1; 

3.1.5 
Specific Analyses 3.6.3; 3.B; 3.D; 3.b; 3.••; 

3.AK; 3.AR ; 3.AS
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TABLE 3.0.1 (CONTINUED) 
MATRIX OF NUREG-1536 COMPLIANCE ITEMS - STRUCTURAL EVALUATION'

PARAGRAPH IN NUREG-1536 LOCATION IN FSAR LOCATION OUTSIDE 
NUREG-1536 COMPLIANCE ITEM CHAPTER 3 OF FSAR CHAPTER 3 
" Dynamic Amplifiers 3.4.4.3.2;--3-.X 
" Stability 3.4.4.3; Table 3.1.1; 

3.4.4.5-34K 
"64 Transfer Cask 
"__ Requirements 3.1.2.1.2; Table 3.1.5 
" Specific Analyses 3.4.4.3; 3.6.3; 3-.E; 3-.4.- .; 

3.Z; 3.AD; 3.AE; 3.AA; 
3-A.4 3.AB; 3.AD; 3.AG; 
3.F; 3.AII; 3.AJ; 3.Ab; 

_ _ _ _ _ -3-AM___ 

"_ _ _ _Dynamic Amplifiers 3.4.4.4.13-.-X__ 
""Stability NA 2.2.3.1 

t Legend for Table 3.0.1 

Per the nomenclature defined in Chapter 1, the first digit refers to the chapter number, the second digit is the section number 
within the chapter; an alphabetic character in the second place means it is an appendix to the chapter.

72-1008 
NA

HI-STAR 100 Docket Number where the referenced item is located 
Not Applicable for this item
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3.1 STRUCTURAL DESIGN 

3.1.1 Discussion 

The HI-STORM 100 System consists of three principal components: the Multi-Purpose Canister 
(MPC), the storage overpack, and the transfer cask. The MPC is a hermetically sealed, welded 
structure of cylindrical profile with flat ends and a honeycomb fuel basket. A complete description is 
provided in Subsection 1.2.1.1 wherein the anatomy of the MPC and its fabrication details are 
.presented with the aid of figures. The MPCs utilized in the HI-STORM 100 System are identical to 
those for the HI-STAR 100 System submitted under Dockets 72-1008 and 71-9261. The evaluation 
of the MPCs presented herein draws upon the work described in those earlier submittals. In this 
section, the discussion is confined to characterizing and establishing the structural features of the 
MPC, the storage overpack, and the HI-TRAC transfer cask. Since a detailed discussion of the HI
STORM 100 Overpack and HI-TRAC transfer cask geometries is presented in Section 1.2, attention 
is focused here on structural capabilities and their inherent margins of safety for housing the MPC.  
Detailed design drawings for the HI-STORM 100 System are provided in Section 1.5.  

The design of the MPC seeks to attain three objectives that are central to its functional adequacy, 
namely: 

" Ability to Dissipate Heat: The thermal energy produced by the stored spent fuel must be 
transported to the outside surface of the MPC such that the prescribed temperature limits for 
the fuel cladding and for the fuel basket metal walls are not exceeded.  

" Ability to Withstand Large Impact Loads: The MPC, with its payload of nuclear fuel, must 
be sufficiently robust to withstand large impact loads associated with the postulated handling 
accident events. Furthermore, the strength of the MPC must be sufficiently isotropic to meet 
structural requirements under a variety of handling and tip-over accidents.  

" Restraint of Free End Expansion: The membrane and bending stresses produced by restraint 
of free-end expansion of the fuel basket are categorized as primary stresses. In view of the 
concentration of heat generation in the fuel basket, it is necessary to'ensure that structural 
constraints to its external expansion do not exist.  

Where the first two criteria call for extensive inter-cell connections, the last criterion -requires the 
opposite. The design of the MPC seeks to realize all of the above three criteria in an optimal manner.  

From the description presented in Chapter 1, the MPC enclosure vessel is the confinement vessel 
designed to meet'ASME Code, Section III, Subsection NB stress limits. The enveloping canister 
shell, the baseplate, and the lid system form a complete confinement boundary for the stored fuel that 
is referred to as the "enclosure vessel". Within this cylindrical shell confinement vessel is an 
integrally welded assemblage of cells of square cross sectional openings for fuel storage, referred to 
herein as the fuel basket. The fuel basket is analyzed under the provisions of Subsection NG of 
Section III of the ASME Code. All multi-purpose canisters designed for deployment in the HI
STORM 100 and HI-STAR 100 systems are exactly alike in their external dimensions. The essential 
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difference between the MPCs lies in the fuel baskets. Each fuel storage MPC is designed to house 
fuel assemblies with different characteristics. Although all fuel baskets are configured to maximize 
structural ruggedness through extensive inter-cell connectivity, they are sufficiently dissimilar in 
structural details to warrant separate evaluations. Therefore, analyses for each ofthe VPC types were 
carried out to ensure structural compliance. Inasmuch as no new MPC designs are introduced in this 
application, and all MPC designs were previously reviewed by the USNRC under Docket 72-1008, 
the MPC analyses submitted under Docket Numbers 72-1008 and 71-9261 for the FI-STAR 100 
System are not reproduced herein unless they need to be modified by HI-STORM 100 conditions or 
geometry differences. Analyses provided in the HI-STAR 100 System safety analysis reports that are 
applicable to the HI-STORM 100 System are referenced in this FSAR by docket number and 
subsection or appendix.  

Components of the HI-STORM 100 System that are important to safety and their applicable design 
codes are defined in Chapter 2.  

Some of the key structural functions of the MPC in the storage mode are: 

1. To position the fuel in a subcritical configuration, and 

2. To provide a confinement boundary.  

Some of the key structural functions of the overpack in the storage mode are: 

1. To serve as a missile barrier for the MPC, 

2. To provide flow paths for natural convection, 

3. To ensure stability of the HI-STORM 100 System, and 

4. To maintain the position of the radiation shielding.  

5. To allow movement of the overpack with a loaded MPC inside.  

Some structural features of the MPCs that allow the system to perform these functions are 
summarized below: 

There are no gasketed ports or openings in the MPC. The MPC does not rely on any 
sealing arrangement except welding. The absence of any gasketed or flanged joints 
makes the MPC structure immune from joint leaks. The confinement boundary 
contains no valves or other pressure relief devices.  
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" The closure system for the MPCs consists of two components, namely, the MPC lid 
and the closure ring. The MPC lid can be either a single thick circular plate 
'continuously welded to the MPC shell along its circumference or two dual lids 
welded around their common periphery. The MPC closure system is shown -in the 
Design Drawings in Section 1.5. The MPC lid is equipped with vent and drain ports 
which are utilized for evacuating moisture and air from the MPC following fuel 
-loading, and subsequent backfilling with an inert gas (helium) at a specified mass.  
The vent and drain ports are covered by a cover plate and welded before the closure 
ring is installed. The'closure ring is a circular-annular plate edge-welded to the MPC 
lid and shell. The two closurie members are interconnected by welding around the 
inner diameter of the ring. Lift points for the MPc are provided in the MPC lid.  

" The MPC fuel baskets consist of an array of interconnecting plates. The number of 
storage cells formed by this interconnection process varies depending on the type of 
fuel being stored. Basket designs containing cell configurationis for PWR arid BWR 
fuel have been designed and are explained in detail in Section 1.2. All baskets are 
designed to fit into the same MPC shell. Welding of the basket plates along their 
edges essentially renders the fuel basket into a multiflange beam. Figure 3.1.1 
provides an isometric illustration of a fuel basket for the MPC-68 design.  

"* The MPC basket is separated from its supports by a gap. The gap size decreases as a 
result of thermal expansion (depending on the magnitude of internal heat generation 
from the stored spent fuel). The provision of a small gap between the basket and the 
basket support structure is consistent with the natural thermal characteristics of the 
MPC. The planar temperature distribution across the basket, as shown in Section 4.4, 
approximates a shallow parabolic profile. This profile will create high thermal 
stresses unless structural constraints at the'interface'between the'basket and the 
basket support structure are removed.  

" The MPCs will be loaded with fuel with widely varying heat geheration rates. The 
basket/basket 9upport structure gap tends to be reduc6d fdr higher heat generation 
rates due to increased thermal expansion rates. Gapsi betwe~n the fuel basket and the 
basket support ,structure are specified to be sufficiently large such that a gap exists 
around the periphery after any thermal expansion.  

" A small number of flexible thermal conduction elements (thin aluminum tubes) are 
interposed between the basket and the MPC shell. The elements are designed to be 
resilient. They do not provide structural support for the basket, and thus their 
resistance to thermal growth is negligible.  
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It is quite evident from the geometry of the MPC that a critical loading event pertains to the drop 
condition when the MPC is postulated to undergo a handling side drop (the longitudinal axis of the 
MPC is horizontal) or tip'-over. Under the side drop or tip-over condition the flat panels of the fuel 
basket are subject to an equivalent pressure loading that simulates the deceleration-magnified inertia 
load from the stored fuel and the MPC's own metal mass.  

The MPC fuel basket maintains the spent nuclear fuel in a subcritical arrangement. Its safe operation 
is assured by maintaining the physical configuration of the storage cell cavities intact in the aftermath 
of a drop event. This requirement is considered to be satisfied if the MPC fuel basket meets the stress 
intensity criteria set forth in the ASME Code, Section mII, Subsection NG. Therefore, the 
demonstration that the fuel basket meets Subsection NG limits ensures that there is no impairment of 
ready retrievability (as required by NUREG- 1536), and that there is no unacceptable effect on the 
subcritical arrangement.  

The MPC confinement boundary contains no valves or other pressure relief devices. The MPC 
enclosure vessel is shown to meet the stress intensity criteria of the ASME Code, Section 1II, 
Subsection NB for all service conditions. Therefore, the demonstration that the enclosure vessel 
meets Subsection NB limits ensures that there is no unacceptable release of radioactive materials.  

The HI-STORM 100 storage overpack is a steel cylindrical structure consisting of inner and outer 
low carbon steel shells, a lid, and a baseplate. Between the two shells is a thick cylinder of un
reinforced (plain) concrete. Additional regions of fully confined (by enveloping steel structure) 
unreinforced concrete are attached to the lid and to the baseplate. The storage overpack serves as a 
missile and radiation- barrier, provides flow paths for natural convection, provides kinematic stability 
to the system, and acts as a cushion for the MPC in the event of a tip-over accident. The storage 
overpack is not a pressure vessel since it contains cooling vents that do not allow for a differential 
pressure to develop across the overpack wall. The structural steel components of the HI-STORM 100 
Overpack are designed to meet the stre~s limits of the ASME Code, Section III, Subsection NF, Class 
3.'A short version of the HI-STORM 100 overpack, designated, as the HI-STORM 100S, is 
introduced in this revision. To accommodate nuclear plants with limited height access, the HI
STORM l00S has a re-configured lid and a lower overall height. There are minor weight 
redistributions but the overall bounding weight of the system is unchanged. Therefore, structural 
analyses are revisited if and only iftthe modified configuration cannot be demonstrated to be bounded 
by the original calculation. New or modified calculations focused on the HI-STORM 100 are clearly 
identified within the text of this chapter. Unless otherwise designated, general statements using the 
terminology "HI-STORM 100" also apply to the HI-STORM 100S. The HI-STORM 1OOS can carry 
all MPC's and transfer casks that can be carried in the HI-STORM 100.  

As discussed in Chapters 1 and 2, and Section 3.0, the principal shielding material utilized in the HI
STORM 100 Overpack is plain concrete. Plain concrete was selected for the HI-STORM 100 
Overpack in lieu of reinforced concrete, because there is no structural imperative for incorporating 
tensile load bearing strength into the contained concrete. From a purely practical standpoint, the 
absence ofrebars facilitate pouring and curing of concrete with minimal voids, which is an important 
consideration in light of its shielding function in the HI-STORM 100 Overpack. Plain concrete, 
however, acts essentially identical to reinforced concrete under compressive and bearing loads, even 
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though ACI standards apply a penalty factor on the compressive and bearing strength of concrete in 
the absence of rebars (vide ACI 318.1).  

Accordingly, the plain concrete in the HI-STORM 100 is considered as a structural material only to 
the extent that it may participate in supporting direct compressive loads. The allowable 
compression/bearing resistance is defined and quantified in the ACI 318.1(92) Building Code for 
Structural Plain Concrete.  

In general, strength analysis of the HI-STORM 100 Overpack and its confined concrete is carried out 
only to demonstrate that the concrete is able to perform its radiation protection function and that 
retrievability of the MPC subsequent to any postulated accident condition of storage or handling is 
maintained.  

A discrete ITS component in the HI-STORM 100 System is the HI-TRAC transfer cask. The HI
TRAC serves to provide a missile and radiation barrier during transport of the MPC from the fuel 
pool to the HI-STORM 100 Overpack. The HI-TRAC body is a double-walled steel cylinder that 
constitutes its structural system. Contained between the two steel shells is an intermediate lead 
cylinder. Attached to the exterior of the HI-TRAC body outer shell is a water jacket that acts as a 
radiation barrier. The HI-TRAC is not a pressure vessel since it contains a penetration in the HI
TRAC top lid that does not allow for a differential pressure to develop across the HI-TRAC wall.  
Nevertheless, in the interest of conservatism, structural steel components of the HI-TRAC are subject 
to the stress limits of the ASME Code, Section III, Subsection NF, Class 3.  

Since both the HI-STORM 100 and HI-TRAC may serve as an MPC carrier, their lifting attachments 
are designed to meet the design safety factor requirements ofNUREG-0612 [3.1.1] and ANSI N14.6
1993 [3.1.2] for single-failure-proof lifting equipment.  

Table 2.2.6 provides a listing of the applicable design codes for all structures, systems, and 
components which are designated as ITS.  

3.1.2- Design Criteria 

Principal design criteria for normal, off-normal, and accident/environmental events are discussed in 
Section 2.2. In this section, the loads, load combinations, and allowable stresses used in the structural 
evaluation of the HI-STORM 100 System are presented in more detail.  

Consistent with the provisions of NUREG-1536, the central objective of the structural analysis 
presented in this chapter is to ensure that the HI-STORM 100 System possesses sufficient structural 
capability to withstand normal and off-normal loads and the worst case loads under natural 
phenomenon or accident events. Withstanding such loadings enables the HI-STORM 100 System to 
successfully preclude the following negative consequences: 
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"* unacceptable risk of criticality 
"* unacceptable release of radioactive materials 
"* unacceptable radiation levels 
"* impairment of ready retrievability of the SNF 

The above design objectives for the HI-STORM 100 System can be particularized for individual 
components as follows: 

"* The objectives of the structural analysis of the MPC are to demonstrate that: 

1. Confinement of radioactive material is maintained under normal, off-normal, 
accident conditions, and natural phenomenon events.  

2. The MPC basket does not deform under credible loading conditions such that 
the'subcriticality or retrievability of the SNF is jeopardized.  

"* The objectives of the structural analysis of the storage overpack are to demonstrate 
that: 

1. Tornado-generated missiles do not compromise the integrity of the MPC 
confinement boundary.  

2. The overpack can safely provide for on-site transfer of the loaded MPC and 
ensure adequate support to the HI-TRAC transfer cask during loading and 
unloading of the MPC.  

3. The radiation shielding remains properly positioned in the case of any 
normal, off-normal, or natural phenomenon or accident event.  

4. The flow path for the cooling air flow shall remain available under normal 
and off-normal conditions of storage and after a natural phenomenon or 
accident event.  

5. The loads arising from normal, off-normal, and accident level conditions 
exerted on the contained MPC do not exceed the structural design criteria of 
the MPC.  

6. No geometry changes occur under any normal, off-normal, and accident level 
conditions of storage that may preclude ready retrievability of the contained 
MPC.  
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7. A freestanding storage overpack can safely withstand a non-mechanistic tip
over event with a loaded MPC within the overpack. The HI-STORM 100A is 
specifically engineered to be permanently attached to the ISFSI pad. The 
ISFSI pad engineered for the anchored cask is designated as "Important to 
Safety". Therefore; the non-mechanistic tipover is not applicable to the II
STORM 100A." 

8. The inter-cask transfer of a loaded MPC can be carried out without 
-- exceeding the structural capacity of the HI-STORM 100 Overpack, provided 

all required auxiliary equipment and componenits specific to an ISFSI site 
comply with their Design Criteria setforth in this FSAR and the handling 
operations are in full compliaince with operational limits and controls 
prescribed in this FSAR.  

The- objective of the structural analysis of the HI-TRAC transfer cask is to 
demonstrate that: 

1. Tornado generated missiles do not compromise the integrity of the MPC 
confinement boundary while the MPC is contained within HI-TRAC.  

2. No geometry changes occur under any postulated handling or storage 
conditions that may preclude ready retrievability of the contained MPC.' 

3. The structural components perform their intended function during lifting and 
handling with the loaded MPC.  

4. The radiation shielding remains properly positioned under all applicable 
handling service conditions for HI-TRAC.  

5. The lead shielding, top lid, and transfer lid doors remain properly positioned 
during poitulated handling accidents.  

The aforementioned objectives are deemed to be satisfied for the MPC, the overpack, and the HI
TRAC, if stresses (or stress intensities, as applicable) calculated by the appropriate structural 
analyses are less than the allowables defined in Subsection 3.1.2.2, and if the diametral change in the 
storage overpack (or HI-TRAG), if any, after any event of structural consequence to the overpack (or 
transfer cask), does -not preclude ready retrieiibility of the contained MPC.  

Stresses arise in the components of the HI-STORM 100 System due to various loads that originate 
under normal, off-normal, oi: accident conditions. These individual loads are combined to form load 
combinations. Stresses and stress intensities resulting from the load combinations are compared to 
their respective allo wable stresses and stress intensities. The following subsections present loads, 
load combinations, ahd the'allowable limits germane to them for use in the structural analyses of the 
MPC, the overpack, and the HI-TRAC trahsfer cask.  
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Loads and Load Combinations

The individual loads applicable to the HI-STORM 100 System and the HI-TRAC cask are defined in 
Section 2.2 of this report (Table 2.2.13). Load combinations are developed by assembling the 
individual loads that may act concurrently, and possibly, synergistically (Table 2.2.14). In this 
subsection, the individual loads are further clarified as appropriate and the required load 
combinations are identified. Table 3.1.1 contains the load combinations for the storage overpack 
where kinematic stability is of primary importance. The load combinations where stress or load level 
is of primary importance are set forth in Table 3.1.3 for the MPC fuel basket, in Table 3.1.4 for the 
MPC confinement boundary, and in Table 3.1.5 for the storage overpack and the HI-TRAC transfer 
cask. Load combinations are applied to the mathematical models of the MPCs, the overpack, and the 
HI-TRAC. Results of the analyses carried out under bounding load combinations are compared with 
their respective allowable stresses (or stress intensities, as applicable). The analysis results from the 
bounding load combinations arealso assessed, where warranted, to ensure satisfaction of the 
functional performance criteria discussed in the preceding subsection.  

3.1.2.1.1 Individual Load Cases 

The individual loads that address each design criterion applicable to the structural design of the HI
STORM 100 System are catalogued in Table 2.2.13. Each load is given a symbol for subsequent use 
in the load combination listed in Table 2.2.14.  

Accident condition and natural phenomena-induced events, collectively referred to as the "Level D" 
condition in Section III of the ASME Boiler & Pressure Vessel Codes, in general, do not have a 
universally prescribed limit. For example, the impact load from a tornado-borne missile, or the 
overturning load under flood or tsunami, cannot be prescribed as design basis values with absolute 
certainty that all ISFSI sites will be covered. Therefore, as applicable, allowable magnitudes of such 
loadings are postulated for the HI-STORM 100 System. The allowable values are drawn from 
regulatory and industry documents (such as for tornado missiles and wind) or from an intrinsic 
limitation in the system (such as the permissible "drop height" under a postulated handling accident).  
In the following, the essential characteristic of each "Level D" type loading is explained.  

3.1.2.1.1.1 Tip-Over 

It is required to demonstrate that the free-standing HI-STORM 100 storage overpack, containing a 
loaded MPC, will not tip over as a result of a postulated natural phenomenon event, including 
tornado wind, a tornado-generated missile, a seismic or a hydrological event (flood). However, to 
demonstrate the defense-in-depth features of the design, a non-mechanistic tip-over scenario per 
NUREG-1536 is analyzed. Since the HI-STORM 100S has an overall length that is less than the 
regular HI-STORM 100, the maximum impact velocity of the overpack will be reduced. Therefore, 
the results of the tipover analysis for the HI-STORM 100 (reported in Appendix 3.A) are bounding 
for the HI-STORM 100S. The potential of the HI-STORM 100 Overpack tipping over during the 
lowering (or raising) of the loaded MPC into (or out of) it with the HI-TRAC cask mounted on it is 
ruled out because of the safeguards and devices mandated by this FSAR for such operations 
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(Subsection 2.3.3.1 and Technical Specification 4.9). The physical and procedural barriers under the 
MPC handling operations have been set down in the FSAR to preclude overturning of the HI
STORM/HI-TRAC assemblage with an extremely high level of certainty. Much of the ancillary 
equipment needed for the MPC transfer operations must be custom engineered to best accord with 
the structural and architectural exigencies of the ISFSI site. Therefore, with the exception of the HI
TRAC cask, their design cannot be prescribed, a priori, in this FSAR. However, carefully drafted 
Design Criteria and conditions of use set forth in this FSAR eliminate the potential of weakening of 
the safety measures contemplated herein to preclude an overturning event during MPC transfer 
operations. Subsection 2.3.3.1 contains a comprehensive set of design criteria for the ancillary 
equipment and components required for MPC transfer operations to ensure that the design objective 
of precluding a kinematic instability event during MPC transfer operations is met. Further 
information on the steps taken to preclude system overturning during MPC transfer operations may 
be found in Chapter 8, Section 8.0.  

In the HI-STORM 100A configuration, wherein the overpack is physically anchored to the ISFSI 
pad, the potential for a tip-over is a' priori precluded. Therefore, the ISFSI pad need not be 
engineered to be sufficiently compliant to limit the peak MPC deceleration to Table 2.2.8 values. The 
stiffnhess of the pad, however, may be controlled by the ISFSI structural design and, therefore, may 
result in a reduced "carry height" from that specified for a free-standing cask. If a non-single failure 
proof lifting device is employed to carry the cask over the pad, determination of maximum carry 
height must be performed by the ISFSI o wner once the ISFSI pad design is formalized.  

3.1.2.1.1.2 Handlina Accident 

A handling accident during transport of a loaded HI-STORM 100 storage overpack is assumed to 
result in a vertical drop. The HI-STORM 100 storage overpack will not be handled in a horizontal 
position while containing a loaded MPC. Therefore, a side drop is not considered a credible event.  

HI-TRAC can be carried in a horizontal orientation while housing a loaded MPC. Therefore, a 
handling accident during transport of a loaded HI-TRAC in a horizontal orientation is considered to 
be a credible accident event.  

As discussed in the foregoing, the vertical drop of the HI-TRAC and the tip-over of the assemblage 
of a loaded HI-TRAC on the top of the HI-STORM 100 storage overpack during MPC 'transfer 
operations do not need to be considered.  

3.1.2.1.1.3 Flood 

The postulated flood event results into two discrete scenarios which must be considered; namely, 

1. stability of the HI-STORM 100 System due to flood water velocity, and 
2. structural effects of hydrostatic pressure and water velocity induced lateral pressure.  
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The maximum hydrostatic pressure on the cask in a flood where the water level is conservatively set 
at 125 feet is calculated as follows: 

Using 

p = the maximum hydrostatic pressure on the system (psi), 
y = weight density of water = 62.4 lb/ft3 

h = the height of the water level = 125 ft; 

The maximum hydrostatic pressure is 

p = yh = (62.4 lb/ft3)(125 ft)(1 ftF/144 in2) = 54.2 psi 

The accident condition design external pressure for the MPC (Table 2.2.1) bounds the maximum 
hydrostatic pressure exerted by the flood.  

3.1.2.1.1.4 Explosion 

Explosion, by definition, is a transient event. Explosive materials (except for the short duration when 
a limited quantity of motive fuel for placing the loaded MPC on the ISFSI pad is present in the tow 
vehicle) are prohibited in the controlled area by specific stipulation in the HI-STORM 100 Technical 
Specification. However, pressure waves emanating from explosions in areas outside the ISFSI are 
credible.  

Pressure waves from an explosive blast in a property near the ISFSI site result in an impulsive 
aerodynamic loading on the stored HI-STORM 100 Overpacks. Depending on the rapidity of the 
pressure build-up, the inside and outside pressures on the HI-STORM METCONTm shell may not 
equalize, leading to a net lateral loading on the upright overpack as the pressure wave traverses the 
overpack. The magnitude of the dynamic pressure wave is conservatively set to a value below the 
magnitude of the pressure differential that would cause a tip-over of the cask if the pulse duration 
was set at one second. With the maximum design basis pressure pulse established (by setting the 
design basis pressure differential sufficiently low that cask tip-over is not credible due to the 
travelling pressure wave), the stress state under this condition requires analysis. The lateral pressure 
difference, applied over the overpack full height, causes axial and circumferential stresses and strains 
to develop. Level D stress limits must not be exceeded under this state of stress. It must also be 
demonstrated that no permanent ovalization of the cross section occurs that leads to loss of clearance 
to remove the MPC after the explosion.  

Once the pressure wave traverses the cask body, then an elastic stability evaluation is warranted. An 
all-enveloping pressure from the explosion may threaten safety by buckling the overpack outer shell.  
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In contrast to the overpack, the MPC is a closed pressure vessel. Because of the enveloping overpack 
around it, the explosive pressure wave would manifest as an external pressure on the external surface 
of the MPC.  

The maximum overpressure on the MPC resulting from an explosion is limited by the HI-STORM 
Technical Specification to be equal to or less than the accident condition design external pressure or 
external pressure differential specified in Table 2.2.1. The design external pressure differential is 
applied as a component of the load combinations.  

3.1.2.1.1.5 Tornado 

The three components of a tornado load are: 

1. pressure changes, 
2. wind loads, and 
3. tornado-generated missiles.  

Wind speeds and tornado-induced pressure drop are specified in Table 2.2.4. Tornado missiles are 
listed in Table 2.2.5. A central functional objective of a storage overpack is to maintain the integrity 
of the "confinement boundary", namely, the multi-purpose canister stored inside it. This operational 
imperative requires that the mechanical loadings associated with a tornado at the ISFSI do not 
jeopardize the physical integrity of the loaded MPC. Potential consequences of a tornado on the cask 
system are: 

"* Instability (tip-over) due to tornado missile impact plus either steady wind or impulse 
from the pressure drop (only applicable for free-standing cask).  

"* Stress in the overpack induced by the lateral force caused by the steady wind or 
missile impact.  

"* Loadings applied on the MPC transmitted to the inside of the overpack through its 
openings or as a secondary effect of loading on the enveloping overpack structure.  

* Excessive storage overpack permanent deformation that, may prevent ready 
retrievability of the MPC.  

* Excessive storage overpack permanent deformation that may significantly reduce the 
shielding effectiveness of the storage overpack.  

Analyses must be performed to ensure that, due to the tornado-induced loadings: 

* The loaded overpack does not become kinematically unstable (only applicable 
for free-standing cask).  
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"* The overpack does not deform plastically such that the retrievability of the stored 
MPC is threatened.  

"* The MPC does not sustain an impact from an incident missile.  

"* The MPC is not subjected to inertia loads (acceleration or deceleration) in excess 
of its design basis limit set forth in Chapter 2 herein.  

"* The overpack does not deform sufficiently due to tornado-borne missiles such 
that the shielding effectiveness of the overpack is significantly affected.  

The results obtained for the fI-STORM 100 bound the corresponding results for HI-STORM 100S 
because of the reduced height. In the anchored configuration (HI-STORM 100A), the kinematic 
stability requirement stated above is replaced with the requirement that the stresses in the anchor 
studs do not exceed level D stress limits for ASME Section Elf, Class 3, Subsection NF components.  

3.1.2.1.1.6 Earthquake 

Subsections 2.2.3.7 and 3.4.7 contain the detailed specification of the seismic inputs applied to the 
HI-STORM 100 System. The design basis earthquake is assumed to be at the top of the ISFSI pad.  
Potential consequences of a seismic event are sliding/overturning of a free-standing cask, overstress 
of the sector lugs and anchor studs for the anchored HI-STORM 1 O0A, and lateral force on the 
overpack causing excessive stress and deformation of the storage overpack.  

In the anchored configuration (rH-STORM 1 OA), a seismic event results in a fluctuation in the state 
of stress in the anchor bolts and a local bending action on the sector lugs.  

Analyses must be performed to ensure that: 

"* The maximum axial stress in the anchor bolts remains below the Level D stress limits for 
Section III Class 3 Subsection NF components.  

"* The maximum primary membrane plus bending stress intensity in the sector lugs during the 
DBE event satisfies Level D stress limits of the ASME Code, Subsection NF.  

"* The anchor bolts will not sustain fatigue failure due to pulsation in their axial stress during 
the DBE event.  

"* The stress in the weld line joining the sector lugs to the HI-STORM 100 weldment is within 
Subsection NF limits for Level D condition.  
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3.1.2.1.1.7 Lightning

The HI-STORM 100 Overpack contains over 25,000 lb of highly conductive carbon steel with over 
700 square feet of external surface aiea. Such a large surface area and metal mass is'adequate to 
dissipate any lightning that may strike the HI-STORM 100 System. There are no combustible 
materials on the HI-STORM 100 surface. Therefore, lightning will not impair the structural 
performance of components of the rI-STORM 100 System that are important to safety.  

3.1.2.1.1.8 Fire 

The potential structural consequences of a fire are: the possibility of an interference developing 
between the storage overpack and the loaded MPC due to free thermal expansion; and, the 
degradation of material properties to the extent that their structural performance is affected during a 
subsequent recovery action. The fire condition is addressed to the extent necessary to demonstrate 
that these adverse structural consequences do not materialize.  

3.1.2.1.1.9 100% Fuel Rod Rupture 

The effect on structural performance by 100% fuel rod rupture is felt as an increase in internal 
pressure. The accident internal pressure limit set in Chapter 2 bounds the pressure from 100% 
fuel rod rupture. Therefore, no new load condition has been identified.  

3.1.2.1.2 Load Combinations 

Load combinations are created by summing the effects of several individual loads' The load 
combinations are selected for the normal, off-normal, and'accident conditions. The, loadings 
appropriate for HI-STORM 100 under the various conditions are presented in Table 2.2.14. These 
loadings are combined into meaningful combinations for the various rn.-STORM 100 System 
components in Tables 3.1.1, and 3.1.3-3.1.5. Table 3.1.1 lists the load combinations that address 
overpack stability. Tables 3.1.3 through 3.1.5 list the applicable load combination's for ihe fuel 
basket, the enclosure vessel, and the overpack and HI-TRAC, respectively., 

As discussed in Subsection 2.2.7, the number of discrete load combinations for each situational 
condition '(i.e., normal, off-normal, etc.) is consolidated by defining bounding loads for certain 
groups of loadings. Thus, the accident condition pressure P0 * bounds the surface loadings arising 
from accident and extreme natural phenomenon events, namely, tornad•o wind W', flood F, and 
explosion E*.  

As noted previously, certain loads, namely earthquake E, flowing water'under flood condition F, 
force from an explosion pressure pulse F*, and tornado missile M, act to destabilize a cask.  
Additionally, these loads act on the overpack and produce essentially' localized'stresses at the HI
STORM 100 System to ISFSI interface. Table 3.1.1 provides the load combinations that are relevant 
to the stability analyses of free-standing casks. The site ISFSI DBE zero period acceleration (ZPA) 
must be bounded by the design basis seismic ZPA defined by the Load Combination C of Table 3.1.1 
to demonstrate that the margin against tip-over during a seismic event is maintained.  
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The major constituents in the HI-STORM 100 System are: (i) the fuel basket, (ii) the enclosure 
vessel, (iii) the HI-STORM 100 (or IH-STORM 100S) Overpack, and (iv) the HI-TRAC transfer 
cask. The fuel basket and the enclosure vessel (EV) together constitute the multi-purpose canister.  
The multi-purpose canister (MPG) is common to HI-STORM 100 and HI-STAR 100, and as such, 
has been extensively analyzed in the storage FSAR and transport SAR (Dockets 72-1008 and 71
9261) for HI-STAR 100. Many of the loadings on the MPC (fuel basket and enclosure vessel) are 
equal to or bounded by loadings already considered in the HI-STAR 100 SAR documents. Where 
such analyses have been performed, their location in the HI-STAR 100 SAR documents is indicated 
in this HI-STORM 100 SAR for continuity in narration. A complete account of analyses and results 
for all load combinations for all four constituents parts is provided in Section 3.4 as required by 
Regulatory Guide 3.61.  

In the following, the loadings listed as applicable for each situational condition in Table 2.2.14 are 
addressed in meaningful load combinations for the fuel basket, enclosure vessel, and the overpack.  
Each component is considered separately.  

Fuel Basket 

Table 3.1.3 summarizes all loading cases (derived from Table 2.2.14) that are germane to 
demonstrating compliance of the fuel baskets to Subsection NG when these baskets are housed 
within HI-STORM 100 or HI-TRAC.  

The fuel basket is not a pressure vessel; therefore, the pressure loadings are not meaningful loads for 
the basket. Further, the basket is structurally decoupled from the enclosure vessel. The gap between 
the basket and the enclosure vessel is sized to ensure that no constraint of free-end thermal expansion 
of the basket occurs. The demonstration of the adequacy of the basket-to the-enclosure vessel (EV) 
gap to ensure absence of interference is a physical problem that must be analyzed.  

The normal handling loads on the fuel basket in an MPC within the HI-STORM 100 System or the 
HI-TRAC transfer cask are identical to or bounded by the normal handling loads analyzed in the HI
STAR 100 FSAR Docket Number 72-1008.  

Three accident condition scenarios must be considered: (i) drop with the storage overpack axis 
vertical; (ii) drop with the HI-TRAC axis horizontal; and (iii) storage overpack tipover. The vertical 
drop scenario is considered in the HI-STAR 100 SAR.  

The horizontal drop and tip-over must consider multiple orientation of the fuel basket, as the fuel 
basket is not radially symmetric. Therefore, two horizontal drop orientations are considered which 
are referred to as the 0 degree drop and 45 degree drop, respectively. In the 0 degree drop, the basket 
drops with its panels oriented parallel and normal to the vertical (see Figure 3.1.2). The 45-degree 
drop implies that the basket's honeycomb section is rotated meridionally by 45 degrees (Figure 
3:1.3).  
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Enclosure Vessel

Table 3.1.4 summarizes all load cases that are applicable to structural analysis of the enclosure vessel 
to ensure integrity of the confinement boundary.  

The enclosure vessel is a pressure vessel consisting of a cylindrical shell, a thick circular baseplate at 
the bottom, and a thick circular lid at the top. This pressure vessel must be shown to meet the 
primary stress intensity limits for ASME Section III Class 1 at the design temperature and primary 
plus secondary stress intensity limits under the combined action of pressure plus thermal loads.  

Normal handling of the enclosure vessel is considered in Docket 72-1008; the handling loads are 
independent of whether the enclosure vessel is within rH-STAR 100, rH-STORM 100, or HI-TRAC.  

The off-normal condition handling loads are identical to the normal condition and, therefore, a 
separate analysis is not required.  

Analyses presented in this chapter are intended to demonstrate that the maximum decelerations in 
drop and tip-over accident events are limited by the bounding values in Table 3.1.2. The vertical 
drop event is considered in the HI-STAR 100 SAR Docket 72-1008.  

The deceleration loadings developed in the enclosure vessel during a horizontal drop event are 
combined with those due to P, (internal pressure) acting alone. The accident condition pressure is 
bounded by P,*. The design basis deceleration for the MPC in the HI-STAR 100 System is 60g's, 
whereas the design basis deceleration for the MPC in the rH-STORM 100 System is 45g's. The 
design pressures are identical. The fire event (T* loading) is considered for ensuring absence of 
interference between the enclosure vessel and the fuel basket and between the enclosure vessel and 
the overpack.  

It is noted that the MPC basket-enclosure vessel thermal expansion and stress analyses are 
reconsidered in this submittal to reflect the different MPC-to-overpack gaps that exist in the HI
STORM 100 Overpack versus the HI-STAR 100 overpack, coupled with the different design basis 
decelerations.  

Storage Overpack 

Table 3.1.5 identifies the load cases to be considered for the overpack. These are in addition to the 
kinematic criteria listed in Table 3.1.1. Within these load cases and kinematic criteria, the following 
items must be addressed: 
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Normal Conditions 

" The dead load of the HI-TRAC with the heaviest loaded MPC (dry) on top of the HI-STORM 
100 Overpack must be shown to be able to be supported by the metal-concrete (METCONTm) 
structure consisting of the two concentric steel shells and the steel rib plates, and by the 
concrete columns away from the vent regions.  

"* The dead load of the HI-STORM 100 Overpack itself must be supportable by the steel 
structure with no credit for concrete strength other than self-support in compression.  

"• Normal handling loads must be accommodated without taking any strength credit from the 

contained concrete other than self-support in compression.  

Accident Conditions 

" Maximum flood water velocity for the overpack with an empty MPC must be specified to 
ensure that no sliding or tip-over occurs.  

" Tornado missile plus wind on an overpack with an empty MPC must be specified to 
demonstrate that no cask tip-over occurs.  

"* Tornado missile penetration analysis must demonstrate that the postulated large and 
penetrant missiles cannot contact the M-PC. The small missile must be shown not to penetrate 
the MPC pressure vessel boundary, since it can enter the overpack cavity through the vent 
ducts.  

"* Under seismic conditions, a fully loaded, free-standing HI-STORM 100 overpack must be 
demonstrated to not tip over under the maximum ZPA event. The maximum sliding of the 
overpack must demonstrate that casks will not impact each other.  

"* Under a non-mechanistic postulated tip-over ofa fully loaded, free-standing I-l-STORM 100 
overpack, the overpack lid must not dislodge.  

" Accident condition stress levels must not be exceeded in the steel and compressive stress 
levels in the concrete must remain within allowable limits.  

"* Accident condition induced gross general deformations of the storage overpack must be 
limited to values that do not preclude ready retrievability of the MPC.  

As noted earlier, analyses performed using the HI-STORM 100 generally provide results that are 
identical to or bound results for the shorter HI-STORM IOOS; therefore, analyses are not repeated 
specifically for the HI-STORM IOOS unless the specific geometry changes significantly influence the 
safety factors.  
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HI-TRAC Transfer Cask

Table 3.1.5 identifies load cases applicable to the HI-TRAC transfer cask.  

The HI-TRAC transfer cask must provide radiation protection, must act as a handling cask when 
carrying a loaded MPC, and in the event of-a postulated accident must not suffer permanent 
deformation to the extent that ready retrievability of the MPC is compromised. This submittal 
includes three types of transfer casks: a 125-ton HI-TRAC (referred to as the HI-TRAC 125), a 
modified version of the HI-TRAC 125 called the HI-TRAC 125D, and a 100-ton HI-TRAC. The 
details of these three transfer casks are provided in the design drawings in Section 1.5. The same 
steel structures (i.e., shell thicknesses, lid thicknesses, etc.) are maintained with the only major 
differences being in the amount of lead shielding, the water jacket configuration, the bottom flange, 
and the lower dead weight loading. Therefore, all structural analyses performed for the HI-TRAC 
125 are repeated for the HI-TRAC 125D and the HI-TRAC 100 only if it cannot be clearly 
demonstrated that the HI-TRAC 125 calculation is bounding.  

3.1.2.2 Allowables 

The important to safety components of the HI-STORM 100 System are listed in Table 2.2.6.  
Allowable stresses, as appropriate, are tabulated for these components for all service conditions.  

In Subsection 2.2.5, the applicable service level from the ASME Code for determination of 
allowables is listed. Table 2.2.14 provides a tabulation of normal, off-normal, and accident 
conditions and the service levels defined in the ASME Code, along with the applicable loadings for 
each service condition.  

Allowable stresses and stress intensities are calculated using the data provided in the ASME Code 
and Tables 2.2.10 through 2.2.12. Tables 3.1.6 .through 3.1.16 contain numerical values of the 
stresses/stress intensities for all MPC, overpack, and HI-TRAC load bearing materials as a function 
of temperature.  

In all tables the terms S, S., Sy, and Su, respectively, denote the design stress, design stress intensity, 
minimum yield strength, and the ultimate strength. Property values at intermediate temperatures that 
are not reported in the ASME Code are obtained by linear interpolation. Property values are not 
extrapolated beyond the limits of the Code in any structural calculation.  

HI-STORM FSAR Proposed Rev. 2A 
REPORT HI-2002444 3.1-17



Additional terms relevant to the analyses are extracted from the ASME Code (Figure NB-3222- 1, for 
example) as follows: 

Symbol Description Notes 

Pm Average primary stress Excludes effects of discontinuities and concentrations.  
across a solid section Produced by pressure and mechanical loads.  

PL Average stress across any Considers effects of discontinuities but not concentrations.  
solid section Produced by pressure and mechanical loads, including 

earthquake inertial effects.  

Pb Primary bending stress Component of primary stress proportional to the distance 
from the centroid of a solid section. Excludes the effects of 
discontinuities and concentrations. Produced by pressure and 
mechanical loads, including earthquake inertial effects.  

Pe Secondary expansion Stresses that result from the constraint of free-end 
stress displacement. Considers effects of discontinuities but not 

local stress concentration. (Not applicable to vessels.) 

Q Secondary membrane plus Self-equilibrating stress necessary to satisfy continuity of 
bending stress structure. Occurs at structural discontinuities. Can be caused 

by pressure, mechanical loads, or differential thermal 
expansion.  

F Peak stress Increment added to primary or secondary stress by a 
concentration (notch), or, certain thermal stresses that may 
cause fatigue but not distortion. This value is not used in the 
tables.  

It is shown that there is no interference between component parts due to free thermal expansion.  
Therefore, Pe does not develop within any HI-STORM 100 component.  

It is recognized that the planar temperature distribution in the fuel basket and the overpack under the 
maximum heat load condition is the highest at the cask center and drops monotonically, reaching its 
lowest value at the outside surface. Strictly speaking, the allowable stresses/stress intensities at any 
location in the basket, the enclosure vessel, or the overpack should be based on the coincident metal 
temperature under the specific operating condition. However, in the interest of conservatism, 
reference temperatures are established for each component that are upper bounds on the metal 
temperature for each situational condition. Table 3.1.17 provides the reference temperatures for the 
fuel basket and the MPC canister utilizing Tables 3.1.6 through 3.1.16, and provides conservative 
numerical limits for the stresses and stress intensities for all loading cases. Reference temperatures 
for the MPC baseplate and the MPC lid are 400 degrees F and 550 degrees F, respectively, as 
specified in Table 2.2.3.
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Finally, the lift devices in the rH-STORM 100 Overpack and HI-TRAC casks and the multi-purpose 
canisters, collectively referred to as "trunnions", are subject to specific limits set forth byNUREG
0612: the primary stresses in a trunnion must be less than the smaller of 1/10 of the materia'l ultimate 
strength and 1/6 of the material yield strength under a normal handling condition (Load Case 01 in 
Table 3.1.5). The load combination D+H in Table 3.1.5 is equivalent to 1.15D. This is further 
explained in Subsection 3.4.3.  

The region around the trunnions is part of the NF structure in rn-STORM 100 and HI-TRAC and NB 
pressure boundary in the MPC, and as such, must satisfy the applicable stress (or stress intensity) 
limits for the load combination. In addition 'to'meeting the applicable Code limits, it is further 
required that the primary stress required to maintain equilibrium at the defined trunnion/mother 
structure interface must not exceed the mateiial yield stress at three times the handling condition load 
(1.15D). This criterion, mandated by Regulatory Guide 3.61, Section 3.4.3, insures that a large safety 
factor exists on non-local section yielding at the trunnion/mother structure interface that would lead 
to unacceptable'section displacement and rotation.  

"3.1.2.3 Brittle Fracture 

The MPC canister and basket are constructed from a series of stainless steels termed Alloy X. These 
stainless steel materials do not undergo a'ductile-to-brittle transition in the minimum temperature 
range of thie HI-STORM '100 System. Therefore, brittle fracture is not a&cbncern for the MPC 
components. Suchan assertion can not be made a priori forthe rn-STORM storage overpack and HI
TRAC transfer cask that contain ferritic steel parts. In normal storage mode, the lowest service 
temperature (LST) of the rn-STORM storage overpack structural members may reach -400F in the 
limiting condition wherein the spent nuclear fuel (SNF) in the contained MPCs emits no (or 
negligible) heat and the ambient temperature is at -40'F (design minimum iper Chapter 2: Principal 
Design Criteria). During the rn-STORM handling operations, the applicable lowest service 
temperature isO0°F (which is the threshold ambient temperature below which lifting and handling of 
the HI-STORM 100 Overpack or the rI-TRAC cask is not permitted by the Technical Specification).  
Therefore, two distinct LSTs are applicable to load bearing metal parts within the HI-STORM 100 
Overpack and the rI-TRAC cask; namely, 

LST = 0F for parts used to lift the overpack or transfer cask (see Table 2.2.2 and Chapter 
12). This includes 'the anchoi block in'the HI-STORM 100 Overpack, and pocket 
trunnions, lifting trunnions and the lifting trunnion bloclk in MI-TRAC. Such items 
will henceforth be referred to as "significant-to-handling" (STH) parts. The 
applicable code f6r these elemefits of the structure is ANSI N14.6.  

LST = -40TF for all HI-STORM "NF" components and 0F for all HI-TRAC "NF" 
components. This includes all "NF" items not identified as an STH part.  
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It is important to ensure that all materials designated as "NF" or ."STIT' parts possess sufficient 
fracture toughness to preclude brittle fracture. For the STH parts, the necessary level of protection 
against brittle fracture is deemed to exist if the NDT (nil ductility transition) temperature of the part 
is at least 40' below the LST. Therefore, the required NDT temperature for all STH parts is -400F.  

It is well known that the NDT temperature of steel is a strong function of its composition, 
manufacturing process (viz., fine grain vs. coarse grain practice), thickness, and heat treatment. For 
example, according to Burgreen [3.1.3], increasing the carbon content in carbon steels from 0.1% to 
0.8% leads to the change in NDT from -50'F to approximately 120 0F. Likewise, lowering of the 
normalizing temperature in the ferritic steels from 1200'C to 900'C lowers the NDT from 10°C to 
50-C [3.1.3]. It, therefore, follows that the fracture toughness of steels can be varied significantly 
within the confines of the ASME Code material specification set forth in Section II of the Code. For 
example, SA516 Gr. 70 (which is a principal "NF" material in the rH-STORM 100 Overpack), can 
have a maximum carbon content of up to 0.3% in plates up to four inches thick. Section II further 
permits normalizing or quenching followed by tempering to enhance fracture toughness.  
Manufacturing processes which have a profound effect on fracture toughness, but little effect on 
tensile or yield strength of the material, are also not specified with the degree of specificity in the 
ASME Code to guarantee a well defined fracture toughness. In fact, the Code relies on actual coupon 
testing of the part to ensure the desired level of protection against brittle fracture. For Section III, 
Subsection NF Class 3 parts, the desired level of protection is considered to exist if the lowest 
service temperature is equal to or greater than the NDT temperature (per NF 2311(b)(10)).  
Accordingly, the required NDT temperature for all load bearing metal parts in the HI-STORM 100 
Overpack ("NF" and "STH") is -40'F. Likewise, the NDT temperature for all "NF" parts in HI
TRAC (except for "STH" parts) is set equal to 0°F.  

From the standpoint of protection against brittle fracture, it should be recognized that setting the LST 
equal to the NDT temperature ensures that the fracture strength of the material containing small 
flaws is equal to its yield strength. In fact, as the stress calculations in this chapter (and-asseeiated 
app endiees)-would attest, the maximum primary tensile stress in the HI-STORM 100 Overpack is 
below 6,000 psi in all normal conditions of storage operating modes. Even in extreme environmental 
phenomena events, tensile stresses are below 6,000 psi, except for localized regions under postulated 
missile impacts or non-mechanistic tip-over. For ferritic steels (please see NF-23 11 (b)(7)), 6,000 psi 
is the threshold stress, at or below which crack propagation will-not take place, no matter how low 
the metal temperature [3.1.3, p. 13]. (The threshold stress is the horizontal extension of the crack 
arrest temperature (CAT) curve in the fracture mechanics literature.) 

The generally low value of tensile stress in the HI-STORM 100 storage overpack and in the HI
TRAC cask parts suggest that an NDT temperature requirement is not essential to ensure safety from 
crack growth. However, the aforementioned NDT temperature requirement of -40'F has been 
imposed to incorporate an additional layer of conservatism in the design.  

The STH components (bolt anchor block (HI-STORM), lifting trunnion (HI-TRAC), lifting trunnion 
block (HI-TRAC), and pocket trunnion (HI-TRAC) have thicknesses greater than 2". SA350-LF3 has 
been selected as the material for these items (except for the lifting trunnions) due to its capability to 
maintain acceptable fracture toughness at low temperatures (see Table 5 in SA350 of ASME Section 
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HA). Additionally, material for the HI-1TRAC top flange, pool lid (100 ton) and pool lid outer ring 
(125 ton) has been defined as SA350-LF3, SA350-LF2, or SA203E (see Table A1.15 of ASME 
Section HA) in order to achieve low temperature fracture toughness. The HI-TRAC lifting trunnion 
is fabricated from SB-63 7 Grade N07718, a high strength nickel alloy material. This material has 
a high resistance to fracture at low temperatures. All other steel structural materials in the HI
STORM 100 overpack and HI-TRAC cask are made of SA516-70 or SA515-70 (with some 
components having an option for SA203E or SA350-LF3 depending on material availability).  

Table 3.1-18 provides a summary of impact testing requirements to satisfy the requirements for 
prevention of brittle fracture.  

3.1.2.4 Fatigue 

In storage; the HI-STORM 100 System is not subject to significant cyclic loads. Failure due to 
fatigue is not a concern for the HI-STORM 100 System.  

In an anchored installation, however, the anchor studs sustain a pulsation in the axial load during the 
seismic event. The amplitude of axial stress variation under the DBE event is computed in this 
chapter and a significant margin of safety against fatigue failure during the DBE event is 
demonstrated.  

The system is subject to cyclic temperature fluctuations. These fluctuations result in small changes of 
thermal expansions and pressures in the MPC. The loads resulting from these changes are small and 
do not significantly contribute to the "usage factor" of the cask.  

Inspection of the HI-TRAC trunnions specified in Chapter 9 will preclude use of a trunnion that 

exhibits visual damage.  

3.1.2.5 Buckling 

Certain load combinations subject structural sections with relatively large slenderness ratios (such as 
the enclosure vessel shell) to compressive stresses that may actuate buckling instability before the 
allowable stress is reached. Tables 3.1.4 and 3.1.5 list load combinations for the enclosure vessel and 
the HI-STORM 1 00/HI-TRAC structures; the cases which warrant stability (buckling) check are 
listed therein (note that a potential buckling load has already been identified as a consequence of a 
postulated explosion).  
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TABLE 3.1.1

LOAD COMBINATIONS SIGNIFICANT TO HI-STORM 100 OVERPACK 
KINEMATIC STABILITY ANALYSIS 

Loading Combinationst Comment Analysis of this 
Case Load Case 

Presented in: 

A D + F This case establishes flood water flow Subsection 3.4.6 
velocity with a minimum safety factor of 
1.1 against overturning and sliding.  

B D + M + W' Demonstrate that the HI-STORM 100 Subsection 
Overpack with minimum SNF stored 3.4. .,Ppen&E-34 
(minimum D) will not tip over.  

C D + E Establish the value of ZPAtt that will not Subsection 3.4.7 
cause the overpack to tip over.

t Loading symbols are defined in Table 2.2.13 

tt ZPA is zero period acceleration
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TABLE 3.1.2

DESIGN BASIS DECELERATIONS FOR THE DROP EVENTS

Case Valuet 
(in multiples of acceleration 

due to gravity) 
Vertical axis drop (HI-STORM 100 Overpack 45 
only) 

Horizontal axis (side) drop (HI-TRAC only) 45

t The design basis value is set from the requirements of the rn-STORM 100 System, as its 
components are operated as a storage system. The MPC is designed to higher loadings 
(60g's vertical and horizontal) when in a HI-STAR 100 overpack. Analysis of the MPC in 
a HI-STAR 100 overpack under a 60g loading is provided in HI-STAR 100 Docket 
Numbers 71-9261 and 72-1008.
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TABLE 3.1.3

LOADING CASES FOR THE FUEL BASKET

Load Case Loadingt Notes Location 
I.D. Where this Case 

is Evaluated 

F1 T, T Demonstrate that the most adverse of the App..diee; 3.1, 3.1, 
temperature distributions in the basket will not 3.UJ, 3 V, 3.3,.; 
cause fuel basket to expand and contact the Subsection 3.4.4.2 
enclosure vessel wall. Compute the secondary 
stress intensity and show that it is small.  

F2 (Note 1) D + H Conservatively add the stresses in the basket Appendix 3.AA of 
due to vertical and horizontal orientation Docket 72-1008 
handling to form a bounding stress intensity.  

F3 
F3.a D + H' Vertical axis drop event Docket Number 72

(Note 2) 1008, Subsection 
3.4.4.3.1.6 

F3.b D + H' Side Drop, 0 degree orientation (Figure 3.1.2) Table 3.4.6 
(Note 3) 

F3.c D + H' Side Drop, 45 degree orientation (Figure Table 3.4.6 
(Note 3) 3.1.3) 

Notes: 
1. Load Case F2 for the HI-STORM 100 System is identical to Load Case F2 for the HI-STAR 100 System in 

Docket Number 72-1008, Table 3.1.3.  

2. Load Case F3.a is bounded by the 60g deceleration analysis performed for the HI-STAR 100 System in Docket 
Number 72-1008, Subsection 3.4.4.3.1.6. The HI-STORM 100 vertical deceleration loading is limited to 45g.  

3. Load Cases F3.b and F3.c are analyzed here for a 45g deceleration, while the MPC is housed within a HI
STORM 100 Overpack or a HI-TRAC transfer cask. The initial clearance at the interface between the MPC 
shell and the HI-STORM 100 Overpack or HI-TRAC transfer cask is greater than or equal to the initial 
clearance between the MPC shell and the HI-STAR 100 overpack. This difference in clearance directly affects 
the stress field. The side drop analysis for the MPC in the HI-STAR 100 overpack under 60g's bounds the 
corresponding analysis of the MPC in HI-TRAC for 45 g's.  

t The symbols used for the loadings are defined in Table 2.2.13.
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The symbols used for the loadings are defined in Table 2.2.13.  

The notation (P,, Po) means that both cases are checked with either P. or P, applied.
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TABLE 3.1.4 

LOADING CASES FOR THE ENCLOSURE VESSEL (CONFINEMENT BOUNDARY)

C

Load Case Load Combinationt Notes Comments and 
I.D. Location Where this Case is Analyzed 

El (Note 1) 
El.a Design internal pressure, Primary stress intensity limits in El.a Lid Docket 72-1008 3.E.8.1.1 

P, the shell, baseplate, and closure Baseplate Docket 72-1008 3.1.8.1 
ring Shell 3.4.4.3.1.2 

SupportsN/A 

El.b Design external pressure, Primary stress intensity limits, El.b Lid Pi bounds 
P0  buckling stability Baseplate P1 bounds 

Shell Docket 72-1008 3.11 (Case 4) 
Supports N/A 

El.c Design internal pressure, Primary plus secondary stress El.c Lid, Baseplate, and Shell Section 3.4.4.3.1.2 
Pi, Plus Temperature, T intensity under Level A condition 

E2 D + H + (P,,po)tt Vertical lift, internal operating Lid Docket 72-1008 3.E.8.1.2 
pressure conservatively assumed Baseplate Docket 72-1008 3.T.8.2 
to be equal to the normal design Shell Docket 72-1008 3.AA (stress) 

-pressure. Principal area of Docket 72-1008 3.H (Case 4) (buckling) 
concern is the lid assembly. Supports Docket 72-1008 3.AA

t 

tt



TABLE 3.1.4 (CONTINUED) 

LOADING CASES FOR THE ENCLOSURE VESSEL (CONFINEMENT BOUNDARY) 

Load Case Comments and 
I.D. Load Combination t  Notes Location Where this Case is Analyzed 

E3 
E3.a D + H' + (P0, P0 Vertical axis drop event E3.a Lid Docket 72-10083.E.8.2.1-2 

(Note 2) Baseplate Docket 72-10083.1.8.3 
Shell Docket 72-1008 3.1 (Case 5) 

(Buckling) 
Supports N/A 

E3.b D + H' + (P,, Po) Side drop, 0 degree orientation E3.b Lid End drop bounds 
(Note 3) (Figure 3.1.2) Baseplate End drop bounds 

Shell Table 3.4.6 
Supports Table 3.4.6,-3-X

E3.c D + H' + (P,, Po) Side drop, 45 degree E3.c Lid End drop bounds 
(Note 3) orientation (Figure 3.1.3) Baseplate End drop bounds 

Shell Table 3.4.6 
Supports Table 3.4.6-3.Y 

E4 T Demonstrate that interference Section 3.4.4.2 
with the overpack will not 
develop for T.

t The symbols used for the loadings are defined in Table 2.2.13.
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TABLE 3.1.4 (CONTINUED) 

LOADING CASES FOR THE ENCLOSURE VESSEL (CONFINEMENT BOUNDARY)

Load Case Comments and 
I.D. Load Combinationt Notes Location Where this Case is Analyzed 
E5 Pj* or Po" + D + T" Demonstrate compliance with Lid Docket 72-1008 3.E.8.2.1.3 
(Note 1) level D stress limits - buckling Baseplate Docket 72-1008 3.1.8.4 

stability. Shell Docket 72-1008 3.11 (Case 6) (buckling) 
Docket 72-1008 3.4.4.3.1.5 (thermal stress) 

Supports N/A 

Notes: 

I1. Load Cases El.a, El.b, E2, and E5 are identical to the load cases presented in Docket Number 72-1008, Table 3.1.4. Design 
pressures and MPC weights are identical.  

2. Load Case E3.a is bounded by the 60g deceleration analysis performed for the HI-STAR 100 System in Docket Number 72-1008, 
Appendix 3.AA. The HI-STORM 100 vertical deceleration loading is limited to 45g.  

3. Load Cases E3.b and E3.c are analyzed in this HI-STORM 100 SAR for a 45g deceleration, while the MPC is housed within the HI
STORM 100 storage overpack. The interface between the MPC shell and storage overpack is not identical to the MPC shell and HI
STAR 100 overpack. The analysis for an MPC housed in HI-TRAC is not performed since results are bounded by those reported in 
the HI-STAR 100 TSAR for a 60g deceleration.  

t The symbols used for the loadings are defined in Table 2.2.13.
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TABLE 3.1.5

LOAD CASES FOR THE HI-STORM 100 OVERPACK/HI-TRAC TRANSFER CASK

The symbols used for the loadings are defined in Table 2.2.13
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Load Case Loadingt Notes Location in FSAR-Wheire4hi 
I.D. Case is Analyzed 

01 D + H + T + Vertical load handling of HI-STORM 100 Overpack 3.4.3.53-D 
(PoP,) Overpack/HI-TRAC.  

HI-TRAC 
Shell 3.4.3.3, 

3.4.3. 43A-• 
Pool lid 3.4.3.83-A-B 
Transfer lid 3.4.3.93--AD 

02 
02.a D + H' + (Po,P,) Storage Overpack: End drop; primary stress Overpack 3.4.4.3.2.3 

intensities must meet level D stress limits. 3-M 

02.b D + H' + (Po,P,) HI-TRAC: Horizontal (side) drop; meet level D HI-TRAC 
stress limits for NF Class 3 components away Shell 3.4.9.1-3-.Z 
from the impacted zone; show lids stay in-place. Transfer Lid 3.4.4.3.3.3 
Show primary and secondary impact 3AD 
decelerations are within design basis. Slapdown 3.4.9.2-3A-N 
(This case is only applicable to HI-TRAC.) 

02.c 
D + H' Storage Overpack: Tip-over; any permanent Overpack 3.4.10, 3.A 

deformations must not preclude ready retrieval 
of the MPC.

t



C

LOAD CASES FOR THE HI-STORM 100 OVERPACK/HI-TRAC TRANSFER CASK 

Load Case Loadingt Notes Location in FSAR-Where4t-is 
I.D. C___-___,,,__ : Ans-ayzed 
03 D (water Satisfy primary membrane plus bending stress 3.4.4.3.3.4 

jacket) limits for water jacket (This case is only 3--AG 
applicable to HI-TRAC).  

04 M (penetrant Demonstrate that no thru-wall breach of the HI- Overpack 3.4.8.1-3G 
missiles) STORM overpack or HI-TRAC transfer cask 

occurs, and the primary stress levels are not HI-TRAC 3.4.8.2.1, 
exceeded. Small and intermediate missiles are 3.4.8.2.2 
examined for HI-STORM and HI-TRAC. Large ,.A-N, 3.H 
missile penetration is also examined for HI
TRAC.  

05 P. Explosion: must not produce buckling or exceed 3.4.4.5.2, 
primary stress levels in the overpack structure. 3.4. 7.2-,4, 

Notes: 

I1. Under each of these load cases, different regions of the structure are analyzed to demonstrate compliance.

t

(C 

TABLE 3.1.5 (CONTINUED)

The symbols used for the loadings are defined in Table 2.2.13
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TABLE 3.1.6 

DESIGN, LEVELS A AND B: STRESS INTENSITY

Code: 
Material: 
Service Conditions: 
Item:

ASME NB 
SA203-E 
Design, Levels A and B 
Stress Intensity

Temp. Classification and Value (ksi) 
(Deg.F) Sm Pmt PLt PL + Pb* PL + Pb + Qtt Pett 

-20 to 100 23.3 23.3 35.0 35.0 69.9 69.9 
200 23.3 23.3 35.0 35.0 69.9 69.9 
300 23.3 23.3 35.0 35.0 69.9 69.9 
400 22.9 22.9 34.4 34.4 68.7 68.7 
500 21.6 21.6 32.4 32.4 64.8 64.8

Definitions: 
Sm = 

P. = 

PL = 

Pb = 

Pe = 

Q = 
PL+Pb =

Stress intensity values per ASME Code 
Primary membrane stress intensity 
Local membrane stress intensity 
Primary bending stress intensity 
Expansion stress 
Secondary stress 
Either primary or local membrane plus primary bending

Definitions for Table 3.1.6 apply to all following tables unless modified.  

Notes: 

1. Limits on values are presented in Table 2.2.10.

t 
tt

Evaluation required for Design condition only.  
Evaluation required for Levels A and B only. Pe not applicable to vessels.
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TABLE 3.1.7

LEVEL D: STRESS INTENSITY

Code: 
Material: 
Service Condition: 
Item:

ASME NB 
SA203-E 
Level D 
Stress Intensity

Classification and Value (ksi) 

Temp. (Deg. F) Pm PL PL + Pb 

-20 to 100 49.0 70.0 70.0 

200 49.0 70.0 70.0 

300 49.0 70.0 70.0 

400 48.2 68.8 68.8 

500 45.4 64.9 64.9 

Notes: 

1. Level D allowables per NB-3225 and Appendix F, Paragraph F-1331.  
2. Average primary shear stress across a section loaded in pure shear may not exceed 0.42 S,.  
3. Limits on values are presented in Table 2.2.10.  
4. Pm, PL, and Pb are defined in Table 3.1.6.
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TABLE 3.1.8

DESIGN, LEVELS A AND B: STRESS INTENSITY

Code: 
Material: 
Service Conditions: 
Item:

ASME NB 
SA350-LF3 
Design, Levels A and B 
Stress Intensity

Temp. Classification and Value (ksi) 
(Deg.F) Sm Pmt PLt PL + Pbt PL + Pb +Qtt Pe tt 

-20 to 100 23.3 23.3 35.0 35.0 69.9 69.9 

200 22.8 22.8 34.2 34.2 68.4 68.4 

300 22.2 22.2 33.3 33.3 66.6 66.6 

400 21.5 21.5 32.3 32.3 64.5 64.5 

500 20.2 20.2 30.3 30.3 60.6 60.6 

600 18.5 18.5 27.75 27.75 55.5 55.5 

700 16.8 16.8 25.2 25.2 50.4 50.4 

Notes: 

1. Source for Sm is ASME Code 
2. Limits on values are presented in Table 2.2.10.  
3. S., Pm, PL, Pb, Q, and Pe are defined in Table 3.1.6.  

t Evaluation required for Design condition only.  

tt Evaluation required for Levels A and B conditions only. P, not applicable to vessels.
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TABLE 3.1.9

LEVEL D, STRESS INTENSITY

Code: 
Material: 
Service Conditions: 
Item:

ASME NB 
SA350-LF3 
Level D 
Stress Intensity

Temp. (Deg.F) Classification and Value (ksi) 

Pm PL PL + Pb 

-20 to 100 49.0 70.0 70.0 

200 48.0 68.5 68.5 
300 46.7 66.7 66.7 
400 45.2 64.6 64.6 
500 42.5 60.7 60.7 

600 38.9 58.4 58.4 

700 35.3 53.1 53.1

Notes:

1.  
2.  
3.  
4.

Level D allowables per NB-3225 and Appendix F, Paragraph F-1331.  
Average primary shear stress across a section loaded in pure shear may not exceed 0.42 Su.  
Limits on values are presented in Table 2.2.10.  
Pm, PL, and Pb are defined in Table 3.1.6.
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TABLE 3.1.10

DESIGN AND LEVEL A: STRESS

Code: 
Material: 
Service Conditions: 
Item:

ASME NF 
SA516, Grade 70, SA350-LF3, SA203-E 
Design and Level A 
Stress

Classification and Value (ksi) 
Temp. (Deg.F) S Membrane Stress Membrane plus 

Bending Stress 

-20 to 650 17.5 17.5 26.3 

700 16.6 16.6 24.9

Notes:

S = Maximum allowable stress values from Table IA of ASME Code, Section II, Part D.  
Stress classification per Paragraph NF-3260.  
Limits on values are presented in Table 2.2.12.
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TABLE 3.1.11

LEVEL B: STRESS 

Code: ASME NF 
Material: SA516, Grade 70, SA350-LF3, and SA203-E 
Service Conditions:' Level B 
Item: Stress

Classification and Value (ksi) 
Temp. (Deg.F) Membrane Stress Membrane plus 

Bending Stress 

-20 to 650 23.3 34.9 

700 22.1 33.1 

Notes: 

1. Limits on values are presented in Table 2.2.12 with allowables from Table 3.1.10.
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TABLE 3.1.12

LEVEL D: STRESS INTENSITY 

Code: ASME NF 
Material: SA516, Grade 70 
Service Conditions: Level D 
Item: Stress Intensity

Notes:

1.  
2.  
3.  
4.

Level D allowable stress intensities per Appendix F, Paragraph F-1332.  
Sm = Stress intensity values per Table 2A of ASME, Section II, Part D.  
Limits on values are presented in Table 2.2.12.  
Pm and Pb are defined in Table 3.1.6.
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Classification and Value (ksi) 
Temp. (Deg.F) 

Sm Pm Pm + Pb 

-20 to 100 23.3 45.6 68.4 

200 23.1 41.5 62.3 

300 22.5 40.4 60.6 

400 21.7 39.1 58.7 

500 20.5 36.8 55.3 

600 18.7 33.7 50.6 

650 18.4 33.1 49.7 

700 18.3 32.9 49.3



TABLE 3.1.13

DESIGN, LEVELS A AND B: STRESS INTENSITY

Code: 
Material: 
Service Conditions: 
Item:

ASME NB 
Alloy X 
Design, Levels A and B 
Stiess Intensity

Temp. Classification and Numerical Value 

(Deg.F) Sm Pint PLW PL + Pbt PL+ Pet Pb+Qtt 

-20 to 100 20.0 20.0 30.0 30.0 60.0 60.0 
200 20.0 20.0 30.0 30.0 60.0 60.0 

300 20.0 20.0 30.0 30.0 60.0 60.0 
400 18.7 18.7 28.1 28.1 56.1 56.1 
500 17.5 17.5 26.3 26.3 52.5 52.5 

600 16.4 16.4 24.6 24.6 49.2 49.2 
650 16.0 16.0 24.0 24.0 48.0 48.0 
700 15.6 15.6 23.4 23.4 46.8 46.8 
750 15.2 15.2 22.8 22.8 45.6 45.6 
800 14.9 14.9 22.4 22.4 44.7 44.7 

Notes: 

1. Sm= Stress intensity values per Table 2A of ASME II, Part D.  
2. Alloy X Sm values are the lowest values for each of the candidate materials at 

temperature.  
3. Stress classification per NB-3220.  
4. Limits on values are presented in Table 2.2.10.  
5. P., PL, Pb, Q, and Pe are defined in Table 3.1.6.  

f Evaluation required for Design condition only.  
ft Evaluation required for Levels A, B conditions only. P, not applicable to vessels.
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TABLE 3.1.14

LEVEL D: STRESS INTENSITY

Code: 
Material: 
Service Conditions: 
Item:

ASME NB 
Alloy X 
Level D 
Stress Intensity

Temp. (Deg. Classification and Value (ksi) 
F) PM PL PL + Pb 

-20 to 100 48.0 72.0 72.0 

200 48.0 72.0 72.0 

300 46.2 69.3 69.3 

400 44.9 67.4 67.4 

500 42.0 63.0 63.0 

600 39.4 59.1 59.1 

650 38.4 57.6 57.6 

700 37.4 56.1 56.1 

750 36.5 54.8 54.8 

800 35.8 53.7 53.7

Notes:

1.  
2.  

3.  
4.

Level D stress intensities per ASME NB-3225 and Appendix F, Paragraph F-1331.  
The average primary shear strength across a section loaded in pure shear may not exceed 0.42 
Su.  
Limits on values are presented in Table 2.2.10.  
Pmo, PL, and Pb are defined in Table 3.1.6.
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TABLE 3.1.15

DESIGN, LEVELS A AND B: STRESS INTENSITY

Code: 
Material: 
Service Conditions: 
Item:

ASME NG 
Alloy X 
Design, Levels A and B 
Stress Intensity

Temp. Classification and Value (ksi) 

(Deg. F) Sm Pm Pm+Pb Pm+Pb P, +Q P 

-20 to 100 20.0 20.0 30.0 60.0 60.0 
200 20.0 20.0 30.0 60.0 60.0 
300 20.0 20.0 30.0 60.0 60.0 
400 18.7 18.7 28.1 56.1 56.1 
500 17.5 17.5 26.3 52.5 52.5 
600 16.4 16.4 24.6 49.2 49.2 
650 16.0 16.0 24.0 48.0 48.0 
700 15.6 15.6 23.4 46.8 46.8 
750 15.2 15.2 22.8 45.6 45.6 
800 14.9 14.9 22.4 44.7 1 44.7

Notes:

Sm = Stress intensity values per Table 2A of ASME, 
Alloy X Sm values are the lowest values for each 
temperature.  
Classifications per NG-3220.  
Limits on values are presented in Table 2.2.11.  
Pm, Pb, Q, and Pe are defmed in Table 3.1.6.

Section II, Part D.  
of the candidate materials at
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TABLE 3.1.16

LEVEL D: STRESS INTENSITY

Code: 
Material: 
Service Conditions: 
Item:

ASME NG 
Alloy X 
Level D 
Stress Intensity

Temp. Classification and Value (ksi) 

(Deg.F) Pm PL PL+Pb 

-20 to 100 48.0 72.0 72.0 

200 48.0 72.0 72.0 

300 46.2 69.3 69.3 

400 44.9 67.4 67.4 

500 42.0 63.0 63.0 

600 39.4 59.1 59.1 

650 38.4 57.6 57.6 

700 37.4 56.1 56.1 

750 36.5 54.8 54.8 

800 35.8 53.7 53.7

Notes:

1.  
2.  

3.  
4.

Level D stress intensities per ASME NG-3225 and Appendix F, Paragraph F-1331.  
The average primary shear strength across a section loaded in pure shear may not exceed 0.42 
Su.  
Limits on values are presented in Table 2.2.11.  
Pm, PI, and Pb are defined in Table 3.1.6.
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TABLE 3.1.17

REFERENCE TEMPERATURES AND STRESS LIMITS 
FOR THE VARIOUS LOAD CASES

Load Case Material Reference Stress Intensity Allowables, ksi 

I.D. Temperaturet, °F Pm PL + Pb PL + Pb + Q 

F1 Alloy X 725 15.4 23.1 46.2 

F2 Alloy X 725 15.4 23.1 46.2 

F3 Alloy X 725 36.9 55.4 NL 

El Alloy X 450 18.1 27.2 54.3 

E2 AlloyX 450 18.1 27.2 54.3 

E3 Alloy X 450 43.4 65.2 NLtt 

E4 AlloYX 450 18.1 27.2 54.3 

E5 Alloy X 775 36.15 54.25 NL 

Note: 

1. Q, Pm, PL, and Pb are defined in Table 3.1.6.  

t Values for reference temperatures are taken as the design temperatures (Table 2.2.3) 

tt NL: No specified limit in the Code
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TABLE 3.1.17 (CONTINUED) 

REFERENCE TEMPERATURES AND STRESS LIMITS FOR THE VARIOUS LOAD 
CASES 

Load Reference Stress Intensity Allowables, ksi 
Case Material Temperature,t~tt Pm PL + Pb PL+ Pb+ Q 
I.D. 0 F 

SA203-E 400 17.5 26.3 NLttt 

01 SA350-LF3 400 17.5 26.3 NL 
SA516 Gr. 70 SA516 Gr. 70 400 17.5 26.3 NL SA515 Gr. 70 

SA203-E 400 41.2 61.7 NL 

02 SA350-LF3 400 38.6 58.0 NL 

SA516Gr.70 400 39.1 58.7 NL 
SA515 Gr. 70 

SA203-E 400 17.5 26.3 NL 

03 SA350-LF3 400 17.5 26.3 NL 
SA516 Gr. 70 SAS16 Gr. 70 400 17.5 26.3 NL SA515 Gr. 70 

SA203-E 400 41.2 61.7 NL 

04 SA350-LF3 400 38.6 58.0 NL 

SA516 Gr. 70 400 39.1 58.7 NL 
SA515 Gr. 70

Note:
1.  
2.

t

Pm, PL, Pb, and Q are defined in Table 3.1.6.  
Load Cases 01 and 03 are for Normal Conditions; therefore the values listed refer to 
allowable stress, not allowable stress intensity 

Values for reference temperatures are taken as the design temperatures (Table 
2.2.3).

tt For storage fire analysis, temperatures are defined by thermal solution 

ttt NL: No specified limit in the Code
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C C

Material Test Requirement Test Temperature Acceptance Criterion 
Bolting (A193 B7) Not required (per NF-23 11 (b)(13) and 

Note (e) to Figure NF-231 1(b)-i) 
Ferritic steel with nominal Not required per NF-231 l(b)(1) 

section thickness of 5/8" or less 

SA516 Gr. 70, SA515 Gr. 70 Not required per NF-231 l(b)(13) and 
(normalized) (thickness less curve D in Figure NF-231 1(b)-I 
than or equal to 0.75 inch) 

SA203, SA516 Gr. 70, SA350- Per NF-2331 See Note 1. (Also must meet ASME Table NF-233 I(a)-3 or Figure NF
LF2, SA350-LF3 (greater than Section IIA requirements) 2331 (a)-2 
0.75" thick) 

(Also must meet ASME Section IIA 
requirements) 

Weld material Test per NF-2430 for welds when base -40 deg.F (HI-STORM) Per NF-2330 
metal impact testing is required. 0 deg.F (HI-TRAC) ("NF" parts) 

-40 deg.F (HI-TRAC)( "STH" parts) 

Note: 
1. Required NDT temperature = -40 deg.F for all parts in the HI-STORM 100 Overpack, -40 deg.F for HI-TRAC "STH" parts, 

and 0 deg.F for HI-TRAC "NP" parts.
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3.4 GENERAL STANDARDS FOR CASKS

3.4.1 Chemical and Galvanic Reactions 

In this section, it is shown that there is no credible mechanism for significant chemical or galvanic 
reactions in the HI-STORM 100 System during long-term storage operations (including HI-STORM 
IOOS and HI-STORM I O1A).  

The MPC, which is filled with helium, provides a nonaqueous and inert environment. Insofar as 
corrosion is a long-term time-dependent phenomenon, the inert gas environment in the MPC 
precludes the incidence of corrosion during storage on the ISFSI. Furthermore, the only dissimilar 
material groups in the MPC are: (1) the neutron absorber material Beioraf-and stainless steel and 
(2) aluminum and stainless steel. Neutron absorber materials Befal-and stainless steels have been 
used in close proximity in wet storage for over 30 years. Many spent fuel pools at nuclear plants 
contain fuel racks, which are fabricated from neutron absorber materials Beral-and stainless steel 
materiali, with geometries similar to the MPC. Not one case of chemical or galvanic degradation has 
been found in fuel racks built by Holtec. This experience provides a sound basis to conclude that 
corrosion will not occur in these materials. Additionally, the aluminum conduction inserts and 
stainless steel basket are very close on the galvanic series chart. Aluminum, like other metals of its 
genre (e.g., titanium and magnesium) rapidly passivates in an aqueous environment, leading to a thin 
ceramic (A120 3) barrier, which renders the material essentially inert and corrosion-free over long 
periods of application. The physical properties of the material, e.g., thermal expansion coefficient, 
diffusivity, and thermal conductivity, are essentially unaltered by the exposure of the aluminum 
metal stock to an aqueous environment.  

In order to minimize the incidence of aluminum water reaction inside the MPC during fuel loading 
operation (when the MPC is flooded with pool water) all aluminum surfaces are pre-passivated or 
anodized before installation of the neutron absorber material Bea-a]or the optional aluminum heat I 
conduction inserts in the MPC. Because the aluminum-water reaction cannot be completely 
eliminated by pre-passivation and the aluminum material in the MPC will be under varying 
hydrostatic pressure levels (up to approximately 40 feet of water pressure during fuel loading or 
unloading in the spent fuel pool, and up to approximately 15 feet during lid welding or cutting), 
continued generation of limited quantities of hydrogen is possible. Pre-passivation has been shown 
by analysis to preclude the accumulation of combustible quantities of gas under the MPC lid during 
welding or cutting: However, as a defense-in-depth measure to preclude the potential for ignition 
during the conduct of these activities, the operating procedures in Chapter 8 include a requirement 
for periodic combustible gas monitoring and recommended actions to evacuate, or purge the space 
beneath the MPC lid with an iiiert gas prior to and during lid welding and cutting activities.  

The HI-STORM 100 storage overpack and the HI-TRAC transfer cask each combine low alloy and 
nickel alloy steels, carbon steels, netitron and gamma shielding materials, and bolting materials. All 
of these materials have a long history of nongalvanic behavior within close proximity of each other.  
The internal and external steel surfaces of each of the storage overpacks are sandblasted and coated 
to preclude surface oxidation. The HI-TRAC coating does not chemically react with borated water.  
Therefore, chemical or galvanic reactions involving the storage overpack materials are highly 
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unlikely and are not expected.  

In accordance with NRC Bulletin 96-04 [3.4.7], a review of the potential for chemical, galvanic, or 
other reactions among the materials of the HI-STORM 100 System, its contents and the operating 
environments, which may produce adverse reactions, has been performed. Table 3.4.2 provides a 
listing of the materials of fabrication for the HI-STORM 100 System and evaluates the performance 
of the material in the expected operating environments during short-term loading/unloading 
operations and long-term storage operations. As a result of this review, no operations were identified 
which could produce adverse reactions beyond those conditions already analyzed in this FSAR.  

3.4.2 Positive Closure 

There are no quick-connect/disconnect ports in the confinement boundary of the HI-STORM 100 
System. The only access to the MPC is through the storage overpack lid, which weighs over 23,000 
pounds (see Table 3.2.1). The lid is fastened to the storage overpack with large bolts. Inadvertent 
opening of the storage overpack is not feasible; opening a storage overpack requires mobilization of 
special tools and heavy-load lifting equipment.  

3.4.3 LiftinR Devices 

As required by Reg. Guide 3.61, in this subsection, analyses for all lifting operations applicable to 
the deployment of a member of the HI-STORM 100 family are presented to demonstrate compliance 
with applicable codes and standards.  

The HI-STORM 100 System has the following components and devices participating in lifting 
operations: lifting trunnions located at the top of the HI-TRAC transfer cask, lid lifting connections 
for the HI-STORM 100 lid and for other lids in the HI-TRAC transfer cask, connections for lifting 
and carrying a loaded HI-STORM 100 vertically, and lifting connections for the loaded MPC.  

Analyses of HI-STORM 100 storage overpack and HI-TRAC transfer cask lifting devices are 
reported prov,4ded-in this submittal. Analyses of MPC lifting operations are presented in the HI
STAR 100 FSAR (Docket Number 72-1008, Subsection 3.4.3) and are also applicable here.  

The evaluation of the adequacy of the lifting devices entails careful consideration of the applied 
loading and associated stress limits. The load combination D+H, where H is the "handling load", is 
the generic case for all lifting adequacy assessments. The term D denotes the dead load. Quite 
obviously, D must be taken as the bounding value of the dead load of the component being lifted. In 
all lifting analyses considered in this document, the handling load H is assumed to be 0. 15D. In other 
words, the inertia amplifier during the lifting operation is assumed to be equal to 0.15g. This value is 
consistent with the guidelines of the Crane Manufacturer's Association of America (CMAA), 
Specification No. 70, 1988, Section 3.3, which stipulates a dynamic factor equal to 0.15 for slowly 
executed lifts. Thus, the "apparent dead load" of the component for stress analysis purposes is D' = 
1 .15D. Unless otherwise stated, all lifting analyses in this report use the "apparent dead load", D*, as 
the lifted load.  
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Analysis methodology to evaluate the adequacy of the lifting device may be analytical or numerical.  
For the analysis of the trunnion, an accepted conservative technique for computing the bending stress 
is to assume that the lifting force is applied at the tip of the trunnion "cantilever" and that the stress 
state is fully developed at the base of the cantilever. This conservative tecltiique,'recommended in 
NUREG-1536, is applied to all trunnion analyses'presented in this SAR and has also been applied to 
the trunnions analyzed in the HI-STAR 100 FSAR.  

In general, the stress analysis to establish safety pursuant to NUREG-0612, Regulatory Guide 3.61, 
and the ASME Code, requires evaluation of three discrete zones which may be referred to as (i) the 
trunnion, (ii) the trunnion/component interface, hereinafter referred to as Region A, and (iii) the rest 
of the component, specifically the stressed metal zone adjacent to Region A, herein referred to as 
Region B. During this discussion, the term "trunnion" applies to any device used for lifting (i.e., 
trunnions, lift bolts, etc.) 

Stress limits germane to each of the above three areas are discussed below: 

i. Trunnion: NUREG-0612 requires that under the "apparent dead load", D%, the 
maximum primary stress in the trunnion be less than 10% of the trunnion material 
ultimate strength and less than 1/6th of the trunnion material yield strength. Because 
of the materials of construction selected for trunnions in all HI-STORM 100 System 
components, the ultimate strength-based limit is more restrictive in every case.  
Therefore, all trunnion safety factors reported in this document pertain to the ultimate 
strength-based limit.  

ii. Region A: Trunnion/Component Interface: Stresses in Region A must meet ASME 
Code Level A limits under applied load D*. Additionally, Regulatory Guide 3.61 
requires that the primary stress under 3D*, associated with the cross-section, be less 
than the yield strength of the applicable material. In cases involving section bending, 
the developed section moment may be compared against the plastic moment at yield.  
The circumferential extent of the characteristic cross-section at the 
trunnion/component interface is calculated based on definitions from ASME Section 
III, Subsection NB and is defined in terms of the shell thickness and radius of 
curvature at the connection to the trunnion block. By virtue of the construction 
geometry, only the mean shell stress is categorized as "primary" for this evaluation.  

iii. Region B: Typically, the stresses in the component in the vicinity of the 
trunnion/component interface are higher than elsewhere. However, exceptional 
situations exist. For example, when lifting a loaded MPC, the MPC baseplate, 
which supports the entire weight of the fuel and the fuel basket, is a candidate 
location for high stress even though it is far removed from the lifting location (which 
is located in the top lid).  

Even though the baseplate in the MPC would normally belong to the Region B 
category, for conservatism it was considered as Region A in the HI-STAR 100 SAR.  
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The pool lid and the transfer lid of the HI-TRAC transfer cask also fall into this dual 
category. In general, however, all locations of high stress in the component under D* 
must also be checked for compliance with ASME Code Level A stress limits.  

Unless explicitly stated otherwise, all analyses of lifting operations presented in this report follow the 
load definition and allowable stress provisions of the foregoing. Consistent with the practice adopted 
throughout this chapter, results are presented in dimensionless form, as safety factors, defined as 

Safety Factor, ,8= Allowable Stress in the Region Considered 
Computed Maximum Stress in the Region 

The safety factor, defined in the manner of the above, is the added margin over what is mandated by 
the applicable code (NUREG-0612 or Regulatory Guide 3.61).  

In the following subsections, we briefly describe each of the lifting analyses performed to 
demonstrate compliance with regulations. Summary results are presented for each of the analyses.  

It is recognized that stresses in Region A are subject to two distinct criteria, namely Level A stress 
limits under D* and yield strength at 3D*. We will identify the applicable criteria in the summary 
tables, under the column heading "Item", using the "3D*" identifier., 
All of the lifting analyses reported on in this Subsection are designated as Load Case 01 in Table 

3.1.5.  

3.4.3.1 125 Ton HI-TRAC Lifting Analysis - Trunnions 

The lifting device in the HI-TRAC 125 cask is presented in Holtec Drawing 1880 (Section 1.5 
herein). The two lifting trunnions for HI-TRAC are spaced at 180 degrees. The trunnions are 
designed for a two-point lift in accordance with the aforementioned NUREG-0612 criteria. Figure 
3.4.21 shows the overall lifting configuration. Appendix 3.•o .ntains the lifting tunni.n stress 
analysis forn the st TRAC 125. Figuraes within that appendix provide details to supp... the analysis.  
The liting analysis demonstrates It is demnstr.at.d in Appendix 3.E that the stresses in the 
trunnions, computed using the conservative methodology described previously, comply with 
NUREG-0612 provisions.  
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Specifically, the following results are obtained:

HI-TRAC 125 Lifting Trunnionst 

Value (ksi) Safety Factor 

Bending stress 16.98 1.07 

Shear stress 7.23 1.5 

t The lifted load is 245,000 lb. (a value that bounds the actual lifted weight 
from the pool after the lift yoke weight is eliminated per Table 3.2.4).

Note that the safety factor presented in the previous table represents the additional margin be),ond the 
mandated limit of 6 on yield strength and 10 on tensile strength. The results above'are also valid for 
the HI-TRAC 125D since the dimensions used as input in Appenidix,3.E, as well as the bounding 
load, are common to both the HI-TRAC 125 and 125D transfer casks.

3.4.3.2 S125 Ton HI-TRAC Lifting - Trunnion Lifting Block Welds, Bearing, and Thread
Shear Stress (Region A)

Appn .E. .. ntains . . . nlulati...ns that analy Aspart ofthe Region A evaluation, the weld group 
connecting the lifting trunnion block to the inner and outer shells, and to the HI-TRAC top flange, is 
analyzed. Conservative analyses are also performed to determine safety factors for bearing stress and 
for thread shear stress at the interface between the trunnion and the trunnion block. The following 
results are obtained for the HI-TRAC 125 and 125D transfer casks:

Item Value (ksi) Allowable (ksi) Safety Factor 
Trunnion Block 5.94 11.4 1.92 
Bearing Stress 

Trunnion Block 5.19 6.84 1.32 
Thread Shear Stress 

Weld Shear Stress 4.401 11.4 2.59 
(3D*) 

t No quality factor has been applied to the weld group. (Subsection NF or NUREG-0612 do 
not apply penalty factors to the structural welds).
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125 Ton HI-TRAC Lifting - Structure near Trunnion (Region B/Region A)

tLJFl l F.Lia'.A i±I1L 1AA1LLf~Jaa¼ 1~1~1,JiiLi LSA l ' ..

structur- adiac-ent to the lifi~ng, t ~ ilT4 3.3~A shw thn.at the~ er-imu, stFse in the Hti

11{AG 125 strueturc compiely withi he Lcvl. . stress limits for- Subsctien 1NV structures.

A three-dimensional elastic model of the HI-TRAC 125 metal components is analyzed using the 
ANSYS finite element code. Figur.. 3.AE.. shews details ef the n e metrymdelusing a_ 
colr- coding to identif' the various modeled pats. The structural model includes, in addition to the 
trunnion and the trunnion block, a portion of the inner and outer HI-TRAC shells and the HI-TRAC 
top flange. In Appýeýdi 3-... .. Stress results over the characteristic interface section are summarized 
and compared with allowable strength limits per ASME Section III, Subsection NF, and per 
Regulatory Guide 3.61. The results show that the primary stresses in the HI-TRAC 125 structure 
comply with the Level A stress limiis for Subsection NF structures.

The results from the analysis i4 Appendi-3.AE are summarized below:

I-I-TRAC 125 Trunnion Region (Regions A and B) 

Item Value (ksi) Allowable (ksi) Safety Factor 

Membrane Stress 6.19 17.5 2.83 
Membrane plus 8.19 26.25 3.2 
Bending Stress 

Membrane Stress 18.6 34.6 1.86 
(3D*) 

The results above are also valid for the HI-TRAC 125D since tihe dimensions and the configuration 
of the inner shell, outer shell, top flange, and the trunnion block are the same in both the HI-TRAC 
125 and 125D transfer casks.

3.4.3.4 100 Ton HI-TRAC Lifting Analysis

The lifting trunnions and the trunnion blocks for the 100 Ton HI-TRAC are identical to the trunnions 
analyzed in Appendices 3.E and 3.AE-for the 125 Ton HI-TRAC. However, the outer shell geometry 
(outer diameter) is different. A calculation performed in the spirit of strength-of-materials provides 
justification that, despite the difference in local structure at the attachment points, thestresses in the 
body of the HI-TRAC 100 Ton unit meet the allowables set forth in Subsection 3.1.2.2.  

Figure 3.4.10 illustrates the differences in geometry, loads, and trunnion moment arms between the 
body of the 125-Ton HI-TRAC and the body of the 100-Ton HI-TRAC. It is reasonable to assume 
that the level of stress in the 100 Ton HI-TRAC body, in the immediate vicinity of the interface 
(Section X-X in Figure 3.4.10), is proportional to the applied force and the bending moment applied.
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In thefigurew.hat.ellews, the subscripts I and 0 refer to 100 Ton and 125 Ton casks, respectively.  
Figure 3.4.10 shows the location of the area centroid (with respect to the outer surface) and the loads 
and moment arms associated with each construction. Conservatively, neglecting all other interfaces 
between the top of the trunnion block and the top flange and between the sides of the trunnion block 
and the shells; equilibrium is maintained by developing a force and a moment in the section 
comprised of the two shell segments interfacing with the base of the trunnion block.  

The most limiting stress state is in the outer shell at the trunnion block base interface. The stress 
level in the outer shell at Section X-X is proportional to P/A + Mc/I. Evaluating the stress for a unit 
width of section permits an estimate of the stress state in the HI-TRAC 100 outer shell if the 
corresponding stress state in the I-I-TRAC 125 is known (the only changes are the applied load, the 
moment arm and the geometry). Using the-geometry shown in Figure 3.4.10 gives the result as: 

Stress (HI-TRAC 100 outer shell) = 1.236 x Stress (HI-TRAC 125 outer shell) 

The tabular results in the previous subsection can be adjusted accordingly and are reported below: 

100 Ton HI-TRAC Near Trunnion (Region A and Region B) 

Item Safety Factor 

Membrane Stress 2.29 
Membrane plus Bending Stress 2.59 

Membrane Stress (3D*) 1.50 

3.4.3.5 HI-STORM 100 Lifting Analyses 

There are two vertical lifting scenarios for the HI-STORM 100 storage overpack carrying a fully 
loaded MPC. Figure 3.4.17 shows a schematic of these lifting scenarios. Both lifting scenarios are 
examined inA-ppen.di*-34.-using finite element models that focus on the local regions near the lift 
points. The analysis in Appe:ix.3-..D-is based on the geometry of the HI-STORM 100; Pthe 
alterations to the lid and to the length of the overpack barrel to configure the HI-STORM IOOS have 
no effect on the conclusions reached in the area of the baseplate. Therefore, there is no separate 
analysis for the-analysis-ethe baseplate, inboard of the inner shell, for the HI-STORM 1 OOS as the results are identical to or bounded by the resultsresen ere np in reslt prsned her ....... : ... ,.. S ••.,,inc 
the upper portion of the HI-STORM IOOS, the HI-STORM IOOS lid, and the radial ribs and anchor 
block have a different configuration than the HI-STORM 100, separate calculations have been 
performed for these areas of the HI-STORM IOOS.  

Scenario #1 considers a "bottom lift" where the fully loaded HI-STORM 100 storage overpack is 
lifted vertically by four synchronized hydraulic jacks each positioned at one of the four inlet air 
vents. This lift allows for installation and removal of "air pads" which may be used for horizontal 
positioning of HI-STORM 100 at the ISFSI pad.  
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Scenario #2, labeled the "top lift scenario" considers the lifting of a fully loaded HI-STORM 100 
vertically through the four lifting lugs located at the top end.  

No structural credit is assumed for the HI-STORM concrete in either of the two lifting scenarios 
except as a vehicle to transfer compressive loads.  

For the bottom lift, a three-dimensional one-quarter symmetry finite element model of the bottom 
region of the HI-STORM 100 storage overpack is constructed. The model includes the inner shell, 
the outer shell, the baseplate, the inlet vent side and top plates, and the radial plates connecting the 
inner and outer shells. Further- details of the moedel arce provided in Appendix 3.D. The key results ar 
eontained in Figure 304D. that shows the strczine nzi. ditr-ibutien on the HI STORM 100 ster-ag 

For the analysis of the "top lift" scenario, a three-dimensional 1/8-symmetry finite element model of 
the top segment of HI-STORM 100 storage overpack is constructed. The metal HI-STORM 100 
material is modeled (shells, radial plates, lifting block, ribs, vent plates, etc.) using shell or solid 
elements. Colorf cded view•,ef the m• del are given in Figure- . .-.. Lumped weights are used to 
ensure that portions of the structure not modeled are, in fact, properly represented as part of a lifted 
load. The model is supported vertically at the lifting lug. The results are reported in tabularfonn at 
the end of this subsection.  

Figucz .D.1a) hrogh 3.D.4(e) and Figure 30D.5(a) through 30D.5(e) s cv. the stress iiteneity 

results under- the lifted lead anid in the baseplate rcegien, rcespeetively.  

To provide an alternate calculation to demonstrate that the bolt anchor blocks are adequate, we 
compute the average normal stress in the net metal area of the block under three times the lifted load.  
Further conservatism is introduced by including an additional 15% for dynamic amplification, i.e., 
the total load is equal to 3D*.  

The average normal load in one bolt anchor block is 

Load = 3 x 1.15 x 360,000 lb./4 = 310,500 lb. (Weight comes from Table 3.2.1) 

The net area of the bolt anchor block is 

Area = 5" x 5"- (3.14159/4)/4 x (3.25" x 3.25") = 16.70 sq. inch (Dimensions from BM-1575) 

Therefore, the safety factor (yield strength at 350 degrees F/calculated stress from Table 3.3.3) is 

SF = 32,700 psi/ (Load/Area) = 1.76 
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A ppendv ix 3Da.. .....amine" tThe shear stress in the threads of the lifting block is also examined.  
This analysis considers a cylindrical area of material under an axial load resisting the load by 
shearing action. The diameter of the area is the basic pitch diameter of the threads, and the length of 
the cylinder is the thread engagement length.  

The analysis AppefidbE3.:D-also examines the capacity of major welds in the load path and the 
compression capacity of the pedestal shield and pedestal shield shell.  

The table below summarizes key results obtained from the analyses described above f epefted-in 
detail in Appendix 3.D for the rH-STORM 100.

Regions A and B are defined at beginning of Subsection 3.4.3 
The lifted load is 360000 lb. and an inertia amplification of 15% is included.

It is concluded that all structural integrity requirements are met during a lift of the HI-STORM 100 
storage overpack under either the top lift or the bottom lift scenario. All factors of safety are greater 
than 1.0 using criteria from the ASMIE Code Section III, Subsection NF for Class 3 plate and shell 
supports and from USNRC Regulatory Guide 3.61.
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ffl-STORM• 100 Too and Bottom Liftino Annlwao*t

Item Value (ksi) Allowable (ksi) Safety Factor 
Primary Membrane plus Bending - Bottom Lift - 8 0 26.3 3.28 
Inlet Vent Plates - Region B 
Primary Membrane - Top Lift - Radial Rib Under 6.67 17.5 2.63 
Lifting Block - Region B 

Primary Membrane plus Bending- Top Lift - 7.0 26.3 3.75 
Baseplate - Region B 
Primary Membrane 1997 33.15 1.66 
Region A (3D*) 
Primary Membrane plus Bending Region A (3D*) 24.02 33.15 1.38 
Lifting Block Threads - Top Lift -Region A (3D*) 10 67 19 62 1.84 
Lifting Stud - Top Lift -Region A (3D*) 43.733 108 8 2.49 
Welds - Anchor Block-to-Radial Rib Region B 5.74 19.695 3.43 
Welds - Anchor Block-to-Radial Rib Region A 17.21 19.62 1.14 
(3D*) __ .__1 .621.1 
Welds - Radial Rib-to-Inner and Outer Shells 5.83 21.00 3.60 
Region B 
Welds - Radial Rib-to-Inner and Outer Shells 17.49 19.89 1.13 
Region A (3D*) 
Weld - Baseplate-to Inner Shell Region A (3D*) 1.59 19.89 12 48 

Weld - Baseplate-to-Inlet Vent Region A (3D*) 14.89 19.89 1.33 

Pedestal Shield Concrete (3D*) 0.096 1.266 13.19 

Pedestal Shell (3D*) 3269 33.15 10.14



Similar calculations have been performed for the HI-STORM 100S where 
configuration warrant. The results are summarized in the table below:

differences in

rH-STORM 100S Top and Bottom Lifting Analyses• 

Item Value (ksi) Allowable (ksi) Safety Factor 

Primary Membrane plus Bending - Bottom Lift - 9.824 33.15 3.374 
Inlet Vent Plates - Region A (3D*) 

Lifting Block Threads - Top Lift -Region A 5.540 18 840 3.40 
(3D*) 

Lifting Stud - Top Lift -Region A (3D*) 49.199 83.7 1.70 

Welds - Anchor Block-to-Radial Rib Region B 5.483 21 0 3 83 

Welds - Anchor Block-to-Radial Rib Region A 16.469 18 84 1.144 
(3D*) 

Welds - Radial Rib-to-Inner and Outer Shells 5.56 21.00 3.77 
Region B 

Welds - Radial Rib-to-Inner and Outer Shells 16 69 19.89 1.19 
Region A (3D*) 

Weld - Baseplate-to Inner Shell Region A (3D*) 1,592 19.89 12.49 

Weld - Baseplate-to-Inlet Vent Region A (3D*) 8.982 19.89 2.214 

Radial Rib Membrane Stress - Bottom Lift 10.58 33.15 3.132 
Region A (3D*) 

Pedestal Shield Concrete (3D*) 0.095 1.535 16.17 

Pedestal Shell (3D*) 3.235 33.15 10 24

t Regions A and B are defined at beginning of Subsection 3.4.3 
•t The lifted load is 405,000 lb. and an inertia amplification of 15% is included. The increased 

weight (over the longer HI-STORM 100) comes from conservatively assuming an increase in 
concrete weight density in the HI-STORM IOOS overpack and lid to provide additional safety 
margin.  

It is concluded that all structural integrity requirements are met during a lift of the HI-STORM 100 
and HI-STORM I OOS storage overpacks under either the top lift or the bottom lift scenario. All 
factors of safety are greater than 1.0 using criteria from the ASME Code Section III, Subsection NF 
for Class 3 plate and shell supports and from USNRC Regulatory Guide 3.61.
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3.4.3.6 MPC Lifting Analysis

The MPC lifting analyses are found in the HI-STAR 100 FSAR (Docket-72-1008). Some results of 
the analyses in that document (Appendices 3.K, 3.E, 3.1 and 3.Y D6cket-72-1008) are summarized 
here for completeness.  

Summary of MPC Lifting Analyses

The factor reported here is for the MPC baseplate considered under a load equal to 3D*.  

3.4.3.7 Miscellaneous Lid Lifting Analyses 

App.nc-2•i 3.A" contains analyses of lifting' attar-...ts f-r various lid liftingo peratin.  

Thle HI-'STORM 100 lid lifting analysis is performed to ensure that the threaded connections 
provided in the lid are adequately sized. The lifting analysis of the top lid is based on a vertical 
orientation -of loading from an attached lifting device. The top lid of the HI-STORM 100 storage 
overpack is lifted using four lugs that are threaded into holes in the top plate of the lid (Holtec 
Drawing 1495, Section 1.5). It is noted that failure of the lid attachment would not result in any event 
of safety consequence because a free-falling HI-STORM 100 lid cannot strike a stored MPC (due to 
its size and orientation). Operational limits on the carry height of the HI-STORM 100 lid above the 
top of the storage overpack containing a loaded MPC preclude any significant lid rotation out of the 
horizontal plane in the event of a handling accident. Therefore, contact between the top of the MPC 
and the edge of a dropped lid due to uncontrolled lowering of the lid during the lid placement 
operation is judged to be a non-credible scenario. Appendix 3.AC pr-evids -ani zxr l .f a 
ccmm~rrially available item. that has th;apprEpfiate safet facthrs to srvie as a lifting evie for thI 

I STORM 100 over.pa. k top lid. Except for location'of the lift points, the lifting device for the HI
STORM IOOS lid is the same as for the regular HI-STORM 100 lid. Since the lid weight for the HI
STORM lOOS bounds the HI-STORM 100, the calculated safety factors for the lifting of the HI
STORM IOOS lid are reduced and are also reported in the 'summary table below.  

In addition to the HI-STORM 100 top lid lifting analysis, .ppndi.. 3..AG als. c.ntain.s details of.the 
strength qualification of the ether-lid lifting holes, and associated lid lifting devicesfor the HI-TRAC 
pool lid and top lid has been performed. The qualification is based on the Regulatory Guide 3.61 
requirement that d load factor of 3 results in stresses less than the yield stress. Liftingof the HI• 
TRA .125 pool lid and top lid are .onsidered in Append.i ... AC. The results for the HI-TRAC 125 
bound the results for the HI-TRAC 125D, and the HI-TRAC 100, since the lid weights used in the 
calculation Appenadix3.are greater than or equal to all other HI-TRAC lid weights. In addition, 
the HI-TRAC 125D has larger diameter lifting holes in its pool lid, which provide greater capacity 
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Item Thread Engagement Region A Safety Region B Safety 
Safety Factor (NUREG- Factor Factort 

0612) 

MPC 1.08 1.09 1.56



for lifting. Example commercially available lifting structures are considered inAppendix -.,A• -and 
it is shown that thread engagement lengths are acceptable. Loads to lifting devices are permitted to 
be at a maximum angle of 45 degrees from vertical. A summary of results f•m• Appendix 3.A., .  
pertaining to the various lid lifting operations, is given in the table below: 

Summary of HI-STORM 100 Lid Lifting Analyses 

Item Dead Load (lb) Minimum Safety Factor 

HI-STORM 100 (100S) Top 23,000 (25,500) 1.978 (1.784) 
Lid Lifting 

HI-TRAC Pool Lid Lifting 12,500 4.73 

HI-TRAC Top Lid Lifting 2,750 11.38 

The analysis Append* 2..AG-demonstrates that thread engagement is sufficient for the threaded 
holes used solely for lid lifting and that commercially available liftifig devices engaging the threaded 
holes, are available. We note that all reported safety factors are based on an allowable strength equal 
to 33.3% of the yield strength of the lid material when evaluating shear capacity of the internal 
threads and based on the working loads of the commercially available lifting devices associated with 
the respective threaded holes.  

3.4.3.8 HI-TRAC Pool Lid Analysis - Lifting MPC From the Spent Fuel Pool (Load Case 01 
in Table 3.1.5) 

During lifting of the MPC from the spent fuel pool, the HI-TRAC pool lid supports the weight of a 
loaded MPC plus water (see Figure 3.4.21). Appendix 3.AB details the cCalculations are performed 
to show structural integrity under this condition for both the HI-TRAC 100 and the HI-TRAC 125 
transfer casks. In accordance with the general guidelines set down at the beginning of Subsection 
3.4.3, the pool lid is considered as both Region A and Region B for evaluating safety factors. The 
analysis in App:ndi. I ...A shows that the stress in the pool lid top plate is less than the Level A 
allowable stress under pressure equivalent to the heaviest MPC, contained water, and lid self weight 
(Region B evaluation). Stresses in the lids and bolts are also shown to be below yield under three 
times the applied lifted load (Region A evaluation using Regulatory Guide 3.61 criteria). The 
threaded holes in the HI-TRAC pool lid are also examined for acceptable engagement length under 
the condition of lifting the MPC from the pool. This analysis is peirfrmed in Appendix 3.AC. It is 
demonstrated in Appehdi3-x .... that the pool lid peripheral bolts have adequate engagement length 
into the pool lid to permit the transfer of the required load. The safety factor is defined based on the 
strength limits imposed by Regulatory Guide 3.61.  
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The following table summarizes the results of the analysesfor the HI-TRACpool lidpeffemw -f 
Appenx 3.AB and the tread engagement alculatin in Appendix 3.A , as well as the results of 
similar calculationis for the HI-TRAC 125D. Results given in the following table compare'calculated 
stress (or load) and allowable stress (or load). In all cases, the safety factor is defined as the 
allowable value divided by the calculated value.  

Ill-TRAC Pool Lid Lifting a Loaded MPC Evaluationt 

Item Value (ksi) Allowable (ksi) Safety Factor 

Lid Bending Stress - HI-TRAC 125 - Region B 10 1 26.3 2.604 
Analysis - Pool Lid Top Plate 

Lid Bending Stress - HI-TRAC 125 - Region B 5.05 26.3 5.208 
Analysis - Pool Lid Bottom Plate " 

Lid Bending Stress - HI-TRAC 100 - Region B 10.06 26.3 2.614 
Analysis- Pool Lid Top Plate 

Lid Bending Stress - HI-TRAC 100 - Region B 6.425 26.3 4.093 
Analysis- Pool Lid Bottom Plate 

Lid Bending Stress - HI-TRAC 125D - Region B 10.1 26.3 2.604 
Analysis - Pool Lid Top Plate 

Lid Bending Stress - HI-TRAC 125D - Region B 5.05 26.3 5.208 
Analysis - Pool Lid Bottom Plate 

Lid Bolt Stress -HI-TRAC 125 - (3D*) 18.92 95.0 5.02 

Lid Bolt Stress -HI-TRAC 100 7 (3D*) 18.21 95.0 5.216 

Lid Bolt Force - HI-TRAC 125D - (3D*) 25.77: 84.05 3.262 

Lid Bending Stress - HI-TRAC 125 - Region A 30.3 33.15 1.094 
Analysis - Pool Lid Top Plate (3D*) 

Lid Bending Stress - I1-TRAC 125 - Region A 15.15 33.15 2.188 
Analysis - Pool Lid Bottom Plate (3D*) 

Lid Bending Stress -HI-TRAC 100 - Region A 30.19 33.15 1.098 
Analysis- Pool Lid Top Plate (3D*) I 

Lid Bending Stress -1I-TRAC 100 - Region A 19.28 33.15 1.72 
Analysis- Pool Lid Bottom Plate (3D*) 

Lid Bending Stress - HI-TRAC 125D - Region A 30.3 33.15 1.094 
Analysis - Pool Lid Top Plate (3D*) 

Lid Bending Stress -HI-TRAC 125D - Region A 15.15 33.15 2.188 
Analysis- Pool Lid Bottom Plate (3D*) 

Lid Thread Engagement Length (HI-TRAC 125) 137.5: 324.64F: 2.362 
t Region A and B defined at beginning of Subsection 3.4.3.  
: Calculated and allowable value for this item in (kips).
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HI-TRAC Transfer Lid Analysis - Lifting MPC Away from Spent Fuel Pool (Load
Case 01 in Table 3.1.5) 

During transfer to or from a storage overpack using a HI-TRAC 125, or a HI-TRAC 100, the HI
TRAC transfer lid supports the weight of a loaded MPC. Figure 3.4.21 illustrates the lift operation.  
In accordance with the general lifting analysis guidelines, the transfer lid should be considered as 
both a Region A (Regulatory Guide 3.61 criteria) and a Region B location (ASME Section III, 
Subsection NF for Class 3 plate and shell structures) for evaluation of safety factors. Appendiees 
3AD and 3.Aj pr-..cnt n•aly... and results fcr t-he HI-TRAC 125 transfer lid and the HI-TRAC 
100 transfer lid are analyzed separately because of differences in geometry•-respeetwe~y. The HI
TRAC 125D employs a specially designed mating device in combination with the pool lid to transfer 
a loaded MPC to or from a storage overpack. Thus, a transfer lid analysis is not performed for the 
HI-TRAC 125D. Results for the HI-TRAC 125D pool lid are presented in the previous subsection.  

It is shown in the abve m.nti.n. d appndi•s- that the transfer lid doors can support a loaded MPC 
together with the door weight without exceeding ASME NF stress limits and the more conservative 
limits of Regulatory Guide 3.61. It is also shown that the connecting structure transfers the load to 
the cask body without overstress. The following tables summarize the results for both HI-TRAC 
casks:

Item Value (ksi) Allowable (ksi) Safety Factor 

HI-TRAC 125 - Door 9.381 32.7 3.486 
Plate - (3D*) 

HI-TRAC 125 - Door 3.127 26.25 8.394 
Plate - Region B 

HI-TRAC 125 - Wheel 26.91 36.0 1.338 
Track (3D*) 

HI-TRAC 125 - Door 7.701 26.25 3.409 
Housing Bottom Plate
Region B 

HI-TRAC 125 - Door 23.103 32.7 1.415 
Housing Bottom Plate
(3D*) 

HI-TRAC 125 - Door 4.131 32.7 7.913 
Housing Stiffeners- (3D*) 

HI-TRAC 125 - Housing 29.96 57.5 1.919 
Bolts-Region B 

HI-TRAC 125 -Housing 89.88 95.0 1.057 
Bolts (3D*) 

HI-TRAC 125 -Lid Top 30.907 32.7 1.058 
Plate (3D*) 

Region A and B defined at beginning of Subsection 3.4.3
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HI-TRAC 100 Transfer Lid - Lifting Evaluationt

Region A and B detmed at beginning of Subsection 3.4.3

HI-TRAC Bottom Flanve Evaluation during Lift (Load Case 01
in Table 3.1.5)

During a lifting operation, the HI-TRAC transfer cask body supports the load of a loaded MPC, and 
the transfer lid (away from the spent fuel pool) or the pool lid plus contained water (lifting from the 
spent fuel pool). In either case, the load is transferred to the bottom flange of HI-TRAC through the 
bolts and a state of stress in the flange and the supporting inner and outer shells is developed. Figure 
3.4.21 illustrates the lifting operation. Appendixi 3.. . pr..vide. the evaluation of t~his area of the 
HI-TRAC 125 is analyzed to demonstrate that the required limits on stress are maintained for both 
ASME and Regulatory Guide 3.61. The bottom flange is considered as an annularplate subject to a 
total bolt load acting at the bolt circle and supported by reaction loads developed in the inner and 
outer shells of HI-TRAC. The solution for maximum flange bending stress is found in the classical 
literature and stresses and corresponding safety factors developed for the bottom flange and for the 
outer and inner shell weld shear stress. Since the welds are partial penetration, weld stress evaluation 
bounds an evaluation of direct stress. The table below summarizes the results of the evaluation-i•n 
Appendii 3AE.

-11-_3 I UKIVI 11AK 
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Item Value (ksi) Allowable (ksi) Safety Factor 
HI-TRAC 100 - Door Plate - (3D*) 22.188 32.7 1.474 
HI-TRAC 100 - Door Plate - Region 7.396 26.25 3.549 
B 

HI-TRAC 100 - Wheel Track (3D*) 13.011 36.0 2.767 
HI-TRAC 100 -Door Housing Bottom 7.447 26.25 3.525 
Plate- Region B 
HI-TRAC 100 - Door Housing Bottom 22.336 32.7 1.464 
Plate- (3D*) 

-H-TRAC 100- 4.917 32.7 6.65 
Door Housing Stiffeners- (3D*) 
HI-TRAC 100 -Welds Connecting 11.802 32.7 2.771 
Door Housing Stiffeners (3D*) 
HI-TRAC 100 - Housing Bolts-Region 22.478 57.5 2.558-, 
B 
IH-TRAC 100 -Housing Bolts (3D*) 67.423 95.0 1.409 
HI-TRAC 100 - Lid Top Plate (3D*) 19.395 32.7 1.686

3.4.3.10

Safety Factors in HI-TRAC Bottom Flanae TDhrin n Tift Anrmn a,-.t
Item Value(ksi) Allowable(ksi) Safety Factor 

Bottom Flange - 7.798 26.25 3.37 
Region B 
Bottom Flange (3D*)' 23.39 33.15 1.42 
Outer Shell (3D*) 4.773 33.15 6.94

in Table 3.1.5/



The results above bound the results for the HI-TRAC 125D since the dimensions used as input i-[ 
Appendi 3..AE for the inner shell, the outer shell, and the bottom flange (including the bolt circle 
diameter) are the same in both the HI-TRAC 125 and 125D transfer casks. In addition, the bottom 
flange of the HI-TRAC 125D is reinforced by eight gusset plates, whereas the HI-TRAC 125 bottom 
flange is not reinforced.  

3.4.3.11 Conclusion 

Synopses of lifting device, device/component interface, and component stresses, under all 
contemplated lifting operations for the HI-STORM 100 System have been presented in the 
foregoing. The HI-STORM storage overpack and the HI-TRAC transfer cask have been evaluated for 
limiting stress states. The results show that all factors of safety are greater than 1.  

3.4.4 Heat 

The thermal evaluation of the HI-STORM 100 System is reported in Chapter 4.  

3.4.4.1 Summary of Pressures and Temperatures 

Design pressures and design temperatures for all conditions of storage are listed in Tables 2.2.1 and 
2.2.3, respectively.  

3.4.4.2 Differential Thermal Expansion 

Consistent with the requirements of Reg. Guide 3.61, Load Cases F1 (Table 3.1.3) and E4 (Table 
3.1.4) are defined to study the effect of differential thermal expansion among the constituent 
components in the rH-STORM 100 System. Tables 4.4.9, 4.4.10, 4.4.26, 4.4.27, and 4.4.36 pr,--..  

MThe temperatures necessary to perform the differential thermal expansion analyses for the MPC in 
the HI-STORM 100 and HI-TRAC casks are provided in Chapter 4,fespeefive~y. The material 
presented in the ..... n•- ,id-er- of this paragrph Subsection 4.4.5 demonstrates that a physical 
interference between discrete components of the rH-STORM 100 System (e.g., storage overpack and 
enclosure vessel) will not develop due to differential thermal expansion during any operating 
condition.  

3.4.4.2.1 Normal Hot Environment 

Closed form calculations are performed in Subsection 4.4.5 to demonstrate that initial gaps between [ 
the HI-STORM 100 storage overpack or the HI-TRAC transfer cask and the MPC canister, and 
between the MPC canister and the fuel basket, will not close due to thermal expansion of the system 
components under loading conditions, defined as F1 and E4 in Tables 3.1.3 and 3.1.4, respectively.  
To assess this in the most conservative manner, the thermal solutions computed in Chapter 4, 
including the thermosiphon effect, are surveyed for the following information.  
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The radial temperature distribution'in each of the fuel baskets at the location of peak center 
metal temperature.  

The highest and lowest mean temperatures of the canister shell for the hot environment 
condition.  

The inner- and euter surface temperatur-e of the Ml STORM 100 storage overpack and the M-H 
TRA transfer ceask at t4e location of highest and lowest surface temperature (whieh will 

proucethelowstmean temnperature6).

Tables 4.4.9, 4.4.10, 4.4.26, and 4.4.27, and 4•4 .3.6 present the resulting temperatures used in the 
evaluation of the MPC expansion in the rH-STORM 100 storage overpack. Table 4.5.2 presents 
similar results for the MPC in the HI-TRAC transfer cask.  

Using the temperature information in the above-mentioned tables, simplified thermoelastic solutions 
of equivalent axisymmetric problems are used to obtain conservative estimates of gap closures. The 
following procedure, which conservatively neglects axial variations in temperature distribution, is 
utilized.  

1. Use the surface temperature information for the fuel basket to define a parabolic 
distribution in the fuel basket that bounds (from above) the actual temperature 
distribution. Using this result, generate a conservatively high estimate of the radial 
and axial growth of the different fuel baskets using classical'closed form solutions for 
thermoelastic deformation in cylindrical bodies.  

2. Use the temperatures obtained for the canister to predict an estimate of the radial and 
axial growth of the canister to check the canister-to-basket gaps.  

3. Use the temperatures obtained for the canister to predict an estimate of the radial and 
axial growth of the canister to check the canister-to-storage overpack and canister-to
HI-TRAC gaps.  

4. Use the storage oever-pac; and MI TRA surface temfperatur-es to constfuct a 
legafithmic temperature distribution (character-istic of a thick walled cylinder) at the 
location used for- canister- thermal groevAT calculations; and use this distribution to 
pr-edict an estimnate of storage over-pack or- MI T- (as applicable) radial and axial 

4-., For given initial clearances, compute the operating clearances.  

:The alc.ulation proTedure outlined abovm is used in Appendix 3.1 (F TRXC), and in Appendices 
3.U, 3AN, 3AI, and 3.AQ (MI STORM 100 storage ever-pack with MPG 24, MPGC 32, MPG 68, and 
24E..e.peef.. The results are summarized in the tables givebn. .... . Subsection 4.4.5 for normal 
storage conditions. It can be verified by referring to the Design Drawings provided in Section 1.5 of 
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this report and Subsection 4.4.5, that the clearances between the MPC basket and canister structure, 
as well as that between the MPC shell and storage overpack or HI-TRAC inside surface, are 
sufficient to preclude a temperature induced interferencefrom differential thermal expansions under 
normal operating conditions.  
The wer-st ease MPG is vlutdini the LI4 TRAC transfer- cask, in lieu of all MPG desiens. In aill
easecs, the minimat inktal rautnt agap hetweenxIrP. and everfpacle i usen a emri paflni.
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3.4.4.2.2 Fire Accident

It is shown in Chapter 11 that the fire accident has a small effect on the MPC temperatures because 
of the short duration of the fire accidents and the large thermal inertia of the storage overpack.  
Therefore, a structural evaluation -of the MPC under the postulated fire event is not'required. The 
conclusions reached in Subsection 3.4.4.2.1 are also appropriate for the fire accident with the MPC 
housed in the storage overpack. Analysis of fire accident temperatures of the MPC housed within the 
HI-TRAC for thermal expansion is unnecessary, as the -II-TRAC, directly exposed to the fire, 
expands to increase the gap between the HI-TRAC and MPC.  

As expected, the external surfaces of the HI-STORM 100 storage overpack that are directly exposed 
to the fire event experience maximum rise in temperature. The outer shell and top plate in the top 
lid are the external surfaces that are in direct contact with heated air from fire. The table below, 
extracted from data provided in Chapter 11, provides the maximum temperatures attained at the key 
locations in HI-STORM 100 storage overpack under the postulated fire event.  

Component Maximum Fire Condition Temperature (Deg. F) 

Storage Overpack Inner Shell 300 
Storage Overpack Radial Concrete Mid-Depth 173 
Storage Overpack Outer Shell 570 
Storage Overpack Lid <570 

The following'conclusions are readily reached from the above table.  

* The maximum metal temperature of the carbon steel shell most directly exposed to the 
combustion air is well below 600'F (Table 2.2.3 applicable short-term temperature limit). 600'F 
is well below the permissible temperature limit in the ASME Code for the outer shell material.  

* The bulk temperature of concrete is well below the normal condition temperature limit of 300'F 
specified in Table 2.2.3 and Appendix1I.D. ACI-349 permits 350'F as the short-term temperature 
limit; the shielding concrete in the HI-STORM 100 Overpack, as noted in Appendix 1.D, will 
comply with the specified compositional and manufacturing provisions of ACI-349. As the 
detailed information in Section 11.2 shows, the radial extent in the concrete where the local 
temperature exceeds 350°F begins at the outer shell/concrete interface and ends in less than one
inch. Therefore, the potential loss in the shielding material's effectiveness is less than 4% of the 
concrete shielding mass in the overpack annulus.  

" The metal temperature of the inner shell does not exceed 300'F at any location, which is below 
the normal condition temperature limit of 350'F specified in Table 2.2.3 for the inner shell.  

"* The presence of a stitch weld between the overpack inner shell and the overpack top plate 
ensures that there will be no pressure buildup in the concrete annulus due to the concrete losing 
water that then turns to steam.  
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The above summary confirms that the postulated fire event will notjeopardize the structural integrity 
of the HI-STORM 100 Overpack or significantly diminish its shielding effectiveness.  

The above conclusions, as relevant, also apply to the HI-TRAC fire considered in Chapter 11. Water 
jacket over-pressurization is precluded by the safety valve set point. The non-structural effects of loss 
of water, have been evaluated in Chapter 5 and shown to meet regulatory limits. Therefore, it is 
concluded that the postulated fire event will not cause significant loss in storage overpack or HI
TRAC shielding function.  

3.4.4.3 Stress Calculations 

This subsection presents calculations of the stresses in the different components of the HI-STORM 
100 System from the effects of mechanical load case assembled in Section 3.1. Loading cases for the 
MPC fuel basket, the MPC enclosure vessel, the HI-STORM 100 storage overpack and the HI
TRAC transfer cask are listed in Tables 3.1.3 through 3.1.5, respectively. The load case identifiers 
defined in Tables 3.1.3 through 3.1.5 denote the cases considered.  

The purpose of the analyses is to provide the necessary assurance that there will be no unacceptable 
risk of criticality, unacceptable release of radioactive material, unacceptable radiation levels, or 
impairment of ready retrievability of fuel from the MPC and the MPC from the HI-STORM 100 
storage overpack or from the HI-TRAC transfer cask.  

For all stress evaluations, the allowable stresses and stress intensities for the various HI-STORM 100 
System components are based on bounding high metal temperatures to provide additional 
conservatism (Table 3.1.17 for the MPC basket, for example).  

In addition to the loading cases germane to stress evaluations mentioned above, three cases 
pertaining to the-stability of HI-STORM 100 are also considered (Table 3.1.1).  

The results of various stress calculations on components are reported. The calculations are either 
performed directly as part of the text, or carried out in a separate calculation report e, 

.idix (see the list fall supp.r.ting appendices p.. .. ided in Secti.en• 31.that provides details 
of strength of materials evaluations or finite element numerical analysis. The specific calculations 
reported in this subsection are: 

1. MPC stress calculations 
2. HI-STORM 100 storage overpack stress calculations 
3. HI-TRAC stress calculations 

The MPC calculations reported in this document are complemented by analyses in the HI-STAR 100 
Dockets. As noted earlier in this chapter, calculations for MPC components that are reported in HI
STAR 100 FSAR and SAR (Docket Numbers 72-1008 or 71-9261) are not repeated here unless 
geometry or load changes warrant reanalysis. For example, analysis of the MPC lid is not included in 
this submittal since neither the MPC lid loading nor geometry is affected by the MPC being placed in 
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HI-TRAC or HI-STORM 100. MPC stress analyses reported herein focus on the basket and canister 
stress distributions due to the design basis (45g) lateral deceleration imposed by a non-mechanistic 
tip-over of the HI-STORM 100 storage overpack or a horizontal drop of HI-TRAC. In the submittals 
for the HI-STAR 100 FSAR and SAR (Docket Numbers 72-1008 and 71-9261, for storage and 
transport, respectively), the design basis deceleration was 60g. In this-submittal the design basis 
deceleration is 45g. However, since the geometry of the MPC external boundary condition, viz.  
canister-to-storage overpack gap, has changed, a reanalysis of the MPC stresses under the lateral 
deceleration loads is required. This analysis is performed and the results are summarized in this 
subsection.  

The HI-STORM 100 storage overpack and the HI-TRAC transfer cask have been evaluated for 
certain limiting load conditions that are germane to the storage and operational modes specified for 
the system in Tables 3.1.1 and 3.1.5. The determination of component safety factors at the locations 
considered in the HI-STORM 100 storage overpack and in the HI-TRAC transfer cask is based on 
the allowable stresses permitted by the ASME Code Section IIJ, Subsection NF for Class 3 plate and 
shell support structures.  

3.4.4.3.1 -MPC Stress Calculations 

The structural function of the MPC in the storage mode is stated in Section 3.1. The calculations 
presented here demonstrate the ability of the MPC to perform its structural function. The purpose of 
the analyses is to provide the necessary assurance that there will be no unacceptable risk of 
criticality, unacceptable release of radioactive material, or impairment of ready retrievability.  

3.4.4.3.1.1 Analysis of Load Cases E.3.b, E.3.c (Table 3.1.4) and F.3.b, F.3.c (Table 3.1.3) 

Analyses are performed for each of the MPC designs. The following subsections describe the model, 
individual loads, load combinations, and analysis procedures applicable to the MPC. Unfortunately, 
unlike vertical loading cases, where the analyses performed in the HI-STAR 100 dockets remain 
fully applicable for application in HI-STORM 100, the response of the MPC to a horizontal loading 
event is storage overpack-geometry dependent. Under a horizontal drop event, for example, the MPC 
and the fuel basket structure will tend to flatten. The restraint to this flattening offered by the storage 
overpack will clearly depend on the difference in the diameters of the storage overpack internal 
cavity and that of the outer surface of the MPC. In the HI-STORM 100 storage overpack, the 
diameter difference is larger than that in HI-STAR 100; therefore, the external restraint to MPC 
ovalization under a horizontal drop event is less effective. For this reason, the MPC stress *analysis 
for lateral loading scenarios must be performed anew for the HI-STORM 100 storage overpack; the 
results from the HI-STAR 100 analyses will not be conservative. The HI-TRAC transfer casks and 
HI-STAR 100 overpack inner diameters are identical. Therefore, the analysis of the MPC in the HI
STAR 100 overpack under 60g's for the side impact (Docket 72-1008) bounds the analysis of the 
MPC in the HI-TRAC under 45g's.  
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Description of Finite Element Models of the MPCs Under Lateral Loading
K>

A finite element model of each MPC is used to assess the effects of the accident loads. The models 
are constructed using ANSYS [3.4. 1], and they are identical to the models used in Holtec's HI-STAR 
100 submittals in Docket Numbers 72-1008 and 71-9261. The following model description is 
common to all MPCs.  

The MPC structural model is two-dimensional. It represents a one-inch long cross section of the 
MPC fuel basket and MPC canister.  

The MPC model includes the fuel basket, the basket support structures, and the MPC shell. A basket 
support is defined as any structural member that is welded to the inside surface of the MPC shell. A 
portion of the storage overpack inner surface is modeled to provide the correct restraint conditions 
for the MPC. Figures 3.4.1 through 3.4.9 show typical MPC models. The fuel basket support 
structure shown in the figures is a multi-plate structure consisting of solid shims or support members 
having two separate compressive load supporting members. For conservatism in the finite element 
model some dual path compression members (i.e., "V" angles) are simulated as single columns.  
Therefore, the calculated stress intensities in the fuel basket angle supports from the finite element 
solution are conservatively overestimated in some locations.  

The ANSYS model is not intended to resolve the detailed stress distributions in weld areas.  
Individual welds are not included in the finite element model. A separate analysis for basket welds 
and for the basket support "V" angles is performed outside ofANSYSccntaiein Appendix 3 .. I 

No credit is taken for any load support offered by the neutron absorber Bem4-panels, sheathing, and 
the aluminum heat conduction elements. Therefore, these so-called non-structural members are not 
represented in the model. The bounding MPC weight used, however, does include the mass 
contributions of these non-structural components.  

The model is built using five ANSYS element types: BEAM3, PLANE82, CONTAC12, 
CONTAC26, and COMBIN14. The fuel basket and MPC shell are modeled entirely with two
dimensional beam elements (BEAM3). Plate-type basket supports are also modeled with BEAM3 
elements. Eight-node plane elements (PLANE82) are used for the solid-type basket supports. The 
gaps between the fuel basket and the basket supports are represented by two-dimensional point-to
point contact elements (CONTAC 12). Contact between the MPC shell and the storage overpack is 
modeled using two-dimensional point-to-ground contact elements (CONTAC26) with an appropriate 
clearance gap.  

'Two orientations of the deceleration vector are considered. The 0-degree drop model includes the 
storage overpack-MPC interface in the basket orientation illustrated in Figure 3.1.2. The 45-degree 
drop model represents the storage overpack-MPC interface with the basket oriented in the manner of 
Figure 3.1.3. The 0-degree and the 45-degree drop models are shown in Figures 3.4.1 through 3.4.6.  
Table 3.4.1 lists the element types and number of elements for current MPC's.  
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A contact surface is proVided in the model is-used for drop analyses to represent the interface 
between the storage overpack channels and the MPC. As the MPC makes contact with the 
storage overpack, the MPC shell deforms to mate with the channels that are welded at equal 
intervals around the storage overpack inner surface. The nodes that define the elements 
representing the fuel basket and the MPC shell are located along the cente'rline of the plate 
material. As a iesult, the line of nodes that forms the perimeter of the MPC shell is inset from 
the real boundary by a distance that is equal to half of the shell thickness. In order to maintain the 
specified MPC shell/storage overpack gap dimension, the radius of the storage overpack channels 
is decreased by an equal amount in the model.  

The three discrete components of the HI-STORM 100 System, namely the fuel basket, the MPC 
-shell, and the storage overpack or HI-TRAC transfer cask, are engineered with small diametral 
clearances which are'large enough to permit unconstrained thermal expansion" of the three 
components under the rated (maximum) heat duty condition. A small diametral gap under ambient 
conditions is also necessary to assemble the system without physical interference between the 
contiguous surfaces of the three components. The required gap to ensure unrestricted thermal 
expansion between the basket and the MPC shell is small and will further decrease under maximum 
heat load conditions, but will introduce a physical nonlinearity in the structural events involving 
lateral loading (such as side drop of the system) under ambient conditions. It is evident from the 
system design drawings that the fuel basket that is non-radially symmetric is in proximate contact 
with the MPC shell at a discrete number of locations along the circumferences. At these locations, 
the MPC shell, backed by the channels attached to the storage overpack, provides a support line to 
the fuel basket during lateral drop events. Because the fuel basket, the MPC shell, and the storage 
overpack or HI-TRAC are all three-dimensional structural weldments, their inter-bodyý clearances 
may be somewhat uneven at different azimuthal locations. As the lateral loading is increased, 
clearances close at the support locations, resulting in the activation of the support fromthe storage 
overpack or HI-TRAC.  

The bending stresses in the basket and the MPC shell at low lateral loading levels 'which are too 
small to close the support location clearances are secondary stresses since further increase in the 
loading will activate the storage overpack's or HI-TRAC's transfer cask support action; mitigating 
further increase in the stress. Therefore, to compute primary stresses in the basket and the MPC shell 
under lateral drop events, the gaps should be assumed to be closed. However, in the analyses, we 
have conservatively assumed that an initial gap of 0.1875" exists, in the direction of the applied 
deceleration,- at all support locations between'the fuel basket and the'MPC shell and 'that the 
clearance gap between the' shell and the storage overpack at the support locations' is 3/16". In the 
evaluation of safety factors for the MPC-24, MPC-32, and MPC-68, the total stress state produced by 
the applied loading on these configurations is conservatively compared with primary stress levels, 
even though the self-limiting stresses should be considered secondary in the strict definition of the 
Code. To illustrate the conservatism we have eliminated the secondary stress (that develops to'close 
the clearances) in the comparison with primary stress allowable values and report safety factors for 
the MPC-24E that are based only on prirma'ry stresses necessary to maintain equilibrium'with the 
inertia forces.  
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ANSYS requires that for a static solution all bodies be constrained to prevent rigid body motion.  
Therefore, in the 0 degree and 45 degree drop models, two-dimensional linear spring elements 
(COMBIN14)join the various model components, i.e., fuel basket and enclosure vessel, atthe point 
of initial contact. This provides the necessary constraints for the model components in the direction 
of the impact. By locating the springs at the points of initial contact, where the gaps remain closed, 
the behavior of the springs, is identical to the behavior of a contact element. Linear springs and 
contact elements that connect the same two components have equal stiffness values.  

Description of Individual Loads and Boundary Conditions Applied to the MPCs 

The method of applying each individual load to the MPC model is described in this subsection. The 
individual loads are listed in Table 2.2.14. A free-body diagram of the MPC corresponding to each 
individual load is given in Figures 3.4.7-3.4.9. In the following discussion, reference to vertical and 
horizontal orientations is made. Vertical refers to the direction along the cask axis, and horizontal 
refers to a radial direction.  

Quasi-static structural analysis methods are used. The effects of any dynamic load factors (DLFs) are 
included in the final evaluation of safety factors. All analyses are carried out using the design basis 
decelerations in Table 3.1.2.  

The MPC models used for side drop evaluations are shown in Figures 3.4.1 through 3.4.6. In each 
model, the fuel basket and the enclosure vessel are constrained to move only in the direction that is 
parallel to the acceleration vector. The storage overpack inner shell, which is defined by three nodes 
needed to represent the contact surface, is fixed in all degrees of freedom. The fuel basket, enclosure K•) 
vessel, and storage overpack inner shell are all connected at one location by linear springs, as 
described in Subsection 3.4.4.3.1.1 (see Figure 3.4.1, for example). Detailed side drop evaluations 
here focus on an MPC within a rn-STORM 100 storage overpack. Since the analyses performed in 
Docket Number 72-1008 for the side drop condition in the HI-STAR 100 storage overpack 
demonstrates a safe condition under a 60g deceleration, no new analysis is required for the MPC and 
contained fuel basket and fuel during a side drop in the HI-TRAC, which is limited to a 45g 
deceleration (HI-TRAC and HI-STAR 100 overpacks have the same inside dimensions).  

Accelerations 

During a side impact event, the stored fuel is directly supported by the cell walls in the fuel basket.  
Depending on the orientation of the drop, 0 or 45 degrees (see Figures 3.4.8 and 3.4.9), the fuel is 
supported by either one or two walls. In the finite element model this load is effected by applying a 
uniformly distributed pressure over the full span of the supporting walls. The magnitude of the 
pressure is determined by the weight of the fuel assembly (Table 2.1.6), the axial length of the fuel 
basket support structure, the width of the cell wall, and the impact acceleration. It is assumed that 
ihe load is evenly distributed along an axial length of basket equal to the fuel basket support 
structure. For example, the pressure applied to an impacted cell wall during a 0-degree side drop 
event is calculated as follows: 
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Pa, g 

Lc 

where: 
p pressure 

an ratio of the impact acceleration to the gravitational acceleration 

W = weight of a stored fuel assembly 

L = axial length of the fuel basket support structure 

c width of a cell wall 

For the case of a 45-degree side drop the pressure on any cell wall equals p (defined above) divided 
by the square root of 2.  

It is evident from the above that the effect of deceleration on the fuel basket and canister metal 
structure is accounted for by amplifying the gravity field in the appropriate direction.  

Internal Pressure 

Design internal pressure is applied to the MPC model. The inside surface of the enclosure vessel 
_shell is loaded with pressure. The magnitude of the internal pressure applied to the model is taken 
from Table 2.2.1.  

For this load condition, the center node of the fuel basket is fixed in all degrees of freedom to 
numerically satisfy equilibrium.  

Temperature 

Temperature distributions are developed in Chapter 4 and applied as nodal temperatures to the finite 
element model of the MPC enclosure vessel (confinement boundary). Maximum design heat load has 
been used to develop the temperature distribution used to demonstrate compliance with ASME Code 
stress intensity levels.  

Analysis Procedure 

The analysis procedure for this set of load cases is as follows: 

1. The stress intensity and deformation field due to the combined loads is determined by 
the finite element solution. Results are postprocessed and tabulated in the calculation 
package associated with this FSAR.  
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2. The results for each load combination are compared to allowables. The comparison 
with allowable values is made in Subsection 3.4.4.4.  

3.4.4.3.1.2 Analysis of Load Cases El.a and EI.c (Table 3.1.4) 

Since the MPC shell is a pressure vessel, the classical Lame's calculations should be performed to 
demonstrate the shell's performance as a pressure vessel. We note that dead load has an insignificant 
effect on this stress state. We first perform calculations for the shell under internal pressure.  
Subsequently, we examine the entire confinement boundary as a pressure vessel subject to both 
internal pressure and temperature gradients. Finally, we perform confirmatory hand calculations to 
gain confidence in the finite element predictions.  

The stress from internal pressure is found for normal and accident pressures conditions using 
classical formulas: 

Define the following quantities: 

P = pressure, r = MPC radius, and t = shell thickness.  

Using classical thin shell theory, the circumferential stress, a.1 = Pr/t, the axial stress a 2 = Pr/2t, and 
the radial stress 0a3 = -P are computed for both normal and accident internal pressures. The 
results are given in the following table (conservatively using the outer radius for r): 

Classical Shell Theory Results for Normal and Accident Internal Pressures 

Item ar1 (psi) 0.2 (psi) Q3 (psi) a1 - aF3 (psi) 

P= 100 psi 6838 3419 -100 6938 

P= 200 psi 13675 6838 -200 13875 

Finite Element Analysis (Load Case El.a and E1.c of Table 3.1.4) 

The MPC shell, the top lid, and the baseplate together form the confinement boundary (enclosure 
vessel) for storage of spent nuclear fuel. In this section, we evaluate the operating condition 
consisting of dead weight, internal pressure, and thermal effects for the hot condition of storage. The 
top and bottom plates of the MPC enclosure vessel (EV) are modeled using plane axisymmetric 
elements, while the shell is modeled using the axisymmetric thin shell element. The thickness of the 
top lid varies in the different MPC types; for conservative results, the minimum thickness top lid is 
modeled. The temperature distributions for all MPC constructions are nearly identical in magnitude 
and gradient and reflect the thermosiphon effect inside the MPC. Temperature differences across the 
thickness of both the baseplate and the top lid exist during HI-STORM 100's operations. There is 
also a thermal gradient from the center of the top lid and baseplate out to the shell wall. The metal 
temperature profile is essentially parabolic from the centerline of the MPC out to the MPC shell.  
There is also a parabolic temperature profile along the length of the MPC canister. Figure 3.4.11 
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shows a sketch of the confinement boundary structure with identifiers A-I locating points where 
temperature input data is used to represent a continuous temiperature distribution for analysis 
purposes. The overall dimensions of the confinement boundary are also shown in the figure.  

The desired temperatures for confinement thermal stress analysis are determined from Tables 4'4.9, 
4.4.10, 4.4.19, 4.4.26, and 4.4.27 in Chapter 4. The MPC-68 is identified to have the maximum 
through thickness thermal gradients. Detailed stress analyses are performed only for the MPC-68; 
these results are representative for all MPCs.  

Figure 3.4.12 shows details of the finite element model of the top lid, canister shell, and baseplate.  
The top lid is modeled with 40 axisymmetric quadrilateral elements; the weld connecting the lid to 
the shell is modeled by a single element solely to capture the effect of thetop lid attachment to the 
canister offset from the middle surface of the top lid. The MPC canister is modeled by 50 
axisymmetric shell elements, with 20 elements concentrated in a short length of shell appropriate to 
capture the so-called "bending boundary layer" at both the'top and bottom ends of the canister. The 
remaining 10 shell elements model the MPC canister structure away from the shell ends in the region 
where stress gradients -are expected to be of less importance. The baseplate is modeled by 20 
axisymmetric quadrilateral elements. Deformation compatibility at the connections is enforced at the 
top by the single weld element, and deformation and rotation compatibility at the bottom by 
additional shell elements between nodes 106-107 and 107-108.  

The geometry of the model is listed below (terms are defined in Figure 3.4.12): 

Ht= 9.5" (the minimum thickness lid is assumed) 

RL = 0.5 x 67.25" (Bill of Materials for Top Lid) 

LC= 190.5" (Drawing 1996, Sheet 1) 

ts = 0.5" 

tBp = 0.5 x 68.375" 

f3= 2R-It = 12" (the "bending boundary layer") 

Stress analysis results are obtained for two cases as follows: 

a. internal pressure = 100 psi 

b. internal pressure = 100 psi plus applied temperatures 

For this configuration, dead weight of the top lid acts to reduce the stresses due to pressure. For 
example, the equivalent pressure simulating the effect of the weight of the top lid is an external 
pressure of 3 psi, which reduces the pressure difference across the top lid to 97 psi. The dead weight 
of the top lid is neglected to provide additional conservatism in the results. The dead weight of the 
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baseplate, however, adds approximately 0.73 psi to the effective internal pressure acting on the base.  
The effect of dead weight is still insignificant compared to the 100 psi design pressure, and is 
therefore neglected. The thermal loading in the confinement vessel is obtained by developing a 
parabolic temperature profile to the entire length of the MPC canister and to the top lid and 
baseplate. The temperature data provided at locations A-I in Figure 3.4.11 and 3.4.12 are sufficient to 
establish the profiles. Through-thickness temperatures are assumed linearly interpolated between top 
and bottom surfaces of the top lid and baseplate.  

Finally, in the analysis, all material properties and expansion coefficients are considered to be 
temperature-dependent in the model.  

Results for stress intensity are reported for the case of internal pressure alone and for the combined 
loading of pressure plus temperature (Load Case El.c in Table 3.1.4). Tables 3.4.7 and 3.4.8 report 
results at the inside and outside surfaces of the top lid and baseplate at the centerline and at the 
extreme radius. Canister results are reported in the "bending boundary layer" and at a location near 
mid-length of the MPC canister. In the tables, the calculated value is the value from the finite 
element analysis, the categories are Pm- primary membrane; PL + Pb = local membrane plus primary 
bending; and PL + Pb + Q = primary plus secondary stress intensity. The allowable strength value is 
obtained from the appropriate table in Section 3.1 for Level A conditions, and the safety factor SF is 
defined as the allowable strength divided by the calculated value. Allowable strengths for Alloy X 
are taken at 300 degrees F at the bottom of the MPC and 500 degrees F at the top of the MPC. These 
temperatures reflect actual operating conditions per Table 4.4.19. The results given in Tables 3.4.7 
and 3.4.8 demonstrate the ruggedness of the MPC as a confinement boundary.  

The results in Table 3.4.7 and 3.4.8 also show that the baseplate and the shell connection to the 
baseplate are the most highly stressed regions under the action of internal pressure. To confirm the 
finite element results, we perform an alternate closed form solution using classical plate and shell 
theory equations that are listed in or developed from the reference (Timoshenko and Woinowsky
Krieger, Theory of Plate and Shells, McGraw Hill, Third Edition).  

Assuming that the thick baseplate receives little support against rotation from the thin shell, the 
bending stress at the centerline is evaluated by considering a simply supported plate of radius a and 
thickness h, subjected to lateral pressure p. The maximum bending stress is given by 

3 (3+v) h2 
8 h 

where: 

a = .5 x 68.375" 

h= 2.5" 

V = 0.3 (Poisson's Ratio) 
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p = 100 psi

Calculating the stress in the plate gives a = 23,142 psi.  

Now consider the thin MPC shell (t = 0.5") and first assume that the baseplate provides a clamped 
support to the shell. Under this condition, the bending stress in the thin shell at the connection to the 
plate is given as 

OrBp=3pa (l-v/2) =0,553psi t J/3(I_-V2)m 1/2 53s 

In addition to this stress, there is a component of stress in the shell due to the baseplate rotation that 
causes the-shell to rotate. Thejoint rotation is essentially driven by the behavior of the baseplate as a 
simply supported plate; the shell offers little resistance because of the disparity in thickness and will 
essentially follow the rotation of the thick plate.  

Using formulas from thin shell theory, the additional axial bending stress in the shell due to this 
rotation 0 can be written in the form 

C'Be = 12 fj D.-

where 

6=pa3/8D (I"+ v)* + a) 

and

D- Eh 3 

12(1 -V 2) 

2/kat 3 

h3(l +v) 

Et3 

Ds=- 
t 

12 (1- v')

E = plate Young's Modulus
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,62 =3(1 - v)/at

Substituting the numerical values gives 

aB0 = 40,563 psi 

We note that the approximate solution is independent of the value chosen for Young's Modulus as 
long as the material properties for the plate and shell are the same.  

Combining the two contributions to the shell bending stress gives the total extreme fiber stress in the 
longitudinal direction as 51,116 psi.  

The baseplate stress valute, 23,142 psi, compares well with the finite element result 20,528 psi (Table 
3.4.7). The shell joint stress, 51,116 psi, is greater than the finite element result (43,986 psi in Table 
3.4.7). This is due to the local effects of the shell-to-baseplate connection offset. That is, the 
connection between shell and baseplate in the finite element model is at the surface of the baseplate, 
not at the middle surface of the baseplate. This offset will cause an additional bending moment that 
will reduce the rotation of the plate and hence, reduce the stress in the shell due to the rotation of the 
baseplate.  

In summary, the approximate closed form solution confirms the accuracy of the finite element 
analysis in the baseplate region.  

From Table 2.2.1, the off-normal design internalpressure isllO psi, or ten percent greater than the 
normal design pressure. Whereas Level A service limits are used to establish allowables for the 
normal design pressure, Level B service limits are usedfor off-normal loads. Since Subsection NB 
oftheASME Code permits an identical 10% increase in allowable stress intensity values for primary 
stress intensities generated by Level B Service Loadings, it stands to reason that the safety factors 
reported in Tables 3.4.7 and 3.4.8 bound the case of off-normal design internal pressure.  

Under the accident pressure, the MPC baseplate experiences bending. Table NB-3217-1 permits the 
bending stress at the outer periphery of the baseplate and in the shell wall at the connection to be 
considered as a secondary bending stress if the primary bending stress at the center of the baseplate 
can be shown to meet the stress limits without recourse to the restraint provided by the MPC shell.  
To this end, the bending stress at the center of the baseplate is computed in a conservative manner 
assuming the baseplate is simply supported at the periphery. The bending stress for a simply 
supported circular plate is 

or = (9 /8)p(Xt )y 
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At the accident pressure, conservatively set at twice the normal operating pressure, the maximum 
stress is: 

Bending stress at center of baseplate = 46,284 psi 

Since this occurrence is treated as a Level D event, the stress intensity is compared with the limit 
from Table 3.1.14 and the safety factor computed as, "SF", where 

SF = 69,300 psi/(46,284+200) psi = 1.49 

3.4.4.3.1.3 Elastic Stability and Yielding of the MPC Basket under Compression Loads (Load 
Case F3 in Table 3.1.3) 

This load cas6 corresponds to the scenario wherein the loaded MPC is postulated to drop causing a 
compression state in the fuel basket panels.  

a. Elastic Stability 

Following the provisions of Appendix F of the ASME Code [3.4.3] for stability analysis of 
Subsection NG structures, (F-1331.5(a)(1)), a comprehensive buckling analysis is performed using 
ANSYS. For this analysis, ANSYS's large deformation capabilities are used. This feature allows 
ANSYS to account for large nodal rotations in the fuel basket, which are characteristic of column 
buckling. The interaction between compressive and lateral loading, caused by the deformation, is 
exactly included. Subsequent to the large deformation analysis, the basket panel that is most 
susceptible to buckling failure is identified by a review of the results. The lateral displacement of a 
node located at the mid-span of the panel is measured for the range of impact decelerations. The 
buckling or collapse load is defined as the impact deceleration for which a slight increase in its 
magnitude results in a disproportionate increase in the lateral displacement.  

The stability requirement for the MPC fuel basket under lateral loading is satisfied if two-thirds of 
the collapse deceleration load is greater than the design basis horizontal acceleration (Table 3.1.2).  
This analysis was performed for the HI-STAR 100 submittal (Docket Number 72-1008) under a 60g 
deceleration loading. Within the HI-STAR 100 FSAR (Docket Number 72-1008), Figures 3.4.27 
through 3.4.32 are plots of lateral displacement versus impact deceleration for the MPC-24, MPC-32, 
and MPC-68. It should be noted that the displacements (in the HI-STAR 100 FSAR) in Figures 
3.4.27 through 3.4.31 are expressed in Ix 10-1 inch and Figure 3.4.32 is expressed in 1 x 10-2 inch. The 
plots in the HI-STAR 100 FSAR clearly show that the large deflection collapse load of the MPC fuel 
basket is greater than 1.5 times the design basis deceleration for all baskets in all orientations. The 
results for the MPC-24Eare similar. Thus, the requirements of Appendix F are met for lateral 
deceleration loading under Subsection NG stress limits for faulted conditions.  

An alternative solution for the stability of the fuel basket panel is obtained using the methodology 
espoused in NUREG/CR-6322 [3.4.13]. In particular, we consider the fuel basket panels as wide 
plates in accordance with Section 5 of NUREG/CR-6322. We use eq.(19) in that section with the 
"K" factor set to the value appropriate to a clamped panel. Material properties are selected 
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corresponding to a metal temperature of 500 degrees F which bounds computed metal temperatures 
at the periphery of the basket. In general, the basket periphery sees the largest loading in an impact 
scenario. The critical buckling stress is: 

ar =(y ) 2-E (h)2 K 12I- 2)aJ 

where h is the panel thickness, a is the unsupported panel length, E is the Young's Modulus of Alloy 
X at 500 degrees F, v is Poisson's Ratio, and K=0.65 (per Figure 6 of NUREG/CR-6322).  

The MPC-24 has a small h/a ratio; the results of the finite element stress analyses under design basis 
deceleration load show that this basket is subject to the highest compressive load in the panel.  
Therefore, the critical buckling load is computed using the geometry of the MPC-24. The following 
table shows the results from the finite element stress analysis and from the stability calculation.  

Panel Buckling Results From NUREG/CR-6322 
Item Finite Element Stress Critical Buckling Factor of 

(ksi) Stress (ksi) Safety 
Stress 12.585 45.32 3.601 

For a stainless steel member under an accident condition load, the recommended safety factor is 
2.12. We see that the calculated safety factor exceeds this value; therefore, we have independently 
confirmed the stability predictions of the large deflection analysis based on classical plate stability 
analysis by employing a simplified method.  

Stability of the basket panels, under longitudinal deceleration loading, is demonstrated in the 
following manner. Under 60g deceleration in Docket Number 72-1008, the axial compressive stress 
in the baskets were computed for the MPC-24, 68, and 32, as: 

MPC-24 3,458 psi 
MV1PC-68 3,739 psi 
MPC-32 4,001 psi 

For the 45g design basis decelerations for HI-STORM 100, the basket axial stresses are reduced by 
25%.  

The above values represent the amplified weight, including the nonstructural sheathing and the 
neutron absorber material[Bef, divided by the bearing area resisting axial movement of the basket.  
To demonstrate that elastic instability is not a concern, the buckling stress for an MPC-24 flat panel 
is computed.  
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For elastic stability, Reference [3.4.8] provides the formula for critical axial stress as 

4 r 2 E (T 2 

o• =12 (1-iV2) W 

where T is the panel thickness and W is the width of the panel, E is the Young's Modulus at the 
metal temperature and v is the metal Poisson's Ratio. The following table summarizes the 
calculation for the critical buckling stress using the formula given above: 

Elastic Stability Result for a Flat Panel 
Reference Temperature 725 degrees F 

T (MPC-24)" 5/16 inch 
W 10.777 inch 
E 24,600,000 psi 

Critical Axial Stress 74,781 psi 

It is noted the critical axial stress is an order of magnitude greater than the computed basket axial 
stress reported in the foregoing and demonstrates that elastic stability under longitudinal deceleration 
load is not a concern for any of the fuel basket configurations.  

b. Yielding 

The safety factor against yielding of the basket under longitudinal compressive stress from a design 
basis inertial loading is given, using the results for the MPC-32, by 

SF = 17,100/4,001 = 4.274 

Therefore, plastic deformation of the fuel basket under design basis deceleration is not credible.  

3.4.4.3.1.4 MPC Baseplate Analysis (Load Case E2) 

A bounding analysis is performed in the HI-STAR 100 FSAR (Docket Number 72-1008, Appendix 
3.1) to evaluate the stresses in the MPC baseplate during the handling of a loaded MPC. The stresses 
in the MPC baseplate calculated in that appendix are compared to Level A stress limits and remain 
unchanged whether the overpack is H!-STAR 100, rH-STORM 100, or HI-TRAC. Therefore, no new 
analysis is needed. We have reported results for this region in Subsection 3.4.3 where an evaluation 
has been performed for stresses under three times the supported load.
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3.4.4.3.1.5 Analysis of the MPC Top Closure (Load Case E2)

The FSAR for the HI-STAR 100 System (Docket Number 72-1008, Appendix 3.E) contains stress 
analysis of the MPC top closure during lifting. Loadings in that analysis are also valid for the HI
STORM 100 System.  

3.4.4.3.1.6 Structural Analysis of the Fuel Support Spacers (Load Case E3.a) 

Upper and lower fuel support spacers are utilized to position the active fuel region of the spent 
nuclear fuel within the poisoned region of the fuel basket. It is necessary to ensure that the spacers 
will continue to maintain their structural integrity after an accident event. Ensuring structural 
integrity implies that the spacer will not buckle under the maximum compressive load, and that the 
maximum compressive stress will not exceed the compressive strength of the spacer material (Alloy 
X). Detailed calculations in Docket Number 72-1008, Appendix 3.J, demonstrate that large 
structural margins in the fuel spacers are available for the entire range of spacer lengths which may 
be used in HI-STORM 100 applications (for the various acceptable fuel types). The calculations for 
the HI-STORM 100 45g load are bounded by those for the HI-STAR 100 60g load.  

3.4.4.3.1.7 External Pressure (Load Case El.b, Table 3.1.4) 

Design external pressure is applied to the MPC model. The outer surface of the MPC shell is 
subject to external pressure. The magnitude of the external pressure applied to the model is taken 
from Table 2.2.1. Analysis of the MPC under the external pressure is provided in the HI-STAR 
100 FSAR Docket Number 72-1008 (Appendix 3.H) and therefore, is not repeated here.  

3.4.4.3.1.8 Miscellaneous MPC Structural Evaluations 

Calculations are performed to determine the minimum fuel basket weld size, the capacity of the 
sheathing welds, the stresses in the MPC cover plates, and the stresses in the fuel basket angle 
supports. The following paragraphs briefly describe each of these evaluations.  

The fillet welds in the fuel basket honeycomb are made by an autogenous operation that has 
been shown to produce highly consistent and porosity free weld lines. However, Subsection 
NG of the ASME Code permits only 40% quality credit on double fillet welds which can be 
only visually examined (Table NG-3352-1). Subsection NG, however, fails to provide a 
specific stress limit on such fillet welds. In the absence of a Code mandated limit, Holtec 
International's standard design procedure requires that the weld section possess as much 

Sload resistance capability as the parent metal section. Since the loading on the honeycomb 
panels is essentially that of section bending, it is possible to develop a closed form expression 
for the required weld throat thickness "t'" corresponding to panel thickness "h ".  

The sheathing is welded to the fuel basket cell walls to protect and position the neutron 
absorber material. Force equilibrium relationships are used to demonstrate that the 
sheathing weld is adequate to support a 45g deceleration load applied vertically and 
horizontally to the sheathing and the confined neutron absorber material The analysis 
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assumes that the weld is continuous and then modifies the results to reflect the amplification 
due to intermittent weldirig.  

The MPC coverplates are welded to the MPC lid during loading operations. The coverplates 
are part of the confinement boundaryfor the MPC. No credit is taken for the pressure retaining 
abilities of the quick disconnect couplings for the MPC vent and drain. Therefore, the MPC 
cover plates must meet ASME Code, Section III, Subsection NB limits for normal, off-normal, 
and accident conditions. Conservatively, the accident condition press-ure loading is applied, and 
it is demonstrated that the Level A limits for Subsection NB are met.  

The fuel basket internal to the MPC canister is supported by a combination of angle fuel basket 
supports and flat plate or solid bar fuel basket supports. These fuel basket supports are subject 
to significant load only when a lateral acceleration is applied to the fuel basket and the 
contained fuel. The quasi-static finite element analyses of the MPC's, under lateral inertia 
loading, focused on the structural details of the fuel basket and the MPC shell. Basket supports 
were modeled in less detail which served only to properly model the load transfer path between 
fuel basket and canister. Safety factors reported for the fuel basket supports from the finite 
element analyses, are overly conservative, and do not reflect available capacity of the fuel basket 
angle support. A strength of materials analysis of the fuel basket angle supports is performed to 
complement the finite element results. The-Ield stresses are computed at the support-to-shell 
interface, and membrane and bending stresses in the basket support angle plate itself Using this 
strength of materials approach, we demonstrate that the safety factors for the fuel basket angle 
supports are larger than indicated by the finite element analysis.  

The results of these evaluations are summarized in the tables below.

Minimum Weld Sizes for Fuel Baskets 

Basket Type Panel Thickness (Ih), in t/h Ratio Minimum Weld Size (t), in 

MPC-24 5/16 0.57 0.178 

MPC-68 1/4 0.516 0.129 

MPC-32 9/32 0.57 0.160 

MPC-24E 5/16 0.455 0.142
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3.4.4.3.2 HI-STORM 100 Storage Overpack Stress Calculations

The structural functions of the storage overpack are stated in Section 3.1. The analyses presented 
here demonstrate the ability of components of the HI-STORM 100 storage overpackto perform their 
structural functions in the, storage mode. Load Cases considered are given in Table 3.1.5. The 
nomenclature used to identify the load cases (Load Case Identifier) considered is also given in Table 
3.1.5.  

The purpose of the analyses is to provide the necessary assurance that there will be no unacceptable 
release of radioactive material, unacceptable radiation levels, or impairment of ready retrievability of 
the MPC from the storage overpack. Results obtained using the HI-STORM 100 configuration are 
identical to or bound results for the HI-STORM 1OOS configuration.  

3.4.4.3.2.1 HI-STORM 100 Compression Under the Static Load of a Fully Loaded HI-TRAC
Positioned on the Top of HI-STORM 100 (Load Case 01 in Table 3.1.5)

During the loading of HI-STORM 100, a HI-TRAC transfer cask with a fully loaded MPC may be 
placed on the top of a HI-STORM 100 storage overpack. During this operation, the HI-TRAC may 
be held by a single-failure-proof lifting device so a handling accident is not credible. The HI
STORM 100 storage overpack must, however, possess the compression capacity to support the 
additional dead load. The following analysis provides the necessary structural integrity 
demonstration; results for the HI-STORM 100 overpack are equal to or bound those for the HI
STORM 100S.  

Define the following quantities for analysis purposes: 

Wwr = Bounding weight of HI-TRAC 125D (loaded w/ MPC-32) = 233,000 lb (Table 3.2.2) 

WMD = Weight of mating device = 15,000 lb
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Miscellaneous Stress Results for MPC 

Iten Stress (ksi) Allowable Stress (ksi) Safety Factor 

Shear Stress in Sheathing Weld 2.968 27.93 9.41 

Bending Stress in MPC Cover 17.60 24.425 1.39 
Plate 

Shear Stress in MPC Cover 3.145 18.99 6.04 
Plate Weld 

Shear Stress in Fuel Basket 4.711 9.408 2.00 
Support Weld 

Combined Stress in Fuel 32.393 59.1 1.82 
Basket Support Plates I

<2



WTOTAL = WXV + WMD = 248,000 lb

The total weight of the HI-TRAC 125D plus the mating device is greater than the weight of a loaded 
HI-TRAC 125 with the transfer lid. Therefore, the following calculations use the weight for the HI
TRAC 125D as input.  

The dimensions of the compression components of HI-STORM 100 are as follows:

outer diameter of outer shell = 
thickness of outer shell = 
outer diameter of inner shell = 
thickness of inner shell 
thickness of radial ribs

Do = 132.5" 
to = 0.75" 
D, = 76" 
t = 1.25" 
tr = 0.75"

The metal area of the outer metal shell is 

2r •. (D t.)2) = 4(132.52_12) 
Ao = (Do-D 2 -(3 1312 

=310.43 in
2 

The metal area of the radial ribs is 

S4 t, (Do -2 to - D) /2 = 3 (131 -76) = 82.5 in2 

2 

The metal area of the inner shell is 

;r 2 7 52) 

A. =- (D.2- (D.,- 2 t.)2) (7-73 
4 4 

= 293.54 in2 

There are four radial ribs that extend full length and can carry load. The concrete radial shield can 
also support compression load. The area of concrete available to support compressive loading is
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Acontc - (( Do- 2to) 2 -(D,) 2) - Ar 4 

= (1312 -762) -82.5 in 2' 
4 

= (8,994- 82.5) in2 = 8,859.5 in2 

The areas computed above are calculated at a section below the air outlet vents. To correct the 
above areas for the presence of the air outlet vents (HI-STORM 100 only since HI-STORM 100S has 
the air outlet vents located in the lid), we note that Bill-of-Materials 1575 in Chapter 1 gives the size 
of the horizontal plate of the air outlet vents as: 

Peripheral width = w = 16.5" 
Radial depth = d = 27.5" (over concrete in radial shield) 

Using these values, the following final areas are obtained: 

A, = Ao(no vent) - 4tow = 260.93 sq. inch 

A, = A,(no vent) - 4tw = 211.04 sq. inch 

Aconcrete = Aconcrete(no vent) - 4dw = 7044.2 sq. inch 

The loading case is a Level A load condition. The load is apportioned to the steel and to the concrete 
in accordance with the values of EA for the two materials (E(steel) = 28,000,000 psi and 
E(concrete)=3,605,000 psi).  

EA(steel)= 28x 106 psix (260.93 + 211.04+ 82.5)in2 

=15,525.21bx106 lbs.  

EA(concrete) =3.605 x 106 x (7044.2) in2 

= 25,394.3 x 106 lb.  

Therefore, the total HI-TRAC load will be apportioned as follows: 

FSTEEL = (15,525.2/40,919.5) x 248,000 = 94,093.2 lb.  

FCONCRETE = (25,394.3/40,919.5) x 248,000 = 153,906.7 lb.  

Therefore, if the load is apportioned as above, with all load-carrying components in the path acting, 
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the compressive stress in the steel is

If we conservatively neglect the compression load bearing capacity of concrete, then 

_248,000 
OSTEEL = 447.2 psi 554.5 

If we include the concrete, then the maximum compressive stress in the concrete is: 

OCOCREE =FCONCRmET tCCONCR~r• -- --u 21.8 psi 
ACONCRETE 

It is clear that HI-STORM 100 storage overpack can support the dead load of a fully loaded HI
TRAC 125D and the mating device placed on top for MPC transfer into or out of the HI-STORM 
,100 storage overpack cavity. The calculated stresses at a cross-section throughthe air outlet ducts are 
small and give rise to large factors of safety. The metal cross-section at the base of the HI-STORM 
storage overpack will have a slightly larger metal area (because the width of the air-inlet ducts is 
smaller) but will be subject to additional dead load from the weight of the supported metal 
components of the HI-STORM storage overpack plus the loaded HI-TRAC weight. At the base of 
the storage overpack, the additional stress in the outer shell and the radial plates is due solely to the 
weight of the component. Based on the m'akimum concrete density, the additional stress in these 
components is computed as: 

Aa = (160.8 lb./cu.ft.) x 18.71 ft./144 sq.inr./sq.ft. = 20.9 psi 

This stress will be further increased by a small amount because of the material cut away by the air
inlet ducts; however, the additional stress still remains small. The inner shell, however, is subject to 
additional loading from the top lid of the storage overpack and from the radial shield. From the 
Structural Calculation Package (HI-981928)(see Subsection 3.6.4 for'the ieference), and from Table 
3.2.1, the following weights are obtained (using the higher IOOS lid weight): 

HI- STORM 100S Top Lid weight < 25,500 lb.  
HI-STORM 100 Inner Shell weight < 19,000 lb.  
HI-STORM 100 Shield Shell weight < 11,000 lb.  

Note that the shield shell was removed from the HI-STORM 100 design as of June, 2001. However, 
it is conservative to include the shield shell weight in the following calculations.  

Using the calculated inner shell area at the to'p oý the storage overpack for conservatism, gives the 
metal area of the inner shell as: 

A, = A,(no vent) - 4t,w = 211.04 sq. inch 
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Therefore, the additional stress from the HI-STORM 100S storage overpack components, at the base 
of the overpack, is: 

Aa = 263 psi 

and a maximum compressive stress in the inner shell predicted as: 

Maximum stress = 447 psi + 263 psi = 710 psi 

The safety factor at the base of the storage overpack inner shell (minimum section) is 

SF = 17,500psi/710 psi = 24.6 

The preceding analysis is bounding for the 100 Ton HI-TRAC transfer cask because of the lower HI
TRAC weight.  

The preceding analysis is valid for both the HI-STORM 100 and the HI-STORM IOOS since the 

bounding lid weight has been used.  

3.4.4.3.2.2 HI-STORM 100 Lid Integrity Evaluation (Load Case 02.c. Table 3.1.5) 

A non-mechanistic tip over of the HI-STORM 100 results in high decelerations at the top of the 
storage overpack. The storage overpack lid diameter is less than the storage overpack outer diameter.  
This ensures that the storage overpack lid does not directly strike the ground but requires analysis to 
demonstrate that the lid remains intact and does not separate from the body of the storage overpack.  
Figure 3.4.19 shows the scenario.  

The HI-STORM 100 overpack has two lid designs, which rely on different mechanisms to resist 
separation from the overpack body. The original design relies solely on the lid studs to resist the 
shear and axial loads on the lid. In the new design, the bolt holes are enlarged and a shear ring is 
welded to the underside of the lid top plate. These changes insure that the lid studs only encounter 
axial (tensile) loads. The in-plane load is resisted by the shear ring as it bears against the top plate.  
The HI-STORM IOOS has only one lid design, which utilizes a shear ring. Calculations have been 
performed for both HI-STORM 100 lid configurations, as well as the HI-STORM IOOS lid geometry, 
to demonstrate that the lid can withstand a non-mechanistic tip-over.  

decelerati. n based en the original design (i.e., n. shear- ring). The deceleration level for the non
mechanistic tip-over bounds all other decelerations, directed in the plane of the lid, experienced 
under other accident conditions such as flood or earthquake as can be demonstrated by evaluating the 
loads resulting from these natural phenomena events.  

AXppendix 3 .L presents the or-iginal calculations that demonstrate that the foulr. Studs held the storage 
over-paclc lid in plaee, relative to the HI1 ST-ORN 100 body, for a postulated non meehanistie HI
ST.O.A. 100 tip ever- event. It is shown that the weight of the HI-STORM 100 lid, amplified by the 
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design basis deceleration, can be supported entirely by the shear capacity available in the four studst.  
The detailed calculations in Appendix I.. ýmo•r. .nstrate that hf only a single stud is loaded initially 
during a tipover (because of tolerances), the stud hole will enlarge rather than the stud fail in shear.  
Therefore, it is assured that all four bolts will resist the tipover load regardless of the initial position 
of the HI-STORM 100 lid.  

The following tables summarize the limiting results obtained from the detailed analyses--in 
Appendi-s 3.K ind- 3.L, and from the similar detailed analysis for the rn-STORM 100 lid with 
shear ring and for the HI-STORM 100S(243). The results for the HI-STORM I 00S(243) bound the 
results for the shorter HI-STORM 1 OOS(232).

Item Value (ksi) Allowable (ksi) Safety Factor 
Lid Shell-Lid Top Plate Weld Shear Stress 6.733 29.4 4.367.  
Lid Shell-Lid Top Plate Combined Stress 9.11 29.4 3.226 
Attachment Bolt Shear Stress 44.82 60.9 1.359 

Attachment Bolt Combined Shear and 
Tension Interaction at Interface with -- 1.21 
Anchor Block' 

HII-STORM 100 Top Lid Integrity (With Shear Ring) 
Item Value (ksi) Allowable (ksi) Safety Factor 

Lid Top Plate-to-Lid Shell Weld Combined 7.336 29.4 4.007 
Stress 

Shield Block Shells-to-Lid Top Plate Weld 1.768 29.4 16.63 
Combined Stress 
Attachment Bolt Tensile Stress 28.02 107.13 3.823 
Shear Ring-to-Lid Top Plate Weld Stress 32.11 40.39 1.258 
Shear Ring Bearing Stress 25.43 63.0 2.477 
Top Plate-to-Outer Shell Weld Stress 35.61 40.39 1.134

The tip-over event is non-mechanistic by definition since the HI-STORM 100 System is designed to preclude 
tip-over under all normal, off-normal, and accident conditions of storage, including extreme natural phenomena 
events. Thus, the tip-over event cannot be categorized as an operating or test condition as contemplated by 
ASME Section III, Article NCA-2141. The bolted connection between the overpack top lid and the overpack 
body provided by the top lid studs and nuts serves no structural function during normal or off-normal storage 
conditions, or for credible accident events. Therefore, the ASME Code does not apply to the construction ofthe 
HIl-STORM top plate-to-overpack connection (the lid studs, nuts, and the through holes in the top plate).  
However, for conservatism, the stress limits from ASME Ill, Subsection NF are used for the analysis of the lid 
bolts in Appendix 6. .
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Item° Value (ksi) Allowable (ksi) Safety Factor 

Inner and Outer Shell Weld to Base 15.98 29.4 1.840 

Shield Block Shell-to-Lid Weld Shear Stress 5.821 29.4 5.051 

Shield Block Shell Stress 5.975 29.4 4.921 

'Attachment Bolt Tensile Stress 34.04 107.13 3.147 

Shear Ring-to Overpack Shell Weld Stress 30.27 42.0 1.388 

Shear Ring Bearing Stress 17.63 63.0 3.573 

Lid Shell Ring-to-Shear Ring Weld Stress 19.01 42.0 2.209

3.4.4.3.2.3 Vertical Drop of HI-STORM 100 Storage overpack (Load Case 02.a of Table 3.1.5) 

A loaded HI-STORM 100, with the top lid in place, drops vertically and impacts the ISFSI. Figure 
3.4.20 illustrates the drop scenario. The regions of the structure that require detailed examination are 
the storage overpack top lid, the inlet vent horizontal plate, the pedestal shield, the inlet vent vertical 
plate, and all welds in the load path. These components are examinedfor Appendix 23.M examinez 
the Level D event of a HI-STORM 100 drop developing the design basis deceleration.  

The table provided below summarizes the results of the analyses .. tIl. .ippendix 3... for.the 
weight and configuration of the HI-STORM 100. The results for the HI-STORM 100S are bounded 
by the results given below. Any calculation pertaining to the pedestal is bounding since the pedestal 
dimensions and corresponding weights are less in the HI-STORM 100S.
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HI-STORM 100 Load Case 02.a Evaluation 

Item - Value (ksi) Allowable Safety Factor 
(ksi) 

Lid Bottom Plate 6.02 59.65 9.908t 
Bending Stress Intensity 

Weld- lid bottom plate-to-lid shell 10.91 29.4 2.695 

Lid Shell - Membrane Stress Intensity 1.90 39.75 20.92 
LidTop (2" thick) Plate Bending Stress 11.27 59.65 5.293* 
Intensity 

Inner Shell -Membrane Stress Intensity 8.88 39.75 4.476 
Outer Shell -Membrane Stress Intensity 3.401 39.75 11.686 
Inlet Vent Horizontal Plate Bending 37.14 59.65 1.606 
Stress Intensity 

Inlet Vent Vertical Plate Membrane 10.34 39.75 3.844 
Stress Intensity 

Pedestal Shield - Compression 1.252 1.266 1.011 
-Weld - outer shell-to-baseplate 4.133 29.4 7.116 
Weld - inner shell-to-baseplate 5.896 29.4 4.987 
Weld-Pedestal shell-to-baseplate 4.563 29.4 6.444 

Note t hat Append 3.X 3Ahc, ,w that the dynamic load factor for the lid top plate is negligible I 
and for the lid bottom plate is 1.06. This dynamic load factor has been incorporated in the 
above table.  

Forthe HI-STORM IOOS, this safety factor is conservatively evaluated I dAp_ li. 3-14.M toI 
be 1.625 because of increased load on the upper of the two lid plates.  

Appehdbi 3.AK ecntain-& ,An assessment of the potential for instability of the compressed inner and 
outer shells under ihe compressive loading during the drop event has also been performed. The 
methodology is from ASME Code Case N-284 (Metal Containment Shell Buckling Design Methods, 
Division I, Class MC (8/80)). This Code Case has been previously accepted by the NRC as an 
acceptable method for evaluation of stability in vessels. The results obtained are conservative in that 
the loading'in the shells is assumed to be'uniformly distributed over the entire length of the shells. In 
reality, the component due to the amplified weight of the shell varies from zero at the top of the shell 
to the maximum value at the base of the shell. It is concluded in Appendix .3AK that large factors of I 
safety exist so that elastic or plastic instability of the inner and outer shells does not provide a 
limiting condition. The results for the HI-STORM 100 bound similar results for the HI-STORM 
IOOS since the total weight of the "S" configuration is decreased (see Subsection 3.2).
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The results from Appendix -.. and 3-.AK do not show any gross regions of stress above the material 
yield point that would imply the potential for gross deformation of the storage overpack subsequent 
to the handling accident. MPC stability has been evaluated in the HI-STAR 100 FSAR for a drop 
event with 60g deceleration and shown to satisfy the Code Case N-284 criteria. Therefore, ready 
retrievability of the MPC is maintained as well as the continued performance of the HI-STORM 100 
storage overpack as the primary shielding device.  

3.4.4.3.3 HI-TRAC Transfer Cask Stress Calculations 

The structural functions of the transfer cask are stated in Section 3.1. The analyses presented here 
demonstrate the ability of components of the HI-TRAC transfer cask to perform their structural 
functions in the transfer mode. Load Cases considered are given in Table 3.1.5.  

The purpose of the analyses is to provide the necessary assurance that there will be no unacceptable 
release of radioactive material, unacceptable radiation levels, or impairment of ready retrievability.  

3.4.4.3.3.1 Analysis of Pocket Trunnions (Load Case 01 of Table 3,1.5) 

The HI-TRAC 125 and HI-TRAC 100 transfer casks have pocket trunnions attached to the outer 
shell and to the water jacket. During the rotation of HI-TRAC from horizontal to vertical or vice 
versa (see Figure 3.4.18), these trunnions serve to define the axis of rotation. The HI-TRAC is also 
supported by the lifting trunnions during this operation. Two load conditions are considered: Level A 
when all four trunnions support load during the rotation; and, Level B when the hoist cable is 
assumed slack so that the entire load is supported by the rotation trunnions. A dynamic amplification 
of 15% is assumed in both cases appropriate to a low-speed operation. Appendices 23_4_AX ..and4 3._4 
(for- the ýH T-RAC 125 and HI TRA.C 100, respetively) present the analysis of th: pcsket trunni 
Figure 3.4.23 shows a free body of the trunnion and shows how the applied force and moment are 
assumed to be resisted by the weld group that connects the trunnion'to the outer shell. Drawings 
1880 (sheet 10) and 2145 (sheet 10) show the configuration. An optional construction for the HI
TRAC 100 permits the pocket trunnion base to be split to reduce the "envelope" of the HI-TRAC.  
For that construction, bolts and dowel pins are used to insure that the force and moment applied to 
the pocket trunnions are transferred properly to the body of the transfer cask. The analysis Appenadi*] 
3-.A--also evaluates the bolts and dowel pins and demonstrates that safety factors greater than 1.0 
exist for bolt loads, dowel bearing and tear-out, and dowel shear. Allowable strengths and loads are 
computed using applicable skctions of ASME Section III, Subsection NF.  

Unlike the HI-TRAC 125 and the HI-TRAC 100, the HI-TRAC 125D is designed and fabricated 
without pocket trunnions. An L-shaped rotation frame is used to upend and downend the HI-TRAC 
125D, instead of pocket trunnions. Thus, a pocket trunnion analysis is not applicable to the HI
TRAC 125D.  
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The table below summarizes the results for the HI-TRAC 125 and the HI-TRAC 100 frem the twe 
appendiees:

Allowable stress is reported for the Level B loading, which results in the minimum safety 
factor.

To provide additional information on the local stress state adjacent to the rotation trunnion, 
Appendix3.AA alse inehl,,s-a new finite element analysis is undertaken to provide ..... -'-g 

details on the state of stress in the metal structure surrounding the rotation trunriions for the HI
TRAC 125. The finite element analysis has been based on a model that includes major structural 
contributors from the waterjacket enclosure shell panels, radial channels, end plates, outer and inner 
shell, and bottom flange. In the finite element analysis, the vertical trunnion load has been oriented in 
the direction of the HI-TRAC 125 longitudinal axis. The structural model has been confined to the 
region of the HI-TRAC adjacent to the rotation trunnion block; the extent of the model in the 
longitudinal direction has been determined by calculating the length of the "bending boundary layer" 
associated with a classical shell analysis. This was considered to be a sufficient length to capture
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Pocket Trunnion Weld Evaluation Summary
Item Value (ksi) Allowable (ksi)l Safety Factor 

HI-TRAC 125 Pocket 
Trunnion-Outer Shell 7.979 23.275 2.917 
Weld Group Stress 

1HI-TRAC 125 Pocket 
Trunnion-Water Jacket 5.927 23.275 3.9 
Weld Group 
Stress 

HI-TRAC 100 Pocket 
Trunnion-Outer Shell 6.603 23.275 3.525 
Weld Group Stress 

Hi-TRAC 100 Pocket 
Trunnion-Water Jacket 5.244 23.275 4.438 
Weld Group Stress 

HI-TRAC 100 Pocket 
Trunnion-Bolt Tension at 45.23 50.07 1.107 
Optional Split 

__ 

HI-TRAC 100 Pocket 
Trunnion-Bearing Stress 6.497 32.7 5.033 
on Base 
Surfaces at Dowel 

HI-TRAC 100 Pocket 
Trunnion-Tear-out Stress 2.978 26.09 8.763 
on Base 
Surfaces at Dowel 

HI-TRAC 100 Pocket 
Trunnion-Shear Stress on 29.04 37.93 1.306 
Dowel Cross Section at 

Optional Split

t



maximum shell stresses arising from the Level B (off-normal) rotation trunnion loading. Appendix "12 A A _..• •' o +i,_• _.,_•-_,_+. ,-+1 ,, +•M .. ÷'.:+,,i -, ., 1, a•+ JJ A:Al~ kl~l.l~ ......I. P:+ll .... J't I,+ •,n ,•l jl .L.r~.tjJ ÷M•lr-al~rflr 5

the tenituinat andL1 .. ifeun~[Uitufeia stes disttibutin the tF iif anii .eutr sheIWl lls flaI in tuai 

ehamels-.The local nature of the stress around the trunnion block is clearly demonstrated by the 
finite element graphieal-results.  

Consistent with the requirements of ASME Section III, Subsection NF, for Class 3 components, 
safety factors for primary membrane stress have been computed. Primary stresses are located away 
from the immediate vicinity of the trunnion; although the NF Code sets no limits on primary plus 
secondary stresses that arise from the gross structural discontinuity immediately adjacent to the 
trunnion, these stresses are listed for information. The results, assemblcd from the resultz in 
Appendix 3.AA, are summarized in the table below for the Level B load distribution for the HI
TRAC 125.  

ITEM -HI-TRAC 125 CALCULATED VALUE ALLOWABLE VALUE 
Longitudinal Stress - (ksi) (Primary -0.956 23.275 
Stress -Inner Shell) 

Tangential Stress (ksi) (Primary -1.501 23.275 
Stress - Inner Shell) 

Longitudinal Stress (ksi) (Primary -0.830 23.275 
Stress - Outer Shell) 

Tangential Stress (ksi) (Primary -0.436 23.275 
Stress - Outer Shell) 

Longitudinal Stress - (ksi) (Primary 2.305 23.275 
Stress - Radial Channels) 

Tangential Stress (ksi) (Primary -0.631 23.275 
Stress - Radial Channels) 

Longitudinal Stress - (ksi) (Primary 1.734 No Limit (34.9)* 
plus Secondary Stress -Inner Shell) 1.734_NoLimit_(34.9)* 

Tangential Stress (ksi) (Primary -1.501 NL 
plus Secondary Stress - Inner Shell) 

Longitudinal Stress (ksi) (Primary 2.484 NL 
plus Secondary Stress - Outer Shell) 

Tangential Stress (ksi) (Primary -2.973 NL 
plus Secondary Stress - Outer Shell) 

Longitudinal Stress - (ksi) (Primary 
plus Secondary Stress - Radial -13.87 NL 
Channels) 

Tangential Stress (ksi) (Primary 
plus Secondary Stress - Radial -2.303 NL 
Channels) 

* The NF Code sets no limits (NL) for primary plus secondary stress (see Table 3.1.17). Nevertheless, to demonstrate the 
robust design with its large margins of safety, we list here, for information only, the allowable value for Primary 
Membrane plus Primary Bending Stress appropriate to temperatures up to 650 degrees F.
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The only stress of any significance is the longitudinal stress in the radial channels. This stress 
occurs immediately adjacent to the trunnion block/radial channel interface and by its localized 
nature is identifiable as a stress arising at the gross structural discontinuity (secondary stress).  

The finite element analysis has also been performed for the HI-TRAC 100 transfer cask; resu-lts-are 
reprted in Appendix 3.A. . The following table summarizes the results: 

ITEM -mI-TRAC 100 - CALCULATED VALUE ALLOWABLE VALUE 
Longitudinal Stress - (ksi) 
(Primary Stress -Inner Shell) -0.756 23.275 

Tangential Stress (ksi) (Primary -2.157 23.275 
Stress - Inner Shell) 

Longitudinal Stress (ksi) 
(Primary Stress - Outer Shell) -0.726 23.275 
Tangential Stress (ksi) (Primary 

Stress - Outer Shell) -0.428 23.275 

Longitudinal Stress - (ksi) 
(Primary Stress - Radial 2.411 23.275 
Channels) 

Tangential Stress (ksi) (Primary 
Stress - Radial Channels) -0.5305 23.275 
Longitudinal Stress - (ksi) 

(Primary plus Secondary Stress - 2.379 NL 
Innei Shell) 
Tangential Stress (ksi) (Primary 
plus Secondary Stress - Inner -2.157 NL 
Shell) 

Longitudinal Stress (ksi) 
(Primary plus Secondary Stress - 3.150 NL 
Outer Shell)' 

Tangential Stress (ksi) (Primary' 
plus Secondary Stress - Outer -3.641 NL 
Shell) 

Longitudinal Stress - (ksi) 
(Primary plus Secondary Stress - -15.51 NL 
Radial Channels) 

Tangential Stress (ksi) (Primary 
plus Secondary Stress - Radial -2.294 NL 
Channels)'
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The finite element analyses of the metal structure adjacent to the trunnion block did not include the 
state of stress arising from the water jacket internal pressure. These stresses areempute 
Appendi-x 2.AG and are conservatively computed based on a two-dimensional strip model that 
neglects the lower annular plate. The water jacket bending stresses ea.leu.aed in Appen .... AG are 
summarized below: 

Appcndix 3.A- Result for Tangential 
Bending Stress in Water Jacket Outer Panel Calculated Value (ksi) 
from Water Pressure (including hydrostatic 

and inertia effects) 
HI-TRAC 125 18.41 
HI-TRAC 100 22.47 

To establish a minimum safety factor for the outer panels of the water jacket for the Level A 
condition, we must add primary membrane circumferential stress from the trunnion load analysis 
(Appcndiecz 3.AA and 3.A4 with rceducticn faetor- frem Leve'l B to Level A lead)-to primary 
circumferential bending stress from the water jacket bending stress (Appendi 3-..AG). Then, the 
safety factors may be computed by comparison to the allowable limit for primary membrane plus 
primary bending stress. The following results are obtained:

Circumferential CALCULATED ALLOWABLE SAFETY FACTOR 
Stress in Water VALUE (ksi) VALUE (ksi) (allowable 
Jacket Outer value/calculated 

Enclosure value) 
HI-TRAC 125 18.797 26.25 1.397 
HI-TRAC 100 22.781 26.25 1.152 

To arrive at minimum safety factors for primary membrane plus bending stress in the outer panel of 
the water jacket for the Level B condition, we amplify the finite element resultsfrom the trunnion 
load analysisin accrdance with App.ndie.' 3 .AA and 3 .A, add the appropriate stress from the two
dimensional waterjacket calculationAppendix 3.AG, and compare the results to the increased Level 
B allowable. The following results are obtained:

Results for Load Case 01 in Water Jacket (Load Case 01) - Level B Load 
Circumferential CALCULATED ALLOWABLE SAFETY FACTOR 
Stress in Water VALUE (ksi) VALUE (ksi) (allowable 
Jacket Outer value/calculated 

Enclosure value) 
HI-TRAC 125 19.041 35.0 1.84 
HI-TRAC 100 23.00 35.0 1.52

All safety factors are greater than 1.0; the Level A load condition governs.
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3.4.4.3.3.2 Lead Slump in HI-TRAC 125 - Horizontal Drop Event (Case 02.b in Table 3.1.5) 

During a side drop of the HI-TRAC 125 transfer cask, the lead shielding must be shown not to slump 
and cause significant amounts of shielding to be lost in the top area of the lead annulus. Slumping of 
the lead is not considered credible in the HI-TRAC transfer cask because of: 

a. the shape of the interacting surfaces 
b. the ovalization of the shell walls under impact 
c. the high coefficient of friction between lead and steel 
d. -The inertia force from the MPC inside the HI-TRAC will compress the inner shell at 

the impact location and locally ."pinch" the annulus that contains the lead; this 
opposes the tendency for the lead to slump and open up the annulus at the impact 
location.  

Direct contact of the outer shell of the HI-TRAC with the ISFSI pad is not credible since there is a 
water jacket that surrounds the outer shell. The water jacket metal shell will experience most of the 
direct impact. Nevertheless, to conservatively analyze the lead slump scenario, it is assumed that 
there is no water jacket, the impact occurs far from either end of the HI-TRAC so as to ignore any 
strengthening of the structure due to end effects, the impact occurs directly on the outer shell of the 
HI-TRAC, and the contact force between HI-TRAC and the MPC is ignored. All of these 
assumptions are conservative in that their imposition magnifies any tendency for the lead to slump.  

To confirm that lead slump is not credible, a finite element analysis of the lead slump problem, 
incorporating the conservatisms listed above, during a postulated HI-TRAC 125 horizontal drop (see 
Figure 3.4.22) is carried out. DetailS eof-he af-f'iA is (finite element model and plotted results) are 
presen.ted in Appendi..3. . The HI-TRAC 125 cask body modeled consists only of an inner steel 
shell, an outer steel shell, and a thick lead annulus shield contained between the inner and outer shell.  
A unit length of HI-TRAC is modeled and the contact at the lead/steel interface is niodeled as a 

compression-only interface. Interface frictional forces are conservatively-neglected. As the HI-TRAC 
125 has a greater lead thickness, analysis of the HI-TRAC 125 is considered to bound the HI-TRAC 
10042-5. Furthermore, since there are no differences between the HI-TRAC 125 and the HI-TRAC 
125D with respect to the finite elemdnt model, the results are valid for both 125-Ton transfer casks.  

The analysis is performed in two parts: 

First, to maximize the potential for lead/steel separation, the shells are ignored and the gap elements 
grounded. This has the same effect as assuming the shells to be rigid and maximizes the potential 
and magnitude of any separation at the lead/steel interface (and .subsequent slump). This also 
maximizes the contact forces at the portion of the interface that continues to have compression forces 
developed. The lead annulus is subjected to a 45g deceleration and the deformation, stress field, and 
interface force solution developed. This solutiori establishes h conservative result for the movement 
of the lead relative to the metal shells. 
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In the second part of, the analysis, the lead is removed and replaced by the conservative (high) 
interface forces from the first part of the analysis. These interface forces, together with the 45g 
deceleration-induced inertia forces from the shell self weight are used to obtain a solution for the 
stress and deformation field in the inner and outer metal shells.  

The results of the analysis deseribed in Appendix 3MF, are as follows: 

a. The maximum predicted lead slump at a location 180 degrees from the impact point 
is 0.1 ". This gap decreases gradually to 0.0" after approximately 25 degrees from the 
vertical axis. it is shown in Appendix, 3.F that tThe decrease in the diameter of the 
inner shell of the transfer cask (in the direction of the deceleration) is approximately 
0.00054". This demonstrates that ovalization of the HI-TRAC shells does not occur.  
Therefore, the lead shielding deformation is confined to a local region with negligible 
deformation of the confining shells.  

b. The stress intensity distribution in the shells demonstrates that high stresses are 
concentrated, as anticipated, only near the assumed point of impact with the ISFSI 
pad. The value of the maximum stress intensity (51,000 psi) remains below the 
allowable stress intensity for primary membrane plus primary bending for a Level D 
event (58,700 psi). Thus, the steel shells continue to perform their function and 
contain the lead. The stress distribution, obtained using the conservatively large 
interface forces, demonstrates that permanent deformation could occur only in a 
localized region near the impact point. Since the "real" problem precludes direct 
impact with the outer shell, the predicted local yielding is simply a result of the 
conservatisms imposed in the model.  

It is concluded that a finite element analysis of the lead slump under a 45g deceleration in a side drop 
clearly indicates that there is no appreciable change in configuration of the lead shielding and no 
overstress of the metal shell structure. Therefore, retrievability of the MPC is not compromised and 
the HI-TRAC transfer cask continues to provide shielding.  

3.4.4.3.3.3 HI-TRAC Lid Stress Analysis During HI-TRAC Drop Accident (Load Case 02.b in 
Table 3.1.5) 

Appendix 3... presentz tThe stress in the HI-TRAC 125 transfer lid is analyzed stress-analysis 
when the lid is subject to the deceleration loads of a side drop. Figure 3.4.22 is a sketch of the 
scenario. The analysis shows It is shown in Appendix 3 .AD that the cask body, under a deceleration 
of 45g's, will not separate from the transfer lid during the postulated side drop. This event is 
considered a Level D event in the ASME parlance.  

The bolts that act as doorstops to prevent opening of the doors are also checked in this .ppen.d'ii-for 
their load capacity. It is required that sufficient shear capacity exists to prevent both doors from 
opening and exposing the MPC.  
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The only difference between the HI-TRAC 100 and the HI-TRAC 125 transfer lid doors is that the 
HI-TRAC 100 has less lead and has no middle steel plate. Appendi' 3 .AJ presents analyses A similar 
analysis of., ... ........ for-the HI-TRAC 100 and-shows that all safety factors are greater than 
1.0. The table given below summarizes the resultsfor both unit,.'crk in Appendie. 3 .AD andg .AJ:

All safety factors are greater than 1.0 and are based on actual interface loads. The actual interface 
lead for. both transf.r casks iE c.mputed in A..endb 3 .. .. For the HI-TRAC 125 and the HI-TRAC 
100, the interface load (primary impact at transfer lid) computed from the handling accident analysis 
is bounded by th6 values given below:

BOUNDING INTERFACE LOADS COMPUTED FROM HANDLING ACCIDENT.  
ANALYSES 

Item 1 Bounding Value from Appendix. AN- (kip) HI-TRAC 125r 1,300 

HI-TRAC 100 1,150 

The HI-TRAC 125D transfer cask does not utilize a transfer lid. Instead, the MPC is transferred to 
or from a storage overpack using the HI-TRAC pool lid and a special niating -device. Therefore, an 
analysis is performed to demonstrate that the pool lid will not separate from the cask body during the 
postulated side drop. The results of this analysis are summarized in the following table.
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Transfer Lid Attachment Integrity Under Side Drop-

Item - Shear Value (kip) or (ksi) Capacity (kip) or Safety Factor= 
Capacity (ksi) Capacity/Value 

HI-TRAC 125 1,272.0' 1,770.0 1.392 
Attachment (kip) 

HI-TRAC 125 Door 20.24 48.3 2.387 
Lock Bolts (ksi) 

HI-TRAC 100 1,129.0. 1,729.0 1.532 
Attachment 
(kip) 

HI-TRAC 100 Door 13.81 48.3 3.497 
Lock Bolts (ksi)

I



HI-TRAC 125D Pool Lid Attachment Integrity Under Side Drop 

Item Calculated Allowable Safety 
Value Limit Factor 

Lateral Shear Force (kips) 562.5 1083 1.925 
Maximum Bolt Tensile Stress (ksi) 11.41 116.4 10.20 
Combined Tension and Shear Interaction 0.279 1.00 3.58

3.4.4.3.3.4 Stress Analysis of the HI-TRAC Water Jacket (Load Case 03 in Table 3.1.5)

The water jacket is assumed subject to internal pressure from pressurized water and gravity water 
head. Calculations are performedfor the HI-TRA C 125, the HI-TRA C 125D, and the HI-TRAC 100 
to determine the water jacket stress under internal pressure plus hydrostatic load are .peffe.Med-i.  
Appendix 3.AG for. the 11 TRAC 125 and the MI TRAC 100. Results are obtained for the water 
jacket configuration and the connecting welds for all beflh-HI-TRAC transfer casks. The table below 
summarizes the results of the analysesanalysis performed in Appendix 3.AG, as well as the results Af 
. :1* m..,. + k. TTT TD A r I•1",Z1
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Water Jacket Stress Evaluation 
Item Value Allowable Safety 

(ksi) (ksi) Factor 

HI-TRAC 125 Water Jacket Enclosure Shell Panel Bending Stress 18.41 26.25 1.426 

HI-TRAC 100 Water Jacket Enclosure Shell Panel Bending Stress 22.47 26.25 1.168 

HI-TRAC 125 Water Jacket Bottom Flange Bending Stress 18.3 26.25 1.434 

HI-TRAC 100 Water Jacket Bottom Flange Bending Stress 16.92 26.25 1.551 

HI-TRAC 125 Weld Stress - Enclosure Panel Single Fillet Weld 2.22 21.0 9.454 

HI-TRAC 100 Weld Stress -Enclosure Panel Single Fillet Weld 1.841 21.0 11.408 

HI-TRAC 125 Weld Stress -Bottom Flange to Outer Shell Double 
Fillet Weld 14.79 21.0 1.42 

HI-TRAC 125 - Enclostre Panel Direct Stress 1.571 17.5 11.142 

HI-TRAC 100 - Enclosure Panel Direct Stress 1.736 17.5 10.84 

HI-TRAC 125D Water Jacket Bottom Flange Bending Stress 18.88 26.25 1.39 

HI-TRAC 125D Water Jacket Enclosure Shell Panel Bending 10.80 26.25 2.43 
Stress 

HI-TRAC 125D Weld Stress - Enclosure Panel to Radial Rib Plug 1.093 17.5 16.01 
Welds 
HI-TRAC 125D Weld Stress - Bottom Flange to Outer Shell Single 3.133 21.0 6.70 
Fillet Weld



HI-TRAC Top Lid Separation (Load Case 02.b in Table 3.1.5)

Appendix, .. examines The potential of top lid separation under a 45g deceleration side drop 
event requires examination. It is concluded by analysis that the connection provides 'acceptable 
protection 'against top lid separation. It is also shown that the bolts a'nd the lid contain the MPC 
within the HI-TRAC cavity during and after a drop event. The results from the HI-TRAC 125 bound 
the corresponding results from the HI-TRAC -100 because the top lid bolts are identical in the two 
units and the HI-TRAC 125 top lid weighs more. The analysis also bounds the HI-TRAC 125D 
because the postulated side drop of the LIT-TRAC 125, during which the-transfer lid impacts the 
target surface, produc6s a larger interface load between the MPC and the top lid of the II-TRAC 
than the nearly horizontal drop of the HI-TRAC 125D. The table below provides the results of the 
bounding analysis.  

mI-TRAC Top Lid Separation Analysis 
Item Value Capacity Safety Factor= 

Capacity/Value 
Attachment Shear 
Force (lb.) 123,750 957,619 7.738 
Tensile Force in Stud 
(lb.) 132,000 1,117,222 8.464 

Bending Stress in Lid (ksi) 35.56 58.7 1.65 

Shear Load per unit Circumferential 
Length in Lid (lb./in) 533.5 29,400 55.10 

3.4.4.4 Comparison with Allowable Stresses 

Consistent with the formatting guidelines of Reg. Guide 3.61, calculated stresses and stress 
intensities from the finite element and other analyses are compared with the allowable stresses and 
stress intensities defined in Subsection 3.1.2.2 per the applicable sections of [3.4.2] and [3.4.4] for 
defined normal and off-normal events and [3.4.3] for accident events (Appendix F).  

3.4.4.4.1 MPC 

Table 3.4.6 provides summary data extracted from the numerical analysis results for the fuel basket, 
enclosure vessel, and fuel basket supports based on the design basis deceleration. The results 
presented in Table 3.4.6 do not include any dynamic amplification due to internal elasticity of the 
structure (i.e., local inertia effects). Appendix 3.X-Calculations suggests that a uniform conservative 
dynamic amplifier would be 1.08 independent of the duration of impact. If we recognize that the tip
over event for HI-STORM 100 is a long duration event, then a dynamic amplifier-of 1.04 is 
appropriate. The summary data provided in Table 3.4.3 and 3.4.4 gives the lowest safety factor 
computed for the fuel basket and for the MPC, respectively. Modification of the fuel basket safety 
factor for dynamic amplification leaves considerable margin.  
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Factors of safety greater than 1 indicate that calculated results are less than the allowable strengths.  

A perusal of the results in Tables 3.4.3 and 3.4.4 under different load combinations for the fuel 
basket and the enclosure vessel reveals that all factors of safety are above 1.0 even if we use the most 
conservative value for dynamic amplification factor. The relatively modest factor of safety in the fuel 
basket under side drop events (Load Case F3.b and F3.c) in Table 3.4.3 warrants further explanation 
since a very conservative finite element model of the structure has been utilized in the analysis.  

The wall thickness of the storage cells, which is by far the most significant variable in a fuel basket's 
structural strength, is significantly greater in the MPCs than in comparable fuel baskets licensed in 
the past. For example, the cell wall thickness in the TN-32 basket (Docket No. 72-1021, M-56), is 
0.1 inch and that in the NAC-STC basket (Docket No. 71-7235) is 0.048 inch. In contrast, the cell 
wall thickness in the MPC-68 is 0.25 inch. In spite of their relatively high flexural rigidities, 
computed margins in the fuel baskets are rather modest. This is because of some assumptions in the 
analysis that lead to an overstatement of the state of stress in the fuel basket. For example: 

i. The section properties of longitudinal fillet welds that attach contiguous cell walls to 
each other are completely neglected in the finite element model (Figure 3.4.7). The 
fillet welds strengthen the cell wall section modulus at the very locations where 
maximum stresses develop.  

ii. The radial gaps at the fuel basket-MPC shell and at the MPC shell-storage overpack 
interface are explicitly modeled. As the applied loading is incrementally increased, 
the MPC shell and fuel basket deform until a "rigid" backing surface of the storage 
overpack is contacted, making further unlimited deformation under lateral loading 
impossible. Therefore, some portion of the fuel basket and enclosure vessel (EV) 
stress has the characteristics of secondary stresses (which by definition, are self
limited by deformation in the structure to achieve compatibility). For 
conservativeness in the incremental analysis, we make no distinction between 
deformation controlled (secondary) stress and load controlled (primary) stress in the 
stress categorization of the MPC-24, 32, and 68 fuel baskets. We treat all stresses, 
regardless of their origin, as primary stresses. Such a conservative interpretation of 
the Code has a direct (adverse) effect on the computed safety factors. As noted 
earlier, the results for the MPC-24E are properly based only on primary stresses to 
illustrate the conservatism in the reporting of results for the MPC-24, 32, and 68 
baskets.  

iii. A uniform pressure simulates the SNF inertia loading on the cell panels, which is a 
most conservative approach for incorporating the SNF/cell wall structure interaction.  

The above assumptions act to depress the computed values of factors of safety in the fuel basket 
finite element analysis and render conservative results.  
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The reported factors of safety do not include the effect of dynamic load amplifiers. As-noted-in 
Appendicez 3.A and 3.X, tThe duration of impact and the predominant natural frequency of the 
basket panels under drop events result in the dynamic load factors that do not exceed 1.08.  
Therefore, since all reported factors of safety are greater than the DLF,"the MPC is structurally 
adequate for its intended functions.  

Tables 3.4.7 and 3.4.8 report stress intensities and safety factors for the confinement boundary 
subject to internal pressure alone and internal pressure plus the normal operating condition 
temperature with the most severe thermal gradient. The final values for safety factors in the various 
locations 6f the confinement boundary provide assurance that the MPC enclosure vessel is'a 'obust 
pressure vessel.  

3.4.4.4.2 Storage Overpack and HI-TRAC 

The result from-analyses of the storage overpack and the HI-TRAC transfer cask is shown in Table 
3.4.5. The location of each result is indicated in the table. Safety factors f6r lifting operations where 
three times the lifted load is applied are reported in Section 3.4.3.  

The table shows that all allowable stresses are much greater than their associated calculated stresses 
and that safety factors are above the limit of 1.0.  

3.4.4.5 Elastic Stability Considerations 

"3.4.4.5.1 MPC Elastic Stability 

Stability calculations for the MPC have been c6rried out in the HI-STAR 100 FSAR, Docket Number 
"72-i008, Appendix 3.H. The calculations in that submittal bound calculation's for the MPC in HI
STORM 100 since all loadings are identical except for the peak deceleration under accident events, 
which has been reduced from 60g's to 45g's.  

3.4.4.5.2 HI-STORM 100 Storage Overpack Elastic Stability 

HI-STORM 100 (and IOOS) storage overpack shell buckling is not a credible scenario since the two 
steel shells plus the entire radial'shielding act to resist vertical compressive loading., Subsection 
3.4.4.3.2.3 develops values for compressive stress in the steel shells of the storage overpack. Because 
of the low value for compressive stress coupled with the fact that the concrete shielding backs the 
steel shells, we can conclude that instability is unlikely. Note that the entire weight of the storage 
overpack can also be supported by the concrete shielding acting in compression. Therefore, in the 
unlikely event that a stability'limit in the steel was approached, the load would simply shift to the 
massive concrete shielding. Notwithstandingthe above comments, stability analyses of the storage 
overpack have been performed for bounding cases of longitudinal compressive stress with nominal 
circumferential compressive stress 'and for bounding circumferential co6mpressive stress with 
nominal axial compressive stress. This latter case is for a bounding all-around external pressure on 
the HI-STORM 100 outer shell. The latter case is listed as Load Case 05'in Table 3.1.5 and is 
performed to demonstrate that explosions or other environmental events that could lead to an all
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around external pressure on the outer shell do not cause a buckling instability. ASME Code Case N
284, a methodology accepted bythe NRC, has been used for this analysis. Appendix 3.AK repofrt 
r-esults efall stability analyses per-formed in suppert of this ESAR. In that appendix-, 2e storage 
overpack shells are examined individually assuming that the four radial plates provide 
circumferential support against a buckling deformation mode. The analysis of the storage overpack 
outer shell for a bounding external pressure of 

pext = 30 psi 

that, together with a nominal compressive axial load that bounds the dead weight load at the base of 
the outer shell, gives a safety factor against an instability of (see Lead Case 3 in Appendix 3.Aj'C:•.  

Safety Factor = (1/0.466) x 1.34 = 2.88 

The factor 1.34 is included in the above result since the analysis methodology of Code Case N-284 
builds in this factor for a stability analysis for an accident condition.  

The external pressure for the overpack stability considered here significantly bounds the short-time 
10 psi differential pressure (between outer shell and internal annulus) specified in Table 2.2.1.  

The same postulated external pressure condition can also act on the HI-TRAC during movement 
from the plant to the ISFSI pad. In this case, the lead shielding acts as a backing for the outer shell of 
the HII-TRAC transfer cask just as the concrete does for the storage overpack. The waterjacket metal 
structure provides considerable additional structural support to the extent that it is reasonable to state 
that instability under external pressure is not credible. If it is assumed that the all-around waterjacket 
support is equivalent to the four locations of radial support provided in the storage overpack, then it 
is clear that the instability result for the storage overpack bounds the results for the HI-TRAC 
transfer cask. This occurs because the R/t ratio (mean radius-to-wall thickness) of the HI-TRAC 
outer shell is less than the corresponding ratio for the HI-STORM storage overpack. Therefore, no 
HI-TRAC analysis is performed in Appendix 3.AK.  

3.4.5 Cold 

A discussion of the resistance to failure due to brittle fracture is provided in Subsection 3.1.2.3.  

The value of the ambient temperature has two principal effects on the HI-STORM 100 System, 
namely: 

i. The steady-state temperature of all material points in the cask system will go up or 
down by the amount of change in the ambient temperature.  

ii. As the ambient temperature drops, the absolute temperature of the contained helium 
will drop accordingly, producing a proportional reduction in the internal pressure in 
accordance with the Ideal Gas Law.  
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In other words, the temperature gradients in the system under steady-state conditions will remain the 
same regardless of the value of the ambient temperature. The internal pressure, on the other hand, 
will decline with the lowering of the ambient temperature. Since the stresses under normal storage 
condition arise principally from pressure and thermal gradients, it follows that the stress field in the 
MPC under -40 degree F ambient would be smaller than the "heat" condition of storage, treated in 
the preceding subsection. Additionally, the allowable stress limits tend to increase as the component 
temperatures decrease.  

Therefore, the stress margins computed in Section 3.4.4 can be conservatively assumed to apply to 
the "cold" condition as well.  

Finally, it can be readily shown that the HI-STORM 100 System is engineered to withstand "cold" 
temperatures (-40 degrees F), as set forth in the Technical Specification, without impairment of its 
storage function.  

Unlike the MPC, the HI-STORM 100 storage overpack is an open structure; it contains no pressure.  
Its stress field is unaffected by the ambient temperature, unless low temperatures produce brittle 
fracture due to the small stresses which develop from self-weight of the structure and fromrthe 
minute difference in the thermal expansion coefficients in the constituent parts of the equipment 
(steel and concrete). To prevent brittle fracture, all steel material in HI-STORM 100 is qualified by 
impact testing as set forth in the ASME Code (Table 3.1.18).  

The structural material used in the MPC (Alloy X) is recognized to be completely immune from 
brittle fracture in the ASME Codes.  

As no liquids are included in the HI-STORM 100 storage overpack design, loads due to expansion of 
freezing liquids are not considered. The HI-TRAC transfer cask utilizes demineralized water in the 
waterjacket. However, the specified lowest service temperature for the HI-TRAC is 0 degrees F and 
a 25% ethylene glycol solution is required for the temperatures from 0 degrees F to 32 degrees F.  
Therefore, loads due to expansion of freezing liquids are not iongidered.

There is one condition, however, that does require examination to insure ready retrievability of the 
fuel. Under a postulated loading of an MPC from a HI-TRAC transfer cask into a cold HI-STORM 
100 storage overpack, it must be demonstrated that sufficient clearances are available to preclude 
interference when the "hot" MPC is inserted into a "cold" storage overpack. To this end, an 
bounding analysis for free thermal expansions under- cold conditions of-Aor.ge has been performed 
in Subsection 4.4.5Appendii 3- , wherein the MPCshell ispostulatedat its maximum design basis 
temperature and the thermal expansion ofthe overpack is ignored. The st.rage everpack is assumed 
to have been uniformly5 cooled to 0 degrees F from its normal assembly temperature (assumed as 70 
degrees F in all analyses). The N4?G is assumied to have the temperature distribution associated with 
being eontained within a HI TR tr-ansfer ceask. For- additional consefvatism in the analysis, the 
IA t 6mp e at4res -fo-r- th].e "ho. t. co'nditfio'n o f-storge (100 d e gre es F ambi ent) in a HI TRA ar e 
used to maximize the radial and a~xial gfeo-h of the loaded MPGC. These MP temper-atur-es are 
available in Appendi;, 3.1. The results from the evaluation of free thermal expansion described above 
and . arried out in detail in Appendix 3.A. . for this "c.ld condition of transfer"' are summarized in
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Subsection 4.4.5.the table beo!: Thefinal radial clearance (greater than 0.25" radial) is sufficient 
to preclude jamming of the MPC upon insertion into a cold HI-STORM 100 storage overpack.

THER•MOELASTIC DISPLACEMENTS IN THE HOT 1PC .,D COLD HI STO-M2 

STORAGE 0ATRPAGK UDER COLD TEMPERXTR TRASFER CONDITION 

HOT_ CANISTERR COLQTD HI STORMS

The final radial eicar-ance (ýrcatzr-4an 0.25" radia) is sufftieint te prccewlud iammine ef-the MPG;
,.1�-

CMJ.S "nf.J. lit"S aAL. U"fJA -, vrdr HLAr ar A.rtL A S.-

3.4.6 HI-STORM 100 Kinematic Stability under Flood Condition (Load Case A in Table 
3.1.1)

The flood condition subjects the rH-STORM 100 System to external pressure, together with a 
horizontal load due to water velocity. Because the HI-STORM 100 storage overpack is equipped 
with ventilation openings, the hydrostatic pressure from flood submergence acts only on the MPC.  
As stated in subsection 3.1.2.1.1.3, the design external pressure for the MPC bounds the hydrostatic 
pressure from flood submergence. Subsection 3.4.4.5.2 has reported a positive safety factor against 
instability from external pressure in excess of that expected from a complete submergence in a flood.  
The analysis performed below is also valid for the HI-STORM IOOS.  

The water velocity associated with flood produces a horizontal drag force, which may act to cause 
sliding or tip-over. In accordance with the provisions ofANSI/ANS 57.9, the acceptable upper bound 
flood velocity, V, must provide a minimum factor of safety of 1.1 against overturning and sliding.  
For HI-STORM 100, we set the upper bound flood velocity design basis at 15 feet/sec. Subsequent 
calculations conservatively assume that the flow velocity is uniform over the height of the storage 
overpack.  

The overturning horizontal force, F, due to hydraulic drag, is given by the classical formula: 

F=Cd A V* 

where: 

V* is the velocity head - (p is water weight density, and g is acceleration due 
2g 

to gravity).  

A: projected area of the rH-STORM 100 cylinder perpendicular to the fluid velocity
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vector.  

Cd: drag coefficient 

The value of Cd for flow past a cylinder at Reynolds number above 5E+05 is given as 0.5 in the 
literature (viz. Hoerner, Fluid Dynamics, 1965).  

The drag force tending to cause HI-STORM 100's sliding is opposed by the friction force, which is 
given by 

Ff= K W 

where: 
9 = limiting value of the friction coefficient at the HI-STORM 100/ISFSI pad interface 

(conservatively taken as 0.25, although literature citations give higher values).  

K = buoyancy coefficient (documented in HI-981928, Structural Calculation Package for 
HI-STORM 100 (see citation in Subsection 3.6.4).  

W: Minimum weight of HI-STORM 100 with an empty MPC.  

Sliding Factor of Safet 

The factor of safety against sliding, • is given by 

Ff - l/KW 
F CdAV" 

It is apparent from the above equation, 13, will be minimized if the empty weight of HI-STORM 100 
is used in the above equation.  

As stated previously, g- 0.25, Cd = 0.5.  

V* corresponding to 15 ft./sec. water velocity is 218.01 lb per sq. ft.  

A = length x diameter of HI-STORM 100 132.5" x 231.25"/144 sq. in./sq.ft. = 212.78 sq. ft.  

K = buoyancy factor = 0.64 (per calculations in HI-981928) 

W = empty weight of overpack w/ lid= 270,000 lbs. (Table 3.2.1) 
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Substituting in the above formula for 03, we have 

031 = 1.86 > 1.1 (required) 

Since the weight of the HI-STORM 100S plus the weight of an empty MPC-32 (i.e., the lightest 
MPC) is greater than 270,000 lb, the above calculation is also valid for the HI-STORM 100S.  

Overturning Factor of Safety 

For determining the margin of safety against overturning 932, the cask is assumed to pivot about a 

fixed point located at the outer edge of the contact circle at the interface between HI-STORM 100 
and the ISFSI. The overturning moment due to a force FT applied at height H* is balanced by a 
restoring moment from the reaction to the cask buoyant force KW acting at radius D/2.  

FTH*=KW 
D 
2 

KWD Fr- 2 
2H' 

W is the empty weight of the storage overpack.  

We have, 

W = 270,000 lb. (Table 3.2.1) 

W = 119.2" (maximum height of mass center per Table 3.2.3) 

D = 132.5" (Holtec Drawing 1495) 

K = 0.64 (calculated in HI-981928) 

FT = 96,040 lb.  

FT is the horizontal drag force at incipient tip-over.  

F = Cd A V* = 23,194 lbs. (drag force at 15 feet/see) 

The safety factor against overturning, 032, is given as: 

T-- = 4.14 > 1.1 (required) 
F 
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This result bounds the result for the HI-STORM 100S since the calculation uses a conservative lower 
bound weight and a bounding height for the center of gravity.  

In the next subsection, results are presented to show that the load F (equivalent to an inertial 
deceleration ofF/360,000 lb = 0.0644 g's applied to the loaded storage overpack) does not lead to 
large global circumferential stress or ovalization of the storage overpack that could prevent ready 
retrievability ofthe MPC. It is shown in Subsection 3.4.7 that a horizontal load equivalent to 0.47g's 
does not lead to circumferential stress levels and ovalization of the HI-STORM storage overpack to 
prevent ready retrievability of the MPC. The load used for that calculation clearly bounds the side 
load induced by flood.  

3.4.7 Seismic Event and Explosion - HI-STORM 100 

3.4.7.1 Seismic Event (Load Case C in Table 3.1.1) 

The HI-STORM 100 System plus its contents may be assumed to be subject to a seismic event 
consisting of three orthogonal statistically independent acceleration time-histories. For the purpose of 
performing a conservative analysis to determine the maximum ZPA that will not cause incipient 
tipping, the HI-STORM 100 System is considered as a rigid body subject to a net horizontal quasi
static inertia force and a vertical quasi-static inertia force. This is consistent with the approach used 
in previously licensed dockets. The vertical seismic load is conservatively assumed to act in the most 
unfavorable direction (upwards) at the same instant. The vertical seismic load is assumed to be equal 
to or less than the net horizontal load with F being the ratio of vertical component to one of the 
horizontal components. For use in calculations, define DBASE as the contact patch diameter, and HCG 
as the height of the centroid of an empty HI-STORM 100 System (no fuel). Conservatively, assume 

DBASE = 132.5" (Drawing 1495, Sheet 1 specifies 133.875" including overhang for welding) 

Tables 3.2.1 and 3.2.3 give HI-STORM 100 weight data and center-of-gravity heights.  

The weights and center-of-gravity heights are reproduced here for calculation of the composite 
center-of-gravity height of the storage overpack together with an empty MPC.  

Weight (pounds) C.G. Height (Inches), H 

Overpack - W, = 270,000 116.8 
MPC-24 - W24 = 42,000 109.0 + 24 = 133.O0 
MPC-68 - W68 = 39,000 111.5 + 24 = 135.5 
MPC-32 -W 32 = 36,000 113.2 + 24 = 137.2 
MPC-24E - W24E = 45,000 108.9 + 24 = 132.9 

From Table 3.2.3, it is noted that MPC C.G. heights are measured from the base of the MPC. Therefore, the 
thickness of the overpack baseplate and the concrete MPC pedestal must be added to determine the height 
above ground.  
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The height of the composite centroid, HCG, is determined from the equation

HWg = x 116.8+ WMPc X H 
Wo+ WMPc 

Performing the calculations for all of the MPCs gives the following results: 

Hcg (inches) 

MPC-24 with storage overpack 118.98 
MPC-68 with storage overpack 119.16 
MPC-32 with storage overpack 119.20 
MPC-24E with storage overpack 119.10 

A conservative overturning stability limit is achieved by using the largest value of HcG (call it H) 
from the above. Because the HI-STORM 100 System is a radially symmetric structure, the two 
horizontal seismic accelerations can be combined vectorially and applied as an overturning force at 
the C.G. of the cask. The net overturning static moment is 

WGHH 

where W is the total system weight and GH is the resultant zero period acceleration seismic loading 
(vectorial sum of two orthogonal seismic loads) so that WGH is the inertia load due to the resultant 
horizontal acceleration. The overturning moment is balanced by a vertical reaction force, acting at 
the outermost contact patch radial location r = DBAsE/ 2 . -The resistive moment is minimized when the 
vertical zero period acceleration Gv tends to reduce the apparent weight of the cask. At that instant, 
the moment that resists "incipient tipping" is: 

W(1-Gv)r 

Performing a static moment balance and eliminating W results in the following inequality to ensure a 
"no-overturning condition: 

GH +HrGv <r 
H H 
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Using the values of r and H for the HI-STORM 100 (r = 66.25", H = 119.20"), representative 
combinations of GH and Gv that satisfy the limiting equality relation are computed and tabulated 
below: 

Acceptable Net Horizontal Acceptable Vertical 

G-Level (HI-STORMI100), GH G-Level, Gv 

0.467 0.16 

0.445 0.20 

0.417 0.25 

0.357 0.357 

We repeat the above computations using the weight and c.g. location of the HI-STORM 
100S(232). Because of the lowered center of gravity positions, the maximum net horizontal "G" 
levels are slightly increased.  

Performing the calculations for all of the MPCs gives the following results: 

Hcg (inches)

MPC-24 with storage overpack 
MPC-68 with storage overpack 
MPC-32 with storage overpack 
MPC-24E with storage overpack

113.89 
114.07 
114.11 
114.01

Using the values ofr and H for the HI-STORM 100S(232) (r = 66.25", H = 114.11"), 
representative combinations of GH and Gv that satisfy the limiting equality relation are computed 
and tabulated below: 

Acceptable Net Horizontal Acceptable Vertical 

G-Level (HI-STORM 100S(232)), GH G-Level, Gv 

0.488 0.16 

0.464 0.20 

0.435 0.25 

0.367 0.367 

The limiting values of GH and Gv for the HI-STORM IOOS(243), which is taller than the HI-STORM 
100S(232), are the same as the HI-STORM 100.
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Primary Stresses in the HI-STORM 100 Structure Under Net Lateral Load Over 180 degrees of the 
Periphery 

Under a lateral loading, the storage overpack will experience axial primary membrane stress in the 
inner and outer shells as it resists bending as a "beam-like" structure. Under the same kind of lateral 
loading over one-half of the periphery of the cylinder, the shells will tend to ovalize under the 
loading and develop circumferential stress. Calculations for stresses in both the axial and 
circumferential direction are required to demonstrate satisfaction of the Level D structural integrity 
requirements and to provide confidence that the MPC will be readily removable after a seismic 
event, if necessary. An assessment of the stress state in the structure under the seismic induced load 
will be shown to bound the results for any otler condition that induces a peripheral load around part 
of the HI-STORM 100 storage overpack perimeter. The specific analyses are performed using the 
geometry and loading for the HI-STORM 100; the results obtained for stress levels and the safety 
assessment are also applicable to an assessment of the HI-STORM 100S.  

A simplified calculation to assess the flexural bending stress in the HI-STORM 100 structure under 
the limiting seismic event (at which tipping is incipient) is presented in the following: 

From the acceptable acceleration table presented above, maximum horizontal acceleration is 
bounded by 0.47g. The corresponding lateral seismic load, F, is given by 

F = 0.47 W 

This load will be maximized if the upper bound HI-STORM 100 weight (W = 360,000 lbs. (Table 
3.2.1)) is used. Accordingly, 

F = (0.47) (360,000) = 169,200 lbs.  

No dynamic amplification is assumed as the overpack, considered as a beam, has a natural frequency 
well into the rigid range.  

The moment, M, at the base of the HI-STORM 100 due to this lateral force is given by 

_ FH 

2 

where H = height of HI-STORM 100 (taken conservatively as 235 inches). Note that the loading has 
now been approximated as a uniform load acting over the full height of the cask.  

The flexural stress, a, is given by the ratio of the moment M to the section modulus of the steel shell 
structure, z, which is computed to be 12,640 in3 (StrueUtral C ,lculatin Package IN 98192.8).  
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Therefore,

(169,200) (235) =1,573 psi 
(12,640) (2) 

We note that the strength of concrete has been neglected in the above calculation.  

The maximum axial stress in the storage overpack shell will occur on the "compressive" side where 
the flexural bending stress'algebraically sums with the direct compression stress crd from vertical 
compression.  

From the representative acceleration table the vertical seismic accelerations corresponding to the net 
0.47g horizontal acceleration is below 0.16g.  

Therefore, using the maximum storage overpack weight (bounded by 270,000 lbs. from data in Table 
3.2.1) 

ad = (270,000) (1.16) 565 psi 
554.47 

where 554.47 sq. inch is the metal area (cross section) of the steel structure in the HI-STORM 100 
storage overpack as computed in Subsection 3.4.4.3.2.1. The total axial stress, therefore, is 

UT = 1,573 + 565 = 2,138 psi 

Per Table 3.1.12, the allowable membrane stress intensity for a Level D event is 39,750 psi at 350 
degrees F.  

The Factor of Safety, P3, is, therefore 

39,750 
18 - =18.59 

2,138 

Examination of the stability calculations for the overpack outer shell under a 45-g vertical end drop 
results for the stability, load case 2 (w-hich consider-s boundinig leads) in Appendix 13.1
demonstrates that no instability will result from this compressive load induced by a seismic or other 
environmental load leading to bending of the storage overpack as a beam.  
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The previous calculation has focussed on the axial stress in the members developed assuming that 
the storage overpack does not overturn but resists the lateral load by remaining in contact with the 
ground and bending like a beam. Since the lateral loading is only over a portion of the periphery, 
there is also the potential for this load to develop circumferential stress in the inner and outer shells 
to resist ovalization of the shells. To demonstrate •cohtinued retrievability of the MPC after a seismic 
event, it must be shown that either the stresses remain in the elastic range or that any permanent 
deformation that develops due to plasticity doe not intrude into the MPC envelope after the event is 
ended. In the following subsection, classical formulas a e1assiea•r-esu ... ei- ppe bi•d^3.. .fr the 
deformation of rings under specified surface loadings are is-used to provide a conservative solution 
for the circumferential stresses. Specifically, the Appendix 3.B -. ntaiH .. solution for a 
point-supported ring subject to a gravitational induced load, as depicted in the sketch below, is 
implemented arcund the periphery of the ring. This solution provides a conservative estimate of the 
circumferential stress and the deformation of the ring that will develop under the actual applied 
seismic load. Specifi•ca• , the following -lassical ring pr:oblem, shwn i• th t belo, is 
applied to obtain the circeumferential stress and deformation field under- the postulated seismic event:.  

Ring supported at base and loaded by its 
own weight, w, given per unit 
circumferential length.  

A 

)C 
2-xRw 

The solution i .Appendix 2.3-considers the geometry and load appropriate to a unit length of the 
inner and outer shells of the HI-STORM 100 storage overpack with a total weight equal to the 
overpack bounding weight (no MPC) subject to a 45g deceleration inertial loading. The numerical 
resultsfor the 45g tipover event in Appendix 2.- can be directly applied here by multiplying by the 
factor "X", where "X" reflects the differences in the decelerations and the weights used for the 
tipover event ease onsider.ed in Appendix 3.B and for the seismic load case here in this subsection.  

X = (0.47g/45g) x (360,0001b./270,0001b.) = 0.0139 

Using this factor on the tipover solution in. Appendi 3.B, (.A aeuncf B-1, Case, 15.1 6ý gives the 
following bounding results for maximum stresses (without regard for sign and location of the stress) 
and deformations: 

HI-STORM FSAR Proposed Rev. 2A 
REPORT HI-2002444 34-66

•l I VV



Maximum circumferential stress due to bending moment = (29,310 psi x X) = 407 psi 

Maximum circumferential stress due to mean tangential force = (18,900 lb./2 sq.inch) x X = 131.4 
psi 

Change in diameter in the direction of the load = -0.11" xX = -0.0015" 

Change in diameter perpendicular to the direction of the load = +0.06" x X = 0.0008" 

From the above results, it is clear that no permanent ovalization of the storage overpack occurs 
during the seismic event and that circumferential stresses will remain elastic and are bounded by the 
stresses computed based on considering the storage overpack as a simple beam. Therefore, the safety 
factors based on maximum values of axial stress are appropriate. The magnitudes of the diameter 
changes that are suggested by the ring solution clearly demonstrate that ready retrievability of the 
MPC is maintained after the seismic event.  

Because of the low values for the calculated axial stress, the conclusions of the previous section are 
also valid for the HI-STORM 100S.  

Potential for Concrete Cracking 

It can be readily shown that the concrete shielding material contained within the HI-STORM 100 
structure will not crack due to the flexuring action of HI-STORM 100 during a bounding seismic 
event that leads to a maximum axial stress in the storage overpack. For this purpose, the maximum 
axial strain in the steel shell is computed by dividing the tensile stress developed by the seismic G 
forces (for the HI-STORM 100, for example) by the Young's Modulus of steel.  

_ 1,321 =47.E-06 
28 E+ 06 

where the Young's Modulus of steel is taken from Table 3.3.2 at 350 degrees F.  

The acceptable concrete strain in tension is estimated from information in ACI-318.1 for plain 

concrete. The ratio of allowable tensile stress to concrete Young' Modulus is computed as 

Allowable ConcreteStrain = (5 x (0.75) x (f) 112)/(57,000(f)"n) = 65.8E-06 

In the above expression, f is the concrete compressive strength.  

Therefore, we conclude that considerable margins against tensile cracking of concrete under the 
bounding seismic event exist.  
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Sliding Analysis

An assessment of sliding of the HI-STORM 100 System on the ISFSI pad during a postulated 
limiting seismic event is performed using a one-dimensional "slider block on friction supported 
surface" dynamic model. The results for the shorter HI-STORM 100S are comparable. The HI
STORM 100 is simulated as a rigid block of mass 'mi' placed on a-surface which is subject to a 
sinusoidal acceleration of amplitude 'a'. The coefficient of friction of the block is assumed to be 
reduced by a factor cc to recognize the contribution of vertical acceleration in the most adverse 
manner (vertical acceleration acts to reduce the downward force on the friction interface). The 
equation of motion for such a "slider block" is given by: 

m=R+ma sin wt 

where: 
x: relative- acceleration of the slider block (double dot denotes second derivative of 

displacement 'x' in time) 

a: amplitude of the sinusoidal acceleration input 

co: frequency of the seismic input motion (radians/sec) 

t: time coordinate 

R is the resistive Coulomb friction force that can reach a maximum value of ji(mg) 
(g-= coefficient of friction) and which always acts in the direction of opposite to k(t).  

Solution of the above equation can be obtained by standard numerical integration for specified values 
of m,-a, cw and cx. The following input values are used.  

a 0.47g 

(X 0.84 = 1 - vertical acceleration (vertical acceleration is 0.16g for net horizontal 
acceleration equal to 0.47 from the acceleration table provided in the foregoing) 

m= 360,000 lbs/g 

JL= 0.25 

For establishing the appropriate value of co, reference is made to the USAEC publication TID-7024, "Nuclear Reactor" and Earthquakes", page 35,:1963, which states that the significant energy of all 
seismic events in the U.S. essentially lies iin the range of 0.4 to 10 Hz. Taking the mid-point value 

(6.28) (0.5) (0.4+10) = 32.7 rad/sec.  
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The numerical solution of the above equation yields the maximum excursion of the slider block Xmax 
as 0.12 inches, which is negligible compared to the spacing between casks.  

Calculations performed at lower values of o show an increase in Xmx with reducing a). At 1 Hz, for 
example, Xm. = 3.2 inches. It is apparent from the above that there is a large margin of safety against 
inter-module collision within the HI-STORM 100 arrays at an ISFSI, where the minimum installed 
spacing is over 2 feet (Table 1.4.1).  

The above dynamic analysis indicates that the HI-STORM 100 System undergoes minimal lateral 
vibration under a seismic input with net horizontal ZPA g-values as high as 0.47 even under a 
bounding (from below) low interface surface friction coefficient of 0.25. Data reported in the 
literature (ACI-349R (97), Commentary on Appendix B) indicates that values of the coefficient 
of friction, R, as high as 0.7 are obtained at steel/concrete interfaces.  

To ensure against unreasonably low coefficients of friction, the ISFSI pad design may require a 
"broom finish" at the user's discretion. The bottom surface of the HI-STORM 100 is 
manufactured from plate stock (i.e. non-machine finish). A coefficient of friction value of 0.53 is 
considered to be a conservative numerical value for the purpose of ascertaining the potential for 
incipient sliding of the HI-STORM 100 System. The coefficient of friction is required to be 
verified by test (see Table 2.2.9).  

The relationship between the vertical ZPA, Gv, (conservatively assumed to act opposite to the 
normal gravitational acceleration), and the resultant horizontal ZPA GH to insure against 
incipient sliding is given from static equilibrium considerations as: 

GHff+,utG, :5u 

Using a conservative value of R. equal to 0.53, the above relationship provides governing ZPA 
limits for a HI-STORM 100 (or IOOS) System arrayed in a freestanding configuration. The table 
below gives representative combinations that meet the above limit.  

GH (in g's) Gv (in g's) 
0.445 0.16 
0.424 0.20 
0.397 0.25 
0.350 0.34 

If the values for the DBE event at an ISFSI site satisfy the above inequality relationship for 
incipient sliding with coefficient of friction equal to 0.53, then the non-sliding criterion set forth 
in NUREG-1536 is assumed to be satisfied a'priori. However, if the ZPA values violate the 
inequality by a small amount, then it is permissible to satisfy the non-sliding criterion by 
implementing measures to roughen the HI-STORM 100/ISFSI pad interface to elevate the value 
of g. to be used in the inequality relation. To demonstrate that the value of g. for the ISFSI pad 
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meets the required value implied by the above inequality, a series of Coulomb friction (under the 
QA program described in Chapter 13) shall be performed as follows: 

Pour a concrete block with horizontal dimensions no less than 2' x 2' and a block thickness no 
less than 0.5'. Finish the top surface of the block in the same manner as the ISFSI pad surface 
will be prepared.  

Prepare a 6" x 6" x 2" SA516 Grade 70 plate specimen (approximate weight = 20.25 lb.) to 
simulate the bottom plate of the HI-STORM 100 overpack. Using a calibrated friction gage 
attached to the steel plate, perform a minimum of twenty (20) pull tests to measure the static 
coefficient of friction at the interface between the concrete block and the steel plate. The pull 
tests shall be performed on at least ten (10) different locations on the block using varying 
orientations for the pull direction.  

The coefficient of friction to be used in the above sliding inequality relationship will be set as the 
average of the results from the twenty tests.  

The satisfaction of the "no-sliding" criterion set down in the foregoing shall be carried out along 
with the "no-overtuming" qualification (using the static moment balance method in the manner 
described at the beginning of this subsection) and documented as part of the ISFSI facility's 
CFR72.212 evaluation.  

3.4.7.2 Explosion (Load Case 05 in Table 3.1.5) 

In the preceding subsection, it has been demonstrated that incipient tipping of the storage overpack 
will not occur under a side load equal to 0.47 times the weight of the cask. For a fully loaded cask, 
this side load is equal to 
F = 169,200 lb.  

If it is assumed that this side load is uniformly distributed over the height of the cask and that the 
cask centroid is approximately at the half-height of the overpack, then an equiva; lent pressure, P, 
acting over 180 degrees of storage overpack periphery, can be defined -as follows: 

Px (DH)=F 

Where D = overpack outside diameter, and H = height of storage overpack 

For D = 132.5" and H = 235", the equivalent pressure is 

P = 169,200 lb/(132.5" x 235") = 5.43 psi 

Therefore, establishing 5 psi as the design basis steady state pressure differential (Table 2.2.1) across 
the overpack diameter ensures that incipient tipping will not occur.  
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Since the actual explosion produces a transient wave, the use of a static incipient tip calculation is 
very conservative. To evaluate the margin against tip-over from a short-time pressure pulse, a 
Working Model analysis of the two-dimensional dynamic motion of the HI-STORM subject to a 
given initial angular velocity is carried out. Figures 3.4.25 and 3.4.26 provide details of the model 
and the solution for a HI-STORM 100 System (simulated as a rigid body) having a weight and inertia 
property appropriate to a minimum weight cask. The results show that an initial angular velocity of 
0.626 radians/second does not lead to a tipover of the storage overpack. The results bound those 
obtained for the HI-STORM 100S(232) since the overall cask height is reduced. The results for the 
HI-STORM 100S(243) are roughly equal to the results for the HI-STORM 100 since the differences 
in height and weight are negligible.  

The initial angular velocity can be related to a square wave pressure pulse of magnitude P and time 
duration T by the following formula: 

I1o = (P x D x H) x (0.5xH) x T 

The above formula relates the change in angular motion resulting from an impulsive moment about 
the base of the overpack. D is the diameter of the outer shell, H is the height of the storage overpack, 
and I is the mass moment of inertia of the storage overpack about the mass center (assumed to be at 
half-height). For D=132.5", H=235", P=10 psi, T=1 second, and 1=64,277,000 lb.inch sec2 

( -al"ulatcd in App:ndi- 3.G), the resulting initial angular velocity is: 

o = 0.569 radians/second 

Therefore, an appropriate short time pressure limit is 10 psi with pulse duration less than or equal to 
1 second. Table 2.2.1 sets this as the short-time external pressure differential.  

The analysis in Subsection 3.4.7.1 evaluates ovalization of the shell by considering the seismically 
applied load as a line loading along the height of the overpack that is balanced by inertial body forces 
in the metal ring. The same solutions in Apped.di" 3.1 can be used to examine the circumferential 
stress state that would be induced to resist an external pressure that developed around one-half of the 
periphery. Such a pressure distribution may be induced by a pressure wave crossing the cask from a 
nearby explosion. It is shown here, by . ...fcn.. to ..lutien. in Appe..di: 3.B, that a uniform 
pressure load over one-half of the overpack outer shell gives rise to an elastic stress state and 
deformation state that is bounded by a large margin by the results just presented for the seismic event 
in Subsection 3.4.7.1.  

The case of an external pressure load from an explosion pressure wave (Load Case 05 in Table 3.1.5) 
is examined by combining the solutionsfor two different loadcasesefCazcl and Case 3 in Appendi" 
3zg. The combined case that results is a balance of pressure load over one-half the perimeter and 
inertial body forces. The sketch below describes this: 
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a I + Case 3

In A ,ppndi 3 .B,• bBoth cases are considered under identical total loads (with the angle in case 3 
set to 90 degrees). Therefore, adding the results from the two cases results in the desired 
combined case; namely, the balance of a peripheral external pressure with internal all around 
loading simulating an inertia load (since the reactions'are identical in magnitude and opposite in 
direction, there is a complete cancellation of the concentrated loads).  

-'Examination of the results in-Appendibi3-shows that the algebraic sum of the two sets-efsolutions 
gives results that are smaller in magnitude than the case 1 solution for a line loading balanced by 
inertially induced body forces. The applied loading used to develop the solutionfor inpeldix 
case 1; is 56,180 lb. per inch of storage overpack axial length. This load is equivalent to an external 
pressure P = 424 psi applied over one-half of the outer perimeter of the shell as is shown below: 

P x D = 56,180 lb./inch D 132.5" 

P = 424 psi 

Since this is higher by a large margin than any postulated external pressure load, circumferential 
stresses induced by the differential pressure specified in Table 2.2.1 are insignificant. Specifically, by 
adding the results from the two solutions (ring load case 1 for a point support reaction to a body 
force + ring load case 3 for a point support reaction to a lateral pressure over one-half of the 
perimeter) ensideekrd in Appendix -, it is determined that the circumferential bending stress from 
case 1 in' that appenadi is reduced by the factor "R" to obtain the corresponding stress ,from the 
combined case. R is computed as the ratio of moment magnitudes from the combined case to the 
results of case 1 alone.  

R = (maximum bending moment from case 1 + case 3)/(maximum bending moment from case 1) 
-0.75/6.197 = 0.12 

(r...ults fcr individual eases are in App:ndix 3.B) 
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Examination of the graphs from the moment distribution from the two solutions in Appendix 2.3 
shows that the individual terms always subtract and nearly cancel each other at every location.  

Therefore, it is concluded that the maximum circumferential stress that develops under a pressure of 
424 psi applied over one-half of the perimeter, and conservatively assumed balanced by inertia 
loading, is 

Stress = 29,310 psi x 0.12 = 3517 psi 

The stress due to a differential pressure of 10 psi (Table 2.2.1) is only 2.36% of the above value and 
needs no further evaluation for stress limits or deformation to demonstrate retrievability of the MPC.  

3.4.7.3 Anchored HI-STORM Systems Under High-Seismic DBE (Load Case C in Table 
3.1.1) 

The anchored rH-STORM System (Figures 1.1.4 and 1.1.5) is assumed to be subjected to quasi-static 
inertial seismic loads corresponding to the ZPA design basis limits given in Table 2.2.8. The results 
from this quasi-static analysis are used to evaluate structural margins for the preloaded anchor studs 
and the sector lugs. In the quasi-static evaluation, the effect of the "rattling" of the MIPC inside of the 
overpack is accounted for by the imposition of a dynamic load factor of 2.0 on the incremental 
stresses that arise during the seismic event. In addition to the quasi-static analysis, confirmatory 3-D 
dynamic analyses are performed using base acceleration excitation histories developed from two sets 
of response spectra. Figure 3.4.30 shows the two sets of response spectra that are assumed to be 
imposed at the top of the ISFSI pad. One set of response spectra is the Regulatory Guide 1.60 spectra 
for 5% damping with zero period acceleration conservatively amplified to 1.5 in each direction. This 
spectra set has been used as the input spectra at many nuclear plants in the U.S. (although generally, 
the ZPA was much below 1.0). Three statistically independent acceleration time histories (two 
horizontal labeled as "Hi", "H2") and one vertical (labeled as "VT') have been developed. A 
twenty-second duration event was considered. Figures 3.4.31 to 3.4.33 show the time histories. The 
second set of response spectra used for time history analysis has similar levels of zero period 
acceleration but has higher peak spectral acceleration values in the low frequency range (2-3 Hz).  
This spectra set is the design basis set for a Pacific coast U.S. plant. Figures 3.4.34 to 3.4.36 ( 
labeled as "FN", "FP" for the two horizontal acceleration histories and "FV" for the vertical 
acceleration time history), show the corresponding time histories simulating a long duration seismic 
event (170 seconds).  

The objectives of the quasi-static and dynamic seismic analyses are the following: 

i. Quantify the structural safety factor in the anchor studs and in the sector lugs that 
constitute the fastening system for the loaded HI-STORM 100A overpack. The 
structural safety factor is defined as the ratio of the permitted stress (stress intensity) 
per Subsection "NF" of the ASME Code to the maximum stress (stress intensity) 
developed in the loaded component.  
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ii. Compute the safety factor against fatigue failure of the anchor studs from a single
seismic event.  

iii. Quantify the interface loads applicable to the ISFSI pad to enable the ISFSI owner to 
design the ISFSI pad under the provisions of ACI-349 (85). The bounding interface 
loads computed for the maximum intensity seismic event (ZPA) and for extreme 
environmental loads may be used in pad design instead of the site-specific loads 
calculated for the loadings applicable to the particular ISFSI.  

The above design objectives are satisfied by performing analyses of a loaded HI-STORM 100A 
System using a conservative set of input data and a conservative dynamic model. Calculations using 
the quasi-static model assume that the net horizontal inertia loads and the vertical inertia load 
correspond to the weight of the loaded cask times the appropriate ZPA." The results from the 
analyses are set down as the interface loads, and may be used in the ISFSI pad design work effort by 
the ISFSI owner. The information on the seismic analysis is presented in five paragraphs as follows: 

'Input data for' analysis 
Quasi-static model and results 
Dynamic model and modeling assumptions.  
Results of dynamic analysis 
Summary of interface loads 

a. Input Data for Analysis: 

Key input data for the seismic analysis of a loaded HI-STORM 1600A System is summarized in Table 
3.4.10. As can be seen from Table 3.4.10, the input data used in the analysis is selected to bound the 
actual data, wherever possible, so as to maximize the seismic response. For example, a bounding 
weight of the loaded MPC and HI-STORM 1 OA overpack is used because an increase in the weight 
of the system directly translates into an increased inertial loading on the structure.  

For quasi-static analysis, bounding ZPA values of 1.5 in all three directions are used with the vertical 
event directed upward to maximize the stud tension. The resulting ZPA's are then further amplified 
by the dynamic load factor (DLF=2.0) to reflect "rattling" of the MPC within the overpack. Input 
data for anchor stud lengths are representative. We consider long and short studs in order to evaluate 
the effect of stud spring rate.  

For the confirmatory dynamic analyses, the time history base excitations are shown in Figures 3.4.31 
through 3.4.36 and the propensity for "rattling" is included in the model.  

b. Quasi-Static Model and Results 

We consider the HI-STORM IO0A baseplate as a rigid plate resting on the ISFSI pad with the twenty
eight studs initially preloaded so as to impart a compressive load at the baseplate pad interface that is 
balanced by a tensile load in the studs prior to the seismic event occurring. The discrete studs are 
replaced by a thin ring located at the stud circle radius for analysis purposes. The thickness of the 
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thin ring is set so that the ring area is equal to the total stress area of the twenty-eight studs. Figure 
3.4.37 shows a view of a segment of the baseplate with the outline of the ring. The ISFSI pad is 
represented by a linear spring and a rotational spring with spring constants determined from the exact 
solution for a rigid circular punch pressed into a elastic half-space. We assume that subsequent to 
pre-tensioning the studs, the seismic event occurs, represented by a net horizontal load DH and a net 
vertical load DV. In the analysis, the input loads DH and DV are: 

GH = (1.52 x 2)"2 x DLF = 4.242 ; Gv=1.5 x DLF = 3.0 

DH= GH x 360,000 lb.; DV = -Gv x 360,000 lb 

DH is the magnitude of the vector sum of the two horizontal ZPA accelerations multiplied by the 
bounding HI-STORM 100A weight. Similarly, DV is an upward directed load due to the vertical 
ZPA acceleration. The upward direction is chosen in order to maximize the stud tension as the 
assemblage of studs and foundation resists overturning from the moment induced by DH applied at 
the centroid of the cask. Figure 3.4.38 shows the free-body diagram associated with the seismic 
event. Essentially, we consider an analysis of a pre-compressed interface and determine the interface 
joint behavior under the imposition of an external loading (note that this kind of analysis is well 
established in the pressure vessel and piping area where it is usually associated with establishing the 
effectiveness of a gasketedjoint). An analysis is performed to determine the maximum stud tension 
that results if the requirement of no separation between baseplate and pad is imposed under the 
imposed loading. The following result is obtained from static equilibrium, for a preload stress of 60 
ksi, when the "no separation condition" is imposed: 

2a/3hcg (FpreloadIW + +X1 +ca) 16 

GH -2a/3h.g (Gv (1 + a,)/(1 +a)) 

In the above equation, 

Fpreload = (Total stress area of twenty-eight, 2" diameter studs) x 60 ksi = 4,200,000 lb.  

W = Bounding weight of loaded HI-STORM 1O0A = 360,000 lb.  

a = 73.25 inches, 

hcg = 118.5 inches 

The coefficients cz and axI relate the stiffness of the totality of studs to the stiffness of the foundation 
under direct loading and under rotation. The result given above is for the representative case of stud 
free length "L", equal to 

L= 42 inches, which gives (x and cx equal to 0.089 and 0.060, respectively.  
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A simplified confirmatory analysis of the above problem can be performed by considering the 
limiting case of a rigid baseplate and a rigid ISFSI pad. In the limit of a rigid ISFSI pad (foundation), 
the coefficients a and ol go to zero. A related solutioni for the case of a rigid bas'eplate' and a rigid 
foundation can be obtained when the criteria is-not incipient separation, but -rather, a more "liberal" 
incipient rotation about a point on the edge of the b~iseplate. That solution is given in "Mechanical 
Design of Heat Exchangeis and Pressure Vessel Compionents", by" Singh and Soler (Aricturus 
Publishers, 1984). Theresult is (for 60 ksi prestress in each stud): 

a/he, (Fpyloadw/ + 1)= 1.284 

GH 7 a/h,(GOv) 

Although not a requirement of any design code imposed herein, the right hand side of the previous 
relationships can be viewed as the safety factor against incipient separation (or rotation about an 
edge) at the radius "a". Note that since we have assumed a bounding event, there is an additional 
margin of 1.5 in results since the Reg. Guide 1.60 event has not been applied with a ZPA in excess of 
1.0.  

For the real seismic'event associated with awestern U.S. plant having a slightly lower horizontal 
ZPA and a reduced vertical ZPA (see Figure 3.4.30). Using the same DLF =2.0 to account for 
"rattling" of the confined MPC: 

GH = 4.1 ; Gv =2.6, 

the aforementioned safety factors are: 

SF (incipient separation) = 1.076 
SF (incipient edging) = 1.372 

The increment-of baseplate displacement and rotation, up to incipient separation, is computed from 
the equilibrium and compatibility equations associated with the free body in Figure 3.4.38 and the 
change in stud tension computed. The following formula gives the stud tensile stress in terms of the 
initial preload and the incremental change from the application of the horizontal and vertical seismic 
load.  

W Gv (3 c 
=td = a'preload + a v + h cG 

NA 1-i- a+ 2a JtaJt, 

In the above formula, 

N = number of studs = 28 (maximum number based on HI-STORM dimensions). For lower seismic 
inputs, this might be reduced (in groups of 4 to retain symmetry).  

Asess = tensile stress area of a 2" diameter stud 
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2c = stud circle diameter

The results demonstrate that there is a relatively small change in stud stress from the initial pre
tension condition with the ISFSI pad foundation resisting the major portion of the overturning 
moment. For the geometry considered (maximum stud free length and nominal prestress), the 
maximum tensile stress in the stud increases by 9.1%. The following table summarizes the results 
from the quasi-static anal•,sis using minimum ultimate strength for the stud to compute the safety 
factors. Note that under the seismic load, the direct stress in the stud is limited to 70% of the stud 
ultimate strength (per Appendix F of the ASME Code Section III). The allowable pad compressive 
stress is determined from the ACI Code assuming confined concrete and the minimum concrete 
compressive strength from Table 2.0.4. Because of the large compressive load at the interface from 
the pre-tensioning operation, the large frictional resistance inhibits sliding of the cask. Consequently, 
there will be no significant shear stress in the studs. Safety factors for sliding are obtained by 
comparing the ratio of horizontal load to vertical load with the coefficient of friction between steel 
and concrete (0.53). Values in parenthesis represent results obtained using ZPA values associated 
with the real seismic event for the western U.S. plant instead of the bounding Reg. Guide 1.60 event.  

SUMMARY OF RESULTS FOR STUDS AND INTERFACE FROM QUASI-STATIC 
I SEISMIC EVALUATION WITH DLF = 2.0. Stud Prestress = 60 ksi II 

Item Calculated Value Allowable Value Safety Factor - (Allowable 
Value/Calculated Value) 

Stud Stress(ksi) (42" 65.48 (65.18) 87.5 1.336 (1.343) 
stud free length) 
Maximum Pad 3.126 (3.039) 4.76 1.52 (1.57) 
Pressure (ksi)(42" 
stud free length) 
Stud Stress (ksi)(16" 73.04 (72.34) 87.5 1.20 (1.21) 
stud free length) 
Maximum Pad 2.977 (2.898) 4.76 1.60 (1.64) 
Pressure(ksi) (16" 
stud free length) 
Overpack Sliding 0.439 (0.407) 0.53 1.21 (1.31

The effect of using a minimum stud free length in the embedment design is to increase the values of 
the coefficients ca and ac1 because the stud stiffness increases. The increase in stud stiffness, relative 
to the foundation'stiffness results in an increase in incremental load on the studs. This Is a natural 
and expected characterist ic of preloaded configurations. It is noted that the stud safety factors are 
based on minimum ultimate strength and can be increased, without altering the calculated results, by 
changing the stud material.  

The quasi-static analysis methodology has also been employed to evaluate the effects of variation in 
the initial prestress on the studs. The following tables reproduce the results above for the cases of 
lower bound stud prestress (55 ksi) and upper bound stud prestress (65 ksi) on the studs. Only the 
results using the values associated with the Reg. Guide 1.60 bounding event are reported.  
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The results above confirm the expectations that an increase in preload increases the safety factor 
against sliding. The calculated coefficient of friction in the above tables is computed as the ratio of 
applied horizontal load divided by available vertical load. For all combinations examined, ample 
margin against incipient separation at the interf'ace exists.  

Based on the results from the quasi-static analysis, an assessment of the safety factors in the sector 
lugs is obtained by performing a finite element analysis of a repeated element of one of the sector 
lugs. Figure 3.4.39 shows the modeled section and the finite element mesh. The stud load is 
conservatively applied as a uniform downward pressure applied over a 5"x5" section of the extended 
baseplate simulating the washer between two gussets. This is conservative as the rigidity of the 
washer is neglected. The opposing pressure loading from the interface pressure is applied as a 
pressure over the entire extended baseplate flat plate surface. Only one half the thickness of each 
gusset plate is included in the model. Two cases are considered: (1) the pre-loaded state (a Normal 
Condition of Storage-Level A stress limits apply); and, (2), the seismic load condition at the location 
of the maximum tensile load in a stud (an Accident Condition of Storage - Level D stress intensity 
limits apply). Figures 3.4.40 and 3.4.41 present the stress results for the following representative 
input conditions:
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SUMMARY OF RESULTS FOR STUDS AND INTERFACE FROM QUASI- STATIC SEISMIC EVALUATION WITH DLF =2.0. Stud PrP~trp• = • ltd

Item Calculated Value Allowable Value Safety Factor - (Allowable 
Value/Calculated Value) 

Stud Stress(ksi) (42" 60.48 87.5 1.45 
stud free length) 
Maximum Pad 3.012 4.76 1.58 
Pressure (ksi)(42" 
stud free length) 
Stud Stress (ksi)(16" 68.07 87.5 1.29 
stud free length) 
Maximum Pad 2.862 4.76 1.663 
Pressure(ksi) (16" 
stud free length) 
Overpack Sliding 0.488 0.53 1.09

SUMMARY OF RESULTS FOR STUDS AND INTERFACE FROM QUASI- STATIC ,
SEISMIC EVALUATION WNITH DLF = 2.0, Stud Prestress = 65 ksi 

Item Calculated Value Allowable Value Safety Factor - (Allowable 
Value/Calculated Value) 

Stud Stress(ksi) (42" 70.48 87.5 1.24 
stud free length) 
Maximum Pad 3.24 4.76 1.47 Pressure (ksi)(42" 

stud free length) __ 

Stud Stress (ksi)(16" 78.07 87.5 1.12 
stud free length) 
Maximum Pad 3.091 4.76 1.54 
Pressure(ksi) (16" 
stud free length) ,_ 
Overpack Sliding 0.399 0 53 1.33



Level A analysis - Preload stress/bolt = 60 ksi

Level D analysis - Maximum Bolt stress(includes seismic increment) = 65.5 ksi 

In the Level A analysis, the resisting local foundation pressure exactly balances the preload. For the 
Level D analysis, the opposing local foundation pressure = 190 psi (average over the area between 
gussets. This represents the reduced pressure under the highest loaded stud under the induced 
rotation of the storage system.  

The most limiting weld stress is obtained by evaluating the available load capacity of the fillet weld 
attaching the extended baseplate annulus region to the gussets (approximately 25 inches of weld per 
segment) using a limit strength equal to 42% of the ultimate strength of the base material.  

The following table summarizes the limiting safety factors for the sector lugs. Allowable values for 
primary bending stress and stress intensity are from Tables 3.1.10 and 3.1.12 for SA-516 Grade 70 @ 
300 degrees F.

c. Dynamic Model and Modeling Assumptions: 

The dynamic model of the rn-STORM 100A System consists of the following major components.  

The HI-STORM 100 overpack is modeled as a six degree-of-freedom (rigid body) 
component.  

ii. The loaded MPC is also modeled as a six degree-of-freedom (rigid body) component 
that is free to rattle inside the overpack shell. Gaps between the two bodies reflect the 
nominal dimensions from the drawings.
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Item Calculated Value Allowable Value Safety Factor 
(Allowable 

Value/Calculated Value) 

Maximum Primary 15.62 26.3 1 68 
Membrane + Bending 
Stress Away From Loaded 
Region and Discontinuity 
(ksi) - Case 1 - Preload 
Maximum Primary 36.67 60.6 1.65 
Membrane + Bending 
Stress Intensity Away 
From Loaded Region and 
Discontinuity (ksi) - Case 
2 - Preload + Seismic 
Maximum Weld Shear 150.8 194.9 1.29 
Load (kips) I I I



iii. The contact between the MPC and the overpack is characterized by a coefficient of 
restitution and a coefficient of friction. For the dynamic analysis, the coefficient of 
restitution is set to 0.0, reflecting the large areas of nearly flat su rface that come into 
contact and have minimal relative rebound. The coefficient of friction is set to 0.5 
between all potentially contacting surfaces of the MPC/overpack interface.  

iv. The anchor studs, preloaded to axial stress a, (Table 3.4.10), induce a contact stress 
between the overpack base and the ISFSI pad. The loaded cask-pad'interface can 
support a certain amount of overturning moment before an uplift (loss of circularity 
of the contact patch) occurs. The anchor studs are modeled as individual -linear 
springs connecting the periphery of the extended baseplate to the ISFSI pad 'section.  
The resistance of the foundation is modeled by a vertical linear spring and three 
rotational springs connected between the cask baseplate center-point and the surface 
of the flat plate modeling the driven ISFSI pad. The ISFSI pad is driven with the 
"three components of acceleration time history applied simultaneously.  

The HI-STORM 100A dynamic model described above is implemented on the public domain 
computer code WORKING MODEL (also known as VisualNastran) (See Subsection 3.6.2 for a 
description-of the algorithm).  

Figures 3.4.42 and 3.4.43 show the rigid body components of the dynamic model before and after 
assembly. The linear springs are not shown. Mass aid inertia properties of the rigid bodies are 
consistent with the bounding property values in Table 3.4.10.  

c. Results of Dynamic Analysis 

Figures 3.4.44 -3.4.47 show results of the dynamic analysis using the Reg. Guide 1.60 seismic time 
histories as input accelerations to the ISFSI 'pad. Figure 3.4.44 shows variation in the vertical 
foundation compressive force.'Figure 3.4.45 shows the corresponding load variation over time for 
the stud having the largest instantaneous tensile load. An initial preload of approximately 150,000 lb 
is applied to each stud (corresponding to 60,160 psi stud tensile stress). This induces an initial 
compression load at the interface approximately equal to 571,000 lb. (including the dead weight of 
the loaded HI-STORM). Figures 3.4.44 and 3.4.45 clearly demonstrate that the founidation resists the 
majority of the oscillatory and impactive loading as would be expected of a preloaded configuration.  
Figure 3.4.46 shows the impulse (between the MPC and HI-STORM lO0A) as a function of time. It 
is clear that the "spikes" in both the foundatiin reaction and the stud load ovei the total time of the 
event are related to the impacts of the rattling MPC. The results provide a' graphic demonstration that 
the rattling of the MPC inside the overpack must be accounted for in any quasi-static representation 
of the event. The quasi-static results presented herein for the anchored system, using a DLF -2.0, are 
in excellent agreement with the dynamic simulation results.  

We note that the dynamic simulation, which uses an impulse-momentum relationship to simulate the 
rattling contact, leads to results having a number of sharp peaks. Given that the stress intensity limits 
in the Code assume static analyses, filtering of the dynamic results is certainly appropriate prior to 
comparing with any static allowable strength. We conservatively do not perform any filtering of the 
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results prior to comparison with the quasi-static analysis; we note only that any filtering of the 
dynamic results to eliminate high-frequency effects resulting from the impulse-momentum contact 
model would increase the safety factorsFinally, Figure 3.4.47 shows the ratio of the net interface 
horizontal force (needed to maintain equilibrium) to the instantaneous compression force at the 
ISFSI pad interface with the base of the HI-STORM 100A.. This ratio, calculated at each instant of 
time from the dynamic analysis results using the Reg. Guide 1.60 event, represents an instantaneous 
coefficient of friction that is required to ensure no interface relative movement. Figure 3.4.47 
demonstrates that the required coefficient of friction is below the available value 0.53. Thus, the 
dynamic analysis confirms that the foundation interface compression, induced by the preloading 
action, is sufficient to maintain a positive margin against sliding without recourse to any resistance 
from the studs.  

The results of the dynamic analysis using acceleration time histories from the Reg. Guide 1.60 
response spectra (grounded at 1.5 g's) confirm the ability of the quasi-static solution, coupled with a 
dynamic load factor, to correctly, establish structural safety factors for the anchored cask. The 
dynamic analysis confirms that stud stress excursions from the preload value are minimal despite the 
large overturning moments that need to be balanced.  

A second dynamic simulation has been performed using the seismic time histories appropriate to a 
pacific coast U.S. nuclear plant (Figures 3.4.34-3.4.36). The ZPA of these time histories are slightly 
less than the Reg. Guide 1.60 time histories but the period of relatively strong motion extends over a 
longer time duration. The results from this second simulation exhibit similar behavior as those 
results presented above and provide a second confirmation of the validity of the safety factors 
predicted by the quasi-static analysis. Reference [3.4.14] (see Subsection 3.8) provides archival 
information and backup calculations for the results summarized here.  

Stress cycle counting using Figure 3.4.45 suggests 5 significant stress cycles per second provides a 
bounding number for fatigue analysis. A fatigue reduction factor of 4 is appropriate for the studs (per 
ASME Code rules). Therefore, a conservative analysis of fatigue for the stud is based on an 
alternating stress range of: 

S(alt) = .5 x (22,300 psi ) x 4 = 44,600 psi for 5 cycles per second. The value for the stress range is 
obtained as the difference between the largest tensile stress excursions from the mean value as 
indicated in the figure.  

To estimate fatigue life, we use a fatigue curve from the ASME Code for high strength steel bolting 
materials (Figure 1.9.4 in Appendix 1, ASME Code Section M Appendices) For an amplified 
alternating stress intensity range of 44,600 psi, Figure 1.9.4 predicts cyclic life of 3,000 cycles.  
Therefore, the safety factor for failure of a stud by fatigue during one Reg. Guide 1.60 seismic event 
is conservatively evaluated as: 

SF(stud fatigue) = 3,000/100 = 30.  
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For the long duration event, even if we make the conservative assumption of a nine-fold increase in 
full range stress cycles, the safety factor against fatigue failure of an anchor stud from a single 
seismic event is 3.33. Recognizing that the fatigue curve itself is developed from test data with a 
safety factor of 20 on life and 4 on stress, the results herein demonstrate that fatigue failure of the 
anchor stud, from a single seismic event, is not credible.  

d. Summary of Interface Loads for ISFSI Pad Design 

,Bounding interface loads are set down for use by the ISFSI pad designer and are based on the 
validated quasi-static analysis and a dynamic load factor of 2.0: 

BOUNDING INTERFACE LOADS FOR ISFSI PAD STRUCTURALISEISMIC DESIGN 
D (Cask Weight) 360 Ups 
D (Anchor Preload @ 65 ksi) 4,550 kips 
E (Vertical Load) 1,080 kips 
E (Net Horizontal Surface ShearLoad) 1,527.35 kips 
E (Overtuming Moment) 15,083 kip-ft.  

3.4.8 Tornado Wind and Missile Impact (Load Case B in Table 3.1.1 and Load Case 04 in 
Table 3.1.5) 

During a tornado event, the HI-STORM 100 System is assumed to be subjected to a constant wind 
force. It is also subject to impacts by postulated missiles. The maximum wind speed is specified in 
Table 2.2.4 and the three missiles, designated as large, intermediate, and small, are described in 
Table 2.2.5.  

In contrast to a freestanding HI-STORM 100 System, the anchored overpack is'capable of 
withstanding much greater lateral pressures and impulsive loads from large missiles. Th& quasi
static analysis result, presented in the previous subsection, can be used to determine a maximum 
permitted base overturning moment that will provide at least the same stud safety factors. This is 
accomplished by setting Gv = 0.0, DLF =1 and finding an appropriate GH that gives equal or better 
stud safety factors. The resulting value of G*H establishes the limit overturning moment for 
combined tornado missile plus wind., ML. (G*H x Weight x h.g) is conservatively set as the 
maximum permissible moment at the base of the cask due to combined action of lateral wind and 
tornado missile loading. Thus, if the lateral force from a tornado missile impact is F at height h and 
that from steady tornado wind action is a resultant force W acting at cask mid-height (0.5H), and the 
two'loads are acting synergistically-to overturn the cask, then their magnitudes must satisfy the 
inequality 

0.5WH + Fh5 <ML 

where the limit moment is established to ensure that the safety factors for seismic load remain 
bounrding.  

ML = 18,667 kip-ft.  
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Tornado missile impact factors should be factored into "F" prior to determining the validity of the 
above inequality for any specific site.  

In the case of a free-standing system, the post impact response of the HI-STORM 100 System is 
required to assess stability. Both the HI-STORM 100 storage overpack, and the HI-TRAC transfer 
cask are assessed for missile penetration.  

?Appnecdb 3.C contains The results for the post-impact response of the HI-STORM 100 storage 

overpack where-"it's-demonstrated-there that the combination of tornado missile plus either steady 
tornado wind or instantaneous tornado pressure drop causes a rotation of the rH-STORM 100 to a 
maximum angle of inclination less than 3 degrees from vertical. This is much less than the angle 
required to overturn the cask. e,,-p, v . . . .t , ..........................he ......  
of the later-al forcee on the star-age e'cr-pack from tornado wind is justified in Appendi, 3.C. The 
results for the HI-STORM 100 are bounding since the HI-STORM lO0S has a lower center of gravity 
when loaded.  

A.ppendix 3.G computes .the maximum force (not including the initial pulse due to missile impact) 

acting on the projected area of the storage overpack is computed to be: 

F = 91,920 lbs.  

The instantaneous impulsive force due to the missile strike is not computed here; its effect is felt as 
an initial angular velocity imparted to the storage overpack at time equal to zero. The net resultant 
force due to the simultaneous pressure drop is not an all-around distributed loading that has a net 
resultant, but rather is more likely to be distributed only over 180 degrees (or less) of the storage 
overpack periphery. The ',ircumferential stress and deformation field will be of the same order of 
magnitude as that induced by a seismic loading. Since the magnitude of the force due to F is less than 
the magnitude of the net seismically induced force considered in Subsection 3.4.7, the storage 
overpack global stress analysis performed in Subsection 3.4.7 remains governing. In the next 
subsection, results are provided for the circumferential stress and ovalization of the portion of the 
storage overpack due to the bounding estimate for the impact force of the intermediate missile.  

3.4.8.1 HI-STORM 100 Storage Overpack 

Appendix.G--This subsection considers the post impact behavior of the HI-STORM 100 System 
'after impact from tornado missiles. During an impact, the system consisting of missile plus storage 
overpack and MPC satisfies conservation of linear and angular momentum. The large missile impact 
is assumed to be inelastic. This assumption conservatively transfers all of the momentum from the 
missile to the system. The intermediate missile and the small missile are assumed to be unyielding 
and hence the entire initial kinetic energy is assumed to be absorbed by motion of the cask and local 
yielding and denting of the stordge overpack surface. It is shown that cask stability is maintained 
under the postulated wind and large missile loads. The conclusion is also valid for the HI-STORM 
IOOS since its lower center of gravity inherently provides additional stability margin.  
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The penetration potential of the missile strikes (Load Case 04 in Table 3.1.5) is examinedfirstin 
Appe adix It is ho in Appefl&h 3:G The detailed calculatiohishow that there will be no 
penetration through the concrete surrounding the inner shell of the storage overpack or penetration of 
the top closure plate. Therefore, there will beno impairment to the confinement boundary due to
missile strikes during a tornado. Since the inner shell is not compromised by the missile strike, there 
will be no permanent deformation of the inner shell. Therefore, ready retrievability is assured after 
the missile strike. The following paragraphs results-summarize the analysis work in.Appe.:di*-3G 

a. The small missile will dent any surface it impacts, but no significant puncture force is 
generated. The 1" missile can enter the air ducts, but geometry prevents a direct 
impact with the MPC.  

b. The following table summarizes the denting and penetration analysis performed for 
the intermediate missile ini Appendix 3.G. Denting is -used to connote a local 
deformation mode encompassing material beyond the impacting missile envelope, 
while penetration is used to connote a plug type failure mechanism involving onlythe 
target material immediately under the impacting missile.  

- Location Denting (in.) Thru-Thickness 
Penetration 

Storage overpack outer 6.87 -Yes '(>0.75 in.) 
Shell 

Radial Concrete 9.27 No (<27.25 in.) 

Storage overpack Top Lid 0.4 No (<4 in.) 

The primary stresses that arise due to an'intermediate missile strike on the side of the storage 
overpack and in the center of the stbrage overpack top lid are also-determined nextin Appendix 2.2.G 
The analysis of the storage lid for- the HI-STORM 100 bounds that for the HI-STORM 1 OOS; because 
of the additional energy absorbing inaterial (concrete) in the direct path of a potential missile strike 
on the top lid of the HI-STORM 100S lid, the energy absorbing requirements of the circular plate 
structure are much reduced. It l- demonstrated therr The analysis demonstrates that Level D stress I 
limits are not exceeded in either the ov-erpack 'outer shell or the top lid. The safety factor in the 
storage overpack,;considered as a cafitilev'er beafiuifnder tip load, is computed, as is the safety factor 
in the top lids, considered as two centrally loaded plates. The applied load, in each case, is the 
missile impact load. A summary of the results for axial stress-in the storage overpack,-as-obtained 
fr..m A.pp.ndi. 3.G, is given in the'table below: 
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HI-STORM 100 MISSILE IMPACT - Global Axial Stress Results 

Item Value (ksi) Allowable (ksi) Safety Factor 

Outer Shell - Side 14.35 39.75 2.77 
Strike 

Top Lid - (End Strike) 44.14 5 7.059.6- 1.294-.--54-.

To demonstrate ready retrievability of the MPC, we must show that the storage overpack suffers no 
permanent deformation of the inner shell that would prevent removal of the MPC after the missile 
strike. To demonstrate ready retrievability (for both HI-STORM 100 and for HI-STORM IOOS) a 
conservative evaluation of the circumferential stress and deformationi state due to the missile strike 
on the outer shell is was-performed: Appendix 3 .G calcu-l-.ates a-A conservative estimate for the 8" 
diameter missile impact force, "Pi", on the side of the storage overpack is calculated as: 

Pi = 843,000 lb.  

This force is conservative in that the target overpack is assumed rigid; any elasticity serves to reduce 
the peak magnitude of the force and increase the duration of the impact. The use of the upper bound 
value is the primary reason for the high axial stresses resulting from this force. To demonstrate 
continued ability to retrieve the MPC subsequent to the strike, circumferential stress and deformation 
that occurs locally in the ring section near the location of the missile strike are investigated.  

Results in Append. .3.B are presented under- dif.rent ring loadings-Subsection 3.4.7presents stress 
and displacement results for a composite ring of unit width consisting of the inner and outer shells of 
the storage overpack. The solutiorn in Appendix 3 .B assumes that the net loading is 56,184 lb.  
applied on the 1" wide ring (equivalent to a 45G deceleration applied uniformly along the height on a 
storage overpack weight of 270,000 lb.). The-This solution fer, ease . I in App .end 3.B can be applied 
directly to evaluate the circumferential stress and deformation caused by a tornado missile strike on 
the outer shell. Using the resultsfor the 45g tipover even 3., an attenuation factor to 
adjust the results frm ase 1 in Appendix 3.B is developed that reflects the difference in load 
magnitude and the width of the ring that is effective in resisting the missile strike force. The strike 
force Pi is resisted by a combination of inertia force and shear resistance from the portion of the 
storage overpack above and below the location of the strike. The ring theory solution to determine 
the circumferential stress and deformation conservatively assumes that inertia alone, acting on an 
effective length of ring, balances the applied point load Pi. The effective width of ring that balances 
the impact load is conservatively set as the diameter of the impacting missile (8") plus the effect of 
the "bending boundary layer" length. This boundary layer length is conservatively set as a multiple of 
twice the square root of the product of mean radius times the average thickness of two shells making 
up the cylindrical body of the storage overpack. From Appendix 3.B, iThe mean radius of the 
composite cylinder and the average thickness of the inner and outer shells; are 

R.ean = 48" 
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T =.5 x (.75"+1.25") = 1"

The bending boundary layer "03" in a shell is generally accepted to be given as (2(R,.T) 2 ) = 
13.85" for this configuration. That is, the effect of a concentrated load is resisted mainly in a length 
along the shell equal to the bending boundary layer. For a strike away from the ends of the shell, a 
boundary layer length above and below the strike location would be effective (i.e., dou'ble' the 
boundary layer length). However, to conservatively account for resistance above 'and below the 
location of the strike, this calculated result is only increased by 1.5 in the following analysis (rather 
than 2). Therefore, the effective width of ring is assumed as: 

13.85" x 1.5 + 8" = 28.78" 

The solution for the 45g tipover event case 1 in App~endix 3.B (performed for a unit ring width and a 
load of 56,184 lb.) is directly applicable if we multiply all stress and displacement results by the 
factor "Y" where 

Y = (1"/28.78") x (843,000 lb./56,184 lb.) = 0.521 

Using this factor en the solution in Appendix 3.B, (Attahment B 1, a.e 15.1 • gives the following 
bounding results for maximum circumferential stresses (without regard for sign and location of the 
stress) and deformations due to the postulated tornado missile strike'on the side of the storage 
overpack outer shell: 

Maximum circumferential stress due to bending moment = (29,310 psi x Y) = 15,271 psi 

Maximum circumferential stress due to mean tangential force = (18,900 lb./2 sq.inch) x Y = 4,923 
psi 

Change in diameter in the direction of the load = -0.11" x Y -0.057" 

Change in diameter perpendicular to the direction of the load = +0.06" x Y = 0.031" 

Based on the above calculation, the safety factor on maximum stress for this condition is 

SF = 39,750psi/15,271 psi = 2.60 

The allowable stress for the above calculation is the Level D membrane stress intensity limit from 
Table 3.1.12. This is a conservative result since the stress intensity is localized and need not be 
compared to primary membrane stress intensity. Even with the overestimate of impact strike force 
used in the calculations here ad in A",p-iidix 3.G, the stresses remain elastic and the calculated 
diameter changes are small and do not prevent ready retrievability ofth& MPC. Note that because the 
stresses remain in the elastic range, there will be no post-strike permanent deformation of the inner 
shell.  
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3.4.8.2 HI-TRAC Transfer Cask 

3.4.8.2.1 Intermediate Missile Strike 

HI-TRAC is always held by the handling system while in a vertical orientation completely outside of 
the fuel building (see Chapter 2 and Chapter 8). Therefore, considerations of instability due to a 
tornado missile strike are not applicable. However, the structural implications of a missile strike 
require consideration.  

The penetration potential of the 8" missile strike on HI-TRAC (Load Case 04 in Table 3.1.5) is 
examined at two locationsin Appendix 3.14-. Two l-. ations are examined: 

1. the lead backed outer shell of HI-TRAC.  
2. the flat transfer lid consisting of multiple steel plates with a layer of lead backing.  

In each case, it is shown that there is no penetration consequence that would lead to a radiological 
release. The followingparagraphs r-esi*, ts-summarize the analysis resultsanalyss in V Appendbx 3.H.  

a. The small missile will dent any surface it impacts, but no significant puncture force is 
generated.  

b. The following table summarizes the denting and penetration analysis performed for 
the interm.ediate missile in--Appendi Denting connotes a local deformation 
mode encompassing material beyond the impacting missile envelope, while 
penetration connotes a plug type failure mechanism involving only the target material 
immediately under the impacting missile. Where there is through-thickness 
penetration, it is shown inAppendE 3.14 that.t e lead and the innerplate absorb any 
residual energy remaining after penetration of the outer plate in the 100 Ton HI
TRAC transfer lid. Beth the M- TRAC 125 and M- TRAC 100 transfer , asks are 
evaluated in AppendbE 3..H. The table summarizes the bounding results for both 
transfer casks.  

Location Denting (in.) Thru-Thickness Penetration 

Outer Shell - lead backed 0.498 No (<1.0 in.) 

Outer Transfer Lid Door 0.516 No (<0.75 in.) (HI-TRAC 125) 
Yes (>0.5 in.) (HI-TRAC 100) 

The 8" missile will not penetrate the pool lid for the HI-TRAC 125D because it has a thicker bottom 
plate than the HI-TRAC 125 transfer lid door. In addition, the results for the 8" missile strike on the 
HI-TRAC outer shell are valid for the HI-TRAC 125D since all three transfer casks have the same 
outer shell thickness.  
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While the transfer cask is being transported in a horizontal orientation, the MPC lid is exposed. We 
conservatively assume no protective plate in place during this transport operation and evaluate the 
capacity of the lid peripheral groove weld to resist the impact load. The calculated result--ef 
cale.ulations in App.ndb. 3.1, conservatively based on a reduced 5/8" weld, is as follows: 

HI-TRAC MISSILE IMPACT - Capacity Results 

Item Value (lb) Capacity (lb) Safety Factor-= 
Capacity/Value 

Top Lid Weld 2,262,000 2,789,000 1.23 

The final calculation in this subsection is an evaluation of the circumferential stress and deformation 
consequences of the horizontal missile itrike on the periphery of the Il-TRAC shell. It is assumed 
that the HI-TRAC is simply supported at its ends (while in transit) and is subject to a direct impact 
from the 8" diameter missile. To compute stresses, an estimate of the peak impact force is required.  
The effect of the waterjacket to aid in the dissipation of the impact force is conservatively neglected.  
The only portion of the HI-TRAC cylindrical body that is assumed to resist the impact load is the 
two metal shells. The lead is assumed only to act as a separator to maintain the spacing between the 
shells. The previous results from the lead slump analysis demonstrate that this conservative 
assumption on the behavior of the lead is valid. The peak value of the impact force is a function of 
the stiffness of the target. The target stiffness in this postulated event has the following contributions 
to the stiffness of the structure.  

a. a global stiffness based on a beam deformation mode, and 
b. a local stiffness based on a shell deformation mode 

Appendix a locains binfematien on t heltansfer- cks that permit he calulatiien ef a r-mbno 
LkJ±
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springc stant (i.e. the inverse of the glebal defleetion of the eask body as a beam uinder- a Uni 
encntr-ated lead). This The global spring constant (i.e., the inverse of the global deflection of the 
cask body as a beam under a unit concentrated load),hewevei- is a function of location of the strike 
along the length of the cask. The spring constant value varies from a minimum for a strike at the 
half-height to a maximum value for a strike near the supports (the trunnions). Since the peak impact 
force is larger for larger stiffness, it is conservative to maximize the spring constant value. Therefore, 
in the calculation, we neglect this spring constant for the computation of peak impact force and focus 
only on the spring constant arising from the local deformation as a shell, in the immediate vicinity of 
the strike. To this end, the spring constant is estimated by considering the three-dimensional effects 
of the shell solution to be replaced by the two-dimensional action of a wide ring. The width of the 
ring is equal to the "bending boundary layer" length on either side of the strike location plus the 
diameter of the striking missile. Following the analysis methodology alrea'dyý utilized subsection 
3.4.8.1, the following information is obtained fr•m Appendix. 3.A: 
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The mean radius of the composite cylinder and the average thickness of the inner and outer shells, 
are (use the 100 Ton HI-TRAC data since it provides an upper bound on stress and deformation): 

Rmea. = 36.893 

T =.5 x (.75"+1.00") = 0.875" 

The bending boundary layer "13" in a shell is generally accepted to be given as (2(RFeanT) 2 ). To 
account for resistance above and below the location of the strike, this calculated result is 
conservatively increased by multiplying by 1.5. Therefore, the effective width of ring is: 

11.22" x 1.5 + 8" = 24.84" 

Appendix 3...A. ont in. .. ,n .an.lysis of The missile impact is modeled as a point load, acting on 
the ring, of magnitude equal to Pi = 20,570 lb. The use of a point load in the analysis is conservative 
in that it overemphasizes the local stress. The actual strike area is an 8" diameter circle (or larger, if 
the effect of the water jacket were included).  

The force is assumed resisted by inertia forces in the ring section. From the results in Appeadi* 
,AM, a spring constant can be defined as the applied load divided by the change in diameter of the 

ring section in the direction of the applied load. Using the ,,nfigur-ati.. and results in App.nd.i 
3 ,AMBased on this approach, the following local spring constant is obtained: 

K = Pi/D 1a = Pi/0.0 19" =1,083,000 lb.inch 

To determine the peak impact force, a dynamic analysis of a two-body system has been performed 
using the "Working Model" dynamic simulation code. A two mass-spring damper system is 
considered with the defined spring constant representing the ring deformation effect. Figure 3.4.24 
shows the results from the dynamic analysis of the impact using the computer code "Working 
Model". The small square mass represents the missile, while the larger mass represents the portion of 
the HI-TRAC "ring" assumed to participate in the local impact. The missile weight is 275.5 lb. and 
the participating HI-TRAC weight is set to the weight of the equivalent ring used to determine the 
spring constant.  

The peak impact force that results in each of the two springs used to simulate the local elasticity of 
the HI-TRAC (ring) is: 

F(spring) = 124,400 lb.  

Since there are two springs in the model, the total impact force is: 

P(impact) = 248,800 lb.  
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To estimate circumferential behavior of theiring under the impact, the previous solution im'ppeidix 
3a-.M-(using a load of 20,570 lb.) is used and amplified by the factor "Z", where: 

Z = 248,800 lb./20,570 lb. = 12.095 

From Appendix 3 .AM onsequently, the maximum circumferential stress due to the ring moment, 
away from the impact location, is: 

3,037psi x (69,260in-lb/i 80,900 in-lb) x Z = 14,230 psi 

At the same location, the mean stress adds an additional component (A.ppndi. 3.A.. gives the m.ean 
tangential fofre in the ring; the ring area is computed based on the effective width of the ring).  

(5,143 lb./43.47 sq.in) x Z = 1431 psi 

Therefore, the safety factor on circumferential stress causing ovalization of an effective ring section 
that is assumed to resist the impact is: 

SF(ring stress) = 39,750 psi/(143 lpsi + 14,230psi) = 2.54 

The allowable stress for this safety factor calculation is obtained from Table 3.1.12 for primary 
membrane stress intensity for a Level D event at 350 degrees F material temperature. Noting that the 
actual circumferential stress in the ring remains in the •elastic range, it is concluded that the MPC 
remains readily retrievable after the impact since there is no permanent ovalization of the cavity after 
the event. As noted previously, the presence of the waterjacket adds an additional structural barrier 
that has been conservatively neglected in this analysis.  

3.4.8.2.2 Large Missile Strike 

The effects of a la-rge-tormado missile strike on the side (waterjacket outer enclosure) of a loaded HI
TRAC has been simulated using a transient finite element model of the transfer cask and loaded 
MPC. The triansient finite element code LSDYNA3D has been used (approved by the NRC for use in 
impact analysis (see Appendix 3.A, reference [3.A.4] for the benchmarking of this computer code)).  
An evaluation of MPC retrievability and global stress state (away from the impact area) arý of 
primary interest. The finite element model includes the loaded MPC, the HI-TRAC inner and outer 
shells, the HI-TRAC waterjacket, the lead shielding, and the appropriate HI-TRAC lids. The water 
in the water jacket has been neglected for conservatism in the results. The large tornado missile has 
been simulated by an impact force-time pulse applied on an area representing the frontal area of an 
1800-kg. vehicle. The force-time data used has been previously approved by the USNRC (Bechtel 
Topical Report BC-TOP-9A, "Design of Structures for Missile Impact", Revision 2, 9/1974). The 
frontal impact area used in the finite element analysis is that area recommended in NUREG-0800, 
SRP 3.5.1.4, Revision 2, 1981).  

~Appendbii 3.AN descr-ibes the finite element model, the input data used, and pr-evides rpia results necessary te the evaluation of retrievability and state ef-stres-s. A summary of the results from~ 
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Appendix--3 1ANis presented below for the HI-TRAC 100 and HI-TRAC 125 transfer casks. Since 
the dimensions of the inner shell, the outer shell, the lead shielding, and the water jacket enclosure 
panels are the same in both the HI-TRAC 125 and the HI-TRAC 125D, the results from the HI
TRAC 125 are considered accurate for the HI-TRAC 125D. The allowable value listed for the stress 
intensity for this Level D event comes from Table 3.1.17.  

The results from the dynamic analysis have been summarized below.

ITEM - HI-TRAC 100 CALCULATED VALUE ALLOWABLE VALUE 

Maximum Stress Intensity in 28.331 58.7 
Water Jacket (ksi) 
Maximum Stress Intensity in 11.467 58.7 
Inner Shell (ksi) 
Maximum Plastic Strain in 0.0000932 
Water Jacket 
Maximum Plastic Strain in 0.0 
Inner Shell 

ITEM - 1H-TRAC 125 CALCULATED VALUE ALLOWABLE VALUE 

Maximum Stress Intensity in 19.073 58.7 
Water Jacket (ksi) 
Maximum Stress Intensity in 6.023 58.7 
Inner Shell (ksi) 
Maximum Plastic Strain in 0.0 
Water Jacket 
Maximum Plastic Strain in 0.0 
Inner Shell 

The above results demonstrate that: 

1. The retrievability of the MPC in the wake of a large tornado missile strike is not 
adversely affected since the inner shell does not experience any plastic 
deformation.  

2. The maximum primary stress intensity, away from the impact interface on the HI
TRAC water jacket, is below the applicable ASME Code Level D allowable limit 
for NF, Class 3 structures.
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HI-TRAC Drop Events (Load Case 02.b in Table 3.1.5)

During transit, the HI-TRAC 125 or HI-TRAC 100 transfer cask may be carried horizontally with the 
transfer lid in place. Analyses have been performed to demonstrate that under a postulated carry 
height; the design basis 45g deceleration is not exceeded. The analyses have been performed using 
two different simulation models. A simplified model of the drop event is performed using the 
computer simulation code "Working Model 2D". The analysis using "Working Model 2D" assumed 
the HI-TRAC and the contained MPC acted as a single rigid body. A second model of the drop event 
uses DYNA3D, considers the multi-body analysis of HI-TRAC and the contained MPC as individual 
bodies, and is finite element based. In what follows,'we outline the problem and the results obtained 
using each solution methodology.  

3.4.9.1 Working Model 2D Analysis of Drop Event 

The analysis model conservatively neglects all energy absorption by any component ofHI-TRAC; all 
kinetic energy is transferred to the ground through the spring-dampers that simulate the foundation 
(ground). If the HI-TRAC suffers a handling accident causing a side drop to the ground, impact will 
only occur at the top and bottom ends of the vessel. The so-called "hard points" are the top end 
lifting trunnions, the bottom end rotation trunnions, and the projecting ends of the transfer lid.  
Noting that the projecting hard points are of different dimensions and will impact the target at 
different times because of the HI-TRAC geometry, any simulation model must allow for this 
possibility.  

A dynamic analysis of a horizontal drop, with the lowest point on the HI-TRAC assumed 50" above 
the surface of the target (larger than the design basis limit of 42"), is considered in-Appendi Z-.7,for I 
the HI-TRAC 125 and for the HI-TRAC 100. Figure 3.4.22 shows the transfer cask orientation. The 
HI-TRAC is considered as a rigid body (Appendix 3.Z contains calculations thtt-dernonstrate that the 
lowest beam mode frequency is well above 33 Hz so that no dynamic amplification need be 
included). The effects of the ISFSI pad and the underlying soil are included using a simple spring
damper model based on a static classical Theory of Elasticity solution. The "worst" orientation of a 
horizontally carried HI-TRAC with the transfer cask impacting an elastic surface is considered. The 
HI-TRAC is assumed to initially impact the target with the impact force occurring over the 
rectangular surface of the transfer lid (11.875" x 81"). "Worst" is defined here as meaning an impact 
at a location having the maximum value of an elastic spring constant simulating the resistance of the 
target interface. A ~pendix 3 .AL. pr. vides the c. lcu .kiion o-.f.. t e elastic spr:ng , .a m p .that , ,, , ,tc 

"the .e.taetpri:ng.-The geometry and material properties used in Appendix-3-.ALrefled- the USNRC 
accepted reference pad and soil (Table 2.2.9 - the pad thickness used is 36" and the Young's 
Modulus of the elastic soil is the upper limit value ,E=28,000 -psi). The use of an elastic 
representation of the target surface is conservative as it minimizes the'energy absorptioh capacity of 
the target and maximizes the deceleration loads developed during the impact."Ase conseidered in 
A~ppcndi; 3 ..A. is a eal.ulati.n .f the spring constant is also calculated based on an assumption 

that impact at the lower end of HI-TRAC first occurs at the pocket trunnion'. The results inAppendi.  
9-.A,-demonstrate that this spring constant is lower and therefore would lead to a lower impact force.  
Therefore, the dynamic analysis of the handling accident is performed assuming initial impact with 
the flat rectangular short end of the transfer lid. Subsequent to the initial impact, the HI-TRAC 
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rotates in accordance with the dynamic equations of equilibrium and a secondary impact at the top of 
the transfer cask occurs. The impact is at the edge of the water jacket.  

The following table summarizes the results from the dynamic analyses (using the Working Model 2D 
computer code) d.cumented in Appendix 3 .Z:

In the table above, the decelerations are measured at points corresponding to the base and top of the 
fuel assemblies contained inside the MPC. The dynamic drop analysis reported above, using the 
Working Model 2D rigid body-spring model proved that decelerations are below the design basis 
value and that global stresses were within allowable limits.

3.4.9.2 DYNA3D Analysis of Drop Event

An independent evaluation of the drop event to delineate the effect of target non-linearity and the 
flexibility of the transfer cask has been performed using DYNA3D. Appendix I.AN pr.vides 
details .f the M TR ACG dr..p medel, the data input, and emtensivc graphieal re.u.... Both the HI
TRAC 125 and HI-TRAC 100 transfer casks are modeled as part of the cask-pad-soil interaction 
finite element model set forth in NUREG/CR-6608 and validated by an NRC reviewed and 
approved Holtec topical report (see reference [3.A.4] in Appendix 3.A). The model uses the 
identical MPC and target pad/soil models employed in the accident analyses of the HI-STORM 
100 overpack. The HI-TRAC inner and outer shells, the contained lead, the transfer lid, the water 
jacket metal structure, and the top lids are included in the model. The water jacket is assumed 
empty for conservatism.  

Two side drop orientations are considered (see Figures 3.4.27 and 3.4.28). The first drop assumes 
that the plane of the lifting and rotation trunnions is horizontal with primary impact on the short 
side of the transfer lid. This maximizes the angle of slapdown, and represents a credible drop 
configuration where the HI-TRAC cask is dropped while being carried horizontally. The second
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HI-TRAC Handling Analysis - Working Model Analysis of Horizontal Drop 

Item Value Allowable Safety Factor 
HI-TRAC 125 - Primary Impact 32.66 45 1.38 
Deceleration (g's) 
HI-TRAC 125 - Secondary Impact 26.73 45 1.68 
Deceleration (g's) 
HI-TRAC 100 - Primary Impact 33.18 45 1.36 
Deceleration (g's) 
HI-TRAC 100 - Secondary Impact 27.04 45 1.66 
Deceleration (g's) 

Axial Membrane Stress Due to HI- 19.06 39.75 2.085 
TRAC 125 Bending as a Beam 
Level D Drop (psi) 

Axial Membrane Stress Due to HI- 15.77 39.75 2.52 
TRAC 100 Bending as a Beam 
Level D Drop (psi)

K)1_

<-I

I
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drop orientation assumes primary impact on the rotation trunnion and maximizes the potential for 
the lifting trunnion to participate in the secondary impact. This is a non-credible event that 
assumes complete separation from the transfer vehicle and a nifiety-degree rotation prior to 
impact. Nevertheless, it is the only configuration where the trunnions could be involved in both 
primary and secondary impacts.  

For each simulation performed, the lowest point on the HJ-TRAC cask (either the transfer lid 
edge or the rotation trunnion) is set at 42" above the target interface. Decelerations are measured 
at the top lid, the Cask centroidal position; and the transfer lid. Normal forces were measured at 
the primary impaci interface, at the secondary impact interface, and at the top lid/MPC interface.  
Decelerations are filtered at 350 Hz.

The following key results summarize the analyses Goeumenteci fn tne new PAppend1x 3.A :

ITEM HI-TRAC 125 HI-TRAC 100 ALLOWABLE 

Initial Orientation of Trunnions Horizontal Vertical Horizontal Vertical 

Max. Top Lid Vertical 25.5 32 36.5 45t 45 
Deceleration - Secondary Impact (Ws) 

Centroid Vertical Deceleration - at 9.0 13.0 10.0 17.5 45 Time of Secondary Impact (g's) 

Max. Transfer Lid Vertical 30.8 23.5 35.0 31.75 45 
Deceleration - Primary Impact 
(g's) 

Maximum Normal Force at Primary 1,950. 1,700 1,700 1,700 
Impact Site (kips) _

Maximum Normal Force at 1,300. 1,850. 1,500. 1,450. 
Secondary Impact Site (kips) 

Maximum MPC/Top Lid Interface 132. - 39. -
Force (kips) 
Maximum Diametral Change of 0.228 0.113 Not 0.067 0.3725 

Inner Shell (inch) Computed 

Maximum Von Mises Stress (ksi) 37.577 38.367 40.690 40.444 58.7* 

t The deceleration at the top of the basket is estimated at 41 g's 
* Allowable Level D Stress Intensity for Primary Plus Secondary Stress Intensity
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The results presented in Appendix I.AN1 and summarized above demonstrate that both the HI
TRAC 125 and HI-TRAC 100 transfer casks are sufficiently robust to perform their function 
during and after the postulated handling accidents. We also note that the results, using the 
Working Model single rigid body dynamic model (see Subsection 3.4.9.1), are in reasonable 
agreement with the results predicted by the DYNA3D multi-body finite element dynamic model 
although performed for a different drop height with deceleration measurements at different 
locations on the HI-TRAC.  

The results reported above for maximum interface force at the top lid/MPC interface are used as 
input to a separate the-analysis, which in Appendix •.AH t3 demonstrates that the top lid 
contains the MPC during and after a handling accident. The results reported above for the 
maximum normal force at the primary impact site (the transfer lid) have been used to calculate 
the maximum interface force at the bottom flange/transfer lid interface. This result is needed to 
insure that the interface iipat--forces used in Appendice 3.AD and 3-.AJ to evaluate transfer lid 
separation are indeed bounding. To obtain the iriterface force between the HI-TRAC transfer lid 
and the HI-TRAC bottom flange, it is sufficient to take a free-body of the transfer lid and write 
the dynamic force equilibrium equation for the lid. Figure 3.4.29 shows the free body with 
appropriate notation. The equation of equilibrium is: 

M-LaTL = F, - G, 

where 

MTL = the mass of the transfer lid 
amL = the time varying acceleration of the centroid of the transfer lid 
F, = the time varying contact force at the interface with the target 
Gi =the time varying interface force at the bottom flange/transfer lid interface 

Solving for the interface force give the result 

G, = F, - MTLa.L
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Using the appropriate transfer lid mass and acceleration, together with the target interface force at 
the limiting time instant, provides values for the interface force. The table below provides the 
results of this calculation for the HI-TRAC 125 and HI-TRAC 100 transfer casks.

3.4.9.3 - Horizontal Drop of HI-TRAC 125D 

The previous subsection addressed the 42" horizontal drop of the HI-TRAC 125 and HI-TRAC 100, 
including an evaluation of the bolted connection between the transfer lid, wvhich sustains the primary 
impact, and the cylindrical body of the loaded HI-TRAC. The HI-TRAC 125D does not hýave a 
bolted connection between the bottom flange and the cylindrical body of the cask. However, the 
transverse protrusions (bottom flange, lifting trunnions, and optional attachmeht lugs/support tabs at 
the top of the cask) spawn different impact scenarios. The uncontrolled lowering of the cask is 
assumed to occur from a height of 42" measured to the lowest location on the HI-TRAC 125D in the 
horizontal orientation.  

The maximum decelerations for the HI-TRAC 125D are comparable to the drop results for the HI
TRAC 125 when the plane of the lifting and rotation-trunnions is vertical. Although the HI-TRAC 
125D has no rotation trunnions, its bottom flange extends radially beyond the waterjacket shell by 
approximately the same amount as the HI-TRAC 125 rotation trunnions and thereby establishes a 
similar "hard point" for primary imp-act in terms of distance "froh' the cask centerline. More 
important, because the bottom flange is positioned closer to the ba.e of the HI-TRAC 125D than the 
rotation trunnions are in the HI-TRAC 125, the slap-down angle for the HI-TRAC 125D is less. The 
shallower angle decreases the participation of the lifting trunnion during the secondary impact, and 
increases the participation of the water jacket shell. Since the water jacket shell is a more flexible 
structure than the lifting trunnion, the deceleration of the HI-TRAC 125D cask during secondary 
impact is slightly less than the calculated deceleration of the HI-TRAC 125. In the HI-TRAC 125D, 
there is no bolted connection at the bottom flange/cask body interface that is active in load transfer 
from the flange to the cask body. It is therefore cbnclude'd that this-drop scenario for the HI-TRAC 
125D is bounded by the similar evaluation for the HI-TRAC 125.  

A second HI-TRAC 125D drop scenario with two attachment lugs/support tabs in a vertical plane is 
the most limiting scenario. The tab dimensions are such that primary impact occurs at the top end-of 
the cask when the support tabs impact the target surface, followed by'a slap-'down and a secondary 
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Item Calculated from 
__Equilibrium (kips) 

HI-TRAC 125 - Trunnions 1,183.  SHorizontal 

HI-TRAC 125 - Trunnions 1,272.  
Vertical 

HI-TRAC 100 - Trunnions 1,129.  
Horizontal 

HI-TRAC 100 - Trunnions 1,070.  
Vertical



impact at the bottom flange.

The evaluation of HI-TRAC 125D drop scenario is performed using the computer code Working 
Model 3D (WM) (now known as Visual Nastran Desktop). First, the WM code is used to simulate 
the "Scenario A" drop of the HI-TRAC 125 in order to establish appropriate parameters to 
"benchmark" WM against the DYNA3D solution. The table below summarizes the results of the 
Working Model/DYNA3D benchmark comparison (the DNA3D solution for the IN TRA.. 125 
(S..n.ri. A) is d ..m.nted in Appendix 3.. A.). Figure 3.4.48 shows the benchmark configuration 
after the drop event.  

Comparison of H-TRAC 125 Drop Results (Scenario A)

The benchmarked Working Model simulation was then modified to simulate the second drop 
scenario of the HI-TRAC 125D with support tabs in a vertical plane; primary impact now occurred at 
the top end with secondary impact at the bottom flange. Figure 3.4.49 shows the configuration of the 
H1-TRAC 125D after this scenario. The impact parameters were unchanged from the benchmark 
model except for location. The acceleration results from the 42" horizontal drop of the FII-TRAC 
125D in this second drop scenario are summarized below.  

Results From HI-TRAC 125D 42" Drop 
Vertical Deceleration of Top Lid (primary 36.75 
impact on support tab) g's, 
Vertical Deceleration of Pool Lid (secondary 29.27 
impact on bottom flange) g's 

The resulting g loads at the top of the active fuel region for the HI-TRAC 125D, with primary 
impact on the support tabs, are increased over the loads computed for the HI-TRAC 125 but 
remain well below the design basis limit.  

3.4.10 HI-STORM 100 Non-Mechanistic Tip-over and Vertical Drop Event (Load Cases 
02.a and 02.c in Table 3.1.5) 

Pursuant to the provision in NUREG-1536, a non-mechanistic tip-over of a loaded HI-STORM 100 
System on to the ISFSI pad is considered in this report. Analyses are also performed to determine the 
maximum deceleration sustained by a vertical free fall of a loaded HI-STORM 100 System from an 
11" height onto the ISFSI pad. The objective of the analyses is to demonstrate that the plastic 
deformation in the fuel basket is sufficiently limited to permit the stored SNF to be retrieved by 
normal means, does not have a adverse effect on criticality safety, and that there is no significant loss 
of radiation shielding in the system.  
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DYNA3D Working Model 
Vertical Deceleration of Top 32 33.49 
Lid (secondary impact) g's 
Vertical Deceleration at 
Bottom Lid (primary impact 23.5 23.59 
on rotation trunnion) g's



Ready retrievability of the fuel is presumed to be ensured: if global stress levels in the MPC striucture 
meet Level D stress ,limits during the postulated drop events; if any plastic'deformations are 
localized; and if no significant permanent ovalization of the overpack into the MPC envelope space, 
remains after the event.  

Subsequent to the accident events, the storage overpack must be shown to contain the shielding so 
that unacceptable radiation levels do not result from the accident.  

Appendix 3.A provides a description of the dynamic finite element analyses undertaken to establish 
the decelerations resulting from the postulated event. A non-mechanistic tip-over is considered 
together with an end drop of a loaded HI-STORM 100 System. A dynamic finite element analysis of 
each event is performed using a commercial finite element code well suited for such dynamic 
analyses with interface impact and non-linear material behavior. This code and methodology have 
been fully benchmarked against Lawrence Livermore Laboratories test data and correlation [3.4.12].  

The table below provides the values of computed peak decelerations at the top of the fuel basket for 
the vertical drop and the non-mechanistic tipover scenarios. It is seen that the peak deceleration is 
below 45 g's.  

Filtered Results for Drop and Tip-Over Scenarios for HI-STORM 

Max. Deceleration at the Top of the Basket (g's) 
Drop Event Set A(36" Thick Pad) Set B(28" Thick Pad) 

End Drop for 11 43.98 41.53 
inches 

Non-Mechanistic 42.85 39.91 
Tip-over 

The tipover analysis performed in Appendix 3.A is based on the HI-STORM 100 geometry and a 
bounding weight. The fact that the HI-STORM I OOS(232) is shorter and has a lower center of gravity 
suggests that the impact kinetic energy is reduced so that the target would absorb the energy with a 
lowei maximum deceleration. However, since the actual weight of a HI-STORM iOOS(232) is less 
than that of a HI-STORM 100 by a significant amount, the predicted maximum rigid body 
deceleration would tend to increase slightly. Since there are two competing mechanisms at work, it is 
not a foregone conclusion that the maximum rigid body deceleration level is, in fact, reduced if a HI
STORM 100S(232) suffers a non-mechanistic tipover onto the identical target as the HI-STORM 
100.o The situation is clearer for the HI-STORM 100S(243), which is virtually equal in weight to the 
HI-STORM 100, yet its center of gravity when loaded is almost one inch lower.' In what follows, we 
present a summary of the analysis undertaken to demonstrate conclusively that the result for 
maximum deceleration level in the HI-STORM 100 tipover event does bound the corresponding 
value for the HI-STORM 100S(232), and, therefore, we need only perform a detailed dynamic finite 
element analysis for the HI-STORM 100.  
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Appendix 3.A presents a result for the angular velocity of the cylindrical body representing a HI
STORM 100 just prior to impact with the defined target. The result is expressed in Subsection 3.A.6 
in terms of the cask geometry, and the ratio of the mass divided by the mass moment of inertia about 
the comer point that serves as the rotation origin. Since the mass moment of inertia is also linearly 
related to the mass, the angular velocity at the instantjust prior to target contact is independent of the 
cask mass. Subsequent to target impact, we investigate post-impact response by considering the cask 
as a cylinder rotating into a target that provides a resistance force that varies linearly with distance 
from the rotation point. We measure "time" as starting at the instant of impact, and develop a one
degree-of freedom equation for the post-impact response (for the rotation angle into the target) as: 

0 +C,)20 = 0 

where 

2 kL2 
31A 

The initial conditions at time=0 are: the initial angle is zero and the initial angular velocity is equal 
to the rigid body angular velocity acquired by the tipover from the center-of-gravity over comer 
position. In the above relation, L is the length of the o6verpack, I i's the mass moment of inertia 
defined in Appendix 3.A, and k is a "spring constant"associated with the target resistance. If we 
solve for the maximum angular acceleration subsequent to time =0, we obtain the result in terms of 
the initial angular velocity as: 

ma =00 

If we form the maximum linear acceleration at the top of the four-inch thick lid of the overpack, we 
can finally relate the decelerations of the rH-STORM 100 and the HI-STORM 100S(232) solely in 
terims of their geometry properties and their mass ratio. The value~of"k", the target spring rate is the 
same for both overpacks so it does not appear in the relationship between the two decelerations.  
After substituting the appropriate geoimetry and calculated masses, we determine that the ratio of 
maximum rigid body decelerations at the top surface of the four-inch thick top lid plates is: 

A HI-STORM 100S( 23 2)/A HI-STORM 100 = 0.946 

Therefore, as postulated, there is no need to perform a separate DYNA3D analysis for the HI
STORM lO0S hypothetical tipover.  

Appen. i 3.B c.ntai4,n aA simple elastic strength of materials calculation is performed to 
demonstrate that the cylindrical storage overpack will not permanently deform to the extent that the 
MPC cannot be removed by normal means after a tip-over event. it is demen.t.at.d in that .pp.ndi.  
The results demonstrate that the maximum diametrical closure of the cylindrical cavity is less than 
the initial clearance between the overpack MPC support channels and the MPC canister. Primary 
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circumferential membrane stresses in the MPC shell remain in the elastic range during a tip-over (see 
Table 3.4.6 summary safety factors); therefore, no permanent global ovalization of the MPG shell 
occurs as a result of the drop.  

To demonstrate that the shielding material will continue to perform its function after a tip-over 
accident, the stress and strain levels in the metal components of the storage overpack are examined at 
the end of the tip-over event. The results obtained in Appendix 3.A' for impact decelerations 
conservatively assumed a rigid storage overpack model to concentrate nearly all energy loss in the 
target. However, to assess the state of stress and strain in the storage bverpack after an aiccident 
causing a tip-over, the tip-over analysis was also performed using a non-rigid storage overpack 
model using overpack'material properties listed in Appendix 3.A. Figure 3.4.13 shows the calculated 
von Mises stress in the top lid and outer shell at 0.08 seconds after the initiation of impact. Figure 
3.4.14 shows the residual plastic strains in the same components. Figures 3.4.15 and 3.4.16 provide 
similar results for the inner shell, the radial plates, and the support channelst. The results show that 
while some'plastic straining occurs, accompanied by stress levels above the yield stress of the 
material, there is no tearing in the metal structure which confines the radiation shielding (concrete).  
Therefore, there is no gross failure of the metal shells enclosing the concrete. The shielding concrete 
will remain inside the confines of the storage overpack and nmaintain its performance after the tipover 
event.  

3.4.11 Storage Overpack'and HI-TRAC Transfer Cask Service Life 

The term of the 1 OCFR72, Subpart L C of C, granted by the NRC is 20 years; therefore, the License 
Life (please see glossary) of all components is 20 years. Nonetheless, the HI-STORM 100 and IOOS 
Storage overpacks and the HI-TRAC transfer cask are engineered for 40 years of design life, while 
satisfying the conservative design requirements defined in Chapter 2, including the regulatory 
requirements of 1OCFR72. In addition, the storage overpack and HI-TRAC are designed, fabricated, 
and inspected under the comprehensive Quality Assurance Program discussed in Chapter 13 and in 
accordance with the applicable requirements of the ACI and ASME Codes.'This assures high design 
"margins, high quality fabrication, and verification of compliance through rigorous inspection and , testing, as describe in Chapter 9 and the design drawings in Section 1.5. Technical Specifications 
defined in Chapter 12 assure that the integrity of the cask and the contained MPC are maintained 
throughout the components' design life. The design life of a component, as defined in the Glossary, 
is the minimum duration for which the equipment or system is engineered to perform its intended 
function if operated and maintained in accordance with the FSAR. The design life is essentially the 
lower bound value of the service life, which is the expected functioning life of the component or 
system. Therefore, component longevity should be: licensed life < design life < service life. (The 
licensed life, enunciated by the USNRC, is the most pessimistic estimate of a component's life span.) 
For purposes of further discussion, we principally focus on the service life of the HI-STORM 100 
System components that, as'stated earlier, is the reasonable expectation of equipment's functioning 
life span.  

t During fabricatioh the channels are attached to the inner shell by one of twý methods, either the channels are 
welded directly to the inner shell or they are welded to a pair of L-shaped angles (i.e., channel mounts) that are 
pre-fastened to the inner shell. The results presented in Figures 3.4.16a and 3.4.16b bound the results from both 
methods of attachment.  
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The service life of the storage overpack and HI-TRAC transfer cask is further discussed in the 
following sections.  

3.4.11.1 Storage Overpack 

The principal design considerations that bear on the adequacy of the storage overpack for the service 
life are addressed as follows: 

Exposure to Environmental Effects 

In the following text, all references to HII-STORM 100 also apply to HI-STORM 100S. All exposed 
surfaces of HI-STORM 100 are made from ferritic steels that are readily painted. Concrete, which 
serves strictly as a shielding material, is completely encased in steel. Therefore, the potential of 
environmental vagaries such as spalling of concrete, are ruled out for HI-STORM 100. Under normal 
storage conditions, the bulk temperature of the HI-STORM 100 storage overpack will, because of its 
large thermal inertia, change very gradually with time. Therefore, material degradation from rapid 
thermal ramping conditions is not credible for the HI-STORM 100 storage overpack. Similarly, 
corrosion of structural steel embedded in the concrete structures due to salinity in the environment at 
coastal sites is not a concern for HI-STORM 100 because HI-STORM 100 does not rely on rebars 
(indeed, it contains no rebars). As discussed in Appendix 1.D, the aggregates, cement and water used 
in the storage cask concrete are carefully controlled to provide high durability and resistance to 
temperature effects. The configuration of the storage overpack assures resistance to freeze-thaw 
degradation. In addition, the storage overpack is specifically designed for a full range of enveloping 
design basis natural phenomena that could occur over the 40-year design life of the storage overpack 
as defined in Subsection 2.2.3 and evaluated in Chapter 11.  

Material Deg-radation 

The relatively low neutron flux to which the storage overpack is subjected cannot produce 
measurable degradation of the cask's material properties and impair its intended safety function.  
Exposed carbon steel components are coated to prevent corrosion. The controlled environment of the 
ISFSI storage pad mitigates damage due to direct exposure to corrosive chemicals that may be 
present in other industrial applications.  

Maintenance and Inspection Provisions 

The requirements for periodic inspection and maintenance of the storage overpack throughout the 
40-year design life are defined in Chapter 9. These requirements include provisions for routine 
inspection of the storage overpack exterior and periodic visual verification that the ventilation flow 
paths of the storage overpack are free and clear of debris. ISFSIs located in areas subject to 
atmospheric conditions that may degrade the storage cask or canister should be evaluated by the 
licensee on a site-specific basis to determine the frequency for such inspections to assure long-term 
performance. In addition, the HI-STORM 100 System is designed for easy retrieval of the MPC from 
the storage overpack should it become necessary to perform more detailed inspections and repairs on 
the storage overpack.  
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The above findings are consistent with those of the NRC's Waste Confidence Decision Review 
[3.4.11 ], which concluded that dry storage systems designed, fabricated,'inspected, and operate in 

-accordance with such requirements are adequate for a 100-year service life while satisfying-the 
requirements of 1 OCFR72.  

3.4.11.2 Transfer Cask 

The principal design considerations that bear on the adequacy of the I--TRAC Transfer Cask for the 
service life are addressed as follows: 

Exposure to Environmental Effects 

All transfer cask materials that come in contact with the spent fuel pool are coated to facilitate 
decontamination. The HI-TRAC is designed for repeated normal condition handling operations with 
high factor of safety, particularly for the lifting trunnions, to assure structural integrity. The resulting 
cyclic loading produces stresses that are well below the endurance limit of the trunnion material, and 
therefore, will not lead to a fatigue failure in the transfer cask. All other off-normal or postulated 
accident conditions are infrequent or one-time occurrences that do not contribute significantly to 
fatigue. In addition, the transfer cask utilizes materials that are not susceptible to brittle fracture 
during the lowest temperature permitted for loading, as discussed in Chapter 12.  

Material Demradation 

All transfer cask materials that are susceptible to corrosion are coated. The controlled environment in 
which the HI-TRAC is used mitigates damage due to direct exposure to corrosive chemicals that may 
be present in other industrial applications. The infrequent use and relatively low neutron flux to 
which the HI-TRAC materials are subjected do not result in radiation embrittlement or degradation 
of the HI-TRAC's shielding materials that could impair the HI-TRAC's intended safety function. The 
HI-TRAC transfer cask materials are selected for durability and wear resistance for their deployment.  

Maintenance and Inspection Provisions 

The requirements for periodic inspection and maintenance of the HI-TRAC transfer cask throughout 
the 40-year design life are defined in Chapter 9. These requirements include provisions for routine 
inspection of the HI-TRAC, transfer cask for damage prior to each use, including an annual 
inspection of the lifting trunnions. Precautions are taken during lid handling operations to protect the 
sealing surfaces of the pool lid. The leak tightness of the liquid neutron shield is verified 
periodically. The water jacket pressure relief valves and other fittings used can be easily removed.  
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3.4.12 MPC Service Life

The term of the 10CFR72, Subpart L C of C, granted by the NRC (i.e., licensed life) is 20 years.  
Nonetheless, the HI-STORM 100 MPC is designed for 40 years of design life, while satisfying the 
conservative design requirements defined in Chapter 2, including the regulatory requirements of 
10CFR72. Additional assurance of the integrity of the MPC and the contained SNF assemblies 
throughout the 40-year life of the MPC is provided through the following: 

0 Design, fabrication, and inspection in accordance with the applicable requirements of the 
ASME Code as described in Chapter 2 assures high design margins.  

0 Fabrication and inspection performed in accordance with the comprehensive Quality 
Assurance program discussed in Chapter 13 assures competent compliance with the 
fabrication requirements.  

0 Use of materials with known characteristics, verified through rigorous inspection and testing, 
as described in Chapter 9, assures component compliance with design requirements.  

0 Use of welding procedures in full compliance with Section III of the ASME Code ensures 
high-quality weld joints.  

Technical Specifications, as defined in Chapter 12, have been developed and imposed on the MPC 
that assure that the integrity of the MPC and the contained SNF assemblies are maintained 
throughout the 40-year design life of the MPC.  

The principal design considerations bearing on the adequacy of the MPC for the service life are 

summarized below.  

Corrosion 

All MPC materials are fabricated from corrosion-resistant austenitic stainless steel and passivated 
aluminum. The corrosion-resistant characteristics of such materials for dry SNF storage canister 
applications, as well as the protection offered by these materials against other material degradation 
effects, are well established in the' nuclear industry. The moisture in the MPC is removed to 
eliminate all oxidizing liquids and gases and the MPC cavity is backfilled with dry inert helium at 
the time of closure to maintain an atmosphere in the MPC that provides corrosion protection for the 
SNF cladding throughout the dry storage period. The preservation of this non-corrosive atmosphere 
is assured by the inherent seal worthiness of the MPC confinement boundary integrity (there are no 
gasketed joints in the MPC).  

Structural Fatigue 

The passive non-cyclic nature of dry storage conditions does not subject the MPC to conditions that 
might lead to structural fatigue failure. Ambient temperature and insolation cycling during normal 
dry storage conditions and the resulting fluctuations in MPC thermal gradients and internal pressure 
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is the only mechanism for fatigue. These low stress, high-cycle conditions cannot lead to a fatigue 
failure of the MPC that is made from stainless alloy stock (endurance limit well in excess of 20,000 
psi). All other off-normal or postulated accident conditions are infrequent or one-time occutrrefices, 
which cannot produce fatigue failures. Finally, the MPC uses materials that are not susceptible to 
brittle fracture.  

Maintenance of Helium Atmosphere 

The inert helium atmosphere in the MPC provides a non-oxidizing environment for the SNF 
cladding to assure its integrity during long-term storage. The preservation of the helium atmosphere 
in the MPC is assured by the robust design of the MPC confinement boundary described in Section 
7.1. Maintaining an inert environment in the MPC mitigates conditions that might otherwise lead to 
SNF cladding failures. The required mass quantity of heliuni backfilled into the canister at the time 
of closure, as defined in the Technical Specification contained in Subsection 12.3.3, and the 
associated leak tightness requirements for the canister defined in the Technical Specification 
contained in Chapter 12, are specifically set down to assure that an inert helium atmosphere is 
maintained in the canister throughout the 40-year design life.  

Allowable Fuel Cladding Temperatures 

The helium atmosphere in the MPC promotes heat removal and thus reduces SNF cladding 
temperatures during dry storage. In addition, the SNF decay heat will substantially attenuate over a 
40-year dry storage period. Maintaining the fuel cladding temperatures below allowable levels during 
long-term dry storage mitigates the damage mechanism that might otherwise lead to SNF cladding 
failures. The allowable long-term SNF cladding temperatures used for thermal acceptance of the 
MPC design are conservatively determined, as discussed in Section 4.3.  

Neutron Absorber Boron Depletion 

The effectiveness of the fixed borated neutron absorbing material used in the MPC fuel basket design 
requires that sufficient concentrations of boron be present to assure criticality safety during worst 
case design basis conditions over the 40-year design life of the MPC. Information on the 
characteristics of the borated neutron absorbing material used in the MPC fuel basket is provided in 
Subsection 1.2.1.3.1. The relatively low neutron fluk, which will continue to decay over time, to 
which this borated material is subjected, does not result in significant depletion of the material's 
available boron to perform its intended safety function. In addition, the boron content of the material 
used in the criticality safety analysis is conservatively based on the minimum specified boron areal 
density (rather than the nominal), which is further reduced by 25% for analysis purposes, as 
described in Section 6.1. Analysis discussed in Section 6.3.2 demonstrates that the boron depletion in 
the neutron absorber materialBe-at-is negligible over a 50-year duration. Thus, sufficient levels of 
boron are present in the fuel basket neutron absorbing material to maintain criticality safety functions 
over the 40-year design life of the MPC.  
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The above findings are consistent with those of the NRC's Waste Confidence Decision Review, 
which concluded that dry storage systems designed, fabricated, inspected, and operated in the manner 
of the requirements set down in this document are adequate for a 100-year service life, while 
satisfying the requirements of 10CFR72.  

3.4.13 Design and Service Life 

The discussion in the preceding sections seeks to provide the logical underpinnings for setting the 
design life of the storage overpacks, the HI-TRAC transfer cask, and the MPCs as forty years. Design 
life, as stated earlier, is a lower bound value for the expected performance life of a component 
(service life). If operated and maintained in accordance with this Final Safety Analysis Report, 
Holtec International expects the service life of its HI-STORM 100 and rH-STORM 100S 
components to substantially exceed their design life values.
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Table 3.4.1

FINITE ELEMENTS IN THE MPC STRUCTURAL MODELS

MPC Type Model Type 

Element Type Basic 0 Degree Drop 45 Degree Drop 

MPC-24 1068 1114 1113 

BEAM3 1028 1028 1028 

PLANE82 0 0 0 

CONTAC12 40 38 38 

CONTAC26 0 45 45 

COMBIN14 0 3 2 

MPC-32 1374 1604 1603' 

BEAM3 1346 1346 1346 

CONTAC12 28 27 24 

CONTAC26 0 229 228 

COMBIN14 0 2 5 

MPC-68 1842 2066 2063 

BEAM3 1782 1782 1782 

PLANE82 16 16 16 

CONTAC12 44 43 40 

CONTAC26 0 223 222 

COMBIN14 0 2 3 

MPC-24E 1070 1124 1122 

BEAM3 1030 1030 1030 

'PLANE82 0 0 0 

CONTAC12 40 38 38 

CONTAC26 0 53 52 

COMBIN14 0 3 2
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TABLE 3.4.2 
III-STORM 100 SYSTEM MATERIAL COMPATIBILITY 

WITH OPERATING ENVIRONMENTS

Fuel Pool ISFSI Pad 
Material/Component (Borated and Unborated Water)t  (Open to Environment) 

Alloy X: Stainless steels have been extensively used in spent fuel The MPC internal environment will be an inert (helium) 
storage pools with both borated and unborated water with no atmosphere and the external surface will be exposed to 
adverse reactions or interactions with spent fuel. ambient air. No adverse interactions identified.  

- MPC Fuel Basket 
- MPC Baseplate 
- MPC Shell 
- MPC Lid 
- MPC Fuel Spacers 

Aluminum: Aluminum and stainless steel form a galvanic couple. In a non-aqueous atmosphere, galvanic corrosion is not 
However, aluminum will be used in a passivated state. Upon expected.  

Heat Conduction passivation, aluminum forms a thin ceramic (A1203) barrier.  
Elements Therefore, during the short time they are exposed to pool 

water, significant corrosion of aluminum or production of 
hydrogen is not expected (see operational requirements under 
"Neutron Absorber Materialetd-a" below).  

Neutron Absorber MaterialBeFif-e1 The neutron absorber material Ber•a-will be passivated No adverse potential reactions identified.  
before installation in the fuel basket to minimize the amount 

Neutron Aborber of hydrogen released from the aluminum-water reaction to a 
non-combustible concentration during MPC lid welding or 
cutting operations. See Chapter 8 for additional requirements 
for combustible gas monitoring and recommended actions for 
control of combustible gas accumulation under the MPC lid.  

t HI-TRAC/MPC short-tenn operating environment during loading and unloading.
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TABLE 3.4.2 (CONTINUED) 
HI-STORM 100 SYSTEM MATERIAL COMPATIBILITY 

WITH OPERATING ENVIRONMENTS

Material/Component Fuel Pool TSFSI Pad 
(Borated and Unborated Water)t (Open to Environment) 

Steels: All exposed steel surfaces (except seal areas, and pocket Internal surfaces of the HI-TRAC will be painted and 
- SA350-LF2 trunnions) will be coated with paint specifically selected for maintained. Exposed external surfaces (except those listed in 
- SA350-LF3 performance in the operating environments. Even without fuel pool column) will be painted and will be maintained with 
- SA203-E coating, no adverse reactions (other than nominal corrosion) a fully painted surface. No adverse reactions identified.  
- SA515 Grade 70 have been identified.  
- SA516 Grade 70 Lid bolts are plated and the threaded portion of the bolt 

SA 193 Grade B7 anchor blocks is coated to seal the threaded area.  
SA106 (HI-TRAC) _ 

.Steels: HI-STORM 100 storage overpack is not exposed to fuel pool Internal and external surfaces will be painted (except for bolt -environment. l6cations that will have protectWe coating). External surfaces 
- SA516 Grade 70 , , will be maintained with a fully painitd surfahc: eNo adverse S SA203-E 

- reaction identified.  
SA350-LF3 
Storage Overpack 

Stainless Steels: Stainless steels have been extensively used in, spent fuel Stainless 'steel has a long proven history of corrosion 
storage pools with both borated and unborated water with no , resistance' when exposed to the atmosphere. These materials SA240 304 adverse reactions. are used for bolts And threaded inserts. No adverse reactions 

- SA193 Grade B8 with steel have been identified. No impact on performance.  
- 18-8S/S 

Miscellaneous 
Components 

t HI-TRAC/MPC short-term operating environment during loading and unloading.  
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TABLE 3.4.2 (CONTINUED) 
HI-STORM 100 SYSTEM MATERIAL COMPATIBILITY 

WITH OPERATING ENVIRONMENTS

Material/Component Fuel Pool ISFSI Pad 
(Borated and Unborated Water)t (Open to Environment) 

Nickel Alloy: No adverse, reactions with borated or unborated Exposed -to weathering *effects. No adverse 
water. reactions with storage overpack closure plate. No 

- SB637-NO7718 impact on performance.  

Lifting Trunnion 

Brass/Bronze: Small surface of pressure relief valve will be, Exposed to external weathering. No loss of 
exposed. No significant adverse impact identified. function expected.  

- Pressure Relief 
Valve HI-TRAC 

Holtite-A: The neutron shield is fully enclosed. No adverse The neutron shield is fully enclosed in the outer 
reaction identified. No adverse reactions with enclosure. No adverse reaction identified. No 

- Solid Neutron thermal expansion foam or steel, adverse reactions with thermal expansion foam or 
Shield steel.  

t tII-TRAC/MPC short-term opcrating environment during loading and unloading.
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TABLE 3.4.2 (CONTINUED) 
HI-STORM 100 SYSTEM MATERIAL COMPATIBILITY 

WITH OPERATING ENVIRONMENTS

Material/Component Fuel Pool ISFSI Pad 
(Borated and Unborated Water)t (Open to Environment) 

Paint: Carboline 890 used for all HI-STORM 100 surfaces and only Good performance on surfaces. Discoloration is not a 
HI-TRAC exterior surfaces. Acceptable performance for concern.  

- Carboline 890 short-term exposure in mild borated pool water.  
- Thermaline 450 

Thermaline 450 selected for HI-TRAC internal surfaces for 
excellent high temperature resistance properties. Will onlybe 
exposed to demineralized water during in-pool operations as 
annulus is filled prior to placement in the spent fuel pool and 
the inflatable seal prevents fuel pool water in-leakage. No 
adverse interaction identified which could affect MPC/fuel 
assembly performance.  

Elastomer Seals: No adverse reactions identified. Only used during fuel pool operations.  

Lead: Enclosed by carbon steel. Lead is not exposed to fuel pool Enclosed by carbon steel. Lead is not exposed to ambient 
water. Lead has no interaction with carbon steel, environment. Lead has no interaction with carbon steel.  

Concrete: Storage overpack is not exposed to fuel pool water. Concrete is enclosed by carbon steel and not exposed to 
ambient environment. Concrete has no interaction with carbon 
steel.  

t HI-TRAC/MPC short-term operating environment during loading and unloading.  
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TABLE 3.4.3 
FUEL BASKET RESULTS - MINIMUM SAFETY FACTORS

t The symbols used for the loadings are defined in Table 2.2.13.
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Load Case Location in FSAR-W!her4he 
I.D. Loadingt Safety Factor Anahsis is Pror.m.d 

Subsection 3.4.4.23., 3., 
F I T, T' No interference g.W,3 A 

F2 D + H 2.79 3.AA of Docket 72-1008 

F3 

F3.a D + H' 3.59 3.4.4.3.1.3 
(end drop) 

F3.b D + H' 1.32 Table 3.4.6 
(side drop 0 deg.) 

F3.c D + H' 1.28 Table 3.4.6 
(side drop 45 deg.) I
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TABLE 3.4.4 
M-PC RESULTS - MINIMUM SAFETY FACTOR

Load Case I.D. Load Combinationt't Safety Factor Location in FSAR• hcr the Annysis-• : Prfor..ed 
El 

El.a Design internal pressure, P1  15 E.1.a Lid 3.E.8.1.1 of Docket 72-1008 
1.326 Baseplate 3.1.8.1 of Docket 72-1008 
1.36 Shell Table 3.4.7 
N/A, Supports 

El.b Design external pressure, Po 15 E. L.b Lid Pi bounds 
1.326 Baseplate 'P, bound§ 
1.17 Shell 3.H (Case 4) (buckling) of Docket 

72-1008 
N/A 'Supports 

El.c Design internal pressure, Pi, 1.4 El.c 'Table 3.4.8 
plus Temperature T 

E2 D + H + (Pi, P.) 6.5 Lid 3.E.8.1.2 of Docket 72-1008 
1.088 Baseplate 3.1.8.2 of Docket 72-1008 
2.63(stress), Shell 3.AA (stress) of Docket 72-1008 
1. 17(buckling) 3.H (Case 4) (buckling) of Docket 72-1008 
4.58 Supports 3.AA of Docket 72-1008 

t The symbols used for the loadings are defined in Table 2.2.13 
ft Note that in analyses, bounding pressures are applied, i.e., in buckling calculations P. is used, and in stress evaluations either P. or Pi is appropriate 

""T "If•I? ,X C' AT 1
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TABLE 3.4.4 (CONTINUED) 
MPC RESULTS - MINIMUM SAFETY FACTOR

t The symbols used for the loadings are defined in Table 2.2.13 
tt Note that in analyses, bounding pressures are applied, i.e., in buckling calculations P. is used, and in stress evaluations either P. or P, is appropriate

HI-ISTORZM F•SAR( 
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Load Case I.D. Load Combinationt'tt Safety Factor Location in FSAR Whc . . .he Analysi...... i rfmcd 

E3 
E3.a (P,,Po) + D + H', end drop 2.8 E.a Lid 3.E.8.2.1-2 of Docket 72-1008 

1.28 Baseplate 3.18.3 of Docket 72-1008 
1.21 Shell 3.H (Case 5), (buckling) 
N/A of Docket 72-1008 

Supports 

E3.b (Pi,Po) + D + H', side drop 0 2.8 E.b Lid end drop bounds 
deg. 1.28 Baseplate end drop bounds 

1.1 Shell Table 3.4.6 
1.18 Supports Table 3.4.6 
4-.82 Basket Suppor-ts; Appendix 3.Y 

E3.c (P,,P0 ) + D + H', side drop 2.8 E.c. Lid end drop bounds 
45 deg. 1.28 Baseplate end drop bounds 

1.46 Shell Table 3.4. 6Calulation Pakage 
1.56 Supports Table 3.4.6

I
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The symbols used for the loadings are defined in Table 2.2.13.  

tt Note that in analyses, bounding pressures are applied, i.e., in buckling calculations P. is used, and in stress evaluations either P0 or Pi is 
appropriate.  
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TABLE 3.4.4 (CONTINUED) 
MPC RESULTS - MINIMUM SAFETY FACTOR

Proposed Rev. 2A

C

Load Case Load Combination, ft Safety Factor Location in FSAR 
I.D.  

E4 T Subsection 3.4.4.2 Subsection 3.4.4.2 
shows there are no 
primary stresses from 
thermal expansion.  

E5 D + T* + (P,*,Po*) 27.2 Lid 3.E.8.2.1.3 of Docket 72-1008 
1.78 Baseplate 3.1.8.4 of Docket 72-1008 
1.08 (buckling); Shell 3.H (Case 6) (buckling) of Docket 72-1008 
4.16 (stress) 3.4.4.3.1.5 (thermal stress) of Docket 72

1008 
I N/A Supports N/A
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TABLE 3.4.5 
HI-STORM 100 STORAGE OVERPACK AND HI-TRAC RESULTS - MINIMUM SAFETY FACTORS 

Load Case I.D. Loadingt Safety Factor Location In FSAR 

01 D + H + T + (Po, P,) Overpack 
1.33 Shell (inlet vent)/Base 3.4.3.53-.D 
N/A Top Lid N/A 

IHI-TRAC 
2.83(125); 2.29(100) Shell 3.A-, 3.4.3.3; 
2.604 (ASME Code limit) 3.4.3.4 
2.61 (ASME Code limit) Pool Lid 3.-AR3.4.3.8 
2.91; 1.1 1(optional bolts) Top Lid -.AN/A 

Pocket Trunnion 3.4.4.3.3.13AAj, 

02 
02.a D + H' + (P0,P,) Overpack 

(end drop/tip-over) 1.606 Shell 3M-3.4.4.3.2.3 
1.134 Top Lid 3.4.4.3.2.2 

02.b D + 11' + (Po,P,) HI-TRAC 
(side drop) 2.09 Shell 3-7,;3.4.9 

1.392 Transfer Lid 3.ADi3.4.4.3.3.3 
1.651 Top Lid .AH-3.4.4.3.3.5 

03 D (water jacket) 1.168 3AG-,3.4.4.3.3.4 

04 M (small and 2.65 (Side Strike); 1.35(End strike) Overpack 3.4.8.1 
medium penetrant 
missiles) 1.23 (End Strike) HI- TRA C 3.4.8.2.1

t The symbols used for the loadings are defined in Table 2.2.13.
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Comp6nent - Stress Result MPC-24 MPC-68 
0 Degrees 45 Degrees ,. 0 Degrees 45 Degrees Fuel Basket - Primary Membrane (Po) 3.46( 4.83 3.01 4.36 

1134) (396) (1603) (1603)] Fuel Basket - Local ýMembrane Plus 1.32 1.33 2.18 1.44 Primary Bending (PL+Pb) ; ", (1065) (577) (1590) (774) Enclosure Vessel -Primary Membrane (p,) 6.54 6.62 6.56 6.86 
(1354) (1370) (2393) (2377) Enclosure Vessel - Local Membrane Plus 2.52 2.99 1.10 1.56 Primary Bendifg (PL+Pb) (1278) (1247) (1925) (1925) 

Basket Supports- Primary Membrane (Pn) N/A N/A 7.15 9.37 n~ot• c... ... , . ... ... .. .... (1710) (1699)
Las e•t Juptjolts - LUocal Mviemorane PlUS 
Primary Bending (PL+Pb)

N/A N/A
1.18 

fl"1

(1 '71 C'.  
L .X�2Z±�')

1.56 
(1704)

Corresponding ANSYS element number shown in parentheses.  
Deleted.

Proposed Rev. 2A
T4T-5�TORM T�AP 

REPORT HI-2002444 
3.4-116

( 

TABLE 3.4.6 
MINIMUM SAFETY FACTORS FOR MPC COMPONENTS DURING TIP-OVER 

45g DECELERATIONS

C

Notes:

1.  
2.

3.4-116

N/A
!

' N/A
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TABLE 3.4.6 (CONTINUED) 
MINIMUM SAFETY FACTORS FOR MPC COMPONENTS DURING TIP-OVER 

45g DECELERATIONS 

MPC-32 

Component - Stress Result 0 Degrees 45 Degrees 

Fuel Basket- Primary Membrane (P,,) 3.51 4.96 
(715) (366) 

Fuel Basket - Local Membrane Plus Primary 1.51 1 28 
Bending (PL+Pb) (390) (19) 
Enclosure Vessel - Primary Membrane (Pa,) 4.11 5.59 

(1091) (1222) 
Enclosure Vessel - Local Membrane Plus Primary 1.11 1.46 
Bending (PL+Pb) (1031) (1288) 
Basket Supports - Primary Membrane (Pro) 3.44 4.85 

(905) (905) 

Basket Supports - Local Membrane Plus Primary 1.30 1.71 
Bending (PL+Pb) (901) (908)

Corresponding ANSYS element number shown in parentheses.  
Deleted.
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TABLE 3.4.6 (CONTINUED) 
MINIMUM SAFETY FACTORS FOR MPC-24E COMPONENTS DURING TIP-OVER 

45g DECELERATIONS 

Components - Stress Result 0 Degrees 45 Degrees 
Fuel Basket-Primary -10,050 -7,021 
Membrane (Pm) (3.67)' (5.26) 

Fuel Basket - Primary 
Membrane plus Primary 31,912 30,436 
Bending (PL + Pb) (1.73) (1.82) 

Enclosure Vessel - Primary 6,586 6,534 
Membrane (P.) (6.59) (6.65) 

Enclosure Vessel - Primary 
Membrane plus Primary 23,100 17,124 
Bending (PL + Pb) (2.82) (3.80) 

Notes: 1. All stresses are reported in psi units and are based on closed gaps (primary stresses only).  
2. The numbers shown in parentheses are the corresponding safety factors.
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TABLE 3.4.7 
STRESS INTENSITY RESULTS FOR CONFINEMENT BOUNDARY 

INTERNAL PRESSURE ONLY

Allowable stress intensity at 500 degrees F (top) and 300 degrees F (bottom).

HI-STOIRM FSAR 
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3.4-119

Q.

Calculated 
Value of Table 3.1.13 (Per Fig. Stress Allowable Safety Factor 

3.4.11) Intensity Category Value (psi)t (Allowable/Calculated) 
(psi) 

Toni Lid 

A 1641 PL + Pb 26,300 16.0 
Neutral Axis 20.2 Pm 17,500 866.3 
B 1605 PL + Pb 26,300 16.39 

C 687 PL + Pb 26,300 38.3 
Neutral Axis 731 Pm 17,500 23.9 
D 2960 PL + Pb 26,300 8.89 

Baseplate 
E 19,683 PL + Pb 30,000 1.5 
Neutral Axis 412 Pm 20,000 48.5 
F 20,528 PL + Pb 30,000 1.5 

G 9,695 PL + Pb 30,000 3.1 
Neutral Axis 2,278 Pm 20,000 8.8 
H 8,340 PL + Pb 30,000 3.5

t



C

Allowable stress intensity at 500 degrees F (top) and 300 degrees F (bottom).
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TABLE 3.4.7 (CONTINUED) 
STRESS INTENSITY RESULTS FOR CONFINEMENT BOUNDARY 

INTERNAL PRESSURE ONLY 

Locations Calculated Table 3.1.13 
(Per Fig. Value of Allowvable Safety Factor 
3.4.11) Stress Category Value (psi)t (Allowable/Calculated) 

Intensity 
(psi) 

Canister 

I 6,860 Pm 17,500 2.55 

Upper Bending 7,189 PL + Pb + Q 52,500 7.30' 
Boundary Layer 7,044 PL + Pb 26,300 3.73 
Region 

Lower Bending 43,986 P. + Pb + Q 60,000 1.36 
Boundary Layer 10,621 PL + Pb 30,000 2.82 
Region

C

lIT C'TV�T� I T�' A Ii
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TABLE 3.4.8 
PRIMARY AND SECONDARY STRESS INTENSITY RESULTS FOR 

CONFINEMENT BOUNDARY - PRESSURE PLUS THERMAL LOADING 

Calculated 
Locations Value of Allowable Safety Factor 

(Per Fig. 3.4.11) Stress Category Stress (Allowable/Calculated) 
Intensity Intensity 

(psi) (psi) 

Top Lid 

A 1,630 PL + Pb + Q 52,500 32.2 
Neutral Axis 22.5 Pm + PL 26,300 1,169.  
B 1,604.1 PL + Pb + Q 52,500 32.7 

C 696 PL + Pb + Q 52,500 75.5 
Neutral Axis 731 Pm + PL 26,300 36.0 
D 2,960 PL + Pb + Q 52,500 17.7 

Baseplate 

E 19,798 PL + Pb + Q 60,000 3.0 
Neutral Axis 410.0 Pm + PL 30,000 73.2 
F 20,622 PL + Pb + Q 60,000 2.9 

G 4,789.4 Pm + PL + Q 60,000 12.5 
Neutral Axis 1,131.8 Pm+ PL 30,000 26.5 
H 4,139.4 PL + Pb + Q 60,000 14.5

HI-- I UlKIVI 1SA1( 
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TABLE 3.4.8 (CONTINUED) 
PRIMARY AND SECONDARY STRESS INTENSITY RESULTS FOR 

CONFINEMENT BOUNDARY - PRESSURE PLUS THERMAL LOADING
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TABLE 3.4.9 
SAFETY FACTORS FROM SUPPLEMENTARY

FSAR 

Item Loading Safety Location 
Factor Where Details are 

Provided 

HI-STORM Top Lid Weld Shear Tipover 3.22 3.4.4.3.2.2-3
HI-STORM Lid Bottom Plate End Drop 9.908 3.4.4.3.2.3•M, 

HI-STORM Lid Bottom Plate Welds End Drop 2.695 3.4.4.3.2.33-M 
Pedestal Shield Compression End Drop 1.011 3.4.4.3 2.334-M 
HI-STORM Inlet Vent Plate Bending End Drop 1.606 3.4.4.3.2.3-•-M 
Stress 
HI-STORM Lid Top Plate Bending End Drop -100 5.29, 3.4.4.3.2.33-M 

100S 1.625 

HI-TRAC Pocket Trunnion Weld HI-TRAC Rotation 2.92 3.4.4.3.3. 19 AA 

HI-TRAC 100 Optional Bolts - Tension HI-TRAC Rotation 1.11 3.4.4.3.3.137i 

HI-STORM 100 Shell Seismic Event 18.6 3.4.7 

HI-TRAC Transfer Lid Door Lock Bolts Side Drop 2.387 3.4.4.3.3.33 AD 

HI-TRAC Transfer Lid Separation Side Drop 1.329 3.4.4.3.3.3•A• 

HI-STORM 100 Top Lid Missile Impact 1.29-3-5 3.4.8.13.G 

HI-STORM 100 Shell Missile Impact 2.77 3.4.8.1-3.G 

HI-TRAC Water Jacket-Enclosure Pressure 1.17 3.4.4.3.3.43-AG 
Shell Bending 
HI-TRAC Water Jacket - Enclosure Pressure plus Handling 1.14 Subseefien 
Shell Bending 3.4.4.3.3.1 
HI-TRAC Water Jacket- Bottom Pressure 1.39 3.4.4.3.3.4 
Flange Bending 
HI-TRAC Water Jacket - Weld Pressure 1.42 3.4.4.3.3.43-AG 
Fuel Basket Support Plate Bending Side Drop 1.91 3.4.4.3.1.83-.Y 

Fuel Basket Support Welds Side Drop 2.09 3.4.4.3. 1.83-Y

MPC Cover Plates in MPC Lid Accident Condition 1.39 3.4.4.3. I.83X.  
Internal Pressure 

MPC Cover Plate Weld Accident Condition 6.04 3.4.4.3.1.83-.
Internal Pressure 

HI-STORM Storage Overpack External Pressure 2.88 3.4.4.5.2••AK 

HI-STORM Storage Overpack Missile Strike 2.49 3.4.8.1--34 
Circumferential Stress 

HI-TRAC Transfer Cask Circumferential Missile Strike 2.61 3.4.8.2;--9-AM 
Stress 

HI-TRAC Transfer Cask Axial Side Drop 2.09 3-Z--,3.4.9.1 
Membrane Stress
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TABLE 3.4.10 
INPUT DATA FOR SEISMIC ANALYSIS OF ANCHORED HI-STORM 100 SYSTEM 

Item Data Used Actual Value and Reference 
Cask height, inch 231.25 231.25" (Dwg. 1495) 
Contact diameter at ISFSI pad, inch 146.5 146.5 (Dwg. 3187) 
Overpack empty, wt. Kips 270 267.87 (Table 3.2.1) 
Bounding wt. of loaded MPC, kips 90 88.135 (Table 3.2.1) 
Overpack-to-MPC radial gap (inch) 2.0 2.0' (Dwg. 1495, Sheets 2 and 5) 
Overpack C.G. height above ISFSI 117.0 116.8 (Table 3.2.3) 
pad, inch 
Overpack with Loaded MPC - C.G. 118.5 118.5 (Table 3.2.3) 
height above ISFSI pad 
Applicable Response Spectra Fig. 3.4-31 to 3.4-36 Figures 3.4-30 
ZPA: RG 1.60 Western Plant 

Horizontal 1 1.5 1.45 
Horizontal 2 1.5 1.45 Site-Specific 
Vertical 1.5 1.3 

No. of Anchor Studs 28 Up to 28 
Anchor Stud Diameter 

Inch 2.0 2.0 (BOM 3189) 
Yield stress, ksi 80 (minimum) Table 1.2.7 
Ultimate stress, ksi 125 (minimum) Table 1.2.7 
Free length, inch* 16-42 Site-specific 
Pre-load tensile stress, ksi* 55-65 55-65 

*For the confirmatory dynamic analyses, bolt spring rates were computed using the maximum 

length, and the preload stress was slightly above 60.1 ksi. For the static analysis, all combinations 
were evaluated.
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3.6 SUPPLEMENTAL DATA

3.6.1 Additional Codes and Standards Referenced in HI-STORM 100 System Design and 
Fabrication 

The following additional codes, standards and practices were used as aids in developing the 
design, manufacturing, quality control and testing methods for HI-STORM 100 System: 

a. Design Codes 

(1) AISC Manual of Steel Construction, 1964 Edition and later.  

(2) ANSI N210-1976, "Design Requirements for Light Water Reactor Spent Fuel 
Storage Facilities at Nuclear Power Stations".  

(3) American Concrete Institute Building Code Requirements for Structural Concrete, 
ACI-318-95.  

(4) Code Requirements for Nuclear Safety Related Concrete Structures, AC1349
85/AC1349R-85, and AC1349.1R-80.  

(5) ASME NQA-1, Quality Assurance Program Requirements for Nuclear Facilities.  

(6) ASME NQA-2-1989, Quality Assurance Requirements for Nuclear Facility 
Applications.  

(7) ANSI Y14.5M, Dimensioning and Tolerancing for Engineering Drawings and 
Related Documentation Practices.  

(8) ACI Detailing Manual - 1980.  

(9) Crane Manufacturer's Associatiofn of America, Inc., CMAA Specification #70, 
Specifications for Electric Overhead Traveling Cranes, Revised 1988.  

b. Material Codes - Standards of ASTM 

(1) E165 - Standard Methods for Liquid Penetrant Inspection.  

(2) A240 - Standard Specification for Heat-Resisting Chromium and Chromium
'Nickel Stainless Steel Plate, Sheet and Strip for Fusion-Welded Unfired Pressure 
Vessels.  

(3) A262 - Detecting Susceptibility to Intergranular Attack in Austenitic Stainless 
Steel.  
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(4) A276 - Standard Specification for Stainless and Heat-Resisting Steel Bars and 
Shapes.  

(5) A479 - Steel Bars for Boilers & Pressure Vessels.  

(6) ASTM A564, Standard Specification for Hot-Rolled and Cold-Finished Age
Hardening Stainless and Heat-Resisting Steel Bars and Shapes.  

(7) C750 - Standard Specification for Nuclear-Grade Boron Carbide Powder.  

(8) A380 - Recommended Practice for Descaling, Cleaning and Marking Stainless 
Steel Parts and Equipment.  

(9) C992 - Standard Specification for Boron-Based Neutron Absorbing Material 
Systems for Use in Nuclear Spent Fuel Storage Racks.  

(10) ASTM E3, Preparation of Metallographic Specimens.  

(11) ASTM E190, Guided Bend Test for Ductility of Welds.  

(12) NCA3800 - Metallic Material Manufacturer's and Material Supplier's Quality 
System Program.  

c. Welding Codes: ASME Boiler and Pressure Vessel Code, Section IX - Welding and 
Brazing Qualifications, 1995 Edition.  

d. Quality Assurance, Cleanliness, Packaging, Shipping, Receiving, Storage, and Handling 
Requirements 

(1) ANSI 45.2.1 - Cleaning of Fluid Systems and Associated Components during 
Construction Phase of Nuclear Power Plants.  

(2) ANSI N45.2.2 - Packaging, Shipping, Receiving, Storage and Handling of Items 
for Nuclear Power Plants (During the Construction Phase).  

(3) ANSI - N45.2.6 - Qualifications of Inspection, Examination, and Testing 
Personnel for Nuclear Power Plants (Regulatory Guide 1.58).  

(4) ANSI-N45.2.8, Supplementary Quality Assurance Requirements for Installation, 
Inspection and Testing of Mechanical Equipment and Systems for the 
Construction Phase of Nuclear Power Plants.  
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(5) ANSI - N45.2.1 1, Quality Assurance Requirements for the Design of Nuclear 
Power Plants.  

(6) ANSI-N45.2.12, Requirements for Auditing of Quality Assurance Programs for 
Nuclear Power Plants.  

(7) ANSI N45.2.13 - Quality Assurance Requirements for Control of Procurement of 
Equipment Materials and Services for Nuclear Power Plants (Regulatory Guide 
1.123).  

(8) ANSI N45.2.15-18 - Hoisting, Rigging, and Transporting of Items for Nuclear 
Power Plants.' 

(9) ANSI N45.2.23 - Qualification of Quality Assurance Program Audit Personnel for 
Nuclear Power Plants (Regulatory Guide 1.146).  

(10) ASME Boiler and Pressure Vessel, Section V, Nondestructive Examination, 
19955 Edition. " 

(11) ANSI --N16.9-75 Validation of Calculation Methods for Nuclear Criticality 
Safety.  

e. Reference NRC Design Documents 

(1) NUREG-0800, Radiological Consequences of Fuel Handling Accidents.  

(2) NUREG-0612, "Control of Heavy Loads at Nuclear Power Plants", USNRC, 
Washington, D.C., July, 1980.  

(3) NUREG-1536, "Standard Review Plan for Dry Cask Storage Systems", USNRC, 
January 1997, Final Report.  

f. Other ANSI Standards (not listed in the preceding) 

(1) ANSI/ANS 8.1 (N16.1) - Nuclear Criticality Safety in Operations with Fissionable 
Materials Outside Reactors.  

(2) ANSIANS 8.17, Criticality Safety Criteria for the Handling, Storage, and 

Transportation of LWR Fuel Outside Reactors.  

(3) N45.2 - Quality Assurance Progrim Requirements for Nuclear Facilities - 1971.  

(4) N45.2.9 - Requirements for Collection, Storage and Maintenance of Quality 
Assurance Records for Nuclear Power Plants - 1974.  
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(5) N45.2.10 - Quality Assurance Terms and Definitions - 1973.  

(6) ANSI/ANS 57.2 (N2 10) - Design Requirements for Light Water Reactor Spent 
Fuel Storage Facilities at Nuclear Power Plants.  

(7) N14.6 (1993) - American National Standard for Special Lifting Devices for 
Shipping Containers Weighing 10,000 pounds (4500 kg) or more for Nuclear 
Materials.  

(8) ANSI/ASME N626-3, Qualification and Duties of Personnel Engaged in ASME 
Boiler and Pressure Vessel Code Section III, Div. 1, Certifying Activities.  

g. Code of Federal Regulations 

(1) 10CFR20 - Standards for Protection Against Radiation.  

(2) 10CFR21 - Reporting of Defects and Non-compliance.  

(3) 1OCFR50 - Appendix A - General Design Criteria for Nuclear Power Plants.  

(4) 1OCFR50 - Appendix B - Quality Assurance Criteria for Nuclear Power Plants 
and Fuel Reprocessing Plants.  

(5) 10CFR61 - Licensing Requirements for Land Disposal of Radioactive Material.  

(6) 10CFR71 - Packaging and Transportation of Radioactive Material.  

h. Regulatory Guides 

(1) RG 1.13 - Spent Fuel Storage Facility Design Basis (Revision 2 Proposed).  

(2) RG 1.25 - Assumptions Used for Evaluating the Potential Radiological 
Consequences of a Fuel Handling Accident in the Fuel Handling and Storage 
Facility of Boiling and Pressurized Water Reactors.  

(3) RG 1.28 - (ANSI N45.2) - Quality Assurance Program Requirements.  

(4) RG 1.29 - Seismic Design Classification (Rev. 3).  

(5) RG 1.31 - Control of Ferrite Content in Stainless Steel Weld Material.  
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(6) RG 1.38 - (ANSI N45.2.2) Quality Assurance Requirements for Packaging, 
Shipping, Receiving, Storage and Handling of Items for Water-Cooled Nuclear 
Power Plants.  

(7) RG 1.44 - Control of the Use of Sensitized Stainless Steel.  

(8) RG 1.58 - (ANSI N45.2.6) Qualification of Nuclear Power Plant Inspection, 
Examination, and Testing Personnel.  

(9) RG 1.61 - Damping Values for Seismic Design of Nuclear Power Plants, Rev. 0, 
1973.  

(10) RG 1.64 - (ANSI N45.2.1 1) Quality Assurance Requirements for the Design of 
Nuclear Power Plants.  

(11) RG 1.71 - Welder Qualifications for Areas of Limited Accessibility.  

(12) RG 1.74 - (ANSI N45.2.10) Quality Assurance Terms and Definitions.  

(13) RG 1.85 - Materials Code Case Acceptability - ASME Section 3, Div. 1.  

(14) RG 1.88 - (ANSI N45.2.9) Collection, Storage and Maintenance of Nuclear Power 
Plant Quality Assurance Records.  

(15) RG 1.92 - Combining Modal Responses and Spatial Components in Seismic 
Response Analysis.  

(16) RG 1.122 - Development of Floor Design Respoise Spectra for Seismic Design of 
Floor-Supported Equipment or Components.  

(17) RG 1.123 - (ANSI N45.2.13) Quality Assurance Requirements for Control of 
Procurement of Items and Services for Nuclear Power Plants.  

(18) RG 1.124 - Service Limits and Loading Combinations for Class 1 Linear-Type 
Component Supports, Revision 1, 1978.  

(19) Reg. Guide 3.4 - Nuclear Criticality Safety in Operations with Fissionable 
Materials at Fuels and Materials Facilities.  

(20) RG 3.41 - Validation of Calculational Methods for Nuclear Criticality Safety, 
Revision 1, 1977.  
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(21) Reg. Guide 8.8 - Information Relative to Ensuring that Occupational Radiation 
Exposure at Nuclear Power Plants will be as Low as Reasonably Achievable 
(ALARA).  

(22) DG-8006, "Control of Access to High and Very High Radiation Areas in Nuclear 
Power Plants".  

Branch Technical Position 

(1) CPB 9.1-1 - Criticality in Fuel Storage Facilities.  

(2) ASB 9-2 - Residual Decay Energy for Light-Water Reactors for Long-Term 
Cooling.  

j. Standard Review Plan (NUREG-0800) 

(1) SRP 3.2.1 - Seismic Classification.  

(2) SRP 3.2.2 - System Quality Group Classification.  

(3) SRP 3.7.1 - Seismic Design Parameters.  

(4) SRP 3.7.2 - Seismic System Analysis.  

(5) SRP 3.7.3 - Seismic Subsystem Analysis.  

(6) SRP 3.8.4 - Other Seismic Category I Structures (including Appendix D), 
Technical Position on Spent Fuel Rack.  

(7) SRP 3.8.5 - Foundations 

(8) SRP 9.1.2 - Spent Fuel Storage, Revision 3, 1981.  

(9) SRP 9.1.3 - Spent Fuel Pool Cooling and Cleanup System.  

(10) SRP 9.1.4 - Light Load Handling System.  

(11) SRP 9.1.5 - Overhead Heavy Load Handling System.  

(12) SRP 15.7.4 - Radiological Consequences of Fuel Handling Accidents.  

k. AWS Standards 

(1) AWS DI.1 - Structural Welding Code, Steel.  
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(2) AWS A2.4 - Standard Symbols for Welding, Brazing and Nondestructive 
Examination.  

(3) 'AWS A3.0 - Standard Welding Terms and Definitions.  

(4) AWS A5.12 - Tungsten Arc-welding Electrodes., 

(5) AWS QC1 - Standards and Guide for Qualification and Certification of Welding 
Inspectors.  

1. Others 

(1) ASNT-TC-1A - Recommended Practice for Nondestructive Personnel 
Qualification and Certification.  

(2) SSPC SP-2 - Surface Preparation Specification No. 2 Hand Tool Cleaning.  

(3) SSPC SP-3 - Surface Preparation Specification No. 3 Power Tool Cleaning.  

(4) SSPC SP-10 -Near-White Blast Cleaning.  

3.6.2 Computer Programs 

Three computer programs, all with a well established history of usage in the nuclear industry, 
have been utilized to perform structural and mechanical analyses documented in this report.  
These codes are ANSYS, DYNA3D, and WORKING MODEL. ANSYS is a public domain code 
which utilizes the finite element method for structural analyses.  

WORKING MODEL, Version V.3.0/V.4.0 

This code is used in this IOCFR72 submittal to compute the dynamic load resulting from 
intermediate missile impact on the overpack closure in Apendix -3.&Gand to evaluate the 
maximum elastic spring rate associated with the target during a HI-TRAC handling accident 
event.  

WORKING MODEL has been previously utilized in similar dynamic analyses of the HI-STAR 
100 system (Docket No. 72-1008).  

"WORKING MODEL" (V3.O/V4.0) is a Computer Aided Engineering (CAE) tool with an 
integrated user interface that merges modeling, simulation, viewing, and measuring. -The 
program includes a dynamics algorithm that provides automatic collision a'nd contact handling, 
including detection, response, restitution, and friction.  
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Numerical integration is performed using the Kutta-Merson integrator which offers options for 
variable or fixed time-step and error bounding.  

The Working Model Code is commercially available. Holtec has performed independent QA 
validation of the code (in accordance with Holtec's QA requirements) by comparing the solution 
of several classical dynamics problems with the numerical results predicted by Working Model.  
Agreement in all cases is excellent.  

Additional theoretical material is available in the manual: "Users Manual, Working Model, 
Version 3", Knowledge Revolution, 66 Bovet Road, Suite 200, San Mateo, CA, 94402.  

DYNA3D 

"DYNA3D" is a nonlinear, explicit, three-dimensional finite element code for solid and structural 
mechanics. It was originally developed at Lawrence Livermore Laboratories and is ideally suited 
for study of short-time duration, highly nonlinear impact problems in solid mechanics. DYNA3D 
is commercially available for both UNIX work stations and Pentium class PCs running Windows 
95 or Windows NT. The PC version has been fully validated at Holtec following Holtec's QA 
procedures for commercial computer codes. This code is used to analyze the drop accidents and 
the tip-over scenario for the rI-STORM 100. Benchmarking of DYNA3D for these storage 
analyses is discussed and documented in Appendix 3.A.  

3.6.3 AnnendieesAppendix Included in Chapter 3 

3.A HI-STORM Deceleration Under Postulated Vertical Drop Event and Tipover 
"3.B II S I STO . 1"0. O -verpaek DefoariatiTn in Nen Meehanistie T.ipr•r- Event 
3.CG Response of Cask to Tornado WAind Load and Large Missile Imnpact 
I.D Vertical Handling of Over-pack with Hea-vies-P 
3.E Lifting, Tra nin Stress Analysis form TRA C 
"3F Lead Slump ,Analysis (HI TRAC Side Drop) 
3.G Missile Penetration ~Analysis for- HI STOGRA 100 
3.H Missile Pcnetr-ati~n Analysis for- HI TRACG 
3.1 HM TRAC Free The 1alE. , pansion 

34- Deleted 
3.K HI STORMI Tipover- Lid ~Analysis 
3IL HI STORM Lid Toep Plate Bolting 
3AM V.ertieal Drop of Overpack 
3.14 Deleted.  
3.0 Deleted-.  
3.P Deleted-.  
3.Q-Deleted 
3.R Deleted.  
I.S Deleted.  
3.T Delete&
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3.U IRISTORM 100 OComponent Thermal Expansions MPC 21 
3.; 111ST-OPA4 100Component Thermal Expansions MPG32 
3.3A RI STOE)A 100 Component Thcrmal Expansions C P68

"3.Z Miscellaneotus Calcu+lations 
RI TRAC Hor-izontal Droep Anialysis

'.PA 1Mit T'RA. T-T Rotation• •T-nnion Weld Anaiy1is 
3.AB M TRAC Pool Lid Stress and Closure Analysis 
3..A Lifting Calulatione s 
3IAD 125 Ton pr ese Transferh Lid Stess Analysni 
3T A Global Analyosis of HI TRAC Lipnft 
3f A MPC Trsansferi frnm 1h TRAC to M STORM 100 Under- Cld Condituiens te 

Starage 
3.AG Stress Analysis of the HI R T ARAC Water Jatket 
3.Aem d I Tng Tfep Lid Separation calo rbsr 
c 3.1 RT Cation WTa suppleGent supprting ion Weld f eal sis 
3.PJ 1 00 Ton HI TA.C Trantsfer- Lid Stress ~Analysis 
3.AK Code Case Ns 281 Stabifitý' Caeain 
3.AL RI ThA.C Lumped Parameters for- Side Droep PAnalysis 
3.AM R= - 4GI G). 100 Tranmsfer- Cask Circum fer ential D eformatioen and Strs 
3*.AN D~j?1A3D Analyses of HI TRAGC Side Drops and Impact by a Large Toemad 

Missile 
3.AO Not used.  
3.-PY Not used-.  
3.AQ HI S T Q-RA 4 10- 0 Coempoen ent TheFm al Dip a ns ioens MPCG 2 4E 

3.RAnlsi f rnsulcrDaaed Fuel Canister- and Thor-ia Rod Canister 
3 .AS Analysis of Generic Pl.a and BlVa Damaged Fuel Containers 

3.6.4 Calculation Packages 

In addition to the calculations presented in Chapter 3 and the Appendices, supporting calculation 
packages have been prepared to document other information pertinent to the analyses.  

The calculation packages contain additional details on component weights, supporting calculations 
for some results summarized in the chapter, and miscellaneous supporting data that supplements the 
results summarized in Chapter 3 of the FSAR. All of the finite element tabular data, node and 
element data, supporting figures, and numerical output for all fuel baskets are contained in the 
calculation package supplement supporting Revision 1 of the FSAR.
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3.7 COMPLIANCE WITH NUREG-1536

Supporting information to provide reasonable assurance with respect to the adequacy of the HI
STORM 100 System to store spent nuclear fuel in accordance with the stipulations of the 
Technical Specifications (Chapter 12) is provided throughout this Topical Safety Analysis 
Report. An itemized table (Table 3.0.1 at the beginning of this chapter) has been provided to 
locate and collate the substantiating material to support the technical evaluation findings listed in 
.NUREG-1536 Chaiter 3, Article VI.  

The following statements are germane to an affirmative safety evaluation: 

The design and structural analysis of the HI-STORM 100 System is in full 
compliance with the provisions of Chapter 3 ofNNUREG-1536 except as listed in 
the Table 1.0.3 (list of code compliance exceptions).  

The list of Regulatory Guides, Codes, and standards presented in Section 3.6 
herein is in full compliance with the provisions ofNNUREG-1536.  

* All HI-STORM 100 structures, systems, and components (SSC) that are important 
to safety (ITS) are identified in Table 2.2.6. Section 1.5 contains the design 
drawings that describe the rH-STORM 100 SSCs n complete detail. Explanatory 
narrations in Subsections 3.4.3 and; 3.4.4 ,d d .Chapter- 3 appendiee.-•provide 
sufficient textual details to allow an independent evaluation of their structural 
effectiveness.  

a The requirerfients of 10CFR72.24 with regard to information pertinent to 
structural evaluation is provided in Chapters 2, 3, and 11.  

* Technical Specifications pertainin'g to the structures of the HI-STORM 100 
System have been provided in Section' 12.3 herein pursuant to the requirements of 
1OCFR72.26. 

* ,A series 'of analyses to demonstrate compliance with the requirements of 
1OCFR72.122(b) and (c), 'and 10CFR72.24(c)(3) have been performed which 

-show that SSCs designated as ITS possess an adequate margin of safety with 
respect to all load combinations applicable to normal, off-normal, accident, and 
natural phenomenon events. In particuiar; the following information is provided: 

i. Load combinations for the fuel basket, enclosure vessel, and the HI
"STORM -100/HI-TRAC bverpacks for normal, off-niormal, accident, and 

" natiial phenomenon events are compiled in Tables 2.2.14, 3.1.1, and 3.1.3 
:thro.iighi3.'1.5, reslectiiely. - ' 
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ii. Stress limits applicable to the materials are found in Subsection 3.3.

iii. Stresses at various locations in the fuel basket, the enclosure vessel, and 
the HI-STORM 100/HI-TRAC overpacks have been computed by 
analysis.  

Descriptions of stress analyses are presented in Sections 3.4.3 and 3.4.4; 
w-hich are further- elabor-ated in a seie of appendiees listed at the end ot 

iv. Factors of safety in the components of the HI-STORM 100 System are 
reported as below: 

a. Fuel basket Tables 3.4.3 and 3.4.6 

b. Enclosure vessel Tables 3.4.4, 3.4.6, 3.4.7, and 3.4.8 

c. HI-STORM 100 overpack/ 
HI-TRAC Table 3.4.5 

d. Miscellaneous 
components Table 3.4.9 

e. Lifting devices Subsection 3.4.3 

"The structural design and fabrication details of the fuel baskets whose safety 
function in the HI-STORM 100 System is to maintain nuclear criticality safety, 
have been carried out to comply with the provisions of Subsection NG of the 
ASME Code (loc. cit.) Section III. The structural factors of safety, summarized in 
Tables 3.4.3 and 3.4.6 for all credible load combinations under normal, off
normal, accident, and natural phenomenon events demonstrate that the Code 
limits are satisfied in all cases. As the stress analyses have been performed using 
linear elastic methods and the computed stresses are well within the respective 
ASME Code limits, it follows that the physical geometry of the fuel basket will 
not be altered under any load combination to create a condition adverse to 
criticality safety. This conclusion satisfies the requirement of 10CFR72.124(a), 
with respect to structural margins of safety for SSCs important to nuclear 
criticality safety.  

" Structural margins of safety during handling, packaging, and transfer operations, 
mandated by the provisions of 10CFR Part 72.236(b), require that the lifting and 
handling devices are engineered to comply with the stipulations of ANSI N14.6, 
NUREG-0612, Regulatory Guide 3.61, and NUREG-1536, and that the 
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components being handled meet the applicable ASME Code service condition 
stress limits. The requirements of the governing codes for handling operations are 
summarized in Subsection 3.4.3 herein. A summary table of factors of safety for 
all ITS components under lifting and handling operations, presented in Subsection 

,3.4.3, shows that adequate structural margins exist in all cases.  

Consistent with the requirements of lOCFR72.236(i), the confinement boundary 
for the HI-STORM 100 System has been engineered to maintain confinement of 
radioactive materials under normal, off-normal, and postulated accident 
conditions. This assertion of confinement integrity is made on the strength of the 
following information provided in this FSAR.  

i. The MPC Enclosure Vessel which constitutes the confinement boundary is 
designed and fabricated in accordance with Section III, Subsection NB 
(Class 1 nuclear components) of the ASME Code to the maximum extent 
practicable.  

ii. The MPC lid of the MPC Enclosure Vessel is welded using a strength 
groove weld and is subjected to volumetric examination or multiple liquid 
penetrant examinations, hydrostatic testing, liquid penetrant (root and 
final), and leakage testing to establish a maximum confidence in weld 
joint integrity.  

iii. The closure of the MPC Enclosure Vessel consists of two independent 
isolation barriers.  

iv. The confinement boundary is constructed from stainless steel alloys with a 
proven history of material integrity under environmental conditions.  

v. The load combinations for normal, off-normal, accident, and natural 
phenomena events have been compiled (Table 2.2.14) and applied on the 
M-PC Enclosure Vessel (confinement boundary). The results, summarized 
in Tables 3.4.4 through 3.4.9, show that the factor of safety (with respect 
to the appropriate ASME Code limits) is greater than one in all cases.  
Design Basis natural phenomena events such as tornado-borne missiles 
(large, intermediate, or small) have also been analyzed to evaluate their 
potential for breaching the confinement boundary. Analyses presented in 
Subsection 3.4.8 and Chapter- 3 appndiz,•e and summarized in 
unnumbered tables in Subsection 3.4.8, show that the integrity of the 
confinement boundary is preserved under all design basis projectile impact 
scenarios.
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" The information on structural design included in this FSAR complies with the 
requirements of 1OCFR72.120 and 1OCFR72.122, and can be ascertained from the 
information contained in Table 3.7.1.  

" The provisions of features in the rn-STORM 100 structural design, listed in Table 
3.7.2, demonstrate compliance with the specific requirements of 1 OCFR72.236(e), 
(f), (g), (h), (i), (j), (k), and (in).
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Table 3.7.1 

NUREG -1536 COMPLIANCE MATRIX FOR 1OCFR72.120 AND 1OCFR72.122 REQUIREMENTS

Location of Supporting 
Information in This 

Item Compliance Document 

L Design and fabrication to All ITS components designed and fabricated to recognized Codes and 
acceptable quality standards Standards:" 

• Basket: Subgection NG, Section III Subsections 2.0.1 and 3.1.1 
Tables 2.2.6 and 2.2.7 -..  

Enclosure Vessel: Subsection NB, loc. cit. Subsections 2.0.1 and 3. 1.1 
Tables 2.2.6 and 2.2.7 

• HI-STORM 100 Subseciion NF, loc. cit. ;Subsections 2.0.2 and 3.1.1 
Structure: .. .  

* Hi-TRAC Structure':" Subsection NF, loc. cit. Subsections 2.0.3 and 3.1.1 

ii. Erection to acceptable quality Concrete in HI-STORM 100 meets requirements of: Appendix i.D' 
standards Subsection 3.3.2 

ACI-349(85) 

iii. Testing to acceptable quality '. All non-destructive examination of ASME Code components Section 9.1 

standards for provisions in the Code (see exceptions in Table 2.2.15).  

• Hydrotest of pressure vessel per the Code. Section 9.1 

*,Testing for radiation containment per provision's of NUREG- Sections 7.1 and 9.1 
1536 

Concrete testing in accordance with ACI-349(85) Appendix 1.D
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Table 3.7.1

NUREG-1536 COMPLIANCE MATRIX FOR 1OCFR72.120 AND 10CFR72.122 REQUIREMENTS 

Location of Supporting 
Information in This Item Compliance Document 

iv. Adequate structural protection Analyses presented in Chapter 3 demonstrate that the confinement Section 2.2 
against environmental boundary will preserve its integrity under all postulated off-normal 
conditions and natural and natural phenomena events listed in Chapters 2. Chapter 11 
phenomena.  

v. Adequate protection against * The extent of combustible (exothermic) material in the Subsections 12.3.20 and 
fires and explosions vicinity of the cask system is procedurally controlled (the sole 12.3.21 

source of hydrocarbon energy is diesel in the tow vehicle).  

Analyses show that the heat energy released from the 
postulated fire accident condition surrounding the cask will Subsection 11.2.4 
not result in impairment of the confinement boundary and 
will not lead to structural failure of the overpack. The effect 
on shielding will be localized to the external surfaces directly 
exposed to the fire which will result in a loss of the water in 
the water jacket for the HI-TRAC, and no significant change 
in the HI-STORM 100 overpack.  

Explosion effects are shown to be bounded by the Code Subsection 11.2.11 and 
external pressure design basis and there is no adverse effect Subsection 3.1.2.1.1.4; 3.4.7 on ready retrievability of the MPC.  

vi. Appropriate inspection, Inspection, maintenance, and testing requirements set forth in this Sections 9.1 and 9.2 maintenance, and testing FSAR are in full compliance with the governing regulations and Chapter 12 
established industry practice.  

vii. Adequate accessibility in The HI-STORM 100 overpack lid can be removed to gain access to Chapter 8 
emergencies. the multi-purpose canister.  

The HI-TRAC transfer cask has removable bottom and top lids. Chapter 8 

LIT Cq~"•T',K4" T•C, A 1*
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Table 3.7.1 

"NUREG -1536 COMPLIANCE MATRIX FOR 10CFR72.120 AND 10CFR72.122 REQUIREMENTS-

C

Location of Supporting 
Information in This Item Compliance Document 

viii. A confinement barrier that The peak temperature of the fuel cladding at design basis heat duty of Subsection 4.4.2 
acceptably protects the spent each MPC has been demonstrated to be maintained below the limits 
fuiel cladding during storage, recommended in the reports of national laboratories.  

The confinement barriers consist of highly ductile stainless steel Subsection 3.1.1 
alloys. The multi-purpose canister is housed in the overpack, built Subsection 3.1.2.3 
from a steel structure whose materials are selected and examined to 
maintain protection against brittle fracture under off-normal ambient 
(cold) temperatures (minimum of-40'F).  

ix. The structures are compatible The HI-STORM 100 overpack is a'thick, up'right'cylindrical structure Section 1.5, 
with the appropriate with large ventilation openings near the top and bottom. These 'Subsection 2.3.3.2 
monitoring systems. openings are designed to prevent radiation streaming while enabling 

_ complete access to temperature monitoring probes.
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NUREG -1536 COMPLIANCE MATRIX FOR 10CFR72.120 AND 10CFR72.122 REQUIREMENTS
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Location of Supporting 
Information in This 

Item Compliance Document 

x. Structural designs that are The fuel basket is designed to be an extremely stiff honeycomb Subsection 3.1. 1 
compatible with ready structure such that the storage cavity dimensions will remain 
retrievability of fuel. unchanged under all postulated normal and accident events.  

Therefore, the retrievablity of the spent nuclear fuel from the basket 
will not be jeopardized.  

The MPC canister lid is attached to the shell with a groove weld 
which is made using an automated welding device. A similar device is Sections 8.1 and 8.3 
available to remove the weld. Thus, access to the fuel basket can be 
realized.  

The storage overpack and the transfer casks are designed to withstand Section 3.4 and Chapter 3 
accident loads without suffering permanent deformations of their 
structures that would prevent retrievability of the MPC by normal 
means. It is demonstrated by analysis that there is no physical 
interference between the MPC and the enveloping HI-STORM 
storage overpack or HI-TRAC transfer cask.

(
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COMPLIANCE OF HI-STORM 100 SYSTEM WITH 1OCFR72.236(e), ET ALS.
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Location of Supporting 

Information in This 
Item Compliance, Document 

i. Redundant sealing of Two physically independent lids, each separately welded to the MPC Section 1.5, Drawings 
confinement systems. shell (Enclosure Vessel shell) provide a redundant confinement 

system.  
Section 7.1.  

ii. Adequate heat removal Thermal analyses presented in Chapter 4 show that the HI-STORM Sections 4.4 and Sections 9.1 
without active cooling systems. 100 System will remove the decay heat generated from the stored and 9.2 

spent fuel by strictly passive means and maintain the system 
temperature within prescribed limits.  

iii. Storage of spent fuel for a The service life of the MPC, storage overpack, and HI-TRAC are Subsections 3.4.11 and 3.4.12 
minimum of 20 years. engineered to be in excess of 20 years.  

iv. Compatibility with wet or dry • The system is designed to eliminate any material interactions Subsection 3.4.1 
spent fuel loadinig and in the wet (spent fuel pool) environment.  
unloading facilities.  

The HI-TRAC transfer cask is engineered for full Subsection 8.1.1 
compatibility with the MPCs, and standard loading and 
unloading facilities.  

Subsection 8.1.1 
The HI-TRAC System is engineered for MPC transfer on the 
ISFSI pad with full'consideration of ALARA and handling 
equipment compatibility.



Table 3.7.2

COMPLIANCE OF HI-STORM 100 SYSTEM WITH 1OCFR72.236(e), ET ALS.

Location of Supporting 
Information in This 

Item Compliance Document 

v. Ease of decontamination. The external surface of the multi-purpose canister is protected Figures 8.1.13 and 8.1.14 
from contamination during fuel loading through a custom 
designed sealing device.  

The HI-STORM storage overpack is not exposed to Chapter 8 
contamination 

All exposed surfaces of the HI-TRAC transfer cask are coated Section 1.5, Drawings 
to aid in decontamination 

vi. Inspection of defects that The MPC enclosure vessel is designed and fabricated in Section 9.1 
might reduce confinement accordance with ASME Code, Section III, Subsection NB, to 
effectiveness, the maximum extent practical.  

Hydrostatic testing, helium leakage testing, and NDE of the 
closure welds verify containment effectiveness.  

vii. Conspicuous and durable The stainless steel lid of each MPC will have model number and serial N/A 
marking. number engraved for ready identification.  

The exterior envelope of the cask (the storage overpack) is marked in 
a conspicuous manner as required by 1OCFR 72.236(k).  

viii. Compatibility with removal of The MPC is designed to be in full compliance with the DOE's draft Section 2.4 
the stored fuel from the site, specification for transportability and disposal published under the now Subsection 1.2.1.1 
transportation, and ultimate dormant "MPC" program.  
disposal by the U.S.  
Department of Energy.
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