
 
UNITED STATES 

NUCLEAR REGULATORY COMMISSION 
 WASHINGTON, D.C. 20555-0001 
 

January 19, 2018 
 
 
 
Ms. Kimberly Manzione 
Licensing Manager  
Holtec International 
Holtec Technology Campus 
One Holtec Boulevard 
Camden, NJ 08104 
 
SUBJECT: AMENDMENT NO. 4 TO CERTIFICATE OF COMPLIANCE NO. 1032 FOR THE 

HI-STORM FLOOD/WIND MULTIPURPOSE CANISTER STORAGE SYSTEM –
REQUEST FOR ADDITIONAL INFORMATION  

 
Dear Ms. Manzione: 
 
By letter dated March 11, 2016 [Agencywide Document Access and Management System 
(ADAMS) Accession No. ML16190A158], as supplemented by letters dated September 16, 
2016, and January 31, 2017 (ADAMS Accession Nos. ML16265A491 and ML17032A398, 
respectively), Holtec International submitted an amendment request to the U.S. Nuclear 
Regulatory Commission for the HI-STORM Flood/Wind Multipurpose Canister Storage System 
Certificate of Compliance (CoC) No. 1032. 
 
The NRC staff reviewed your application and determined the need for additional information as 
identified in the requests for additional information (RAIs) in the enclosure to this letter.  We 
request that you provide the responses to these RAIs within 30 days from the date of this letter.  
If you are unable to meet this deadline, please notify us in writing, within two weeks of receipt of 
this letter, of your new submittal date and the reasons for the delay. 
 
Please reference Docket No. 72-1032, CAC No. 001028 and EPID No. L-2017-LLA-0030 in 
future correspondence related to this licensing action.  If you have any questions, please 
contact me at 301-415-0606. 
 

Sincerely, 
         

 
  /RA/ 
 
Jose R. Cuadrado, Project Manager 
Spent Fuel Licensing Branch  
Division of Spent Fuel Management 
Office of Nuclear Material Safety 
  and Safeguards 

 
Docket No.:  72-1032 
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Enclosure 
 

Request for Additional Information 
Docket No. 72-1032 
Holtec International 

HI-STORM 100 Flood/Wind 
Multipurpose Canister Storage System 

Certificate of Compliance No. 1032 
Amendment No. 4 

 
By letter dated March 11, 2016 (Agencywide Document Access and Management System 
(ADAMS) Accession No. ML16190A158), as supplemented by letters dated September 16, 
2016 and January 31, 2017 (ADAMS Accession Nos. ML16265A491 and ML17032A398, 
respectively), Holtec International submitted an amendment request to the U.S. Nuclear 
Regulatory Commission for the HI-STORM Flood/Wind Multipurpose Canister Storage System 
Certificate of Compliance (CoC) No. 1032.  The proposed changes include adding two new 
multi-purpose canisters (MPCs) to the HI-STORM FW System and adding partial gadolinium 
credit for certain BWR fuel assemblies. 
 
The staff identified additional information needed in connection with its review of the application 
as provided in the request for additional information discussed below.  Each question describes 
information needed by the staff to complete its review of the application and to determine 
whether the applicant has demonstrated compliance with regulatory requirements in 10 CFR 
Part 72. 
 
Chapter 4 Thermal Evaluation 
 
4-1 Provide thermal results for the new MPC-31C and MPC-32L canisters under normal 

storage conditions. 
 

Section 4.4.1.5 of the FSAR states that to evaluate the storage scenario, 3-D FLUENT 
screening models of the HI-STORM FW cask are constructed and that peak cladding 
temperatures (PCT) are computed and tabulated in Table 4.4.2 of the FSAR.  However, 
it is not clear if the screening results provided in FSAR Table 4.4.2 are the final thermal 
results for the MPCs.  The staff needs this information to verify that the predicted 
temperatures for the new canisters are below the recommended limits. 

 
This information is needed to determine compliance with 10 CFR 72.236(b), and 
72.236(f). 
 

4-2 Provide the thermal analysis discretization error for the normal conditions of storage by 
calculating the grid convergence index (GCI) for the new MPC-31C and MPC-32ML 
canisters. 

 
The applicant did not perform grid sensitivity studies to obtain the discretization error for 
the new canisters.  Given the screening results provided in FSAR Table 4.4.2 that show 
the predicted temperatures are very similar, the applicant should obtain the discretization 
error by calculating the GCI.  The staff has accepted GCI calculations which are based 
on procedures described in American Society of Mechanical Engineers Verification and 
Validation 20-2009 (ASME V&V 20-2009), “Standard for Verification and Validation in 
Computational Fluid Dynamics and Heat Transfer”.  The staff needs this information to 
assure predicted temperatures for the new canisters are in fact bounded by previous 
analysis.
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This information is needed to determine compliance with 10 CFR 72.236(b), and 
72.236(f). 
 

4-3 Clarify the difference between the screening results reported in Table 4.4.2 of the FSAR 
and the results obtained from grid convergence studies reported on page 4-68 of the 
FSAR. 
 
FSAR Table 4.4.2 summarizes the screening results to determine the bounding canister.  
However, it is not clear why the temperatures reported in this table are significantly lower 
than the results provided on page 4-68 of the FSAR.  The staff needs to have a clear 
understanding of the thermal results for the different canisters to determine the 
adequacy of the thermal design and to determine predicted temperatures are below the 
allowable limits. 
 
This information is needed to determine compliance with 10 CFR 72.236(b), and 
72.236(f). 
 

4-4 Provide vacuum drying time limits for the MPC-31C canister. 
 
Section 4.5.2.3 of the FSAR states that fuel drying in MPC-31C generating greater than 
threshold heat loads require implementation of site-specific vacuum drying time limits.  
The FSAR should provide the time limits for a typical vacuum drying cycle and the 
threshold heat loads described in the FSAR.  Design basis heat loads along with 
adequate thermal analysis and the results need to be provided in the FSAR for normal 
and loading conditions.  The staff needs this information to verify that the predicted 
temperatures for the new canisters are below the recommended limits under normal, 
loading, off-normal, and accident scenarios. 
 
This information is needed to determine compliance with 10 CFR 72.236(b), and 
72.236(f). 
 

4-5 Provide thermal results for the new MPC-31C and MPC-32ML canisters under off-
normal and accident scenarios. 
 
Section 4.4.1.5 of the FSAR states that fuel storage in the minimum height MPC-37 is 
limiting (produces the highest peak cladding temperature).  However, the applicant did 
not determine the GCI for the new canisters.  Given the small differences in the 
predicted temperatures for the different canisters, the applicant needs to obtain the 
discretization error for the new canisters (see RAI 2) and if necessary, perform thermal 
analysis under off-normal and accident conditions.  The staff needs this information to 
verify that predicted temperatures for the new canister are below the recommended 
limits under off-normal and accident scenarios. 
 
This information is needed to determine compliance with 10 CFR 72.236(b), and 
72.236(f).
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Chapter 5 Shielding Evaluation 
 
5-1 Provide a shielding analysis for the new fuel types (16x16D, V10A, V10B fuel 

assemblies) and canister MPC-31C to be stored in the HI-STORM FW System. 
 

In the amendment application, the applicant requests to authorize storage of 16x16D, 
V10A, and V10B fuel types and storage of V10A and V10B in the new MPC-31C 
canister.  The applicant states that the shielding evaluations will be performed on a site-
specific basis; therefore, no change to Chapter 5 of the HI-STORM FW FSAR is 
required.  However, 10 CFR 72.236(d) requires the applicant to demonstrate that the 
radiation shielding and confinement features of the cask system are sufficient to meet 
the requirements of 10 CFR 72.104 and 72.106.  The applicant has not provided 
sufficient information to demonstrate compliance with 10 CFR 72.236(d) for the new fuel 
types and their corresponding basket and canister types.  In addition, the applicant 
should update the occupational dose estimate analyses to address the new fuel and 
canister types. 

 
This information is needed to verify compliance with 10 CFR 72.236(d) and 72.24. 

 
5-2 Provide the bounding source term for the 16x16D, V10A, V10B fuel assemblies. 
 

In response to the staff’s request for supplemental information in the shielding section, 
the applicant provided the source terms for 16x16D, V10A, V10B fuel assemblies and 
comparison to DBA WE17x17 fuel assembly.  However, the response appears to show 
that the source terms for the proposed fuels are not bounded by the source terms of the 
DBA fuel.  The staff also notes that in previous amendments (100U, or FW), the B&W 
15x15 was used as DBA fuel assembly. 
 
This information is needed to verify compliance with 10 CFR 72.236(d) and 72.24. 

 
5-3 Justify the burnup profile and source term for V10A and V10B (MPC-31C) fuel 

assemblies. 
 

The V10A and V10B fuels have 6” blankets at both ends of the fuel pins.  The blanketed 
fuel will drive the burnup profile to further peak in the middle part of burnup profile.  
Accordingly, the source term for fuel with 6” blankets will be larger than that of fuel 
without 6” blankets.  The increased burnup in the middle of the fuel assembly will 
increase both neutron and gamma sources and result in higher dose rates. 

 
This information is needed to verify compliance with 10 CFR 72.104, 72.106 and 
72.236(d). 

 
5-4 Provide information to allow the staff to verify that the source term chosen to represent 

the decay heat is bounding for all possible fuel and fuel loadings or provide loading limits 
in terms of maximum assembly burnup, minimum enrichment and minimum cooling time 
for the two new Baskets and new fuel types. 

 
The proposed technical specifications for the HI-STORM FW Amendment No. 4 contains 
two new basket design and three new fuel types.  The applicant uses only decay heat to 
evaluate the radiation source term for external dose rate evaluations.  Decay heat alone 
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does not adequately characterize the spent fuel specifications, as there is an infinite 
number of burnup, enrichment and cooling time combinations that would produce the 
same decay heat, but different radiation source terms.  Also the same combination of 
these parameters does not necessarily result in bounding dose rates or doses for all 
conditions and all relevant locations around the cask system (at least at the cask 
surface), whether for the transfer cask or the storage overpack.     

 
The evaluated dose rates are also needed to show the estimated doses to workers in 
the radiation protection section of the safety analysis report (SAR). 

 
This information is needed for the staff to evaluate the capability of the cask system to 
meet dose limits in 10 CFR 72.104 and 72.106 and to evaluate compliance with 
72.236(d). 
 

Chapter 6 Criticality Evaluation 
 
6-1 Demonstrate that all parametric studies performed for the MPC-37 canister are directly 

applicable to MPC-32ML canister. 
 

On page 6-32 of the SAR, in referring to the parametric studies performed for the MPC-
37 canister, the applicant states:  “The MPC-32ML basket design is very similar to the 
MPC-37 basket; the only major difference is the increased cell ID and, consequently, the 
number of storage locations is reduced.  The applicant then states “Therefore, all studies 
performed for MPC-37 are directly applicable to MPC-32ML […]”.  The applicant, 
however, did not provide detailed comparison of the similarities between the two canister 
designs and their corresponding contents.  The staff notes from the application that the 
reason for increasing the cell ID is to accommodate the 16x16D fuel assembly which has 
a larger size compared to other 16x16 class fuel assemblies previously approved for 
storage in the MPC-37 canister.  The staff also notes that the fuel assembly length, fuel 
rod outer diameter, and assembly pitch for the 16x16D class are all larger than the 
previously approved assembly designs for storage in the MPC-37 canister.  Therefore, it 
is not clear to the staff why the parametric study performed for the MPC-37 is applicable 
to the MPC-32ML canister.  The applicant needs to demonstrate that all parametric 
studies performed for the MPC-37 are directly applicable to the MPC-32ML design by a 
comparison of the neutronic characteristics of these two canister designs. 

 
The staff needs this information to determine if the HI-STORM FW system design with 
the new types of fuel assemblies proposed for storage meet the regulatory requirements 
of 10 CFR 72.124(b). 
 

6-2 Provide justification that the code benchmarking analysis is appropriate for use in 
evaluating the criticality safety of the HI-STORM FW with the MPC-31C canister, or 
revise the benchmarking analysis to include additional critical experiments that reflect 
the features and parameters of the MPC-31C canister for the VVER fuel.  

 
The applicant selected critical experiments to benchmark the computer code it used to 
perform criticality safety analyses for the HI-STORM FW spent fuel dry storage cask 
system design for the VVER reactor fuel designs whose fuel assemblies are in a 
hexagonal shape.  However, it appears that the selected set of critical experiments 
contains only a few configurations that are in hexagonal shape.  The applicant needs to 
provide justification that the code benchmarking analysis is appropriate for the HI-
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STORM FW with the MPC-31C canister containing the VVER fuel or revise the 
benchmarking analyses to include additional critical experiments that are appropriate for 
the VVER fuel.  

 
The staff needs this information to determine if the HI-STORM FW system design with 
the VVER fuel assemblies proposed for storage meet the regulatory requirements of 10 
CFR 72.124(b). 
 

6-3 Provide a detailed description of the method used for BWR partial gadolinia credit 
analysis. 

 
The applicant states that it used “partial gadolinia credit” for the MPC-89 BWR fuel cask 
criticality safety design of the HI-STORM FW system.  However, the applicant did not 
provide a detailed description for this method in the SAR.  The applicant needs to 
provide a detailed explanation on how partial gadolinia credit is determined, the technical 
bases, and justification that it is conservatively applied.  Specifically, the applicant needs 
to: 

 
1. Explain the technical basis of this method.  The technical basis should include a 

clear definition of the term “partial gadolinia credit,” i.e., partial credit in terms of what 
and what the full credit is, and why this method can assure the credit taken is 
appropriate; 

 
2. Discuss the strategy used to determine the maximum allowable fraction of the poison 

to be included in the criticality safety analyses, and; 
 

3. Determine the safety margin in terms of reactivity for criticality safety using this 
approach.   

                 
The staff needs this information to determine if the HI-STORM FW system design for the 
canister containing BWR fuel assemblies with enrichment exceeding 4.8% meet the 
regulatory requirements of 10 CFR 72.124(b).    

 
6-4 Demonstrate that the scenarios studied bound all intended BWR fuel assembly designs 

in these 10x10 classes or limit the fuel assembly designs to the configurations as 
analyzed.  

 
The applicant performed sensitivity analyses to identify reactivity differences between 
fresh fuel with gadolinium and burned fuel to demonstrate that there is no peak in 
reactivity during the entire life of the fuel, and show that the fresh fuel with limited 
gadolinium loading cases are bounding for all fuel types to be stored.  The applicant 
performed representative cases with the gadolinia-poisoned fuel rod loading 
configurations for assembly types whose number of water holes and their locations in 
the assembly vary.  However, it is not clear whether these scenarios will bound all 
intended BWR fuel assembly designs in these classes, because BWR fuel assembly 
designs may include large variations in fuel enrichment, poison loading (typically in 
terms of percentage of fuel, number of poisoned fuel rods and their locations), axial fuel 
enrichment, water holes (also called water rods).  The staff also notes that partial length 
rods are widely used in modern BWR fuel designs and there are wide range of partial 
length rod patterns.  However, it is not clear from the application if the intended BWR 
fuel classes include the combination of all or some of the features.  The applicant needs 
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to clarify if the 10x10 fuel assembly classes intended for storage include only the 
variation of number of poisoned rods as analyzed and there is no other special design 
features besides those as defined in Table 6.4.13 of the revised SAR.  The applicant 
needs to either demonstrate that the scenarios studied bound all intended 10x10 BWR 
fuel assembly designs in these classes or limit the fuel assembly designs to 
configurations as analyzed.  If a bounding configuration is to be used, the applicant 
needs to perform a systematic study on all of the potential combinations of these design 
features of the 10x10 BWR fuel class.      

 
The staff needs this information to determine if the HI-STORM FW system design for the 
canister containing BWR fuel assemblies with enrichment exceeding 4.8% meet the 
regulatory requirements of 10 CFR 72.124(b).       

 
6-5 Demonstrate that the two dimensional CASMO code is appropriate or bounding for 

modeling the BWR fuel assemblies with highly heterogeneous three dimensional 
features such as various partial length rods.  

 
On page 6-66 of the SAR, in reference to the reactivity behavior of the fuel for which 
partial gadolinia credit is sought, the applicant states that:  “[…]the amount of gadolinium 
used in the partial credit analysis is not sufficient to achieve such a peak reactivity effect.  
To verify this conclusion, CASMO-4, a two dimensional transport theory code discussed 
in Section 6.1, is used for qualitative calculations to determine the direction of the 
reactivity change with fuel irradiation.”  However, it is not clear how the applicant applies 
the two dimensional CASMO code for modeling BWR fuel assemblies with various 
partial length rods and/or variations in axial enrichment such as natural or low 
enrichment uranium blankets to determine the reactivity of the fuel assembly as a 
function of burnup.  The applicant needs to discuss how the two dimensional CASMO 
code is appropriate or bounding for modeling the BWR fuel assemblies with highly 
heterogeneous considerations in three dimensions (such as partial length rods and axial 
enrichment and void fraction variations).           

 
The staff needs this information to determine if the HI-STORM FW system design for the 
canister containing BWR fuel assemblies with enrichment exceeding 4.8% meet the 
regulatory requirements of 10 CFR 72.124(b).    

 
6-6 Pertaining to the code benchmarking analyses for the MCNP code used in criticality 

safety analyses for the MPC-89 canister: 
  

1. Explain how the code benchmarking was performed, i.e., together with other BWR 
and PWR fuel classes or if it is done for this fuel class only and justify that the 
performed code benchmarking analysis is adequate for the MPC-89 canister design 
criticality safety analyses that take partial gadolinia credit, or; 
 

2. Provide separate code benchmarking analyses and determine the bias and bias 
uncertainty for the computer code and cross section used for the MPC-89 canister 
criticality safety analyses that take partial gadolinia credit.  

 
The applicant performed code benchmarking analyses for the computer code and cross 
sections it used for criticality safety for the HI-STORM FW system design.  However, it is 
not clear if the code benchmarking was done together with other BWR and PWR fuel 
designs or not.  If code benchmarking was done together with other BWR and PWR fuel 
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designs, the applicant needs to provide a justification for the adequacy of the approach.  
The justification needs to consider the fact that the modeling strategy uses one, two, or 
three gadolinia poisoned fuel rods per assembly.  The selected critical experiments must 
represent the system to be analyzed per the requirement of Area of Applicability as 
specified in ANSI/ANS-8.17.  Alternatively, the applicant may consider performing a 
separate set code benchmarking analyses to determine the bias and bias uncertainty of 
the code for the MPC-89 canister design that takes partial gadolinia credit.      

 
The staff needs this information to determine if the HI-STORM FW system design for the 
canister containing BWR fuel assemblies with enrichment exceeding 4.8% meet the 
regulatory requirements of 10 CFR 72.124(b). 

 
6-7 Justify that assuming fewer than the actual poisoned fuel rods (from 1 to 3) per 

assembly in the models does not produce under-estimated keff values for partial 
gadolinia credit or provide a means to prevent this from occurring.    

 
The applicant takes “partial gadolinia credit” in its criticality safety analyses for the MPC-
89 canister loaded with gadolinia poisoned fuel rods.  The applicant calculated the 
reactivity of the system with up to 3 gadolinia-poisoned fuel rods per fuel assembly at 
various burnups.  However, the modeling assumption of only one, two, or three poisoned 
rods per assembly could result in under-estimated keff values for the system.  If the 
analysis assumes fewer poisoned rods than the actual poisoned load (i.e., 1, 2, or 3 vs 
10 to 20 poison rods, based on NUREG/CR-7194), it may arbitrarily neglect the 
competing absorption of neutrons from the additional poison rods that actually exist in a 
fuel assembly.  As a result, the estimated absorption from the assumed poisoned rods 
may be magnified, which may underestimate the system’s reactivity and prevent the 
detection of a potential reactivity peak during irradiation. The applicant needs to justify 
that assuming one, two, or three poisoned fuel rods per assembly in the models does 
not produce under-estimated keff values for partial gadolinia credit or provide an 
adjustment to the calculated keff to compensate the possible overestimate.         

 
The staff needs this information to determine if the HI-STORM FW system design for the 
canister containing BWR fuel assemblies with enrichment exceeding 4.8% meet the 
regulatory requirements of 10 CFR 72.124(b).     

 
6-8 Demonstrate that the selected gadolina-poisoned rods locations in the models will 

always have the highest neutron flux (particularly thermal neutron flux) in the fuel 
assembly so that the most rapid depletion of gadolinium is assured throughout its entire 
irradiation history.    

 
On page 6-67 of the SAR, the applicant states: “Gd rods are located in the fuel assembly 
region with the highest neutron flux, i.e. in the radial center of the fuel assembly.  In this 
case, the most rapid depletion of gadolinium is expected.”  However, the neutron flux, 
particularly the thermal neutron flux, in a fuel assembly with heavy gadolinia poison load 
is typically deeply depressed because of the heavy absorption from the gadolinia.  Also, 
the flux distributions are significantly influenced by the characteristics of the neighboring 
fuel assemblies in a reactor.  As such, the thermal neutron flux distribution may not be 
dominated by the locations of the poisoned rods alone.  The influence from neighboring 
fuel assemblies must be considered in determining the location where the highest 
neutron flux is expected.  The applicant needs to demonstrate that the selected 
gadolina-poisoned rods locations in the models will always have the highest neutron flux 
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(particularly thermal neutron flux) in the fuel assembly so that the most rapid depletion of 
gadolinium is assured throughout its entire irradiation history.              

 
The staff needs this information to determine the HI-STORM FW system designs for the 
canister containing BWR fuel assemblies with enrichment exceeding 4.8% meet the 
regulatory requirements of 10 CFR 72.124(b).    

 
6-9 Demonstrate that the method used to determine the reactivity trajectory for a poised 

BWR fuel assembly is always conservative for all possible fuel configurations, 
gadolinium loadings, and irradiation conditions.    

 
The applicant performed depletion calculations for three different assembly classes with 
the minimum allowable number of gadolinium rods and two different layouts of the 
gadolinium rod locations and shows the results in Figure 6.4.2 of the SAR.  This figure 
shows the difference in reactivity from the fresh fuel case as these fuel assemblies are 
burned (up to 25 GWd/MTU).  For these cases, the applicant shows that the difference 
in reactivity is always negative (i.e. the fresh fuel case is always more reactive) and 
demonstrating that there is no peak in reactivity.   

 
Based on the information published in NUREG/CR-7194 (Reference 1), fuel with light 
gadolinium loading may experience a higher reactivity peak than heavy gadolinium 
loading.  Although there are figures within Reference 2 showing that fewer gadolinium 
rods does not necessarily produce a peak in reactivity, the same report also shows that 
lower gadolinium loadings (weight percent) produce a more pronounced peak.  The 
applicant needs to provide additional information to demonstrate that there is no peak in 
reactivity for all possible fuel assemblies allowed for loading within the HI-STORM FW 
with gadolinium credit.  Per the information provided in References 1 and 2, the 
applicant should discuss factors that are known to affect the peak reactivity such as 
gadolinium loading patterns, void fraction, control blade insertion, lattice modeling (full or 
part-length rods) etc. to justify that its analyses are bounding.  In addition, the 
demonstration should include an allowance for consideration of uncertainties such as 
those related to the depletion code’s ability to calculate accurately the reactivity of the 
fuel assembly. 

 
Alternatively, or in conjunction with some of the above requested information, the 
applicant may propose restrictions on fuel assemblies with gadolinium credit such as 
more conservative minimum gadolinium loadings or a minimum burnup value.  The 
applicant needs to provide appropriate justifications for the selected values. 

 
The staff needs this information to determine the HI-STORM FW system designs for the 
canister containing BWR fuel assemblies with enrichment exceeding 4.8% meet the 
regulatory requirements of 10 CFR 72.124(b). 
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