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Request for Supplemental Information 
 

Docket No. 72-1008 
Certificate of Compliance No. 1008 

License Renewal for the HI-STAR 100 Storage Cask System 
 

 
RSI-1 Update all time-dependent aging analyses in the HI-STAR 100 Cask System Final 
Safety Analysis Report (FSAR) to demonstrate that the intended functions will be maintained 
during the proposed 20- to 60-year period of extended operation. 
 
 The following analyses in the FSAR address time-depended aging effects: 
 

 FSAR Section 3.1.2.4 concludes that fatigue failure is not a concern for the HI-STAR 
100 System. 
 

 FSAR Section 3.4.11 states that the MPC is not subject to fatigue with respect to a 
40-year service life and that the integrity of the spent fuel cladding is assured 
throughout a 40-year service life by maintaining an inert helium environment in 
accordance with the leak tightness requirements of the Technical Specifications. 

 
 FSAR Section 4.3 analyzes fuel cladding integrity over a 40-year dry storage period, 

considering the effects of creep and diffusion-controlled cavity growth. 
 

 FSAR Section 6.3.2 evaluates neutron absorber boron depletion and its effect on 
criticality control over 50 years. 

 
The staff notes that the analyses above would typically be considered time-limited aging 
analysis (TLAAs) in accordance with 10 CFR 72.3 and 72.240(c)(2).  However, only boron 
depletion was addressed in the application as a TLAA (although FSAR Section 6.3.2 was not 
updated to reflect that TLAA). 
 
It is unclear to the staff why the remaining analysis were not addressed as TLAAs in the 
application.  Regarding fatigue, the staff notes that American Society of Mechanical Engineers 
Boiler and Pressure Vessel Code (ASME BPVC) criteria for the design of the multi-purpose 
canister (MPC) confinement boundary, fuel basket, and overpack helium retention boundary 
included an evaluation of fatigue per ASME BPVC Section III, NB and NG-3222.4. 
 
This information is required to demonstrate compliance with 10 CFR 72.240(c)(2). 
 
Holtec Response: 
 
The below response addresses each bullet from the RSI 

 FSAR Section 3.1.2.4 concludes that fatigue failure is not a concern for the HI-STAR 
100 System. 
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The fatigue section of the FSAR, Section 3.1.2.4, is not based on calculations or 
analyses to address fatigue failure. It instead asserts that fatigue failure is not a concern 
due to the insignificance that fatigue would have in the design life of the HI-STAR 100 
system, which is echoed in Section 3.4.11.  The fatigue conclusion is not tied to any 
time-based parameter, but instead to the design of the system.  Therefore, the fatigue 
considerations do not “involve time-limited assumptions defined by the current operating 
term,” and are not considered to be TLAAs under NRC regulations and guidance 
 

 FSAR Section 3.4.11 states that the MPC is not subject to fatigue with respect to a 40-
year service life and that the integrity of the spent fuel cladding is assured throughout a 
40-year service life by maintaining an inert helium environment in accordance with the 
leak tightness requirements of the Technical Specifications. 
 
In Section 3.4.11 there is a general statement that the design requirements defined in 
Chapter 2, as well as regulatory requirements of 10CFR72 support the 40-year service 
life. There are no analyses or calculations used in this statement as this is a reiteration 
that the MPC will follow adherence to its design criteria already specified as well as all 
regulatory requirements set forth in 10CFR72 in order to meet its design life expectancy. 
There are also bullet points within this section that provide the justification for integrity of 
the MPC throughout the 40-year service life. These criteria include adherence to 
required ASME codes, Holtec’s Quality Assurance Program and thorough material 
selection. These are forms of procedural compliance and are not analyses or 
calculations.  Since there were no calculations or analyses contained or incorporated by 
reference in the design basis for MPC fatigue in this section, it was not incorporated as a 
TLAA in the HI-STAR 100 CoC renewal application. 
 
Similarly, the language in Section 3.4.11 that justifies the integrity of the spent fuel 
cladding throughout a 40-year service life by maintaining an inert helium environment, 
based on a reference to the leak tightness requirements of the Technical Specifications.   
Appendix A of the CoC contains values of helium pressures and leak rates for the 
various MPCs associated with the HI-STAR 100 system in compliance with ASME code. 
It also contains helium backfill procedures and verification requirements, along with 
corrective actions if leak rates and pressures are not met.  The licensing basis 
information in the FSAR does not provide an analysis with a time-based assumption to 
be updated as part of the renewal and was thus not included as a TLAA. 
 

 FSAR Section 4.3 analyzes fuel cladding integrity over a 40-year dry storage period, 
considering the effects of creep and diffusion-controlled cavity growth. 
 
Although there are analyses for fuel cladding integrity over a 40-year dry storage period 
provided in section 4.3 of the FSAR, it is noted that the fuel cladding temperatures of the 
HI-STAR 100 system (documented in Table 2.2.3, and applicable to all amendments) 
meet the requirements of ISG-11, Revision 3, which sets forth the following criteria, with 
some excerpts shown: 
 

“The following acceptance criteria and review procedures are designed to 
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provide reasonable assurance that the spent fuel is maintained in the 
configuration that is analyzed in the storage SARs. These criteria are applicable 
to all commercial spent fuel burnup levels and cladding materials.  

 
In order to assure integrity of the cladding material, the following criteria should 
be met:  

 
1. 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). 

 
3. For off-normal and accident conditions, the maximum cladding temperature 

should not exceed 570°C (1058°F).” 
 
It is important to note that the temperatures specified in Table 2.2.3 are time-
independent and the temperature limits set in ISG-11 are also time-independent. This 
assures that the HI-STAR 100 FSAR’s temperature specifications are applicable 
throughout the entire period of extended operation and assure integrity of the cladding 
material throughout the period of extended operation. Because the temperature limits 
ensure cladding integrity with no time-based assumption, fuel cladding integrity does not 
meet the criteria for a TLAA. 

 
 FSAR Section 6.3.2 evaluates neutron absorber boron depletion and its effect on 

criticality control over 50 years. 
 
As noted in the RSI, this information was addressed in the renewal application as a 
TLAA.  The license renewal application has been updated to include a change to Section 
6.3.2. 

 
RSI-2  Demonstrate that hardening of the concrete pad will not cause cask decelerations in a 
tip-over event that exceed the 60 g limit defined in FSAR Section 2.2.3.2.  
 
FSAR Section 2.2.3.2 provides an analysis of the postulated cask tip-over event. The analysis 
uses values of concrete compressive strength at 28-days after placement.  
 
Concrete testing data shows that the compressive strength of concrete increases significantly 
over time (Refs. 1 and 2). It is unclear to the staff whether the 60 g deceleration limit in the 
FSAR will be exceeded due to concrete hardening over the renewed storage period. The staff 
notes that the issue of concrete hardening and its effect on tip-over decelerations was 
previously addressed for the HI-STORM 100 storage system at a general licensee’s facility (Ref. 
3).  
 
This information is required to demonstrate compliance with 10 CFR 72.236(b),(c),(d), and (l); 
10 CFR 72.240(c).  
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Holtec Response: 
 
Cask tip-over is a non- mechanistic event wherein a loaded cask is assumed to impact the 
ISFSI pad with an incipient angular velocity and has been described in the HI-STAR FSAR Rev 
3. It is not postulated as an outcome of any environmental phenomenon or accident condition 
and is therefore not credible during the renewed storage timeframe. Two main factors which 
result in magnitude of increase in compressive strengths in concrete are relative value of 28-day 
reference strength and curing conditions [1]. The ISFSI pad is exposed to all environmental 
conditions like freeze-thaw, chemical attack, leaching of Ca (CO)3 and high temperature 
dehydration.  
 
It has been shown that the concrete specimens with high surface area and low C2S content 
when exposed to all environmental conditions show an increase in the compressive strength for 
the first 10 years. After 10 years the compressive strength is seen to decrease or remain the 
same [2]. Since the ISFSI pad has a large surface area which houses the casks and a low C2S 
content <30 wt% (Type 2 Portland cement), the concrete pad will not show any change in 
hardening during the renewed storage period (between 20 and 60 years). The compressive 
strength for the reinforced concrete pad will either decrease or remain the same during the 
renewed storage period. The current licensing basis analyses for this non-mechanistic event are 
based on the 28-day reference strength, which was determined to be acceptable for the initial 
20-year license period.  Since the literature shows that, past the first 10 years, the compressive 
strength remains the same or decreases, no additional analyses are required. A decrease in the 
compressive strength will lessen the impact to the cask in case of a tip-over event.  
 
From the above description, it can be concluded that the tip-over impact for the cask during the 
extended storage period will remain the same as evaluated for the initial license period. 
 
References 
 
[1] NUREG/CR-6424; ORNL/TM-13148, “Report on Aging of Nuclear Power Plant Reinforced 

Concrete Structures,” Prepared for the U.S. Nuclear Regulatory Commission by D. Naus 
and C. Oland (Oak Ridge National Laboratory) and B. Ellingwood (Johns Hopkins 
University), March 1996. 



Attachment 1 to Holtec Letter 5014876 
 

Page 5 of 10 
 

[2] G. Washa, J. Saemann, and S. Cramer, “Fifty-Year Properties of Concrete Made in 1937,” 
ACI Materials Journal, Technical Paper, Title no. 86-M31. July-August 1989, pp. 367-371.  

 
Observation 1 Update the time-dependent nuclide quality and helium loss analyses in the 
FSAR, as necessary, to demonstrate compliance with 10 CFR Part 72 requirements for the 
proposed 20- to 60-year period of extended operation.   
 
The FSAR contains the following time-dependent analyses that do not address the proposed 
60-year storage term: 
 

 FSAR Section 2.4 provides the quantities of major nuclides in an evaluation of 
decommissioning considerations.  Those quantities are based on irradiation over a 40-
year storage period. 

 FSAR Appendix 12B, “Comment Resolution Letters for the Review of the HI-STAR 100 
Spent Fuel Storage Cask System,” letter dated August 12, 1998, contains an evaluation 
of helium loss from the MPC cavity and its effect on heat transfer over a 20-year time 
frame. 

 
The staff notes that updates of these analyses may be needed to demonstrate continuation 
of the approved design bases through the proposed period of extended operation. 
 
This information is required to demonstrate compliance with 10 CFR 72.236(a),(f),(i), and 
(m). 

 
Holtec Response: 
 
The below response addresses each bullet from the observation. 
 

 FSAR Section 2.4 provides the quantities of major nuclides in an evaluation of 
decommissioning considerations.  Those quantities are based on irradiation over a 40-
year storage period. 
 
Neither NUREG-1927 or NUREG-2214 provide documentation of potential aging effects 
associated with the slight activation of materials caused by irradiation as discussed in 
Section 2.4 of the FSAR. Section 3.2.1.9 of NUREG-2214 outlines the aging effects 
associated with radiation embrittlement of steel exposed to any environment and 
determines it is not a credible aging mechanism and that aging management is not 
required during a 60-year time frame. For the scope of this license renewal, activation of 
the HI-STAR 100 system components was not considered a credible aging mechanism 
and it was determined that the only radiation mechanism requiring investigation is 
radiation embrittlement. Due to the fact that radiation embrittlement is not considered 
credible over a 60-year timeframe per NUREG-2214, it was subsequently not included 
within the CoC renewal application. 
 

 FSAR Appendix 12B, “Comment Resolution Letters for the Review of the HI-STAR 100 
Spent Fuel Storage Cask System,” letter dated August 12, 1998, contains an evaluation 
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of helium loss from the MPC cavity and its effect on heat transfer over a 20-year time 
frame. 

 
The letter described in the observation was a response to an NRC question.  A full 
discussion of the helium retention is addressed in the response to RSI-1 

 
 
Observation 2 In the aging management review (AMR), clarify the bases for apparent 
discrepancies between the identified aging effects/mechanisms and the technical basis 
document that was stated to be used for conducting the AMR.  
 
Section 3.3.4.4 of the application states that the potential aging effects/mechanisms that were 
considered for the ISFSI pad were based on Draft NUREG-2214, “Managing Aging Processes 
in Storage (MAPS) Report.” However, the application does not mention several credible aging 
effect/mechanism combinations identified in NUREG-2214 Table 4-24, “Concrete Pad.” 
Examples include, but are not necessarily limited to:  
 

• Cracking due to differential settlement  
 

• Cracking, loss of strength, loss of material, and reduction in concrete pH due to 
aggressive chemical attack  

 
• Loss of material due to salt scaling  

 
• Loss of strength, loss of material, increase in porosity and permeability, and 

reduction in concrete pH due to microbiologically influenced corrosion  
 

• Loss of concrete/steel bond, loss of material, cracking, and loss of strength due to 
corrosion of the reinforcing steel.  

 
The application does not discuss the discrepancies with the cited technical basis document, and 
the basis for the omission of these aging effects/mechanisms is unclear.  
 
NUREG-1927 Section 3.4.1.2 recommends that renewal applications provide the analyses used 
for identifying aging mechanisms and effects. The staff notes that such analyses provide clarity 
on the technical bases for the AMR conclusions, resulting in a more efficient application review.  
 
This information is required to demonstrate compliance with 10 CFR 72.240. 
 
Holtec Response: 
 
Visual examination is used to study the ISFSI pads for any cracks, loss of material properties, 
porosity and other material degradation. As per the criteria listed in NUREG-1927 section 2.4.2, 
structures, systems and components (SSC) are classified as important-to-safety (ITS) or not-
important-to- safety (NITS) depending on the scoping criteria.  According to the criteria listed, 
ISFSI pad is listed as NITS in the FSAR, however its failure may impact components that are 
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ITS.  As recommended in NUREG 1927, different aging mechanisms which are credible for air 
and groundwater environment for ISFSI pad are listed below.  The table in the Renewal 
Application has been updated to account for these aging effects.  Note that the existing AMP for 
the pad should be sufficient to also monitor for these effects and has not been changed. 

Table 3.3-5:  Aging Management Review of ISFSI Pad 

Subcomponent 
Primary 
Function 

Material Environment 
Aging Effects 
Requiring 
Management 

Aging 
Mechanism 

Aging 
Management 
Activity 

ISFSI Pad 
Structural 
Integrity 

Concrete 
(Reinforced)

“Air-Outdoor” 
 

Change in 
Material 

Properties 

Leaching of 
Ca(OH)2 

(1,2,3) 
ISFSI Pad 

Aging 
Management 

Program 
Aggressive 
chemical 
attack (1,2) 

Loss of 
material 

(Spalling, 
scaling) 

Aggressive 
chemical 

attack ISFSI Pad 
Aging 

Management 
Program Freeze and 

thaw 
Salt scaling 

Cracking Freeze-thaw 

ISFSI Pad 
Aging 

Management 
Program 

Aggressive 
chemical 

attack 
Differential 
settlement 
Reaction 

with 
Aggregates 

Embedded (in 
soil) 

Loss of 
Material 

Freeze-thaw 

ISFSI Pad 
Aging 

Management 
Program 

Aggressive 
chemical 

attack 
Salt scaling 

Micro-
biological 

degradation 
Corrosion of 
reinforced 

steel 
Cracking Aggressive 

chemical 
ISFSI Pad 

Aging 
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Table 3.3-5:  Aging Management Review of ISFSI Pad 

Subcomponent 
Primary 
Function 

Material Environment 
Aging Effects 
Requiring 
Management 

Aging 
Mechanism 

Aging 
Management 
Activity 

attack Management 
Program Differential 

settlement 
Freeze and 

thaw 
Reaction 

with 
aggregates 
Corrosion of 
reinforcing 

steel 
Change in 
Material 

Properties 

Leaching of 
Ca(OH)2 

(1,2,3) 

ISFSI Pad 
Aging 

Management 
Program 

Aggressive 
chemical 
attack (1,2) 

Micro-
biological 

degradation 
(1,2,3) 

Corrosion of 
reinforcing 
steel (1,4) 
Reaction 

with 
Aggregates 

(1) 

Note- The changes in material properties for every aging mechanism are indicated in the table 
above. Change in material properties includes – 

(1) Loss of strength 
(2) Reduction of concrete pH  
(3) Increase in porosity and permeability.  
(4) Loss of concrete steel bond 

Observation 3 Clarify whether the subcomponents with a safety class of “NITS” (not important 
to safety), listed in Tables 2.1-2, 2.1-3, and 2.1-4 of the application, are considered within the 
scope of renewal.  
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Tables 2.1-2, 2.1-3, and 2.1-4 provide a list of subcomponents for the MPC enclosure vessel, 
MPC basket, and HI-STAR 100 overpack, respectively. Some subcomponents are listed with a 
“NITS” safety class in the tables. However, it appears that some of these NITS subcomponents 
are included in the AMR. It is unclear whether the listed NITS subcomponents are considered to 
be within the scope of the renewal.  

This information is required to demonstrate compliance with 10 CFR 72.240. 

Holtec Response 

In Section 2.1 of the license renewal application, it defines SSCs considered to be in the scope 
of renewal as one of the following (in accordance with NRC guidance): 
 

1) They are classified as Important-To-Safety (ITS) 
2) They are classified as Not-Important-To-Safety (NITS), but, according to the design 

bases, their failure could prevent fulfillment of a function that is ITS. 
 
There are 3 NITS subcomponents from the tables of Section 2 that are also included in the 
Section 3 AMR tables since they are determined to be within the scope of renewal (and 
therefore have an aging management activity associated with them). These subcomponents are 
as follows: 
 
From Table 2.1-4: Plugs for Drilled Holes, Closure Bolt Washer 
From Table 2.1-6: ISFSI Pad 
 
Per criteria 2, subcomponents that are NITS but could fail and prevent an ITS function are 
included in the aging management review.  Therefore, the listed NITS items are included, since 
a failure of the ISFSI Pad could impact safety functions of the cask and failure of the plugs could 
change the shielding function. As for the closure bolt washer, it is included because its 
continued presence is critical to maintaining the pre-load on the closure bolt.  Failure of the 
washer could eventually result in a loss of the seal. 
 
Observation 4 Clarify which components were excluded from the AMR because their condition 
is already monitored, and justify that the monitoring activities are sufficient to address all 
potential aging effects for those components.  
 
Section 3.2.1 states that components that already have their condition monitored were excluded 
from further revaluation in the AMR. The staff notes that the existence of ongoing monitoring or 
inspection activities is typically not considered a basis for excluding a component from the AMR, 
per the recommendations of NUREG-1927. The staff also notes that ongoing activities may be 
credited in aging management programs, but those activities should be demonstrated to 
adequately manage all potential aging effects for the covered components (e.g., via the AMR).  
 
This information is required to demonstrate compliance with 10 CFR 72.240. 

Holtec Response 
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Table 3.3-3 of the license renewal application contains the HI-STAR 100 overpack relief device 
and distinguishes the aging management activity as routine maintenance. This is due to the fact 
that the rupture discs for the relief device are to be replaced every five years with approved 
spares per written and approved procedures. This requirement can be found in Table 9.2.1 of 
the HI-STAR 100 FSAR. This maintenance eliminates the need for the relief device to be 
incorporated into the aging management program since it is already replaced on a periodic 
basis. This is the specific subcomponent referenced by the quoted statement in Section 3.2.1 of 
the renewal application. 

 


