
Responses to Request for Additional Information 

Docket No. 72-1014 
Certificate of Compliance No. 1014 

HI-STORM 100 Dry Cask Storage System 
Amendment No. 11 

 
Chapter 4 – Thermal Evaluation 
4-2 (Followup) Revise the Technical Specifications (TS), Appendix A.3.1.2 to address the note in Table 
4.6.8 of the application. 
 
Table 4.6.8 of the application provides the multipurpose canister (MPC) threshold decay heat equal to 
19kW and notes, “The heat load at any storage location in the basket must be less than or equal to the 
threshold heat load tabulated herein divided by the number of storage locations.”  The TS, Appendix A, 
Section 3.1.2 only addresses the concept of the MPC threshold decay heat equal to 19 kW and does not 
capture the concept in the note.   The note could be more thermally limiting than the threshold decay 
heat equal to 19 kW. 
 
Based on Holtec’s response to this RAI, the decay heat thresholds only apply to the MPC-24, MPC-32, 
and MPC-68, and do not apply to the MPC-24E, MPC-24EF, MPC-32,F, MPC-68F, MPC-68FF, and MPC-
68Ml this should be clearly captured in the TS.  In addition, any different threshold decay heat values 
(e.g. 16 kW for the MPC-32, which is lower than 19 kW for the MPC-68 and MPC-24) should not be 
captured in a footnote, but should be clearly part of the surveillance frequency and completion time to 
minimize the potential for applying a higher decay heat threshold of 19 kW to the MPC-32. 
 
Holtec Response: 
We regret the lack of clarity on threshold decay heat in the proposed CoC. Threshold decay heat loads 
are applicable to all MPCs licensed for storage in HI-STORM 100. CoC Appendix A LCO 3.1.2 has been 
revised to refer to a new table (Table 3-5 in the CoC), which clearly articulates the limitations on 
maximum per storage cell decay heat for each MPC, and associated completion times. Per cell decay 
heat limits ensure that the total MPC decay heat remains below the threshold total decay heat. The 
proposed table in the CoC is reproduced below for reviewer’s convenience.  
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Table 4-2.1: Completion Time for Actions to Restore SFSC Heat Removal System Operable 

MPC Type 
Decay Heat Limits per 

Storage Location 

Condition B 
Completion 

Time 

Condition C 
Completion 

Time 

Surveillance 
Frequency 

MPC-24/24E/24EF 

Appendix B, Section 2.4 8 hrs 24 hrs 24 hrs MPC-32/32F 

MPC-68/68F/68FF/68M 

MPC-24/24E/EF 
Appendix A, Table 3-3 

(Regionalized) 
 

OR 
 

Appendix A, Table 3-4 
(Uniform) 

8 hrs 64 hrs 24 hrs MPC-32/32F 

MPC-68/68F/68FF/68M 

MPC-24/24E/24EF 0.75 kW 

24 hrs 64 hrs 30 days MPC-32/32F 0.5 kW 

MPC-68/68F/68FF/68M 0.264 kW 

 
 
4-3 (Revised) Provide the following component maximum through-thickness average temperatures in 
Table 4.6.9 of the safety analysis report (SAR): 
(a) MPC lid (including port cover plates 
(b) MPC closure ring 
(c) MPC baseplate 
(d) Overpack lid top plate 
(e) Overpack steel structures (excluding overpack lid top and bottom plates). 
(f) Provide confirmation that the maximum through-thickness average innermost overpack concrete 
temperatures for each overpack concrete component has been provided in Table 4.6.9 of the 
application, or provide in Table 4.6.9 of the application the maximum through-thickness average 
innermost overpack concrete temperature for each overpack concrete component. 
 
The maximum through-thickness average temperatures of these components were not provided in 
Table 4.6.9 of the application, therefore, it is not clear to the staff whether these components are below 
their associated design temperatures. 
 
Holtec Response: 
The requested temperatures of components (a) thru (e) are provided in RAI Table 4-3.1 and component 
(f) in RAI Table 4.3-2 below. Please note that as discussed in the response to RAI 4-5, MPC-68 thermal 
analysis has been revised with the following changes: 
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i. Solar insolation values applied on all cask external surfaces is based on the values 
referenced in Section 4.4 of the FSAR. 

ii. Total MPC-68 threshold heat load is reduced from 19kW to 18kW uniformly distributed i.e. 
allowable decay heat in any location at the time of inspection is less than or equal to 
0.264kW 

 
The new computed PCT and component steady state temperatures including those requested by the 
staff are presented in the table below: 

 
Table 4-3.1†: MPC-68 Temperatures and Cavity Pressure at Threshold 

Heat Load under 100% Vent Blockage 
Component TemperatureNote 1, oF 

Fuel Cladding 730 

MPC Basket 727 

Basket Periphery 579 

MPC Shell 502 

MPC Lid (Note 2) 522 

MPC Closure Ring 486 

MPC Baseplate (Note 2) 342 

Overpack Inner Shell (Note 3) 430 

Overpack Outer Shell 225 

Overpack Lid Top Plate 225 

Overpack Lid Bottom Plate 396 

Overpack Body Concrete  426 

Overpack Lid Concrete   396 
Note 1: All the reported temperatures are peak maximum values 
unless otherwise specified. 
Note 2: Maximum through thickness average temperature at the 
hottest location is reported for structural thick components.  
Note 3: The overpack inner shell maximum temperature bounds the 
temperature of the remaining overpack steel structure.  

 
In this amendment, surveillance frequency of casks for a vent blockage event has been proposed to 
increase to 30 days instead of the existing 24 hours. Since 100% vent blockage accident under threshold 
heat load is proposed to last for a substantial duration, a suitable set of temperature limits for all cask 
components including concrete are defined specifically applicable to a 30-day accident. The temperature 
limits under 30-day accident are provided in response to RAI 8-1. The component temperatures under 
100% duct blockage accident event at threshold heat load presented in the above table are all below 
their respective 30-day accident temperature limits (see response to RAI 8-1).  
 
                                                            
† Nomenclature for table numbers listed in Chapter 4 RAI responses follows “RAI number-Table number”. 
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For the sake of information only, the thru thickness section average temperature of concrete in the cask 
under 30-day 100% vent blockage accident event at threshold heat load is presented in Table 4-3.2 
below.  

 
Table 4-3.2: MPC-68 Concrete Temperatures at Threshold Heat Load 

under 100% Vent Blockage 
Component Temperature, oF 
Overpack Body Concrete  
- Thru Thickness Avg. (Note 1) 295 

Overpack Lid Concrete   
- Thru Thickness Avg. (Note 1) 309 

Note 1: Maximum through thickness average temperature at the 
hottest location is reported. 

 
 

The MPC-68 cavity pressure is also computed under 100% vent blockage event at threshold decay heat 
and tabulated below. The cavity pressure is well below the design accident limit. 

 
Table 4-3.3: MPC-68 Cavity Pressure at Threshold Heat Load under 

100% Vent Blockage 
Description Pressure, psig 
No Rod Rupture 
With 1% Rod Rupture 

104.7 
105.2 

 
Although the CFD evaluations have been performed with an operating temperature corresponding to 
minimum initial helium backfill specification of 29.3 psig at 70oF reference temperature, maximum initial 
helium backfill pressure of 48.5 psig is adopted to compute MPC cavity pressure. In reality, the actual 
MPC cavity pressure will be lower than that reported above.  
 
Table 4.6.9 of the FSAR has been updated with the results presented in Tables 4-3.1 and 4-3.3. 
 
 
4-4 (Deleted) 
 
4-5 (Revised) Provide an evaluation which demonstrates that the MPC-32 and MPc-68 are safe at 
normal, off normal, and accident conditions for the design basis heat load with 100% blocked vents.  At 
a minimum, this should include a revision to the MPC-68 thermal analysis provided to include the proper 
solar insolation values referenced in the final safety analysis report (FSAR), if this thermal analysis will be 
relied upon to demonstrate safety. 
 
The MPC-68 was identified as the bounding thermal case (19kW design basis heat load) for this 
amendment.  It was not sufficiently demonstrated in the analyses and discussion provided that the MPC-
68 was the bounding case.  Furthermore analyses results and conclusions drawn from those results were 
contradictory to other information presented by the applicant regarding the bounding thermal 
configuration.   
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Modeling features such as solar insolation, dissimilar decay heat, geometric configurations, and model 
convergence should all be considered in the evaluation.  If a qualitative approach is used in part to 
demonstrate the safety of a bounding configuration, the evaluation should be sufficiently detailed and 
technically sufficient in order for the NRC to make a safety determination. 
 
Holtec Response: 
Thermal evaluation of MPC-68 under 100% vent blockage accident event has been revised with the 
following changes: 
 

i. Solar insolation values applied on all the cask external surfaces is based on the values 
referenced in Section 4.4 of the FSAR. 

ii. Total MPC-68 threshold heat load is reduced from 19kW to 18kW i.e. allowable decay heat in 
any location at the time of inspection is less than or equal to 0.264kW. 

 
The results of this evaluation are provided in response to RAI 4-3. Details on convergence tests are 
explained in response to RAI 4-14.   
 
Additionally, an explicit thermal analysis of MPC-32 under 100% vent blockage accident has also been 
performed. The licensing basis thermal model approved by USNRC in Section 4.4 of the FSAR is adopted 
for analysis. The following additional changes are made to ensure analysis is consistent with the recent 
approved methods and models by the NRC in other applications: 

 
(a) Flow resistance thru fuel assemblies has been increased to one million (m-2) consistent with 

recent findings from experiments performed by SNL (LAR 1014-9).  
(b) Discrete Ordinates (DO) thermal radiation model is used in place of the old DTRM model. 
(c) Solar insolation values applied on all the cask external surfaces is based on the values 

referenced in Section 4.4 of the FSAR. 
(d) Total MPC-32 threshold heat load is equal to 16kW uniformly distributed i.e. allowable decay 

heat in any location at the time of inspection is less than or equal to 0.5kW. 
 
The steady state results of MPC-32 evaluation are provided in Tables 4-5.1 and 4.5-2.  
 

Table 4-5.1: MPC-32 Temperatures at Threshold Heat Load under 
100% Vent Blockage 

Component TemperatureNote 1, oF 

Fuel Cladding 714 

MPC Basket 712 

Basket Periphery 567 

MPC Shell 471 

MPC Lid (Note 2) 495 

MPC Closure Ring 453 

MPC Baseplate (Note 2) 327 

Overpack Inner Shell (Note 3) 403 

Overpack Outer Shell 216 
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Overpack Lid Top Plate 221 

Overpack Lid Bottom Plate 372 

Overpack Body Concrete  401 

Overpack Lid Concrete   372 
Note 1: All the reported temperatures are peak maximum values 
unless otherwise specified. 
Note 2: Maximum through thickness average temperature at the 
hottest location is reported for structural thick components.  
Note 3: The overpack inner shell maximum temperature bounds the 
temperature of the remaining overpack steel structure.  

 
Table 4-5.2: MPC-32 Cavity Pressure at Threshold Heat Load under 

100% Vent Blockage 
Description Pressure, psig 
No Rod Rupture 
With 1% Rod Rupture 

102.6 
103.6 

Note: Although the thermal evaluations have been performed with an 
operating temperature corresponding to minimum initial helium 
backfill specification of 29.3 psig at 70oF reference temperature, 
maximum initial helium backfill pressure of 48.5 psig is adopted to 
compute MPC cavity pressure. In reality, the actual MPC cavity 
pressure will be lower than that reported herein.  

 
The component temperatures under 100% duct blockage accident event at threshold heat load are all 
below their respective 30-day accident temperature limits (also see response to RAI 8-1). Similarly, the 
MPC cavity pressure is also below the design accident limit. Table 4.6.9 of the FSAR has been updated 
with the MPC-32 results presented in this response. 
 
Since MPC-68 bounds the thermal performance of MPC-68M and MPC-24⁑, the same total MPC 
threshold heat load of 18kW is also applicable to all approved designs of MPC-68s and MPC-24s. 
Therefore, allowable decay heat in any location of an MPC basket at the time of inspection per LCO 3.1.2 
of CoC Appendix A must be less than or equal to that summarized below.  
 

Table 4-5.3: Threshold Heat Load under 100% Vent Blockage Accident 

MPC Type Total Threshold Heat Load, kW Maximum Per Cell Decay 
Heat, kW 

MPC-32/32F 16 0.5 

MPC-68/68F/68FF/68M 18 0.264 

                                                            
⁑  This conclusion is supported by calculations of record in Appendix B of Holtec report HI-2043317. 
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MPC-24/24E/24EF 18 0.75 

The following evaluations are performed to demonstrate that the MPC-68 and MPC-32 are safe at off-
normal and accident conditions for the threshold heat load with 100% blocked vents. Thermal off-
normal and design basis events or accident conditions defined in Chapter 4 of the FSAR are concurrently 
evaluated with the 100% vent blockage event at threshold heat load: 
 
(a) Pressure (fuel rod rupture) – There is no credible event to cause fuel rods to rupture during a 100% 
vent blockage event because of the following reasons: 

• The computed PCT under 100% vent blockage accident condition is below the ISG-11 Rev 3 long-
term normal temperature limit, and 

• there is no credible loading on the fuel assemblies to cause fuel rods to rupture during a 100% 
vent blockage event. 

 
Accordingly, the computed cavity pressures under 30-day vent blockage event evaluated herein is not 
affected. 
 
(b) Off-Normal Ambient Temperatures – This event is defined as an ambient temperature of 100oF for a 
3-day period. The results of off-normal environmental temperatures coincident with 100% vent 
blockage event are summarized in Table 4-5.4 below. Component temperatures are obtained by adding 
the off-normal-to-normal ambient temperature difference of 20oF (11.1oC) to temperatures computed 
for MPC-68 (Table 4-3.1) and MPC-32 (Table 4-5.1). The results are below the off-normal temperature 
limits presented in Table 2.2.3 of the FSAR with substantial margins.  

 
Table 4-5.4: Steady State HI-STORM Temperatures with MPCs at Threshold Heat Load Under 100% 

Vent Blockage and Coincident Off-Normal Environmental Temperature 

Component MPC-68 
Temperatures Note 1 (oF) 

MPC-32 
Temperatures Note 1 (oF) 

Fuel Cladding 750 734 

MPC Basket 747 732 

Basket Periphery 599 587 

MPC Shell 522 491 

MPC Lid (Note 2) 542 515 

MPC Closure Ring 506 473 

MPC Baseplate (Note 2) 362 347 

Overpack Inner Shell (Note 3) 450 423 

Overpack Outer Shell 245 236 

Overpack Lid Top Plate 245 241 

Overpack Lid Bottom Plate 416 392 
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Overpack Body Concrete  446 421 

Overpack Lid Concrete   416 392 

MPC Cavity Pressure, psig 

With 1% Rod Rupture 107.6 106.0 

Note 1: Unless otherwise specified, all the reported temperatures are peak maximum values. 
Note 2: Maximum through thickness average temperature at the hottest location is reported for 
structural thick components.  
Note 3: The overpack inner shell maximum temperature bounds the temperature of the remaining 
overpack steel structure  

 
(c) Partial Blockage of Air Inlets – This condition is already covered by the postulated event wherein all 
the HI-STORM vents are assumed blocked.  

 
(d) Fire – During transfer operations at the ISFSI, there is a possibility of a fire accident event to occur 
coincident with a 100% vent blockage event. The impact of fire on the MPC and fuel temperatures is 
extremely small (approximately 1oF). Overpack temperatures are primarily impacted due to heat input 
from the fire which is considerably larger than the SNF decay heat. Therefore, as evaluated in Section 
4.6.2.1(a) of the FSAR, the overpack components and concrete temperatures remain below their 
respective accident temperature limits presented in Table 2.2.3 of the FSAR. Therefore, this accident 
event coincident with a 100% vent blockage event does not challenge the HI-STORM 100 System safety 
limits. 

 
(e) Extreme Environment Temperature - This event is defined as an ambient temperature of 125oF for a 
3-day period. The results of extreme environmental temperatures coincident with 100% vent blockage 
event are summarized in table below. Component temperatures are obtained by adding the extreme-to-
normal ambient temperature difference of 45oF (25oC) to temperatures computed for MPC-68 (Table 4-
3.1) and MPC-32 (Table 4-5.1). The results are below the accident limits presented in Table 2.2.3 of the 
FSAR with substantial margins.  

 
Table 4-5.5: Steady State HI-STORM Temperatures with MPCs at Threshold Heat Load Under 100% 

Vent Blockage and Coincident Extreme Environmental Temperature 

Component MPC-68 
Temperatures Note 1 (oF) 

MPC-32 
Temperatures Note 1 (oF) 

Fuel Cladding 775 759 

MPC Basket 772 757 

Basket Periphery 624 612 

MPC Shell 547 516 

MPC Lid (Note 2) 567 540 

MPC Closure Ring 531 498 

MPC Baseplate (Note 2) 387 372 
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Overpack Inner Shell (Note 3) 475 448 

Overpack Outer Shell 270 261 

Overpack Lid Top Plate 270 266 

Overpack Lid Bottom Plate 441 417 

Overpack Body Concrete  471 446 

Overpack Lid Concrete   441 417 

MPC Cavity Pressure, psig 

With 1% Rod Rupture 110.6 109.0 

Note 1: Unless otherwise specified, all the reported temperatures are peak maximum values. 
Note 2: Maximum through thickness average temperature at the hottest location is reported for 
structural thick components.  
Note 3: The overpack inner shell maximum temperature bounds the temperature of the remaining 
overpack steel structure  

 
(f) Burial under Debris – This accident event is evaluated in Section 4.6.2.5 of the FSAR. Since the 
threshold decay heat is suitably lower than the maximum design basis heat load and cask initial 
temperatures are similar for 100% vent blockage event and that evaluated in Table 4.6.6, the evaluation 
in Section 4.6.2.5 remains bounding.  
   
In this manner the above evaluations reasonably assure that the HI-STORM 100 system containing MPCs 
are safe under off-normal and accident conditions coincident with 30-day 100% blocked vents under the 
threshold heat load. 
4-6 (Deleted) 
 
4-9 (Deleted) 
 
4-10 (Revised) Demonstrate that the differential thermal expansion for the 100% blocked vent steady-
state thermal analysis at the threshold decay heat in Section 4.6.2.4 of the amendment request is 
bounded by the results in Table 4.4.10 of the FSAR. 
 
The differential thermal expansion of the 100% blocked vent steady-state thermal analysis at the 
threshold decay heat in Section 4.6.2.4 of the application has not been addressed.  During the 30 day 
period where no passive cooling can occur, component temperatures could be significantly different 
than those reported for the maximum design basis heat load for the system that had been previously 
evaluated.  A comparison of the component temperatures for both the threshold decay heat for this 
amendment and the component temperatures for the maximum design basis heat load would confirm 
whether previous calculations were bounding. 
 
Holtec Response: 
Differential thermal expansion calculations for the bounding basket under normal conditions of storage 
are described in Section 4.4.6 of the FSAR and presented in Table 4.4.10 of the FSAR. As described 
therein, the component temperatures adopted for the calculations are conservatively higher than that 
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computed under normal long-term storage. In some cases, temperature limits were adopted for 
calculations that render conservative results.  
 
The differential thermal expansion is computed for both MPCs under 30-day vent blockage accident 
event. The calculations are performed in an excel spreadsheet shared with the staff for review. The 
calculated differential thermal expansions are tabulated below: 

Table 4-10.1: Summary of HI-STORM MPC-68 Differential Thermal 
Expansions under 30-day 100% Vent Blockage Accident  

Gap Description Differential Expansion (in) 
Fuel Basket-to-MPC Radial  0.067 
Fuel Basket-to-MPC Axial  0.323 
MPC-to-Overpack Radial  0.063 
MPC-to-Overpack Axial  0.298 

 
Table 4-10.2: Summary of HI-STORM MPC-32 Differential Thermal 

Expansions under 30-day 100% Vent Blockage Accident 
Gap Description Differential Expansion (in) 

Fuel Basket-to-MPC Radial  0.068 
Fuel Basket-to-MPC Axial  0.373 
MPC-to-Overpack Radial  0.057 
MPC-to-Overpack Axial  0.295 

 
The results confirm that differential expansions under normal long-term storage at design maximum 
heat load (Q=36.9 kW) bounds those under 30-day vent blockage accident at threshold heat load. The 
calculations therefore confirm there is no interference between components for MPCs under 100% vent 
blockage accident at threshold heat load. 
 
All the above information has been added to the thermal calculation package HI-2043317. 
 
4-11 (Deleted) 
 
4-12 (Deleted) 
 
4-13 (Deleted) 
 
4-14 (Revised) Provide and completely describe in Section 4.6.2.4 of the application the following 
regarding the FLUENT model submitted in support of the 100% blocked vent steady-state condition: 
 
a) Identify the version of the FLUENT code used to obtain results for the FLUENT model for the 100% 
blocked vent steady-state condition that are reported in Section 4.6.2.4 of the application 
b) Provide results convergence testing for the model, to demonstrate that the peak component 
temperatures reported in Section 4.6.2.4 of the application are approaching a true steady-state 
asymptote, within an acceptable range of convergence. 
 
The FLUENT model submitted in support of the 100% blocked vent steady-state condition does not 
appear to have been run to an appropriate level of convergence.  Staff’s evaluations of the FLUENT 
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model and solution indicate that at 19,000 iterations, the temperature field is not converged to within 
acceptable limits.  No explanation or discussion of additional convergence testing was provided in 
Section 4.6.2.4 of the application that addresses how it was determined the model was verified to be 
converged and that the peak component temperatures (particularly the fuel peak cladding temperature) 
are approaching a true steady-state asymptote. 
 
Holtec Response: 
(A) FLUENT version 6.3.26 was adopted for all the thermal evaluations for MPC-32 and MPC-68 under 

100% vent blockage accident. As a defense-in-depth, thermal evaluation of MPC-68 is also evaluated 
using version 14.5.7 of ANSYS FLUENT. The temperature results of major component temperatures 
are tabulated below:  

Table 4-5.4: Steady State HI-STORM Temperatures with MPC-68 at Threshold Heat Load 
Under 100% Vent Blockage for Two Different Versions of FLUENT 

Component FLUENT v6.3.26 
Temperatures Note 1 (oF) 

FLUENT v14.5.7 
Temperatures Note 1 (oF) 

Fuel Cladding 730 730 

MPC Basket 727 727 

MPC Shell 502 502 

MPC Lid (Note 2) 522 522 

MPC Closure Ring 486 484 

MPC Baseplate (Note 2) 342 342 

Overpack Inner Shell (Note 3) 430 428 

Overpack Body Concrete  426 424 

Overpack Lid Concrete   396 394 

Note 1: Unless otherwise specified, all the reported temperatures are peak maximum values. 
Note 2: Maximum through thickness average temperature at the hottest location is reported 
for structural thick components.  
Note 3: The overpack inner shell maximum temperature bounds the temperature of the 
remaining overpack steel structure  

 
The results confirm that the temperatures using two different versions of FLUENT are essentially the 
same.  
 

(B) The two main criteria to test for convergence are stated below: 
 
a. Heat balance 
b. Variation of PCT with iterations 

 
Thermal model of MPC-68 and MPC-32 have been modified as described in the response to RAIs 4-3 
and 4-5. Per staff’s recommendation, CFD evaluations are performed to a larger number of 
iterations to ensure true steady state asymptote (within an acceptable range of convergence) has 
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been achieved. To demonstrate this further, the heat balance from the CFD simulations is 
summarized in Table 4-14.1 below. Additionally, Figures 4-14.1 and 4-14.2 have been added to 
demonstrate that the PCT change is less than 1oC over 5000 iterations or more, which is a good 
indication that a true steady state asymptote has been achieved.  
 

Table 4-14.1: Net Heat Balance from CFD Simulations 

Description MPC-68 MPC-32 

Net Heat Input in a Quarter Symmetric 
Thermal Model 

(Note 1) 
4.5 kW 4 kW 

Net Heat Output  
(from CFD Model) 4.5 kW 4.0 kW 

Heat Balance 100% 100% 

Note 1: Calculated as the threshold total decay heat divided by four for quarter-symmetry. 

 

 
Figure 4-14.1 (a): Variation of PCT with Iterations for MPC-32 under 100% Vent Blockage Accident at 

Threshold Heat Load 
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Figure 4-14.1 (b): Variation of PCT with Iterations for MPC-32 under 100% Vent Blockage Accident at 

Threshold Heat Load 
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Figure 4-14.1 (a): Variation of PCT with Iterations for MPC-68 under 100% Vent Blockage Accident at 

Threshold Heat Load 
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Figure 4-14.1 (b): Variation of PCT with Iterations for MPC-68 under 100% Vent Blockage Accident at 

Threshold Heat Load 
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corresponding to the radiation source terms and dose rates for which the storage system is designed, if 
the equations for calculating burnup limits as a function of cooling time for ZR clad fuel and Tables 2.4.3 
and 2.4.4 as described in Section 2.4.3 of the CoC No. 1014 are proposed to be deleted. 
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source terms and dose rates for which the storage system is designed.  Provide a justification for the 
removal of the burnup equation and Tables 2.4.3 and 2.4.4 considering that the burnup calculation is an 
important method used by the General Licensees to ensure compliance with the requirements in the 
CoC for heat load, burnup, and enrichment. 
 
This information is needed to determine compliance with 10 CFR 72.236(d). 
 
Holtec Response: 

For expediency of NRC’s safety review, Holtec is withdrawing the proposal to change this methodology. 
Therefore, FSAR Sections 2.1.9.1.3, 2.1.9.1.4 and 5.2.5.3, FSAR Tables 2.1.20, 2.1.22, 2.1.24, 2.1.28 and 
2.1.29, and FSAR Appendix 5-F, and CoC 1014 Appendix B Sections 2.4 and 2.4.3 and Tables 2.1-1, 2.4-3 
and 2.4-4, have been returned to their original versions as shown in the attachments to these RAI 
responses. Note that while these changes revert the FSAR and CoC to the previous version, they are 
highlighted in yellow in the attachments to demonstrate that the proposed documents have been 
updated.  The equation for calculating burnup limits as a function of Cooling Time and the corresponding 
coefficients tables are being reinserted as part of this RAI response, and therefore no additional 
restrictions or justification are added. 

Chapter 8 – Materials Evaluation 
8-1 (Revised) Demonstrate that material property changes due to exposure to elevated temperatures 
will not affect the ability of vaious components to fulfill their functions in the event of 100% vent 
blockage for 20 days.  Consider structural and shielding functions, as appropriate, for fuel cladding, 
concrete overpacks, various steel components, aluminum basket shims and the Metamic-HT basket.   
 
The response to RSI 4-7 states that the 100% blocked vent condition falls under the accident 
temperature limits.  The applicant did not provide information on materials performance in the event of 
100% vent blockage for 30 days.  It is unclear whether materials, as discussed below, for each 
component, will continue to adequately perform their safety functions when exposed to elevated 
temperatures during the extended vent blockage. 
 
Fuel Cladding 
 
NRC interim staff guidance (ISG)-11, Revision 3, states, “..for low burnup fuel, a higher short term 
temperature limit may be used, if the applicant can show by calculation the best estimate of stress.”  
This statement applies to low burnup fuel.  HI-STORM 100 Amendment No. 11 proposes to store high 
burnup fuel and integral fuel burnable absorber fuel (with high gas pressure in the cladding gap).  The 
primary cladding degradation mechanism of concern over a potential 30-day blockage is creep.  Very 
limited data (e.g., Ito et al., 2004) are available on creep behavior of high burnup fuel cladding although 
simulated unirradiated cladding were studied with more increasing hydrogen concentration (Koimbaiah, 
et al., 2014; Mozzani, et al., 2014).  The application does not include an assessment of this degradation 
mechanism 
 
Concrete 
 
American Concrete Institute (ACI) 349.3R limits the temperature of concrete to 150oC (ACIl NRC, 1996) 
for structural purposes.  Creep and thermal expansion at elevated temperature may also affect the 
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shielding function of concrete.  Considering the potential 30-day vent blockage, the applicant should 
include the requirements in the SAR, such as Section 2.3. 
 
Carbon Steel and Stainless Steel Components 
 
Mechanical properties of steel and stainless steel components vary with temperature.  American Society 
of Mechanical Engineers (ASME) Boiler & Pressure Vessel (B&PV) code, Section II, Part D and literagrue 
data are available on the mechanical properties of steels at various temperatures as shown in SAR 
Section 2.2.   
 
In some cases, elevated temperatures may cause a change in microstructure, which has the potential to 
degrade material properties.  For example, the ferrite present in austenitic stainless steel welds can 
transform to a more brittle intermetallic phase when exposed ot temperatures greater than 300oC 
(Chandra, 2012). 
 
Aluminum Basket Shims and Metamic-HT Basket 
 
Elevated temperature exposure is known to reduce the strength of aluminum, in many cases, due to 
microstructural changes (Ferrell, 1995).  ASME B&PV Code Section II, Part D provides data on the 
mechanical properties of aluminum alloys at various temperatures.    
 
RAIs 8-3 and 8-4 addressed potential degradation of mechanical properties of aluminum basket shims 
and the Metamic-HT basket under normal conditions.  The same evaluation should be performed for the 
30-day vent blockage condition. 
 
Therefore, as discussed above, the staff requests the applicant provide justification that potential 
elevated temperature, due to the 30-day surveillance interval and one-day recovery, will not degrade 
the capability of materials to support the important-to-safety functions of the storage system 
components. 
 
This information is needed to determine compliance with the requirements of 10 CFR 72.236(b), 
72.236(c), 72.236(d), and 72.236(l). 
 
Holtec Response: 
The material property changes due to exposure to elevated temperatures will not affect the ability of 
various components to fulfill their safety functions (especially, structural and shielding) in the event of 
100% vent blockage for 30 days. The temperature limits for all components during the 30-day vent 
blockage event are provided in Table 2.2.3 and the maximum temperatures experienced by components 
are provided in Table 4.6.9 of the FSAR. Further clarifications on the component's behavior at such 
elevated temperatures are provided below - 

Fuel Cladding 

Cladding integrity under 30-day vent blockage is reasonably assured as the maximum cladding 
temperatures under this condition are maintained below the ISG-11 Rev.3 long term normal 
temperature limit of 400°C (752°F). See Table 4.6.9 in FSAR Chapter 4. 
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Concrete 

As discussed in Chapters 1 and 2, and Section 3.0 of the FSAR, the primary function of the plain concrete 
in the HI-STORM overpack is shielding against gamma and neutron radiation. Concrete in the HI-STORM 
100 overpack is considered as a structural member only for missile impact evaluations. Supplements 15 
and 25 of HI-2012769 (Tornado borne missile impact evaluations; Attachment 10 to Holtec Letter 
5014826 and Attachment 5 to this letter) are revised to consider a 50% reduction in concrete 
compressive strength to account for degradation in strength when exposed to elevated temperatures 
caused by the scenarios listed below. 

1. During and after 30-day 100% vent blockage accident with a maximum local temperature of 
450°F. 

2. After governing 32-hour 100% vent blockage accident with a maximum local temperature of 
572°F (when the concrete returns to the normal condition temperatures after 32 hours). 

In the event of 30-day 100% vent blockage condition, thermal degradation mechanisms of concrete are 
identified as follows. 

Creep: Creep in concrete is the time-dependent deformation resulting from sustained loads at elevated 
temperatures. The principal loading on concrete is self-weight of the concrete columns that results in a 
non-challenging bearing stress. Creep under this low state of stress is not credible.  

Dehydration: Exposure of concrete to elevated temperatures can affect its properties due to the 
dehydration or loss of absorbed and chemically combined water. Concretes below the temperature of 
200°C (392°F) show small changes in compressive strength [1]. Per Carette et al. [2], approximately 45% 
reduction in compressive strength and about 5% reduction in weight is observed in limestone concrete 
(water to cement ratio, w/c = 0.33) exposed for one month at 300°C (572°F). The calculated maximum 
local temperature during the 30-day vent blockage accident (See Table 4.6.9) is significantly below this 
value. 

The reduction in shielding with rise in temperature of the concrete and the surrounding SSCs is primarily 
due to vaporization of volatiles, including the contained moisture present in the concrete. The maximum 
local temperature experienced by concrete is computed in FSAR Table 4.6.9 and the volume of concrete 
affected by the temperature gradient above 300°F (ACI temperature limit) is approximately 20%. The 
evaluation above supports the conclusion that bulk of the concrete is unaffected by exposure to 
elevated temperatures under 30-day 100% vent blockage event as the moisture loss is negligible. 

To address a postulated accident that may occur during the 30-day vent blockage condition, a tornado 
borne missile impact for example, the compressive strength of the concrete is conservatively reduced by 
50% even though the maximum temperature experienced by concrete during 30-day vent blockage 
accident is less than 450°F and is about 300°F during long term normal condition. The tornado missile 
impact analyses (Supplements 15 and 25 of HI-2012769 [3]) are revised to use the 50% reduction in 
concrete compressive strength. The evaluations in [3] conclude that the concrete in overpack, post 50% 
strength reduction, is acceptable during and after the 30-day vent blockage accident, and during the 
long term normal condition. 

Shrinkage: Shrinkage in concrete occurs when water in the concrete mix is lost. The magnitude of 
shrinkage increases with temperature rise and the process is usually completed when the temperature 
reaches about 105°C (221°F) [1, 4]. Any further rise in temperature does not increase the shrinkage in 
concrete. Hence, shrinkage of concrete under the 30-day vent blockage event is not credible. 
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Coefficient of Thermal Expansion (CTE): The aggregate maximum value of CTE is 6.0E-06 in/in/°F [5]. A 
relatively lower CTE value means lower induced thermal stress and strain. The CTE remains 
approximately constant through a rise in temperature up to 300°C (572°F) [4]. As the maximum local 
temperature (See Table 4.6.9) experienced by concrete during the 30-day vent blockage event is within 
this stable CTE temperature range, the concrete remains in a state of low stress. Hence, micro-cracking 
due to a difference in CTE between the aggregate and cement paste is not a concern in the event of 30-
day vent blockage event. 

Thermal Cycling: Thermal cycling causes progressive degradation of concrete compressive strength. 
Most of the damage occurs in the initial stage. For concrete exposed to 300°C (572°F), a reduction of 
40% in compressive strength was observed after the first cycle and an insignificant reduction was 
observed after 20 cycles at the same temperature [4]. As noted above, the compressive strength of 
concrete is conservatively reduced by 50% in tornado borne missile impact analyses (Supplements 15 
and 25 of [3]). The evaluations in [3] conclude that the concrete in overpack, post 50% strength 
reduction, is acceptable during and after the 30-day vent blockage accident, and during the long term 
normal condition. 

Spalling: Spalling is defined as the breaking up of layers of concrete from the surface when it is exposed 
to high and rapidly rising temperatures along with a build-up of pore pressure. Typically, spalling of 
normal concrete, used in HI-STORM overpacks, occurs due to rapid increase in temperature by 20° - 
32°C/min ([6] and [8]), and spalling in high strength concrete occurs at a relatively low heating rate 
(5°C/min [7]) due to its lower permeability. Based on the thermal evaluations presented in FSAR Section 
4.6 for 100% vent blockage at design basis maximum heat load, the rate of temperature rise with time is 
significantly less than 5°C/min. The critical temperature range for spalling to occur in an exposed 
concrete surface is 375°C - 425°C for normal weight concretes [8]. As mentioned earlier, the maximum 
local temperature experienced by concrete is well below spalling threshold. It is also noted that high 
strength concretes are more susceptible to spalling. The strength of the confined concrete used in HI-
STORM overpack is 3300 psi minimum which may increase up to 5000 psi after curing and settling. 
Hence, spalling of overpack concrete is not credible during the 30-day vent blockage event or other 
design basis off-normal and accident events. 

Carbon Steel and Stainless Steel Components 

Carbon steels, per FSAR Table 3.3.2 and ASME Code Section II Part D, are acceptable for use below 
750°F. The maximum temperatures of overpack shell components (carbon steel) for 30-day 100% vent 
blockage condition computed in Table 4.6.9 are significantly below 750°F per Table 2.2.3 of FSAR.  

The ferrite present in austenitic stainless-steel welds can transform by spinodal decomposition to form 
Fe-rich alpha and Cr-rich alpha prime phases, and further aging can produce an intermetallic G-phase 
during extended exposure to temperatures between 300°C and 400°C (572°F and 752°F) [1]. The 
maximum temperatures of stainless steel components during and after the 30-day vent blockage 
accident computed in FSAR Table 4.6.9 are below 300°C (572°F). Therefore, degradation of austenitic 
stainless-steel material properties is not credible in the event of 100% vent blockage accident for 30 
days. 

Aluminum Basket Shims and Metamic-HT Basket 

Metamic-HT contains at least 85% of Aluminum 1100 (which has > 99% pure Aluminum) which does not 
exhibit phase transformation mechanism that would modify properties when it is exposed to high 
temperatures for extended durations. Per the NRC reviewed Metamic-HT sourcebook, Holtec report HI-
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2084122, thermal aging testing was carried out for Metamic-HT using an accelerated baking process at 
410°C (770°F) to bound 40 years of constant exposure at 300°C (572°F). The testing demonstrated that 
material degradation is not a significant concern for Metamic-HT. Therefore, the material will retain its 
properties and functionality during and after the 30-day vent blockage accident. 

Aluminum shim material 2219-T8511 does not suffer strength degradation that would adversely impact 
its function. See response to RAI 8-4 for additional clarification. 
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8-3 (New) Provide updated information on appropriate fracture toughness for Metamic-HT basket to 
support structural reviews for potential crack propagation due to non-mechanistic tip over. 
 
The staff tracked back previous amendment applications on the information on fracture toughness for 
Metamic-HT.  Based on Charpy impact energy correlations for steels, the fracture toughness, K1c, was 
estimated to be  
 
 K1C = 30 ksi in1/2 
 
The staff has questions on the validity of this fracture toughness value: 
 
(a) There is no direct measurements of Metamic-HT fracture toughness.  The above equation uses one 
of several candidate correlations (Hetrzberg, 1995) for steels. 
(b) Fracture toughness data for commonly used aluminum metal matrix composites (MMCs) with 
ceramic particles, an analog for Metamic-HT, could be lower than this K1C value.   
(c) Fracture toughness of aluminum MMCs may also depend on other factors including variations in 
composition and microstructure, potential aging such as hardening, and valid measurement methods 
with ductility increase at a higher temperature (approximately 300oC) 
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The staff used information in Holtec’s latest version of Metamic-HT Qualification Sourcebook (Holtec 
International, 2014).  Given peak stresses and a 1/16-inch flaw size, the Sourcebook calculated the 
possible maximum stress intensity factors.  With the factors, the Sourcebook then calculated Charpy 
impact energies from one of the correlations of facture toughness and Charpy impact energy for steels.  
The calculated Charpy impact energies, 3.22 ft-lb and 2.71 ft-lb, are below the minimum guaranteed 
value of 4 ft-lb and below the minimum measured value of 7 ft-lb.  Both the calculated stress intensity 
factor and the calculated Charpy impact energy are conservative (i.e., safer) using bounding values of 
stress and flaw size and using the ductile/brittle transition temperature range. 
 
The staff requests that the applicant review updated information Metamic-HT material properties (e.g., 
composition and microstructure) and evaluate available fracture toughness of aluminum MMCs 
especially at elevated temperature.  The staff requests that the applicant provide justifications on the 
current fracture toughness values used. 
 
The information is needed to determine compliance with the requirements of 10 CFR 72.236(b). 
 
Holtec Response: 
Holtec agrees with the reviewer’s comment that the specific correlation for steels (Hertzberg, 1995) for 
estimating the fracture toughness from Charpy impact energy might not be applicable to Metamic-HT. 
Holtec is currently carrying out a detailed test program, in accordance with ASTM E1820-01, to measure 
the fracture toughness (KIc) of extruded Metamic-HT panels used in the fabrication of the spent fuel 
baskets. Preliminary data [Attachment 9 to Holtec Letter 5014826] from tests conducted at –40oC and 
room temperature suggests that KIc is greater than 17 ksi in1/2. 

[ 
 
 
 
 
 
 
 
 
 
 

PROPRIETARY INFORMATION WITHHELD PER 10CFR2.390 
 
 
 
 
 
 
 
 
 
 
            ] 
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[ 
 

PROPRIETARY INFORMATION WITHHELD PER 10CFR2.390 
 

] 
 
8-4 (New) Provide information on potential strength degradation of aluminum basket shims by thermal 
over-aging of precipitation-hardened microstructure.   
 
The application addressed the use of aluminum alloy basket shims primarily in thermal performance.  
The applicant assumes aluminum alloy to be effective for the short duration dynamic loading from the 
tip-over accident.  Aluminum alloy, such as Alloy 2219, used by Holtec is precipitation-hardened alloy.  
The application shows that the shims temperature could be as high as 260oC (500oF) under normal 
conditions (FSAR Table 3.III.3 and Table 4.III.3).  Literature data shows that over-aging and 
accompanying strength degradation could occur between 210-240oC in a few hours (for Alloy 2219 in 
Rafl Raza et al., 2011). 
 
It is unclear to the staff whether the structural analysis adequately accounts for potential degradation of 
strength of aluminum alloy for prolonged conditions including normal conditions as discussed in HI-STAR 
SAR Section 2.2 (Holtec International 2017).  The staff requests that the applicant (i) provide justification 
that the current tip-over analysis in the design basis is valid, (ii) revise the analysis to adequately account 
for the degradation of aluminum alloy strength, or (iii) state that the type of Alloy 2219 (e.g., 2219-O) is 
in the annealed conditions which would not be subject to degradation of strength due to over-aging.   
 
This information is needed to determine compliance with the requirements of 10 CFR 72.236(b), 
72.236(c), 72.236(d), and 72.236(l). 
 
Holtec Response: 
Per HI-STORM 100 FSAR reference [3.III.2], the specific aluminum shim material 2219-T8511 in the 
extruded form does not suffer significant strength degradation at temperatures of 500oF or lower for a 
duration up to 10,000 hours. In addition, the Young’s modulus of the material remains constant over 
time under the elevated temperature condition. According to Chapter 4 of the FSAR, thermal 
performance of MPC-68M bounds MPC-68. The basket periphery temperature in MPC-68M during 30-
day 100% vent blockage accident is therefore bounded by that computed for MPC-68 (RAI Table 4-3.1). 
The average basket periphery temperature is computed as 500oF. Therefore, the average basket shim 
temperatures in MPC-68M canister remain below 500oF. It is also noted that the shim temperature 
drops over time, and the initial temperature drop is more rapid for the high heat load case of this 
amendment due to the nature of decay heat (typically, the fuel decay heat drops by 30% between 3rd 
year and 4th year). 
 
Strictly speaking, the shim is not a structural member because it does not withstand any tensile loads, 
and the shim is in a confined space which would prevent its uncontrolled deformation under load. The 
fuel basket structural analysis for the tip-over condition was performed by modeling the shim as an 
elastic material with a Young’s modulus value corresponding to 550oF. The maximum stress of the shim 
obtained from the analysis is reported to be 8,798 psi (per Supplement 65 of HI-2012787), which is 
significantly smaller than the yield strength (14,000 psi) of the material at 550oF for 10,000 hours (per 
HI-STORM 100 FSAR reference [3.III.2]). Since the shim remains elastic during the tip-over event and the 
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Young’s modulus of the shim material does not change over time, any potential local strength 
degradation in the shim would not affect the deformation (controlled by stress and Young’s modulus) or 
function of the shim. Therefore, potential strength degradation of the MPC-68M fuel basket shim 
material for prolonged storage conditions is not a realistic structural concern. 
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