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CHAPTER 8:  MATERIAL EVALUATION 
 
 
 

8.1 INTRODUCTION 
 
This chapter presents an assessment of the materials selected for use in the HI-STORM FW 
System components identified in the licensing drawings in Section 1.5. In this chapter and 
Chapter 3 of this FSAR, the significant mechanical, thermal, radiological and metallurgical 
properties of materials identified for use in the components of the HI-STORM FW System are 
presented. This chapter focuses on the HI-STORM FW material properties to assess compliance 
with the ISG-15 [8.1.1] and ISG-11 [8.1.2] requirements. The principal purpose of ISG-15 is to 
evaluate the dry cask storage system to ensure adequate material performance of the independent 
spent fuel storage installation (ISFSI) components designated as important to safety under 
normal, off-normal and accident conditions. Some areas of review applicable to the suitability 
assessment of the materials have been addressed elsewhere in this FSAR and are referenced from 
this chapter as necessary. Areas that require further details are reviewed within this chapter as 
necessary to satisfy the requirements of ISG-15. Guidance on performing the review is adopted 
directly from ISG-15 and ISG-11. 
 
ISG-15 sets down the following general acceptance criteria for material evaluation.  
 
• The safety analysis report should describe all materials used for dry spent fuel storage 

components designated as important to safety, and should consider the suitability of those 
materials for their intended functions in sufficient detail to evaluate their effectiveness in 
relation to all safety functions. 

 
• The dry spent fuel storage system should employ materials that are compatible with wet and 

dry spent fuel loading and unloading operations and facilities. These materials should not 
degrade to the extent that a safety concern is created. 

 
The information compiled in this chapter addresses the above acceptance criteria. To perform the 
material suitability evaluation, it is necessary to characterize the following for each component: 
(i) the applicable environment, (ii) the potential degradation modes and (iii) the potential hazards 
to continued effectiveness of the selected material. 
 
The operating environments of the different components of the cask system are not the same. 
Likewise, the potential degradation modes and hazards are different for each component. Tables 
8.1.1, 8.1.2, and 8.1.3 provide a summary of the environmental states, potential degradation 
modes and hazards applicable to the MPC, the HI-STORM FW overpack and the HI-TRAC VW 
cask, respectively. The above referenced tables serve to guide the material suitability evaluation 
for the HI-STORM FW System. 
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To provide a proper context for the subsequent evaluations, the potential degradation 
mechanisms applicable to the ventilated systems are summarized in Table 8.1.4. The degradation 
mechanisms listed in Table 8.1.4 are considered in the suitability evaluation presented later in 
this chapter. 
 
The material evaluation presented in this chapter is intended to be complete, even though a 
conclusion of the adequacy of the materials can be made on the strength of the following facts: 

 
i. The materials used in HI-STORM FW are, with the sole exception of Metamic-HT, 

identical to those used in the widely deployed HI-STORM 100 System (Docket No. 72-
1014). 

 
ii. The thermal environment in the HI-STORM FW system emulates the HI-STORM 100 

system in all respects. 
 
iii. The fuel loading and short-term operations are essentially identical to those that have 

been practiced in the HI-STORM 100 system throughout the industry. 



_____________________________________________________________________________________ 
HOLTEC INTERNATIONAL COPYRIGHTED INFORMATION 

REPORT HI-2114830                                                                                          Rev. 3 
 8-3  

 
Table 8.1.1 

 
CONSIDERATIONS GERMANE TO THE MPC MATERIAL PERFORMANCE 

 
Consideration Short-Term Operations Long-Term Storage 

 
Environment Aqueous (with Boric acid in 

PWR plants), characterized by 
moderately hot (<212ºF) water 
during fuel loading, rapid 
evaporation during welding 
and drying operations 

MPC’s internal environment is 
hot (≤752ºF), inertized and 
dry. Temperature of the MPC 
cycles very gradually due to 
changes in the environmental 
temperature. 

Potential degradation modes Hydrogen generation from 
oxidation of aluminum and 
aluminum alloy internals. Risk 
to the integrity of fuel 
cladding from thermal 
transients caused by vacuum 
drying. 

Corrosion of the external 
surfaces of the MPC (stress, 
corrosion, cracking, pitting, 
etc.) 

Potential hazards to effective 
performance 

Inadequate drying of 
waterlogged fuel rods. 

Blockage of ventilation ducts 
under an extreme 
environmental phenomenon 
leading to a rapid heat-up of 
the MPC internals. 
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Table 8.1.2 

 
CONSIDERATIONS GERMANE TO THE HI-STORM FW OVERPACK  

MATERIAL PERFORMANCE* 
 

Consideration Performance Data 
 

Environment Cool ambient air progressively heated as it 
rises in the overpack/MPC annulus heating the 
inside surface of the cask. The heated air has 
reduced relative humidity. Direct heating of the 
overpack inner shell by radiation prevented by 
the “heat shields” is described in Chapter 1. 
External surface of the overpack including the 
top lid is heated and in contact with ambient 
air, rain, and snow, as applicable. 

Potential degradation modes Peeling or perforation of surface preservatives 
and corrosion of any exposed steel surfaces.  

Potential hazards to effective performance Blockage of ducts by debris leading to 
overheating of the concrete in the overpack, 
scorching of the cask by proximate fire, 
lightning. 

 

                                                 
* Short-term operations are not applicable to the HI-STORM FW overpack. 
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Table 8.1.3 

 
CONSIDERATIONS GERMANE TO THE OF HI-TRAC VW MATERIAL  

PERFORMANCE* 
 

Consideration  Performance Data 
 

Environment Heated fuel pool water on the outside and 
demineralized water in contact with the inside 
surface, heated water in the “water jacket”. 
Temperature ramps on the inside surface 
during the drying and “backfill” operation. 

Potential degradation modes Peeling or perforation of surface coatings, loss 
of effectiveness of bottom lid gasket. 

Potential hazards to effective performance Lead slump due to sudden inertial loading; 
contamination of the inside surface of the cask 
by pool water, partial loss of heat rejection 
resulting in boiling of water in the water jacket, 
impact from tornado missile during transfer to 
the ISFSI. 

 

                                                 
* Long-term storage conditions are not applicable to the transfer cask.  
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Table 8.1.4 

 
FAILURE AND DEGRADATION MECHANISMS APPLICABLE TO VENTILATED 

SYSTEMS§ 
 

 Mechanism Area of Performance 
Affected 

Vulnerable Parts 

1. General Corrosion Structural capacity All carbon steel parts 
2. Hydrogen Generation Personnel safety during short-

term operations 
Coatings, parts made 
of aluminum or 
aluminum alloys  

3. Stress Corrosion Cracking Structural Austenitic Stainless 
Steel 

4. Creep Criticality control Fuel Basket 
5. Galling Equipment handling and 

deployment 
Threaded Fasteners 

6. Hysteresis During fuel loading in the pool HI-TRAC VW 
Bottom Lid Gaskets 

7. Fatigue Structural Integrity Fuel Cladding & 
Bolting 

8. Brittle Fracture Structural Capacity Thick Steel Parts 
9. Boron Depletion Criticality Control Neutron Absorber 
 

                                                 
§ This table lists all potential (generic) mechanisms, whether they are credible for the HI-STORM FW System or 
not. The viability of each failure mechanism is discussed later in this chapter. 
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8.2 MATERIAL SELECTION 
 
The following acceptance criteria are applicable for material selection per ISG-15. 
 
a. The material properties of a dry spent fuel storage component should meet its service 
 requirements in the proposed cask system for the duration of the licensing period. 
 
b. The materials that comprise the dry spent fuel storage should maintain their 
 physical and mechanical properties during all conditions of operations. The spent fuel 
 should be readily retrievable without posing operational safety problems. 
 
c. Over the range of temperatures expected prior to and during the storage period, any 
 ductile-to-brittle transition of the dry spent fuel storage materials, used for structural and 
 nonstructural components, should be evaluated for its effects on safety. 
 
d. Dry spent fuel storage gamma shielding materials (e.g. lead) should not experience 
 slumping or loss of shielding effectiveness to an extent that compromises safety. The 
 shield should perform its intended function throughout the licensed service period.  
 
e. Dry spent fuel storage materials used for neutron absorption should be designed to 
 perform their safety function. 
 
f. Dry spent fuel storage protective coatings should remain intact and adherent during all 
 loading and unloading operations within wet or dry spent fuel facilities, and during long-
 term storage. 
 
The above criteria have been utilized in selecting the material types for the HI-STORM FW 
system. The selected materials provide the required heat transfer, confinement, shielding and the 
criticality control of the stored spent fuel and are capable of withstanding loadings including 
seismic, temperature cycles due to internal heat and ambient temperature variation, extreme 
temperature conditions, loads due to natural phenomena like tornado missiles, flooding and other 
credible hypothetical accident scenarios. The HI-STORM FW components must withstand the 
environmental conditions experienced during normal operation, off-normal conditions and 
accident conditions for the entire service life. 
 
The selection of materials is guided by the applicable loadings and potential failure modes. An 
emphasis has been placed on utilizing proven materials that have established properties and 
characteristics and are of proven reliability. Where a relatively new material (e.g., Metamic-HT) 
is used, comprehensive tests have been conducted to ensure reliability. 
 
The major structural materials used in HI-STORM FW System are discussed in this section. The 
mechanical and thermal properties of these materials are presented in Section 8.4. The materials 
for welds are discussed in Section 8.5. The structural materials for bolts and fasteners are 
discussed in Section 8.6. Coatings and paints are discussed in Section 8.7. Gamma and neutron 
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shielding materials are treated in Section 8.8. The neutron absorbing materials are discussed in 
Section 8.9. 
 
Chapter 1 provides a general description of the HI-STORM FW System including information 
on materials of construction. All materials of construction are identified in the drawing package 
provided in Section 1.5 and the ITS categories of the sub-components are identified in Table 
2.0.1 through 2.0.8. 
 
8.2.1 Structural Materials 
 
8.2.1.1 Cask Components and Their Constituent Materials 
 
The major structural materials that are used in the HI-STORM FW System are Alloy X, 
Metamic-HT, carbon steel, and aluminum. They are further discussed below in light of the ISG-
15 requirements. 
 
MPC 
 
All structural components in an MPC Enclosure Vessel are made of Alloy X (stainless steel). 
Appendix 1.A provides discussions on Alloy X materials. The fuel basket is made of Metamic-
HT neutron absorber described in Chapter 1, Section 1.2.1.4. The confinement boundary is made 
of stainless steel material for its superior strength, ductility, and resistance to corrosion and 
brittle fracture for long term storage. The basket shims used to support the basket are made of a 
creep resistant aluminum alloy. The two-piece MPC lid is either made entirely of Alloy X or the 
bottom portion of the lid is made of carbon steel with stainless steel veneer. The principal 
materials used in the fabrication of the MPC are listed in Section 1.2. 
 
HI-STORM 
 
The main structural function of the overpack is provided by carbon steel and the main shielding 
function is provided by plain concrete. Chapter 1 presents discussions on these materials. The 
materials used in the fabrication of the overpack are listed in Section 1.2. 
 
HI-TRAC 
 
As discussed in Chapter 1, the HI-TRAC VW transfer cask is principally made of carbon steel 
and lead. The HI-TRAC VW is equipped with a water jacket. The materials used in the 
fabrication of the transfer cask are listed in Section 1.2. 
 
8.2.1.2  Synopsis of Structural Materials 
 
i. Alloy X 
 
The MPC enclosure vessel design allows use of any one of the four Alloy X materials: Types 
304, 304LN, 316 and 316LN. Qualification of structures made of Alloy X is accomplished by 
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using the least favorable mechanical and thermal properties of the entire group for all MPC 
mechanical, structural, neutronic, radiological, and thermal conditions. Each of these material 
properties are provided in the ASME Code Section II [8.3.1]. 
 
As discussed in Appendix 1.A, the Alloy X approach is conservative because, no matter which 
material is ultimately utilized, the Alloy X guarantees that the performance of the MPC will meet 
or exceed the analytical predictions. The material properties are provided at various 
temperatures. 
 
All structural analyses utilize conservatively established material properties such as design stress 
intensity, tensile strength, yield strength, and coefficient of thermal expansion for the range of 
temperature conditions that would be experienced by the cask components. 
 
Chapter 3 provides the structural evaluation for the MPC Enclosure Vessel which is made of 
Alloy X. It is demonstrated that Alloy X provides adequate structural integrity for the MPC 
enclosure vessel under normal, off normal, and accident conditions. As shown in Chapter 4, the 
maximum metal temperature for Alloy X for the Confinement Boundary remains the design 
temperatures in Table 2.2.3 under all service modes. As shown in ASME Code Case N-47-33 
(Class 1 Components in Elevated Temperature Service, 1995 Code Cases, Nuclear Components), 
the strength properties of austenitic stainless steels do not change due to exposure to 1000oF 
temperature for up to 10,000 hours. 
 
Since stainless steel materials do not undergo a ductile-to-brittle transition in the minimum 
permissible service temperature range of the HI-STORM FW System, brittle fracture is not a 
concern for the MPC components. Subsection 8.4.3 presents further discussions on brittle 
fracture. 
 
In Section 8.12, the potential for chemical and galvanic reaction of Alloy X in short-term and 
long-term operating conditions is evaluated. Alloy X is also used in the Confinement Boundary 
of all HI-STORM 100 MPCs.  
 
ii. Metamic-HT 
 
Criticality control in the HI-STORM FW System is provided by the coplanar grid work of the 
Fuel Basket honeycomb, made entirely of the Metamic-HT extruded metal matrix composite 
plates. The boron in Metamic-HT provides criticality control in the HI-STORM FW System. The 
Metamic-HT neutron absorber is a successor to the Metamic (classic) product widely used in dry 
storage fuel baskets and spent fuel storage racks (the “HT” designation in Metamic-HT stands 
for high temperature and is derived from this characteristic). Metamic-HT has been licensed in 
the HI-STAR 180 transport cask (Docket No. 71-9325). 
 
Metamic-HT is also engineered to possess the necessary mechanical characteristics for structural 
application. The mechanical properties of Metamic-HT are derived from the strengthening of its 
aluminum matrix with ultra fine-grained (nano-particle size) alumina (Al2O3) particles that 
anchor the grain boundaries for high temperature strength  and creep resistance. 
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Critical properties of Metamic-HT have been established as minimum guaranteed values by 
conducting tests using ASTM sanctioned procedures (Metamic-HT Sourcebook [8.9.7]). The 
critical structural properties include yield strength, tensile strength, Young’s modulus, 
elongation, Charpy impact energy, area reduction, and creep (See Chapter 1, Section 1.2.1.4). 
 
The neutron absorbing properties of Metamic-HT are addressed in Section 8.9 and also in 
Chapter 1, Section 1.2.1.4. 
 
Chapter 3 presents structural evaluation of spent fuel basket made of Metamic-HT wherein it is 
concluded that the Metamic-HT plates possess adequate structural strength to meet the loadings 
postulated for the fuel basket. Section 8.12 presents potential for chemical and galvanic reaction 
in Metamic-HT under short-term and long-term operating conditions.  
 
All Metamic-HT material procured for use in the Holtec casks is qualified as important-to-safety 
(ITS). Accordingly, material and manufacturing control processes are established to eliminate 
the incidence of errors, and inspection steps are implemented to serve as an independent set of 
barriers to ensure that all critical characteristics defined for the material by the cask designer are 
met in the manufactured product. Additional discussions on the manufacturing of Metamic-HT 
are provided in Chapter 1, Section 1.2.1.4 and also in Chapter 10. 
 
iii. Carbon Steel, Low-Alloy, and Nickel Alloy Steel 
 
Materials for HI-STORM FW overpack and HI-TRAC VW transfer cask including the parts used 
to lift the overpack and the transfer cask, which may also be referred to as “significant-to-
handling” or “STH” parts, are selected to preclude any concern of brittle fracture. Details of 
discussions are provided in Subsection 8.4.3. 
 
Steel forging materials for low temperature applications have been selected for the STH 
components that have thicknesses greater than 2” so that acceptable fracture toughness at low 
temperatures can be assured. All other major steel structural materials in the HI-STORM FW 
overpack and HI-TRAC VW cask are made of fine grain low carbon steel (see drawings in 
Section 1.5).  
 
The mechanical properties of these materials are provided in Section 3.3. Section 3.1 provides 
allowable stresses under different loading conditions and impact testing requirements for these 
materials. 
 
Chapter 3 provides structural evaluations of the HI-STORM FW System components. It is 
demonstrated that the structural steel components of the HI-STORM FW overpack meet the 
allowable stress limits for normal, off-normal and accident loading conditions. 
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8.2.2 Nonstructural Materials 
 
i. Aluminum Alloy 
 
The space between the fuel basket and the inside surface of the Confinement Boundary is 
occupied by specially shaped precision machined basket shims made of a high strength and creep 
resistant aluminum alloy. The basket shims establish a conformal contact interface with the fuel 
basket and the MPC shell, and thus prevent significant movement of the basket. The basket 
shims are extruded and machined to a precise shape with a high degree of accuracy.  
 
The clearance between the basket shims and the interfacing machined surface of the MPC cavity 
is set to be sufficiently small such that the thermal expansion of the parts inside the MPC under 
Design Basis heat load conditions will minimize any macro-gaps at the interface and thus 
minimize any resistance to the outward flow of heat, while ensuring that there is no restraint of 
free thermal expansion. 
 
To further enhance thermal performance, the aluminum alloy basket shims are hard anodized.  
This provides for added corrosion protection and to achieve the emissivity value specified in 
Section 4.2. Mechanical properties of the shim material are provided in Section 3.3. 
 
The basket shim material utilized in the HI-STORM FW system has also been used in other 
casks (viz. HI-STAR 180). 
 
ii. Concrete 
 
The plain concrete between the overpack inner and outer steel shells and in the overpack lid is 
specified to provide the necessary shielding properties and compressive strength. Appendix 1.D 
of the HI-STORM 100 FSAR which provides technical and placement requirements on plain 
concrete is also invoked for HI-STORM FW concrete.  
 
The HI-STORM FW overpack concrete is enclosed in steel inner and outer shells connected to 
each other by radial ribs, and top and bottom plates and does not require rebar.  As the HI-
STORM FW overpack concrete is not reinforced, the structural analysis of the overpack only 
credits the compressive strength of the concrete.  
 
The technical requirements on testing and qualification of the HI-STORM FW plain concrete are 
identical to those used in the HI-STORM 100 program. Accordingly, the testing and placement 
guidelines in Appendix 1.D of the HI-STORM 100 FSAR (Docket No. 72-1014), is incorporated 
in this SAR by reference. 
 
ACI 318 is the reference code for the plain concrete in the HI-STORM FW overpack. ACI 
318.1-85(05) is the applicable code utilized to determine the allowable compressive strength of 
the plain concrete credited in structural analysis.  
 
The gamma shielding characteristics of concrete is considered in Section 8.8. 
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iii. Lead 
 
HI-TRAC VW contains lead between its inner and the middle shell for gamma shielding. The 
load carrying capacity of lead is neglected in all structural analysis. However, in the analysis of a 
tornado missile strike the elasto-plastic properties of lead are considered in characterizing the 
penetration action of the missile.  
 
Applicable mechanical properties of lead are provided in Section 3.3. Shielding properties of 
lead are provided in Section 8.8. 
 
8.2.3 Critical Characteristics and Equivalent Materials 
 
As defined in the Glossary, the critical characteristics of a material are those attributes that have 
been identified, in the associated material specification, as necessary to render the material’s 
intended function. However, material designations adopted by the International Standards 
Organization (ISO) also affect the type of steels and steel alloys available from suppliers around 
the world. Therefore, it is necessary to provide for the ability in this FSAR to substitute materials 
with equivalent materials in the manufacture of the equipment governed by this FSAR.  
 
As defined in the Glossary, equivalent materials are those materials with critical characteristics 
that meet or exceed those specified for the designated material. Substitution by an equivalent 
material can be made after the equivalence in accordance with the provisions of this FSAR has 
been established.  
 
The concept of equivalent materials explained above has been previously used in this FSAR to 
qualify four different austenitic stainless steel alloys (ASME SA240 Types 304, 304LN, 316, and 
316LN) to serve as candidate MPC materials. 
 
The equivalence of materials is directly tied to the notion of critical characteristics. A critical 
characteristic of a material is a material property whose value must be specified and controlled to 
ensure an SSC will render its intended function. The numerical value of the critical characteristic 
invariably enters in the safety evaluation of an SSC and therefore its range must be guaranteed. 
To ensure that the safety calculation is not adversely affected properties such as Yield Strength, 
Ultimate Strength and Elongation must be specified as minimum guaranteed values. However, 
there are certain properties where both minimum and maximum acceptable values are required 
(in this category lies specific gravity and thermal expansion coefficient).  
 
Table 8.2.1 lists the array of properties typically required in safety evaluation of an SSC in dry 
storage and transport applications. The required value of each applicable property, guided by the 
safety evaluation needs defines the critical characteristics of the material. The subset of 
applicable properties for a material depends on the role played by the material. The role of a 
material in the SSC is divided into three categories: 
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Type Technical Area of Applicability 
 

S Those needed to ensure structural compliance 
T Those needed to ensure thermal compliance (temperature limits) 
R Those needed to ensure radiation compliance (criticality and shielding)  

 
The properties listed in Table 8.2.1 are the ones that may apply in a dry storage or transport 
application.  
 
The following procedure shall be used to establish acceptable equivalent materials for a 
particular application. 
 
Criterion i:  Functional Adequacy:  

Evaluate the guaranteed critical characteristics of the equivalent material against 
 the values required to be used in safety evaluations. The required values of each  
 critical characteristic must be met by the minimum (or maximum) guaranteed  
 values (MGVs of the selected material). 

 
Criterion ii: Chemical and Environmental Compliance:   

Perform the necessary evaluations and analyses to ensure the candidate material  
 will not excessively corrode or otherwise degrade in the operating environment.  

 
A material from another designation regime that meets Criteria (i) and (ii) above is deemed to be 
an acceptable material, and hence, equivalent to the candidate material.  
 
Equivalent materials as an alternative to the U.S. national standards materials (e.g., ASME, 
ASTM, or ANSI) shall not be used for the Confinement Boundary materials. Equivalent 
materials as alternative to Holtec’s specialty engineered Metamic-HT material shall not be used 
for the MPC fuel basket. For other ITS materials, recourse to equivalent materials shall be made 
only in the extenuating circumstances where the designated material in this FSAR is not readily 
available. 
 
As can be ascertained from its definition in the glossary, the critical characteristics of the 
material used in a subcomponent depend on its function. The overpack lid, for example, serves as 
a shielding device and as a physical barrier to protect the MPC against loadings under all service 
conditions, including extreme environmental phenomena. Therefore, the critical characteristics 
of steel used in the lid are its strength (yield and ultimate), ductility, and fracture resistance.  
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The appropriate critical characteristics for structural components of the HI-STORM FW System, 
therefore, are: 
 
i. Material yield strength, σy 
ii. Material ultimate strength, σu 
iii. Elongation, ε 
iv. Charpy impact strength at the lowest service temperature for the part, Ci 
 
Thus, the carbon steel specified in the drawing package can be substituted with different steel so 
long as each of the four above properties in the replacement material is equal to or greater than 
their minimum values used in the qualifying analyses used in this FSAR. The above critical 
characteristics apply to all materials used in the primary and secondary structural parts of the 
steel weldment in the overpack.  
 
In the event that one or more of the critical characteristics of the replacement material is slightly 
lower than the original material, then the use of the §72.48 process shall be necessary to ensure 
that all regulatory predicates for the material substitution are fully satisfied. 
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Table 8.2.1 

Critical Characteristics of Materials Required for Safety Evaluation of Storage and 
Transport Systems 

 Property Type Purpose Bounding 
Acceptable Value 

1. Minimum Yield 
Strength 

S To ensure adequate elastic 
strength for normal service 
conditions 

Min. 

2. Minimum Tensile 
Strength 

S To ensure material integrity 
under accident conditions  

Min. 

3. Young’s Modulus S For input in structural 
analysis model 

Min. 

4. Minimum elongation 
of δmin.

, % 
S To ensure adequate material 

ductility 
Min. 

5. Impact Resistance at 
ambient conditions 

S To ensure protection against 
crack propagation 

Min. 

6. Maximum allowable 
creep rate 

S To prevent excessive 
deformation under steady 
state loading at elevated 
temperatures 

Max. 

7. Thermal conductivity 
(minimum averaged 
value in the range of 
ambient to maximum 
service temperature, 
tmax) 

T To ensure that the basket will 
conduct heat at the rate 
assumed in its thermal model 

Min. 

8. Minimum Emissivity T To ensure that the thermal 
calculations are performed 
conservatively 

Min. 

9. Specific Gravity S (and R) To compute weight of the 
component (and shielding 
effectiveness) 

Max. (and Min.) 

10. Thermal Expansion 
Coefficient 

T (and S) To compute the change in 
basket dimension due to 
temperature (and thermal 
stresses) 

Min. (and Max.) 

11. Boron-10 Content R To control reactivity Min. 
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8.3 APPLICABLE CODES AND STANDARDS 
 
The principle codes and standards applied to the HI-STORM FW System components are the 
ASME Boiler and Pressure Vessel Code [8.3.1], the ACI code [8.3.2], the ASTM Standards and 
the ANSI standards. Chapter 1 provides details of the specific applications of these codes and 
standards along with the other codes and standards that are applicable.  
 
Section 1.0 of this FSAR provides a tabulation of this FSAR’s compliance with NUREG-1536. 
This section also provides a list of clarifications and alternatives to NUREG-1536. This list of 
clarifications and alternatives discusses Holtec International’s approach for compliance with the 
underlying intent of the guidance and also provides the justification for the alternative method 
for compliance adopted in this FSAR. Section 1.2 identifies the ASME code paragraphs 
applicable for the design of the HI-STORM FW overpack primary load bearing parts, 
summarizes the code requirements for the fabrication of the HI-STORM FW components, and 
refers to the national standards (e.g., ASTM, AWS, ANSI, etc.) used for the material 
procurement and welding.  
 
Chapter 2 discusses factored load combinations for ISFSI pad design per NUREG-1536 [8.3.3], 
which is consistent with ACI-349-85. Codes ACI 360R-92, “Design of Slabs on Grade”; ACI 
302.1R, “Guide for Concrete Floor and Slab Construction”; and ACI 224R-90, “Control of 
Cracking in Concrete Structures” are also used in the design and construction of the concrete 
pad. Section 2.2 elaborates on the specific applications of ASME Boiler and Pressure Vessel 
code and provides a list of ASME code alternatives for the HI-STORM FW System.  
 
Section 3.1 provides allowable stresses and stress intensities for various materials extracted from 
applicable ASME code sections for various service conditions. This section also provides 
discussions on fracture toughness test requirements per ASME code sections. Mechanical 
properties of materials are extracted from applicable ASME sections and are tabulated for 
various materials used in HI-STORM FW System. Concrete properties are from ACI 318-89 
code. Section 3.7 presents discussions on compliance on NUREG-1536 and stipulations of 
10CFR72 requirements to provide reasonable assurance with respect to the adequacy of the HI-
STORM FW System. 
 
In order to meet the requirements of the codes and standards the materials must conform to the 
minimum acceptable physical strengths and chemical compositions and the fabrication 
procedures must satisfy the prescribed requirements of the applicable codes.  
 
Additional codes and standards applicable to welding are discussed in Section 8.5 and those for 
the bolts and fasteners are discussed in Section 8.6. 
 
Review of the above shows that the identified codes and standards are appropriate for the 
material control of major components. Additional material control is identified in material 
specifications. Material selections are appropriate for environmental conditions to be 
encountered during loading, unloading, transfer and storage operations. The materials and 
fabrication of major components are suitable based on the applicable codes of record. 
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8.4 MATERIAL PROPERTIES 
 
This section provides discussions on material properties that mainly include mechanical and 
thermal properties. The material properties used in the design and analysis of the HI-STORM 
FW System are obtained from established industry codes such as ASME Boiler and Pressure 
Vessel Code [8.4.1], ASTM publications, handbooks, textbooks, other NRC-reviewed SARs, and 
government publications, as appropriate.  
 
8.4.1 Mechanical Properties 
 
Section 3.3 presents mechanical properties of materials used in the HI-STORM FW System. The 
structural materials include Alloy X, Metamic-HT, carbon steel, low-alloy and nickel-alloy steel, 
bolting materials and weld materials. The properties include yield stress, mean coefficient of 
thermal expansion, ultimate stress and the Young’s modulus of these materials and their 
variations with temperature. Certain mechanical properties are also provided for nonstructural 
materials such as concrete and lead used for shielding. Additional properties of the neutron 
absorbing material Metamic-HT are discussed in Section 8.9.  
 
The discussion on mechanical properties of materials in Chapter 3 provides reasonable assurance 
that the class and grade of the structural materials are acceptable under the applicable 
construction code of record. Selected parameters such as the temperature dependent values of 
stress allowables, modulus of elasticity, Poisson’s ratio, density, thermal conductivity and 
thermal expansion have been appropriately defined in conjunction with other disciplines. The 
material properties of all code materials are guaranteed by procuring materials from Holtec 
approved vendors through material dedication*, process if necessary. 
 
8.4.2 Thermal Properties 
 
Section 4.2 presents thermal properties of materials used in the MPC such as Alloy X, Metamic-
HT, aluminum shims and helium gas; materials present in HI-STORM FW such as carbon steel 
and concrete; and materials present in HI-TRAC VW transfer cask that include carbon steel, lead 
and demineralized water. The properties include density, thermal conductivity, heat capacity, 
viscosity, and surface emissivity/absorptivity. Variations of these properties with temperature are 
also provided in tabular forms. 
 
The thermal properties of fuel (UO2) and fuel cladding are also reported in Section 4.2. 
 
Thermal properties are often obtained from standard handbooks and established text books (see 
Table 4.2.1). When variations of thermal properties are observed the most conservative values 
are established as input for the design of the components of the HI-STORM FW System. 
 

                                                 
* A term of art in nuclear quality assurance.  
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8.4.3 Low Temperature Ductility of Ferritic Steels* 
 
The risk of brittle fracture in the HI-STORM FW components is eliminated by utilizing materials 
that maintain high fracture toughness under extremely cold conditions. 
 
The MPC canister is constructed from a menu of stainless steels termed Alloy X. These stainless 
steel materials do not undergo a ductile-to-brittle transition in the minimum service temperature 
range of the HI-STORM FW System. Therefore, brittle fracture is not a concern for the MPC 
components. 
 
Such an assertion cannot be made a’ priori for the HI-STORM FW storage overpack and HI-
TRAC VW transfer cask that contain ferritic steel parts. In general, the impact testing 
requirement for the HI-STORM FW overpack and the HI-TRAC VW transfer cask is a function 
of two parameters: the Lowest Service Temperature (LST)† and the normal stress level. The 
significance of these two parameters, as they relate to impact testing of the overpack and the 
transfer cask, is discussed below. 
 
In normal storage mode, the LST of the HI-STORM FW storage overpack structural members 
may reach -40oF 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 -40oF (design minimum per 
Chapter 2: Principal Design Criteria). However, during the HI-STORM FW overpack transport 
operations, the applicable lowest service temperature is per 0°F (per the Technical 
Specifications). Therefore, two distinct LSTs are applicable to load bearing metal parts within 
the HI-STORM FW System; namely, 
 

LST = 0oF for the HI-STORM FW overpack during transport operations and for the HI-
TRAC VW transfer cask during all normal operating conditions.  

 
LST = -40oF for the HI-STORM FW overpack during storage operations. 

 
SA350-LF2 and SA350-LF3 have been selected as the material for the STH parts due to their 
capability to maintain acceptable fracture toughness at low temperatures (see Table 5 in SA350 
of ASME Section IIA). 
 
Table 3.1.9 provides a summary of impact testing requirements for the materials used in the HI-
STORM FW System to ensure prevention of brittle fracture. 
 
8.4.4 Creep Properties of Materials 
 
Creep, a visco-elastic and visco-plastic effect in metals, manifests itself as a monotonically 
increasing deformation if the metal part is subjected to stress under elevated temperature. Since 

                                                 
* This subsection has been copied from the HI-STORM 100 FSAR (Section 3.1) without any substantive change.  
† LST (Lowest Service Temperature) is defined as the daily average for the host ISFSI site when the 
outdoors portions of the “short-term operations” are carried out.  
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certain parts of the HI-STORM FW System, notably the fuel basket, operate at relatively high 
temperatures, creep resistance of the fuel basket is an important property. Creep is not a concern 
in the MPC enclosure vessel, the HI-STORM FW overpack, or the HI-TRAC VW steel 
weldment because of the operating metal temperatures, stress levels and material properties. 
Steels used in ASME Code pressure vessels have a high threshold temperature at which creep 
becomes a factor in the equipment design. The ASME Code Section II material properties 
provide the acceptable upper temperature limit for metals and alloys acceptable for pressure 
vessel service. In the selection of steels for the HI-STORM FW System, a critical criterion is to 
ensure that the sustained  metal temperature of the part made of the particular steel type shall be 
less than the Code allowable temperature for pressure vessel service (ASME Section III 
Subsection ND). This criterion guarantees that excessive creep deformation will not occur in the 
steels used in the HI-STORM FW System.  
 
As discussed below, the incidence of creep in the fuel basket is a not a trivial matter because 
lateral creep deformation can alter the reactivity control characteristics of the basket. 

8.4.4.1  Metamic-HT 

Metamic-HT is the sole constituent material in the HI-STORM FW fuel basket. The suitability of 
Metamic-HT for the conditions listed in Table 8.1.1 are considered in the “Metamic-HT 
Qualification Sourcebook” [8.9.7], submitted in USNRC Docket No. 71-9325 as a Holtec 
proprietary document. 

The Metamic Sourcebook contains data on the testing to determine the creep characteristics of 
the Metamic-HT under both unirradiated and irradiated conditions. A creep equation to estimate 
a bounding estimate of total creep as a function of stress and temperature is also provided. The 
creep equation developed from this test provides a conservative prediction of accumulated creep 
strain by direct comparison to measured creep in unirradiated and irradiated coupons. 
 
The creep equation for Metamic-HT that bounds all measured data (tests run for 20,000 hours) is 
of the classical exponential form in stress and temperature (see Table 1.2.8) stated symbolically e 
= f(σ,T). 
 
Creep in the fuel basket will not affect reactivity because the basket is oriented vertically during 
all operations (with the rare handling exception of the transfer cask as described in Subsection 
4.5.1). The lateral loading of the fuel basket walls is insignificant and hence there is no 
mechanistic means for the basket panels to undergo lateral deformation from creep. 
 
The creep effect would tend to shorten the fuel basket under the self-weight of the basket. An 
illustrative calculation of the cumulative reduction of the basket length is presented below to 
demonstrate the insignificant role of creep in the fuel basket. 
 



_____________________________________________________________________________________ 
HOLTEC INTERNATIONAL COPYRIGHTED INFORMATION 

REPORT HI-2114830                                                                                          Rev. 3 
 8-20  

The in-plane compressive stress, σ, at height x in the basket panel is given by 
 
  σ = ρ(H-x)         (8.1) 
 
Where 
ρ = density of Metamic-HT 
H = height of the fuel basket 
 
Using the above stress equation, the total creep shrinkage, δ, is given by 
 

  τσδ
τ

ddxT
o

H

o
}),({

*

∫ ∫=        (8.2) 

Where  
T = panel’s metal temperature, initial value conservatively assumed to be 350°C (from Section 
4.6) and dropping linearly to 150°C at 60 years. 
τ* = 60 years 
H = height of the basket (approximately 200 inches) 
 
Using the creep equation [1.2.6] and performing the above double integration numerically with 
Mathcad yields δ = 0.044 inch. In other words, the computed shrinkage of the basket is less than 
0.022% of its original length. 

It is concluded that for vertical configuration of storage the creep effects of the MPC basket are 
insignificant due to absence of any meaningful loads on the panels. Therefore, creep in the 
Metamic-HT fuel basket is not a matter of safety concern. 

8.4.4.2  Aluminum Alloy 

The basket shims are not subject to any significant loading during storage. Similar to the fuel 
basket, the stress levels from self-weight in long-term storage eliminates creep as a viable 
concern for the basket shims. 
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8.5 WELDING MATERIAL AND WELDING SPECIFICATION 

Welds in the HI-STORM FW System are divided into two broad categories: 
 

i. Structural welds 
ii. Non-structural welds 

 
Structural welds are those that are essential to withstand mechanical and inertial loads exerted on 
the component under normal storage and handling.  
 
Non-structural welds are those that are subject to minor stress levels and are not critical to the 
safety function of the part. Non-structural welds are typically located in the redundant parts of 
the structure. The guidance in the ASME Code Section NF-1215 for secondary members may be 
used to determine whether the stress level in a weld qualifies it to be categorized as non-
structural. 
 
Both structural and non-structural welds must satisfy the material considerations listed in Tables 
8.1.1, 8.1.2, and 8.1.3, for the MPC, the HI-STORM FW overpack and the HI-TRAC VW 
transfer cask, respectively. In addition, the welds must not be susceptible to any of the applicable 
failure modes in Table 8.1.4. 
 
To ensure that all welds in the HI-STORM FW System shall render their intended function, the 
following requirements are observed: 

 
i. The weld joint configuration is selected to accord with the function of the joint (Holtec 

Position Paper DS-329 [8.5.1] provided to the USNRC in Docket No. 72-1014). 
 
ii. The welding procedure specifications comply with ASME Section IX for every Code 

material used in the system. 
 
iii. The quality assurance requirements applied to the welding process correspond to the 

highest ITS classification of the parts being joined. 
 
iv. The non-destructive examination of every weld is carried out using quality procedures 

that comply with ASME Section V. 
 
The welding operations are performed in accordance with the requirements of codes and 
standards depending on the design and functional requirements of the components. 
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The selection of the weld wire, welding process, range of essential and non-essential variables,* 
and the configuration of the weld geometry has been carried out to ensure that each weld will 
have: 

 
i. Greater mechanical strength than the parent metal. 
ii. Acceptable ductility, toughness, and fracture resistance. 
iii. Corrosion resistance properties comparable to the parent metal. 
iv. No risk of crack propagation under the applicable stress levels. 

 
The welding procedures implemented in the manufacturing of HI-STORM FW System 
components are intended to fulfill the above performance expectations. 
 
Additional information on the welding for HI-STORM FW System components is provided in 
Section 1.2. Lists of codes and standards applicable for the manufacturing of HI-STORM FW 
System are also provided therein. 
 
A list of ASME code alternatives for the MPC fabrication including welding is presented in 
Section 2.2. The structural strength requirements of welds including fracture toughness test 
requirements of weld materials are provided in Section 3.1. The confinement boundary welds 
and their testing requirements are discussed in Section 7.1. The inspection and testing 
requirements of the HI-STORM FW System component welds are provided in Section 10.1. 
 
The weld filler material shall comply with requirements set forth in the applicable Welding 
Procedure Specifications qualified to ASME Section IX at the manufacturer’s facility. Only 
those welding procedures that have been qualified to the Code are permitted in the 
manufacturing of HI-STORM FW components. 
 
Review of the above shows that except for the MPC lid welds, all welds of the Enclosure Vessel 
are full penetration weld with volumetric NDE. All weld filler metals are specified by ASME 
Section II, Part C and associated AWS classification in applicable weld procedures. 
 
The weld procedure qualification record specifies the requirements for fracture control (e.g. post 
weld heat treatment). The HI-STORM FW overpack and HI-TRAC VW transfer cask do not 
require any post weld heat treatment due to the material combinations and provisions in the 
applicable codes and standards. With respect to the MPC Lid-to-Shell weld, the progressive P.T. 
requirements on the shell/lid weld are identical to those in Docket No. 72-1014 (which are 
derived from the analysis summarized in Holtec Position Paper DS-213 [8.5.2], provided to the 
USNRC on Docket No. 72-1014.  
 

                                                 
* Please refer to Section IX of the ASME Code for the definition and delineation of essential and non-essential 
variables.  
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Non-structural welds shall meet the following requirements: 
 

1. The welding procedure shall comply with Section IX of the ASME Code or AWS D1.1. 
2. The welder shall be qualified, at minimum, to the commercial code such as ASME 

Section VIII, Div.1, or AWS D1.1. 
3. The weld shall be visually examined by the weld operator or a Q.C. inspector qualified to 

Level 1 (or above) per ASNT designation. 
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8.6 BOLTS AND FASTENERS 
 
Chapter 3 provides information on the structural evaluation of the bolts and fasteners. Section 3.1 
discusses fracture toughness requirements for bolting materials. Section 3.3 provides the bolting 
materials used in the HI-STORM FW System. Section 3.3 (Table 3.3.4) provides mechanical 
properties of bolting materials. 
 
Chapter 9 provides pre-tensioning requirements for HI-STORM FW System bolts to ensure that 
the bolts shall not be overstressed under any condition of loading applicable to the system. 
 
Bolts and fasteners made of low alloy steel are not expected to experience any significant 
corrosion in the operating environment. The ISFSI operation and maintenance program shall call 
for coating of bolts and fasteners if the ambient environment is aggressive. 
 
A review of the above shows that the materials for the bolts and the fasteners have been selected 
to possess the required tensile strengths, resistance to corrosion and brittle fracture. To prevent a 
change in the bolt pre-stress during operating conditions, the coefficient of thermal expansion of 
each bolt material has been closely matched to that of the parts being fastened together. 
 
Preventing galling of interfacing surfaces is another critical consideration in selecting bolt 
materials. Use of austenitic stainless bolts on interfacing austenitic stainless steel surfaces is not 
permitted. All threaded surfaces are treated with a preservative to prevent corrosion. The O&M 
program for the storage system calls for all bolts to be monitored for corrosion damage and 
replaced, as necessary. 
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8.7 COATINGS 
 
Protective coatings are used primarily as a corrosion barrier and/or as a means to facilitate 
decontamination. Coating materials for the HI-STORM FW system components are guided by 
the successful experience in similar service applications of the HI-STORM 100 and HI-STAR 
100 components and parts. The main considerations in the selection of coatings are the 
ruggedness and physical integrity in the specific service environment, ease of decontamination as 
applicable to immersion service, thermal and radiation stability, and ease of application to 
facilitate touch-up activities for preventive maintenance. Surface preparation and repair are 
performed in accordance with manufacturer recommendations. 
 
The coatings applied on specific HI-STORM FW System components are selected to be 
compatible with their respective conditions of service. For example, equipment used in the fuel 
pool environment must be conducive to convenient decontamination. Protective coatings are 
applied to surfaces vulnerable to corrosion such as exposed carbon steel surfaces on the HI-
STORM FW overpack and HI-TRAC VW transfer cask. The MPC surfaces are not coated. 
 
8.7.1 Environmental Conditions Applicable to Coating Selection and Evaluation 
 Criteria:   
 
8.7.1.1  Environmental Conditions  
 
The environmental conditions that warrant consideration in the selection of coatings are: 

i. Temperature, humidity, and insolation 
ii. Radiation field 
iii. Immersion service 
 

Temperature, humidity, and insolation conditions may vary at different ISFSI sites. The coating 
selected for the HI-STORM FW overpack, which is subject to long-term exposure, must be 
stable under the entire range of psychometric conditions that prevail in the territorial United 
States. The coating selected for HI-TRAC VW must withstand the thermal exposure during fuel 
drying operations and during immersion in the spent fuel pool. 
 
Stable performance under radiation is important for coatings applied on the inside surfaces of the 
HI-STORM FW overpack and the HI-TRAC VW transfer cask, which are proximate to the 
lateral surfaces of the MPC. 
 
Immersion in the pool implies three major challenges to the coating on the HI-TRAC VW: 
 

a. Risk of penetration of tiny contaminant particulates in the pores of the coating. 
b. Chemical attack (by boric acid in PWR pools and demineralized water in BWR 

pools). 
c. Temperature change as the transfer cask is immersed in or withdrawn from water. 
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Coatings that have been determined to be unsuitable for the immersion service shall not be used 
in the HI-TRAC VW transfer cask. 
 
8.7.1.2  Coating Evaluation Criteria 
 
The evaluation criteria for selecting coatings are summarized below. These criteria shall be used 
if a pre-approved coating listed in Subsection 8.7.2, for any reason, is no longer available for use. 
 

 Coating Acceptance Criteria  
1. Non-reactive to the surrounding environment 
2. Structural performance (bendability, ductility, resistance to cracking, and resistance 

to abrasion) 
3. Adherence to base material  
4. Chemical immersion resistance, if applicable 
5. Emissivity and absorptivity consistent with thermal analysis 
6. Temperature resistance for analyzed temperature conditions with humidity and 

insolation, as applicable 
7. Radiation resistance for analyzed conditions 

 
The paint suppliers may certify the properties by performance of applicable ASTM tests.  In the 
absence of ASTM test data for a required characteristic in the above table, the coating supplier 
will provide evidentiary information to justify acceptance. Alternatively, Holtec International 
will perform its own independent tests to establish compliance with the required criteria. 
 
8.7.2 Acceptable Coatings  
 
Proven (previously used on HI-STORM 100 System components and other cask designs) 
coatings and paints that adequately satisfy the requirements are presented below and pre-
approved for use on HI-STORM FW System components. 
 
Carboguard 890 (Cycloaliphatic Amine Epoxy) of Carboline Company which demonstrates 
acceptable performance for short-term exposure in mild borated pool water may be used for 
coating the HI-TRAC VW transfer cask exterior surfaces as well as HI-STORM FW overpack 
surfaces.  This coating is certified for immersion services and provides excellent chemical 
resistance and abrasion resistance. It provides a smooth surface with no porosity and thereby, 
excellent decontamination characteristics. No adverse interaction has been experienced in many 
years of use.  
 
Thermaline 450 (Amine-Cured Novolac Epoxy) of Carboline Company may be used for coating 
HI-TRAC VW transfer cask internal surfaces which are exposed only to demineralized water 
during in-pool operations (the annulus is filled prior to placement in the spent fuel pool and the 
inflatable seal prevents fuel pool water in-leakage) and higher service temperatures. This coating 
provides excellent resistance to corrosion, abrasion, and permeation. No adverse interaction has 
been experienced in many years of use.  
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Carbozinc 11 (also known as CZ-11) may be used for coating HI-STORM FW overpack internal 
cavity and external surfaces (including lid surfaces). This solvent based coating material has 
excellent corrosion resistant properties in harsh environments and provides inorganic zinc 
(galvanic) protection to steel surfaces. As an alternative to the Carbozinc 11, Sherwin Williams 
Zinc Clad II HS, Sherwin Williams Zinc Clad II Plus may also be used.  
 
Product information for the above coatings is provided in Appendix 8.A. 
 
Coatings that are specified in this section shall not be substituted with another coating unless the 
substitute meets or exceeds the performance of the coating listed above under all the applicable 
coating evaluation criteria set forth in the previous subsection.  
 
8.7.3 Coating Application 
 
Holtec utilizes Q.A.-validated written procedures (HSP-318 [8.7.1] and HSP-319 [8.7.2]) to 
achieve the desired performance for the coating. These procedures provide requirements for the 
preparation and painting of the HI-STORM FW overpack, HI-TRAC VW transfer cask and 
associated components. These procedures are based on paint manufacturers’ applicable 
specifications, instructions and recommendations.  
 
The procedures provide details for the preparation prior to blasting, surface preparation, mixing 
and application, painting in the field, and touch up steps or repairs. The procedures also provide 
details of the dry film thickness testing and the acceptance criteria. Painting documentation is 
maintained for the record of the completion of various painting steps and the environmental 
conditions including the ambient temperature, humidity and the component surface temperature. 
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8.8 GAMMA AND NEUTRON SHIELDING MATERIALS 
 
Gamma and neutron shield materials in the HI-STORM FW System are discussed in Section 1.2. 
The primary shielding materials used in the HI-STORM FW system, like the HI-STORM 100 
system, are plain concrete, steel, lead, and water. 
 
The plain concrete enclosed by cylindrical steel shells, a thick steel baseplate, and a top annular 
plate provides the main shielding function in the HI-STORM FW overpack. The overpack lid has 
appropriate concrete shielding to provide neutron and gamma attenuation to minimize skyshine. 
 
The transfer cask in the HI-STORM FW system (HI-TRAC VW) is provided with steel and lead 
shielding to ensure that the radiation and exposure objectives of 10CFR72.104 and 10CFR72.106 
are met. The space between the inner shell and the middle shell is occupied by lead, conforming 
to ASTM B29, which provides the bulk of the cask’s (gamma) radiation shielding capability. The 
water jacket between the middle shell and the outermost shell (filled with demineralized water or 
ethylene glycol fortified water, depending on the site environmental constraints) provides most 
of the neutron shielding capability to the cask. The water in the water jacket serves as the neutron 
shield on demand: When the cask is in the pool and the MPC is full of water, the water jacket is 
kept empty (or partially empty as necessary) to minimize the cask’s weight, the neutron shielding 
function being provided by the water in the MPC cavity. However, when the MPC is emptied of 
water at the Decontamination and Assembly Station (DAS), then the neutron shielding capacity 
of the cask is replenished by filling the water jacket. The HI-TRAC VW bottom lid is extra thick 
steel to provide an additional measure of gamma shielding to supplement the gamma shielding at 
the bottom of the MPC. 
 
8.8.1 Concrete 
 
Appendix 1.D of HI-STORM 100 FSAR provides details of the concrete properties and the 
testing requirements. The critical characteristics of concrete are its density and compressive 
strength. 
 
The density of plain concrete within the HI-STORM FW overpack is subject to a minor decrease 
due to long-term exposure to elevated temperatures. The reduction in density occurs primarily 
due to liberation of unbonded water by evaporation.  
 
The density of concrete has been classified into three states in the published literature [8.8.1]. 
 
a) fresh density: the density of freshly mixed concrete 
b) air-dry density: drying in air under ambient conditions, where moisture is lost until a quasi-

equilibrium is reached 
c) oven-dry density: concrete dried in an oven at 105ºC (221ºF) 
 
Because the bulk temperature of concrete in HI-STORM FW is spatially variable, the oven-dry 
density is conservatively used as the reference density for shielding analysis. 
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Density loss during the initial drying process is considered in the fabrication of the HI-STORM 
FW overpack by providing wet concrete densities above the minimum required dry (hardened 
paste) density. Density loss during drying is on the order of 1% and conservatively imposes a 
larger delta between wet density and the minimum dry density. The data in the literature, viz., 
Neville [8.8.1] indicates that the density difference between the air-dry condition and oven-dry 
condition is about one fourth of the density difference experienced during the drying process. 
Therefore, the loss in density would be expected to be on the order of 0.25%. This density loss is 
very low and is considered too small to have a significant impact on the shielding performance of 
the overpack. Thus, the minimum “fresh density” during concrete placement is set equal to the 
reference density (Table 1.2.5) plus 1.25%. 
 
Section 5.3 considers the minimum density requirements of concrete for effective shielding. The 
density requirement is confirmed per Appendix 1.D of the HI-STORM 100 FSAR. 
 
8.8.2 Steel 
 
Section 5.3 provides a discussion on steel as a shielding material and its composition used in the 
evaluation of its shielding characteristics. 
 
8.8.3 Lead 
 
Section 1.2 provides a discussion on lead used in HI-TRAC VW for gamma shielding. In the HI-
TRAC VW transfer cask radial direction, gamma and neutron shielding consists of steel-lead-
steel and water, respectively. In the HI-TRAC VW bottom lid, layers of steel-lead-steel provide 
an additional measure of gamma shielding to supplement the gamma shielding at the bottom of 
the MPC. 
 
Mechanical properties of lead are provided in Section 3.3. Section 5.3 provides the minimum 
density and composition (mass fraction of trace elements) of lead.  
 
8.8.4 Water 
 
Water is used as a neutron shield in the HI-TRAC VW transfer cask. Section 5.3 provides the 
minimum density requirements of water for transfer cask water jacket and inside MPC. The 
shielding effectiveness is calculated based on the minimum water density at the highest operating 
temperature. Calculations show that additives for freeze protection (at low temperature 
operation) such as ethylene glycol do not have any adverse effect on effectiveness of the neutron 
shielding function of water in the water jacket.  
 
As discussed in Section 5.1, there is only one accident that has any significant impact on the 
shielding configuration. This accident is the postulated loss of the neutron shield (water) in the 
HI-TRAC VW. The change in the neutron shield was conservatively analyzed by assuming that 
the entire volume of the liquid neutron shield was replaced by air. 
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8.9 NEUTRON ABSORBING MATERIALS 
 
Inside the MPC enclosure vessel is a structure referred to as the fuel basket. The fuel basket is an 
egg-crate assemblage of Metamic-HT plates which creates prismatic cells with square cross 
sectional openings for fuel storage. Metamic-HT is the neutron absorber and structural material 
of the MPC fuel basket. Metamic-HT is a composite material of nano-particles of aluminum 
oxide (alumina) and finely ground boron carbide particles dispersed in a metal matrix of pure 
aluminum [8.9.7]. 
 
8.9.1 Qualification and Properties of Metamic-HT 
 
The qualification and properties of Metamic-HT are presented in Chapter 1, Section 1.2.1.4 
where its key characteristics necessary for insuring nuclear reactivity control, thermal, and 
structural performance are discussed. A test program configured to address the Metamic-HT 
properties was conducted by Holtec International and the minimum guaranteed values (MGVs) 
of the critical characteristics of Metamic-HT were determined [8.9.7] and summarized in 
Chapter 1, Section 1.2.1.4. All testing was conducted in accordance with the applicable ASTM 
test standards. The role in the fuel basket safety function of each of the critical characteristics is 
provided in Chapter 1, Section 1.2.1.4. 
 
A rigorous quality control regimen and Holtec QA procedures ensure that all extruded Metamic-
HT plates meet the requirements for the quality genre of the casks. 
 
To ensure that the manufactured Metamic material will render its intended function with 
reasonable assurance, a sampling plan based on Mil Standard 105E [8.9.8] has been specified 
and made a part of the Metamic-HT Manufacturing Manual [8.9.6]. The Sampling plan shall 
provide a reasonable level of confidence that the Minimum Guaranteed Values of all critical 
mechanical properties will be met in the production lots. Additional information regarding 
manufacturing of Metamic-HT is provided in Chapter 1, Section 1.2.1.4. 
 
Chapter 2 provides discussions on criticality parameters for design basis SNF, and the controls 
and methods utilized for prevention of criticality. 
 
Criticality evaluation is presented in Chapter 6. The material heterogeneity parameters are 
adequately characterized and controlled and the criticality calculations employ appropriate 
corrections when modeling the heterogeneous material as an idealized homogeneous mixture. It 
is demonstrated that the MPC provides criticality control for all design basis normal, off-normal, 
and postulated accident conditions, as discussed in Section 6.1. The effective neutron 
multiplication factor is limited to keff < 0.95 for fresh unirradiated fuel with optimum water 
moderation and close reflection, including all biases, uncertainties, and MPC manufacturing 
tolerances. Additional neutronic properties of Metamic-HT are provided in Chapter 1, Section 
1.2.1.4. 
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8.9.2 Consideration of Boron Depletion  
 
The effectiveness of the 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 design life of the MPC. Analysis discussed in Section 6.3 
demonstrates that the boron depletion in the neutron absorber material is negligible over the 
expected service life of the HI-STORM FW System. This is due to the fact that the borated 
material is subjected to a relatively low neutron flux. Analyses show that the depletion of boron 
is a small fraction of the quantity present. Therefore, sufficient levels of boron will remain in the 
fuel basket neutron absorbing material to maintain criticality safety functions over the design life 
of the MPC. Furthermore, the boron content of Metamic-HT 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 10% (see Chapter 6) for conservatism in the analysis. 
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8.10 CONCRETE AND REINFORCING STEEL 
 
The HI-STORM FW System does not utilize concrete with rebar. The plain concrete used in the 
HI-STORM FW overpack serves as the neutron shielding. The absence of rebar in the HI-
STORM FW overpack concrete ensures that radiation streaming paths due to the development of 
cracks and discontinuities at the rebar/concrete interfaces will not develop. Concrete in the 
overpack is not considered as a structural member, except to withstand compressive, bearing, and 
penetrant loads. Therefore the mechanical behavior of concrete must be quantified to determine 
the stresses in the structural members (steel shells surrounding it) under accident conditions. 
 
Section 3.3 provides the concrete mechanical properties. Allowable, bearing strength in concrete 
for normal loading conditions is calculated in accordance with ACI 318-05 [8.3.2]. The 
procedure specified in ASTM C-39 is utilized to verify that the assumed compressive strength 
will be realized in the actual in-situ pours. Appendix 1.D in the HI-STORM 100 FSAR provides 
additional information on the requirements on plain concrete for use in HI-STORM FW storage 
overpack. 
 
To enhance the shielding performance of the HI-STORM FW storage overpack, high density 
concrete can be used during fabrication. The permissible range of concrete densities is specified 
in Table 1.2.5. 
 
Review of the above shows that the HI-STORM FW System concrete components are 
acceptable. All concrete is either encased in steel or covered underneath the overpack lid, 
therefore; it is not subject to weathering or other atmospheric degradation, even in marine 
environments. To ensure that the concrete performs its primary function (shielding 
integrity/effectiveness) tests are performed as required by Chapter 10. 
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8.11 SEALS 
 
The HI-STORM FW System does not rely upon mechanical seals for maintaining the integrity of 
the Confinement Boundary. The MPC Vent/Drain caps washers are made of a soft and malleable 
metal such as aluminum 1100. 
 
The HI-TRAC VW transfer cask bottom lid utilizes a gasket to prevent ingress of pool water 
when the cask is staged in the fuel pool and leakage during MPC processing operations. Gaskets 
used may be silicone, neoprene, and a similar elastomeric material that is inert in the pool’s 
aqueous environment.  
 
In selecting the gasket material, it is necessary to ensure that none of the following materials will 
leach out in the pool water in measurable quantities. 
 
• Viton 
• Saran 
• Silastic L8-53 
• Teflon 
• Nylon 
• Carbon steel 
• Neoprene or similar materials made of halogen containing elastomers 
• Rubber bonded asbestos 
• Polyethelene film colored with pigments over 50 ppm fluorine, measurable amount of 

mercury or halogens, or more than 0.05% lead 
• Materials containing lead, mercury, sulfur, phosphorus, zinc, copper and copper alloys, 

cadmium, tin, antimony, bismuth, mischmetal, magnesium oxide, and halogens exceeding 75 
ppm (including cleaning compound). 

 
The gaskets used in the HI-TRAC VW shall be the same or equivalent to those that have proven 
to be satisfactory in prior service (such as in other Holtec transfer casks).  
 
The mechanical design details of the gasketed joint in the transfer cask follow the guidelines in 
Chapter 3 of [8.11.1], which recommend joints subjected to cyclic loadings to be made of the 
“controlled compression” genré. The “controlled compression” joint minimizes cyclic damage to 
the gasket. 
 
The O&M program for the storage system calls for HI-TRAC VW transfer cask elastomeric seals 
to be inspected for damage and replaced on an appropriate schedule as recommended by the 
manufacturer. 
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8.12 CHEMICAL AND GALVANIC REACTIONS 
 
The materials used in the HI-STORM FW System are examined to establish that these materials 
do not participate in any chemical or galvanic reactions when exposed to the various 
environments during all normal operating conditions and off-normal and accident events. 
 
The following acceptance criteria for chemical and galvanic reactions are extracted from ISG-15 
[8.1.1] for use in HI-STORM FW components.  
 
a. The DCSS should prevent the spread of radioactive material and maintain safety control 
 functions using, as appropriate, noncombustible and heat resistant materials. 
 
b. A review of the DCSS, its components, and operating environments (wet or dry) should 
 confirm that no operation (e.g., short term loading/unloading or long-term storage) will 
 produce adverse chemical and/or galvanic reactions, which could impact the safe use of 
 the storage cask. 
 
c. Components of the DCSS should not react with one another, or with the cover gas or 
 spent fuel, in a manner that may adversely affect safety. Additionally, corrosion of 
 components inside the containment vessel should be effectively prevented. 
 
d. The operating procedures should ensure that no ignition of hydrogen gas should occur 
 during cask loading or unloading. 
 
e. Potential problems from general corrosion, pitting, stress corrosion cracking, or other 
 types of corrosion, should be evaluated for the environmental conditions and dynamic 
 loading effects that are specific to the component. 
 
The materials and their ITS pedigree are listed in the drawing package provided in Section 1.5. 
The compatibility of the selected materials with the operating environment and to each other for 
potential galvanic reactions is discussed in this section.  
 
8.12.1  Operating Environments 
 
During fuel loading, handling or storage the components of the HI-STORM FW System 
experience the following environments (see Tables 8.1.1, 8.1.2, and 8.1.3). 
 

• Spent Fuel Pool Water – During the fuel loading steps, the MPC confinement space is 
flooded with water (borated water in PWRs and demineralized water in BWRs). As water 
is withdrawn from the MPC space, the temperature of its contents rises, facilitating an 
Arrhenius-like acceleration of any chemical reaction that may occur in the presence of 
water and water vapor or boric acid (in PWRs). These same conditions would exist in the 
event an MPC needs to be unloaded and the MPC is reflooded prior to lid removal.  
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• Helium – During loading operations, all water is removed from the interior of the MPC 
and an inert gas is injected. Internal MPC components get exposed to dry helium under 
pressure during storage.  

 
• External atmosphere – During long term storage the casks are exposed to outside 

atmosphere, air with temperature variations, solar radiation, rain, snow, ice, etc. 
 

As discussed below, the components of the HI-STORM FW System has been engineered to 
ensure that the environmental conditions expected to exist at nuclear power plant installations do 
not prevent the cask components from rendering their respective intended functions.  
 
8.12.2  Compatibility of MPC Materials  
 
8.12.2.1 MPC Confinement Boundary Materials 
 
Austenitic Stainless Steels  
 
The MPC confinement boundary is composed entirely of corrosion-resistant austenitic stainless 
steel. 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 available austenitic stainless 
steels are AISI Types 304, 304LN, 316 and 316LN containing a minimum of 16% chromium and 
8% nickel, and at least traces of molybdenum. The passive films (formed due to atmospheric 
exposure) of stainless steels range between 10 to 50 angstroms (1x10-6

 to 5x10-6
 mm) thick 

[8.12.4]. Of all types of stainless steels (i.e., austenitic, ferritic, martensitic, precipitation 
hardenable and two-phase), “the austenitic stainless alloys are considered the most resistant to 
industrial atmospheres and acid media” [8.12.4].  
 
The MPC contains no gasketed, threaded, or packed joints for maintaining confinement. The all-
welded construction of the MPC confinement boundary and the inert backfill gas within ensures 
that the interior surfaces and the MPC internals (Metamic-HT baskets, shims, etc.) are not 
subject to corrosion. Exterior MPC surfaces would be exposed to the ambient environment while 
inside of a HI-STORM FW storage overpack or a HI-TRAC VW transfer cask. 
 
Austenitic Stainless Steels in Demineralized and Borated Water Environments 
 
The average MPC may be in contact with borated and/or demineralized water at temperatures 
below boiling and at pressures of up to three atmospheres (not including hydrotest) for 
approximately 2 to 3 days. For PWRs, the soluble boron levels are typically maintained at or 
below 2,500 ppm (0.25% boric acid solution). Experimental corrosion data for AISI Type 304 
and 316 stainless steels (Swedish Designations SIS-14-2333 and SIS-14-2343, respectively) are 
available from the Swedish Avesta Jernverk laboratory [8.12.4]. Corrosive media evaluated in 
these tests include 4% (40,000 ppm) and 20% (200,000 ppm) boric acid solutions and water, all 
at boiling. Under the evaluated conditions, the tested steels are identified as “fully resistant”, 
with corrosion rates of less than 0.1 mm per year. Even more extensive experimental corrosion 
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data is available from ASM International [8.12.1]. For test conditions without rapid agitation, 
similar to conditions that would exist during MPC fuel loading in a spent fuel pool, all austenitic 
stainless steels available for MPC fabrication (i.e., AISI Types 304, 304LN, 316 and 316LN) are 
extremely resistant to corrosion in boric acid and water. More specifically, one set of data (UNS 
No. S30400) for 2.5% boric acid solution and water at 90.6°C (195°F), under no aeration and 
rapid agitation yielded a maximum corrosion rate of 0.003 mm per year [ 8.12.1]. 
 
No structural effects from any potential corrosion from demineralized and borated water 
environments are expected. Loading of a dry storage cask with reasonable delays can take up to 
two weeks. Adjusting the worst-case data for a 0.25% boric acid concentration the maximum 
thinning of any structural member in an MPC is only 4.80 x 10-6

 mm (1.89 microinches). This is 
a negligibly small fraction (0.0006%) of the thickness of the thinnest structural member 7.9 mm 
(0.3125 in.) and a negligibly small fraction (0.004%) of the tolerance on the material thickness 
(0.045 in.) permitted by the governing ASME Code [8.12.2]. 

 
Austenitic Stainless Steels and Crud 

 
Corrosion products cause “crud” deposits on fuel assemblies. Industry experience shows that 
crud, which is stable in oxygenated solutions, has not been found to contain materials that can 
react with stainless steel and cause significant degradation. Crud may leave a slight film of rust 
on the interior surfaces of the MPC during fuel loading and closure activities. 
 
Austenitic Stainless Steels and Boron Crystals 
 
Dry boron or boric acid crystals that remain in the MPC after drying and helium backfill are 
expected to have negligible corrosive effects on stainless steel due to the absence of the 
necessary reagents (oxygen and moisture). 
 
Austenitic Stainless Steels and Marine Environments 
 
The MPC is designed to be loaded with spent fuel assemblies from most light water reactor 
(LWR) nuclear power plants. LWR nuclear power plants, in general, are located near large 
bodies of water to ensure an adequate supply of cooling water. As a result many nuclear power 
plants and, subsequently, many potential ISFSI sites are located in coastal areas where dissolved 
salts may be present in atmospheric moisture. Casks deployed at coastal ISFSI sites that would 
be exposed to the harsh marine environment for prolonged periods must not suffer corrosion that 
will impair their functionality.  

 
Extensive data show corrosion rates (pitting) to 0.0018 (mm/yr) for 304, 304LN, 316 and 316LN 
in marine environments at ambient temperatures after 26 years [8.12.1]. Using this bounding 
corrosion rate data, a Holtec Position Paper [8.12.3] estimates the total corrosion of the external 
surface of the MPC in 100 years of service is about half a millimeter which is significantly 
smaller than the available design margins in the material thickness. It is to be noted that this 
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upper-bound is estimated for an extreme hypothetical marine environment. As discussed earlier 
for inland applications the corrosion rates are insignificant.  
 
Therefore, corrosion of the MPC in long-term storage is not a credible safety concern. 
 

Austenitic Stainless Steels and Hydrogen Damage 
 
Traces of hydrogen may be present under the MPC Lid during welding operations. The hydrogen 
content is limited due to a low hydrogen generation rate and the (required) purging of the 
underside of the lid with helium. Hydrogen damage is classified into four distinct types (1) 
hydrogen blistering, (2) hydrogen embrittlement, (3) decarburization, (4) hydrogen attack. 
Decarburization and hydrogen attack are high temperature processes and therefore may be of 
concern during cooling of the weld puddle. Austenitic stainless steels are one of the few metals 
that perform satisfactorily at all temperatures and pressures in the presence of hydrogen [8.12.6]. 
Considering the limited hydrogen concentration, limited time (2-3 days) for fuel loading and 
limited pressures and temperatures (with the exception of high temperatures at the lid to shell 
weld), hydrogen damage is not an applicable corrosion mechanism during fuel loading. With 
respect to the lid to shell weld, the weld design, use of a continuous inert gas purge, the weld 
method and NDE inspections provide assurance that the weld has no credible damage and is of 
high integrity. 
 
8.12.2.2 Materials of MPC Internals 
 
The internals of the MPC consists of Metamic-HT fuel baskets and aluminum alloy shims for 
basket support. Besides these internals, SNF, possible failed fuel and/or damaged fuel with 
containers, and non-fuel hardware, a sealed MPC may also contain boric acid crystals (in PWRs) 
and cruds. The cleanliness requirements and inspections during fabrication and fuel loading 
operations ensure that the MPC has minimal surface debris and impurities. 
  
Tests on Metamic-HT  
 
Extensive tests [8.9.7] have been conducted to establish material properties of Metamic-HT 
including its corrosion-resistance characteristics. The Metamic-HT specimens were used for 
corrosion testing in demineralized water and in 2000 ppm boric acid solution. The tests 
concluded that the Metamic-HT panels will sustain no discernible degradation due to corrosion 
when subjected to the severe thermal and aqueous environment that exists around a fuel basket 
during fuel loading or unloading conditions. 
 
Aluminum Alloy 
 
Aluminum alloy used in the fuel basket shims are hard anodized. The anodizing is an electrolytic 
passivation process used to increase the thickness of the natural oxide layer on the surface of 
metal parts. Anodizing increases corrosion resistance and wear resistance of the material surface. 
There is no mechanistic process for the basket shims with hard anodized surface to react with 
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borated water or demineralized water during fuel loading operation. Under the long-term storage 
condition, the basket shims are exposed to dry and inert helium with no potential for reaction. 
  

 Effect of Forced Helium Dehydration (FHD) Process 
 
The operation of the FHD consists of flowing hot dry helium through the MPC at pressures and 
temperaturelimited by the MPC design pressure and temperature of the MPC. Due to the purity 
of the helium stream and the relatively short duration (normally 10 to 60 hours), no significant 
corrosion mechanisms are identified. 

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 (see 
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 helium backfilled into the 
canister at the time of closure and the associated fabrication and closure requirements for the 
canister are specifically set down to assure that an inert helium atmosphere is maintained in the 
canister throughout the MPC’s service 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 
the 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.  
 
8.12.2.3  Galvanic Corrosion 
 
The MPC is principally constructed of stainless steel shell and Metamic-HT. Borated aluminum 
and stainless steel 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 Metamic (classic) 
and stainless steel materials. Not one case of chemical or galvanic degradation has been found in 
such fuel racks. This experience provides a sound basis to conclude that corrosion will not occur 
in these materials. For further protection, both Metamic-HT and aluminum basket shims are 
installed in the anodized state in the MPC.  
 
Furthermore, galvanic corrosion is not an applicable mechanism since the interior of the MPC 
during normal operation is essentially devoid of any moisture and the MPC shell surfaces are 
expected to be practically free from condensation. Finally, the interior of the carbon steel HI-
STORM FW overpack is painted to inhibit corrosion.  
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During long-term storage in the HI-STORM FW overpack, the MPC operates at elevated 
temperatures under normal conditions while inside the HI-STORM. The external ambient 
environment normally consists of atmospheric conditions, which include humidity and perhaps 
airborne contaminants such as sulfur dioxide, chlorine gas, sulfur gas and ozone. The interior is 
backfilled with highly pure helium. The spent fuel irradiates the MPC but at much lower levels 
than those experienced in an operating reactor. It is recognized that in general the higher the 
temperature the higher the rate of chemical reaction. It is also recognized that moisture will not 
exist on the MPC exterior surfaces for many years since moisture will not condense on hot 
surfaces and the protection afforded by the HI-STORM FW overpack. It is estimated that it 
would take decades for the hottest MPC to approach ambient temperatures and once at ambient 
temperature, any MPC surfaces will be highly corrosion resistance even when wet.  
 
8.12.2.4 Cyclic Fatigue  
 
As discussed in Section 3.1, 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 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 occurrences, which cannot produce fatigue 
failures.  
 
8.12.3  Compatibility of HI-STORM FW Overpack Materials 
 
The principal operational considerations that bear on the adequacy of the storage overpack for 
the service life are addressed as follows: 
 
Exposure to Environmental Effects 
 
All exposed surfaces of the HI-STORM FW overpack are made from ferritic steels that are 
readily painted. Concrete, which serves strictly as a shielding material, is encased in steel. 
Therefore, the potential of environmental vagaries such as spalling of concrete, are ruled out for 
HI-STORM FW overpack. Under normal storage conditions, the bulk temperature of the HI-
STORM FW overpack will change very gradually with time because of its large thermal inertia. 
Therefore, material degradation from rapid thermal ramping conditions is not credible for the HI-
STORM FW 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 FW 
because HI-STORM FW does not rely on rebars (indeed, it contains no rebars). As discussed in 
Appendix 1.D of the HI-STORM 100 FSAR, the aggregates, cement and water used in the 
storage cask concrete are adequately 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 service life of the storage 
overpack as catalogued in Section 2.2 and evaluated in Chapter 11.  
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Material Degradation 
 
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 ambient environment of 
the ISFSI storage pad mitigates damage due to exposure to corrosive and aggressive chemicals 
that may be produced at other industrial plants in the surrounding area.  
 
Maintenance and Inspection Provisions 
 
The requirements for periodic inspection and maintenance of the storage overpack throughout its 
service life are defined in Section 10.2. 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 FW 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. 
 
The above findings are consistent with those of the NRC's Waste Confidence Decision Review 
[8.12.5], 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 10CFR72.  
 
8.12.4  Compatibility of HI-TRAC VW Transfer Cask Materials 
 
The principal design considerations that bear on the adequacy of the HI-TRAC VW 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 VW is designed for repeated normal condition handling 
operations with a high factor of safety to assure structural integrity. The resulting cyclic loading 
produces stresses that are well below the endurance limit of the cask’s materials, 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 Section 8.4 in the foregoing. 
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Material Degradation 
 
All transfer cask materials that are susceptible to corrosion are coated. The controlled 
environment in which the HI-TRAC VW 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 VW materials are subjected do not result in 
radiation embrittlement or degradation of the shielding materials in the HI-TRAC VW that could 
impair the intended safety function. The HI-TRAC VW transfer cask materials have been 
selected for durability and wear resistance for their deployment.  
 
Maintenance and Inspection Provisions 
 
The requirements for periodic inspection and maintenance of the HI-TRAC VW transfer cask 
throughout its service life are defined in Section 10.2. These requirements include provisions for 
routine inspection of the HI-TRAC VW transfer cask for damage prior to each use. Precautions 
are taken during bottom lid handling operations to protect the sealing surfaces of the bottom lid. 
The leak tightness of the liquid neutron shield is verified periodically. The water jacket pressure 
relief devices and connections for water injection/removal have been engineered for convenient 
removal and replacement.  
 
8.12.5  Potential Combustible Gas Generation 
 
To ensure safe fuel loading operation the operating procedure described in Chapter 9 provides 
for the monitoring of hydrogen gas in the area around the MPC lid prior to and during welding or 
cutting activities. Although the aluminum surfaces (Metamic-HT basket and aluminum basket 
shims) are anodized, there is still a potential for generation of hydrogen in minute amounts when 
immersed in spent fuel pool water for an extended period. Accordingly, as a defense-in-depth 
measure, the lid welding procedure requires purging the space below the MPC lid prior to and 
during welding or cutting operation to eliminate any potential for formation of any combustible 
mixture of hydrogen and oxygen. Following the completion of the MPC lid welding and 
hydrostatic testing the MPC is drained and dried. As discussed earlier, after the completion of the 
drying operation there is no credible mechanism for any combustible gases to be generated 
within the MPC. 
 
8.12.6  Oxidation of Fuel During Loading/Unloading Operations 
 
During the loading and unloading operations in a spent fuel pool, the fuel cladding is surrounded 
by water. During fuel drying operation the water is displaced with a non-oxidizing gas 
environment. Therefore, there is no credible mechanism for oxidation of fuel.  
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8.12.7  Conclusion 
 
The above discussion leads to the conclusion that the materials selected for the HI-STORM FW 
System components are compatible with the environment for all operating conditions. There is 
no potential for significant corrosion, chemical reaction or galvanic reaction to shorten the 
intended service life of the equipment. In other words, the acceptance criteria set forth in ISG-15 
are completely satisfied. 
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8.13 FUEL CLADDING INTEGRITY 
 
8.13.1 Regulatory Guidance 
 
The acceptance criteria from ISG-11that apply to the fuel cladding are: 

 

a. For all fuel burnups (low and high), the maximum calculated fuel cladding temperature 
 should not exceed 400°C (752°F) for normal conditions of storage and short-term loading 
 operations (e.g., drying, backfilling with inert gas, and transfer of the cask to the storage 
 pad).  
 
 However, for low burnup fuel, a higher short-term temperature limit may be used, if it 
 can be shown by calculation that the best estimate cladding hoop stress is equal to 
 or less  than 90 MPa (13.053 psi) for the temperature limit proposed. 
 
b. During loading operations, for high burnup fuel, repeated thermal cycling (repeated 
 heatup/cooldown cycles) may occur but should be limited to less than 10 cycles, with 
 cladding temperature variations that are less than 65°C (149°F) each.  
 
c. For off-normal and accident conditions, the maximum cladding temperature should not 
 exceed 570°C (1058°F). 
 
The ISG-15 guidance on cladding integrity in its entirety provides the following supplemental 
requirements:   
 
a. The cladding temperature should be maintained below maximum allowable limits, and an 
 inert environment should be maintained inside the cask cavity to maintain reasonable 
 assurance that the spent fuel cladding will be protected against degradation that may lead 
 to gross rupture, loss of retrievability, or severe degradation.  
 
b. Cladding should not rupture during re-flood operations.  
 
8.13.2 Measures to Meet Regulatory Guidance 
 
The HI-STORM FW System features and processes minimize the potential for any spent fuel 
cladding degradation during transfer and storage conditions by limiting the fuel cladding 
temperature and the environment around the fuel rod to within ISG-11 limits (Table 4.3.1).  
 
The highly pure helium under positive pressure in the canister limits the amount of oxidants and 
controls the cladding temperature. The MPC drying and helium backfilling operations result in 
the creation of an inert environment around the fuel. As prescribed by NUREG-1536 [8.3.3], if 
the classical vacuum drying method is used, the partial pressure of water vapor is brought down 
to below 3 torr to minimize [8.13.1] residual oxidizing gas concentration.  
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An alternative method (preferred) for drying the MPC internals utilizes Holtec’s patented Forced 
Helium Dehydration technology [8.13.1, 8.13.2] described in the HI-STORM 100 FSAR 
(Appendix 2.B). The Forced Helium Dehydrator has been successfully used at numerous nuclear 
plants since its regulatory approval in 2001. The efficacy of the Forced Gas Dehydrator (FGD) 
has been tested in a full-scale demonstration [8.13.4] for demoisturizing simulated water-logged 
RBMK fuel [8.13.3]. 
 
The FHD uses helium as the working substance. The use of the FHD prevents the elevation of 
the fuel cladding temperature during drying, which is a chief demerit of the vacuum drying 
method. The use of the FHD method of drying is compulsory for high burnup fuel to protect its 
(relatively) ductility challenged cladding from severe thermal transients. 
  
Chapter 2 provides the allowable fuel cladding temperature limits along with other design 
conditions. Chapter 4 presents performance evaluation of the HI-STORM FW System under 
normal conditions of storage, MPC temperatures during moisture removal operations and HI-
STORM FW System long term storage maximum temperature conditions. Chapter 4 provides 
MPC temperatures under various accident conditions. It is demonstrated that the maximum 
calculated fuel cladding temperature is within 400°C (752°F) with substantial margins for 
normal conditions of storage and short-term loading operations. For off-normal and accident 
conditions, the maximum cladding temperature does not exceed 570°C (1058°F). 
 
The short-term operations described in Chapter 9 are specifically configured to prevent severe 
thermal stresses in the fuel cladding due to rapid thermal transients.  
 
The thermal stresses from MPC reflood analysis during fuel unloading operations shall be lower 
than typical MPCs because the HI-STORM FW fuel assemblies operate at considerably lower 
temperatures at Design Basis heat loads (see Chapter 4) than is permitted by ISG-11. 
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8.14 EXAMINATION AND TESTING 
 
Examination and testing are integral parts of manufacturing of the HI-STORM FW System 
components. A comprehensive discussion on the examinations and testing that are conducted 
during the manufacturing process is provided in Section 10.1. The applicable codes and 
standards used are also referred and the acceptance criteria are listed. 
 
8.14.1  Helium Leak Testing of Canister &Welds 
 
Helium leakage testing of the MPC base metals (shell, baseplate, and MPC lid) and MPC shell to 
baseplate and shell to shell welds shall be performed in accordance with the leakage test methods 
and procedures of ANSI N14.5 [8.14.1]. Acceptance criterion is specified in Chapter 10. Testing 
shall be performed in accordance with written and approved procedures.  
 
Leak testing results for the MPC shall be documented and shall become part of the quality record 
documentation package.  
 
The helium leakage test of the vent and drain port cover plate welds shall be performed using a 
helium mass spectrometer leak detector (MSLD). If a leakage rate exceeding the acceptance 
criterion is detected, then the area of leakage shall be determined and the area repaired per 
ASME Code Section III, Subsection NB, Article NB-4450 requirements. Re-testing shall be 
performed until the leakage rate acceptance criteria are met.  
 
Leakage testing of the field welded MPC lid-to-shell weld and closure ring welds are not 
required.  
 
Leakage testing of the vent and drain port cover plate welds shall be performed after welding of 
the cover plates and subsequent NDE. The description and procedures for these field leakage 
tests are provided in Chapter 9 of this SAR and the acceptance criteria are defined in the 
Technical Specifications for the HI-STORM FW System.  
 
8.14.2  Periodic Inspections 
 
Post-fabrication inspections are discussed in Section 10.2 as part of the HI-STORM FW System 
maintenance program. Inspections are conducted prior to fuel loading or prior to each fuel 
handling campaign. Other periodic inspections are conducted during storage. 
 
The HI-STORM FW overpack is a passive device with no moving parts. Overpack vent screens 
are inspected monthly for damage, holes, etc. The overpack external surface including 
identification markings is visually examined annually. The temperature monitoring system, if 
used, is inspected per licensee’s QA program and manufacturer’s recommendations. HI-TRAC 
VW transfer cask visual inspection is performed annually for compliance with the licensing 
drawings.  
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8.15 CONCLUSION 
 
The preceding sections describe the materials used in important to safety SSCs and the suitability 
of those materials for their intended functions in the HI-STORM FW System. 
 
The requirements of 10CFR72.122(a) are met: The material properties of SSCs important to 
safety conform to quality standards commensurate with their safety functions. 
 
The requirements of 10CFR72.104(a), 106(b), 124, and 128(a)(2) are met: Materials used for 
criticality control and shielding are adequately designed and specified to perform their intended 
function. 

The requirements of 10CFR72.122(h)(1) and 236(h) are met: The design of the DCSS and the 
selection of materials adequately protect the spent fuel cladding against degradation that might 
otherwise lead to gross rupture of the cladding. 
 
The requirements of 10CFR72.236(h) and 236(m) are met: The material properties of SSCs 
important to safety will be maintained during normal, off-normal, and accident conditions of 
operation as well as short-term operations so the spent fuel or MPC, as appropriate, can be 
readily retrieved without posing operational safety problems. 
 
The requirements of 10CFR72.236(g) are met: The material properties of SSCs important to 
safety will be maintained during all conditions of operation so the spent fuel can be safely stored 
for the specified service life and maintenance can be conducted as required. 
 
The requirements of 10CFR72.236(h) are met: The HI-STORM FW System employs materials 
that are compatible with wet and dry spent fuel loading and unloading operations and facilities. 
These materials should not degrade over time or react with one another during long-term storage. 
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APPENDIX 8.A 
 

Datasheets for Coatings and Paints§ 
 
 
 

                                                 
§ The materials in this Appendix can also be found in the suppliers’ website. 
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