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HOLTEC 
INTERNATIONAL

Holtec Center, 555 Lincoln Drive West, Marlton, NJ 08053 

Telephone (856) 797-0900 
Fax (856) 797-0909

BY OVERNIGHT MAIL 

April 28, 2000 

U.S. Nuclear Regulatory Commission 
ATTN: Document Control Desk 
1555 Rockville Pike 
Rockville, MD 20852 

Subject: High Seismic Topical Report Review 
Dockets 72-1008 and 72-1014, TAC No. L22966

References: 1. Holtec Project No. 71178.  
2. Holtec Report No. HI-982004.  
3. Holtec Report No. HI-992252.  
4. Letter from NRC, M. Bailey, to Holtec, B. Gutherman, dated February 15, 

2000, and attachments thereto.  
5. Meeting Between Holtec International and SFPO held March 15, 2000.

Dear Sir:

In accordance with the project schedule we provide as Attachment 1 to this letter our responses 
to Request for Additional Information (RAI) Number 2 submitted to us under the Reference 4 
letter. As discussed in our meeting held on March 15, 2000, we agree that the objective of 
performing a focused review of this important topic has been accomplished. We will now 
prepare formal amendment requests to incorporate the high-seismic anchorage designs into our 
rn-STAR and rH-STORM 100 Part 72 Certificates of Compliance (CoC), including the 
incorporation of the concepts discussed in the attached RAI responses. The Topical Report 
should be retained as reference document for use in reviewing the amendment requests.  
Enclosed is one copy of a non-proprietary version of Holtec Report No. 982004 for your use.  

Likewise, we agree that the review of our thermal convection Topical Report (Ref. 3) has 
reached a stage of maturity that makes it logical to include the results of that effort into CoC 
amendment requests. The convection Topical Report should be retained by the staff as a 
reference document to be consulted while reviewing the amendment requests. We will provide a 
non-proprietary version of Holtec Report HI-992252 for placement in the public document room 
by May 31, 2000.  

We are currently evaluating our plans and resources to determine a submittal schedule for future 
amendment requests and other licensing actions for our rI-STAR and HI-STORM 100 Systems.  
We will develop that schedule and provide it in a letter to the NRC shortly.
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Holtec Center, 555 Lincoln Drive West, Marlton, NJ 08053

Telephone (856) 797-0900 
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If you have any questions or comments, please contact us.  

Sincerely, 

Brian Gutherman, P.E.  
Licensing Manager 

Approval: 

K.P. Singh, P.E., Ph.D 
President and CEO

Document I.D.: 5014387 

Attachment: 1. Holtec Responses to Request for Additional Information No. 2 

Enclosure: Non-proprietary version of Holtec Report No. HI-992252, Revision 0 

Cc: Ms. Marissa Bailey, USNRC (w/attach. and encl.) 
Mr. Bruce Patton, PG&E-Diablo Canyon (w/attach.) 
Mr. Mark Smith, PG&E-Humboldt Bay (w/attach.) 

Distribution (w/o attach, and end.):

Recipient Utility

Mr. David Bland 
Mr. Ken Phy 
Mr. I. Nathan Leech 
Dr. Max DeLong 
Mr. Stan Miller 
Mr. Rodney Pickard

Southern Nuclear Operating Company 
New York Power Authority 
Commonwealth Edison 
Private Fuel Storage 
Vermont Yankee Nuclear Power Corporation 
American Electric Power
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Distribution (w/o attach, and encl.) (continued):

Mr. David Larkin 
Mr. Eric Meils 
Mr. Paul Plante 
Mr. Jeff Ellis 
Mr. Darrell Williams 
Mr. Joe Andrescavage 
Mr. Ron Bowker 
Mr. William Swantz 
Mr. Chris Kudla 
Mr. Keith Waldrop 
Mr. Matt Eyre 
Mr. Al Gould 
Dr. Seymour Raffety 
Mr. John Sanchez 
Ms. Kathy Picciott 
Mr. Charles Davis 
Mr. John Donnell

Energy Northwest 
Wisconsin Electric Power Company 
Maine Yankee Atomic Power Company 
Southern California Edison 
Entergy Operations - Arkansas Nuclear One 
GPUN - Oyster Creek Nuclear Power Station 
IES Utilities 
Nebraska Public Power District 
Entergy Operations - Millstone Unit 1 Decommissioning 
Duke Power 
PECO Energy 
Florida Power & Light 
Dairyland Power 
Consolidated Edison 
Niagara Mohawk 
Tennessee Valley Authority - Sequoyah Nuclear Plant 
Private Fuel Storage, LLC (SWEC)



DOCUMENT I.D. 5014386 
ATTACHMENT 1 

HOLTEC RESPONSE TO NRC REQUEST FOR ADDITIONAL INFORMATION 
ROUND 2 

Topical Report on fHI-STAR 100 and HI-STORM 100 
System Deployment at High ZPA ISFSI Sites 

Holtec Report No. HI-982004 

Each Request for Additional Information (RAI) is repeated with the Holtec response immediately 
following the RAI. The responses presented herein reflect the discussions between Holtec and the 
NRC staff in the White Flint meeting on March 15, 2000. At this meeting, it was agreed that the RAI 
process on the topical report has resulted in the required clarifications to enable Holtec to submit 
amendment requests to the Certificates of Compliance (CoC) for the HI-STAR 100 and the HI
STORM 100 Systems. The responses presented below reflect the discussions on the RAls in the 
March 15 meeting.  

Chapter 1 Introduction and Scope 

1-1 Explicitly state the scope of this Topical Report. Specify the conditions that the users (the 
certificate holder, general licensee or site-specific licensee) must satisfy or address to 
reference or implement the methodology discussed in this Topical Report.  

The Topical Report should have a clear description of its purpose and scope. The response to 
Round 1 request for additional information (RAI) 1-1 (Singh, 1999) states that the "topical 
report has been submitted to obtain NRC approval of an analysis methodology and anchorage 
designs for deployment of the HI-STAR 100 and HI-STORM 100 spent fuel storage systems 
at ISFSI's with site design basis seismic accelerations higher than those currently included in 
the Topical Safety Analysis Reports (TSARs) and Certificates of Compliance (CoC) for these 
storage systems." A similar statement should be included in the Topical Report.  

HOLTEC response to RAI 1-1 

The high seismic deployment will be part of CoC amendment requests submitted in accordance with 
applicable NRC regulations. The amendment request submittals will clarify the interface between the 
cask design in the anchored configuration governed by the CoC and the ISFSI pad, whose design will 
remain the responsibility of the ISFSI owner (in accordance with the minimum ISFSI pad design 
requirements specified in the CoC). The analysis results of the anchored cask system will be 
incorporated into Chapter 3, Section 3.7 of the HI-STAR 100 and rI-STORM 100 Topical Safety 
Analysis Reports (TSAR) with the scope of the analysis defined in Chapter 2 of the TSAR.  

1-2 Clarify that the "60g" and "40g" limits, stated with reference to spent nuclear fuel fragility 
issues (page 1-7 of the Topical Report), are not the upper bound limits for the seismic loads, 
but are limits for a one time drop event only.
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Although the Topical Report "... does not deal with spent nuclear fuel fragility issues," the 
upper bound load limits specified imply that they are acceptable design basis earthquake 
loads, which may subject the fuel to repeated impact loading. The upper bound limits stated 
in the TR for the HI-STAR and HI-STORM casks may occur during a drop event only, and 
are not the design basis upper bound earthquake loads 

HOLTEC response to RAI 1-2 

The inertia load limits on the spent nuclear fuel have been separately established by the USNRC. The 
evaluation of fuel rod buckling is provided in Chapter 3 of the HI-STORM 100 Topical Safety 
Analysis Report in accordance with Interim Staff Guidance document No. 12 (ISG-12). Because, as 
shown in the high seismic topical report, the seismic rattling loads are only a fraction of the 
regulatory limit on SNF inertia loads, the analysis model in the proposed amendments will not seek 
to quantify them.
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RAI-2

Chapter 2 Structural Definition of HI-STAR 100 and HI-STORM 100 

2-1 In Table 2.2 of the Topical Report, include data on the axial gaps between (i) the spent 
nuclear fuel and multi-purpose canister (MPC) and (ii) the overpack and MPC, for the latest 
revisions of the HI-STAR 100 and HI-STORM 100 cask TSARs.  

This information is required to verify that proper values of axial gaps have been used in the 
respective HI-STAR 100 and HI-STORM 100 anchor system dynamic analyses and to 
evaluate compliance with 10 CFR 72.122(b).  

HOLTEC response to RAI 2-1 

As discussed in the March 15, 2000 meeting, the revised dynamic model of the MPC will treat the 
MPC as a lumped mass with the total inertial mass of the enclosure vessel, the fuel basket, and the 
stored SNF accounted for without any credit for the random rattling effect of the SNF during the 
seismic event. Further, the impact between the MPC and the overpack will be modeled using the 
bounding value of the coefficient of restitution. The MPC-to-overpack gap used in the analysis will 
bound the actual gap under the most limiting thermal operating conditions.  

2-2 Update Table 2.2 of the Topical Report to reflect the dimensions and other relevant data 
associated with the latest revisions of the HI-STAR 100 and HI-STORM 100 cask TSARs.  

The staff needs the latest information to verify that the models used in the dynamic analyses 
of the HI-STAR 100 and HI-STORM 100 anchor systems are consistent with the design 
specifications contained within the TSARs of the respective casks and to evaluate 
compliance with 10 CFR 72.122(a) and (b).  

HOLTEC response to RAI 2-2 

In the proposed TSAR changes accompanying the upcoming amendment requests, the geometry and 
properties will be readily available in the design drawings in Section 1.5 of the TSARs and in the 
weight and center-of-gravity data presented in Section 3.2 of the TSARs.
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RAI-2 

Chapter 3 General Design and Construction Requirements for the Pad 

3-1 Include a reference to 10 CFR 72.102 wherever a reference to 10 CFR 72.212 is made in the 
Topical Report.  

Because the proposed anchor systems may be used under either a general license or a site
specific license, a reference to 10 CFR 72.102 should be added wherever there is a reference 
to 10 CFR 72.212 in the Topical Report.  

HOLTEC response to RAI 3-1 

Under the purview of the general certification, the only appropriate reference will be 10 CFR 72.212.
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RAI-2

Chapter 4 Structural Design Requirements for the Concrete Slab 

4-1 Provide clarification as to how the characteristic shear modulus of subbase below subgrade 
parameter listed in Table 4.1 of the Topical Report is used in the design of the independent 
spent fuel storage installation (ISFSI) pad.  

The staff needs this clarification to ensure that the design methodologies and procedures set 
forth in the Topical Report are comprehensive and complete and to evaluate compliance with 
10 CFR 72.122(b).  

HOLTEC response to RAI 4-1 

The design of the slab, including pad thickness, subgrade modulus, etc., are out of the scope of the 
system design because a cask tipover scenario is not applicable to the anchored cask configuration.  
The contact interface between the pad and the cask, however, will be modeled using the classical 
Winkler foundation with a bounding spring constant (based on all concrete Bousinesq half-space).  
This model, as discussed in the March 15, 2000 meeting, in conjunction with a suitably sized 
anchoring system, eliminates the potential of an impact on the cask/pad interface. The ISFSI pad 
design will use the time-history of the axial loading in the anchors and the pulsating contact force on 
the pad quantified by the analysis presented in the proposed TSAR changes to be included with the 
upcoming CoC amendment requests to size the pad in accordance with the provisions of ACI-349.  
The design of the pad and its underlying subgrade is not within the scope of the cask CoC beyond the 
establishment of certain design criteria such as compressive strength and reinforcing bar yield 
strength in the Design Features section of the CoC appendices.  

4-2 Provide a complete and thorough summary of the (i) pad-anchor-cask interface design forces, 
(ii) anchor and cask component spring constants, (iii) cask component mass moments of 
inertia, (iv) acceptable cask carry heights, and (v) all other design data relevant to the 
analysis and design of the site-specific ISFSI pad.  

This summary is needed to (i) ensure the information required to analyze and design the site
specific ISFSI slab is readily available, (ii) facilitate the staff review of the Topical Report, 
and (iii) evaluate compliance with 10 CFR 72.122(b).  

HOLTEC response to RAI 4-2 

Consistent with the decision to recast the topical report into amendment requests for the general 
certifications, and use of momentum transfer approach to simulate internal nonlinearities (viz., gap 
between the MPC and the overpack), specific responses to this RAI are no longer relevant.  
Supporting data, appropriate to the analysis will be summarized in the proposed TSAR changes to be 
included with the amendment request submittals.
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RAI-2

4-3 Include the bounding maximum value for the Modulus of Elasticity of the subgrade in Table 
4.1 instead of the maximum characteristics standard Subgrade Modulus value.  

Because the maximum value of the Modulus of Elasticity of the subgrade is used in the 
analysis to verify the deceleration limits, it would be appropriate to use the Modulus of 
Elasticity limit in Table 4.1, instead of the Subgrade Modulus.  

HOLTEC response to RAI 4-3 

The ISFSI pad maximum effective soil modulus of elasticity (28,000 psi) is specified in the CoCs.  
Please see Holtec responses to RAI's 4-1 and 4-2.
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RAI-2

Chapter 5 Design Basis Loadings 

5-1 Address an apparent contradiction between the design basis loading set forth in the Topical 
Report and the models used for dynas mic analyses of the HI-STAR 100 and HI-STORM 100 
anchor systems.  

The following statement is made on page 5-1 of the Topical Report: 

"Because of potential soil-structure interaction effects, a site-specific 
design basis, also known as free-field or control motion, may be 
markedly different from the earthquake motions at the top of the 
storage pad. For the purpose of establishing controlling seismic 
loadings for subsequent dynamic analyses, the seismic inputs defined 
from the postulated response spectra set are considered to act at the 
top surface of the slab." 

The assumption of a rigid pad would clearly place the seismic design-basis event (DBE) at 
the top surface of the pad. Treating the pad as a rigid body eliminates the need to consider 
the effective stiffness of the concrete, rebar, and subbase soils that are to be addressed in the 
site-specific license application, as is the apparent intent (page 5-1 of the Topical Report).  
The descriptions provided in the Topical Report of the HI-STAR 100 and HI-STORM 100 
lumped mass models that were used for the dynamic analyses clearly show, however, that the 
stiffness of the concrete pad was taken into account, indicating that the pad has been treated 
as a deformable body (see pages B-7 and B-12 of the Topical Report). Because the spring 
constant of the concrete pad was assembled with the spring constants representing the 
HI-STAR 100 and rI-STORM 100 anchor systems, the seismic DBE motion can be 
construed to have been applied at a location other than the top surface of the pad.  

The staff needs this clarification to verify that the models used for dynamic analyses of the 
HI-STAR 100 and HI-STORM 100 anchor systems are consistent with the design 
specification set forth in the Topical Report and to evaluate compliance with 10 CFR 
72.92(a), 72.122(b), and 72.236(b).  

HOLTEC response to RAI 5-1 

In the cask seismic analysis, the appropriate design basis time-history accelerations are applied at the 
top surface of the pad. The ISFSI owner will perform the required site-specific evaluations to ensure 
that the accelerations at the top of the pad, with appropriate consideration of the soil structural 
interaction effects, are bounded by the design basis earthquake postulated in the cask's TSAR.
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RAI-2

5-2 Provide breakpoint tables for the three axes of the new design basis spectra provided by 
Pacific Gas and Electric Company that was identified in the response to Round 1 RAI 5-1 
(Singh, 1999).  

This information is necessary to assess the adequacy of the design basis earthquake event and 
to verify compliance with 10 CFR 72.92(a) and (c) and 72.102(b).  

HOLTEC response to RAI 5-2 

The design bases described in the upcoming CoC amendment requests will include digitized 
spectrum data.  

5-3 Provide digital files of the time histories for the three axes of the new design basis spectra 
provided by Pacific Gas and Electric Company that was identified in the response to Round 1 
RAI 5-1.  

This information is necessary to assess the adequacy of the design basis earthquake event and 
to make a determination of compliance with 10 CFR 72.92(a) and (c) and 72.102(b).  

HOLTEC response to RAI 5-3 

Digitized time-history acceleration data for a three-orthogonal direction seismic impact will be 
provided in the proposed CoC amendment requests.
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RAI-2

Chapter 6 Factored Loads 

6-1 Clarify which codes and/or standards are being used to define the allowable stresses for the 
clevis components of the HI-STAR 100 anchor system.  

Section 9.3 of the Topical Report indicates that the AISC Manual of Steel Construction 
(American Institute of Steel Construction, 1991) will be used to define the allowable stresses 
for the clevis components of the HI-STAR 100 anchor system. In Section 6.4 of the Topical 
Report, however, it is asserted that: 

"The attachment bolts connecting HI--STAR [100] to the steel 
interface structure and the clevis pins ...are not explicitly covered by 
the AISC manual or by NUREG-1567 [Nuclear Regulatory 
Commission, 1996]. We consider these components to be governed 
by the ASME [Boiler and Pressure Vessel (B&PV)] Code, Section III, 
[Sub]Section NF and Appendix F [American Society of Mechanical 
Engineers, 1998]." 

This clarification is required for the staff to assess whether the design analysis procedures 
presented in the Topical Report are based on the appropriate design code and to verify 
compliance with 10 CFR 72.122(a) and (b).  

HOLTEC response to RAI 6-1 

The stress limits of the ASME Code, Section III, Subsection NF, will be explicitly cited in the 
proposed amendment requests to avoid ambiguity.  

6-2 Clarify the type and class support designation used for the HI-STAR 100 anchor system in 
the context of ASME B&PV Code, Section III, Division 1, Subsection NE, 
Table NF-3131(a)-I. Also clarify which analysis procedure was adopted.  

Because the HI-STAR 100 anchor support is designed to meet Level D Service Limits, as 
defined in ASME B&PV Code, Section III, Subsection NCA, Subparagraph NCA
2142.4(b)(4), this clarification is required for the staff to assess whether the design analysis 
procedures presented in the Topical Report are consistent with the adopted design code and 
to verify compliance with 10 CFR 72.122(a) and (b).
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RAI-2

HOLTEC response to RAI 6-2 

The high seismic support for the rn-STAR 100 will be designated as a "linear support" as defined by 
the ASME Code, Section III, Subsection NF, in the proposed CoC amendment requests.  

6-3 Justify using ASME B&PV Code, Section III, Appendix F as the HIl-STAR 100 anchor 
attachment bolt design basis under accident conditions.  

ASME B&PV Code, Section III, Appendix F establishes the rules for evaluation of service 
loadings with Level D service limits. According to ASME B&PV Code, Section III, 
Subsection NCA, Subparagraph NCA-2142.4(b)(4): 

"Level D Service Limits are those sets of limits which must be satisfied for 
all Level D Service loadings identified in the Design Specifications for which 
these Service Limits are designated. These sets of limits permit gross general 
deformation with some consequent loss of dimensional stability and damage 
requiring repair, which may require removal of the component or support 
from service. Therefore the selection of this limit shall be reviewed by the 
Owner for compatibility with established system safety criteria." 

This level of service limits implies that plastic deformation can be expected for those 
components designed according to the criteria contained in ASME B&PV Code, Section III, 
Appendix F. As a result, low-cycle fatigue may be an area of concern (see ASME B&PV 
Code, Section III, Division 1, Subsection NF, Mandatory Appendix NF-Ill and Article NF
111-3000).  

This justification is required for the staff to assess whether the design analysis procedures 
presented in the Topical Report are consistent with the adopted design code and to verify 
compliance with 10 CFR 72.122(a) and (b).  

HOLTEC response to RAI 6-3 

The designation of Level D Service Limits is in agreement with the NRC-approved accident 
condition limits used for the HI-STAR and HI-STORM structural evaluations in the TSAR. No 
credit is taken for plasticity.  

6-4 In light of the observations made by the staff pertaining to the use of ASME Level D Service 
loadings as the design criteria for the HI-STAR 100 anchor system (see RAI 6-3), provide the 
technical basis for not taking into account the mandatory requirements of ASME B&PV 
Code, Section III, Division 1, Subsection NF, Mandatory Appendix NF-I11.
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RAI-2

Because ASME Level D Service loadings imply that plastic deformation can be expected for 
those components designed according to the criteria contained in ASME B&PV Code, 
Section III, Appendix F; the mandatory requirements of ASME B&PV Code, Section III, 
Division 1, Subsection NF, Appendix NF-Ill would appear to apply based on the following 
(Article NF-I1-1000): 

"Energy absorbing material of linear-type pipe supports designed to Subsection NF 
which is designed to dissipate energy associated with dynamic piping movements by 
yielding, shall be constructed for services in accordance with Section III, Division 1, 
Subsection NF, as modified by this Appendix." 

Because "welding shall not be permitted for fabrication and installation of energy absorbing 
support material," (Article NF-Ill-4000), using welds as primary load-carrying structural 
components under Level D Service loadings would appear to be prohibited. This is 
significant because both HI-STAR 100 and HI-STORM 100 high-seismic anchor systems 
rely on welds that are structurally in series with important-to-safety load-carrying 
components.  

The staff needs to resolve this issue to ensure that the design analysis procedures presented in 
the Topical Report are based on the appropriate design codes and to verify compliance with 
10 CFR 72.122(a) and (b).  

HOLTEC response to RAI 6-4 

Based on a conversation with the SFPO project manager after the March 15 meeting, we understand 
this RAI is withdrawn.  

6-5 Justify the use of the load combinations presented in Section 6.3 of the Topical Report for 
the design of the HI-STORM 100 sector lugs (Table 7-1 of NUREG-1567, page 7-55, states 
that "The load combinations for steel SSC [structures, systems, and components] apply to 
steel SSC important to safety that are not within the scope of the ASME B&PV Code, 
Section III, Division 1.") 

Subarticle NF-1130 contained within ASME B&PV Code, Section III, Division 1, 
Subsection NF clearly indicates that the sector lugs of the HI-STORM 100 anchor system are 
within the scope of ASME B&PV Code, Section III, Division 1 jurisdiction. As a result, the 
load limits from NUREG-1567 employed as the design criteria for the HI-STORM 100 
anchor system are inappropriate.
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RAI-2

The staff needs to resolve this issue to ensure that the design analysis procedures presented in 
the Topical Report are based on the appropriate design codes and to evaluate compliance 
with 10 CFR 72.122(a) and (b).  

HOLTEC response to RAI 6-5 

The high seismic support design to be submitted as part of proposed CoC amendment requests will 
use the same load combinations already defined and approved for the cask systems in their respective 
TSARs.
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RAI-2

Chapter 7 HI-STAR 100 Anchor System 

7-1 Provide justification for not satisfying the design requirements of ACI 349-97 (American 
Concrete Institute, 1997), Appendix B.5.1 for the HI-STAR 100 anchorage system.  

Appendix B.5.1 of ACI 349-97 states that "anchorage design shall be controlled by the 
strength of embedment steel unless otherwise specified in this appendix." Based on a 
simplified analysis, the allowable tensile load for the anchor bolts is greater than the pullout 
strength of the concrete. Consequently, the concrete will fail in a brittle manner prior to 
ductile failure of the anchor bolts, which is contrary to the requirements of ACI 349-97, 
Appendix B.5.1. Note that the pullout strength of the concrete was based on the projected 
area of the concrete shear stress cone.  

The staff needs to resolve this issue to ensure that the design analysis procedures presented in 
the Topical Report are in conformance with the applicable design codes and to evaluate 
compliance with 10 CFR 72.122(a) and (b).  

HOLTEC response to RAI 7-1 

The design of the reinforced concrete pad, in which the receptacle for the anchor bolts will be buried, 
is not part of the high seismic topical report's scope. The design of the pad is the responsibility of the 
ISFSI owner in accordance with the design criteria specified in the CoC. Anchorages used for 
general certification will be designed to interface with the reference ISFSI pad described in the 
TSARs.  

Holtec will continue to reference ACI-349-85, since this is the edition of this code approved by the 
NRC in the cask TSARs.  

7-2 Identify all springs (in one quadrant only) used to model the connectivity of rH-STAR 100 
cask overpack to the ISFSI storage pad according to Figure 7.2 in Chapter 7 of the Topical 
Report (Holtec International, 1998). Provide coordinates used in the evaluation of the 
coupling coefficients associating a given degree of freedom to a particular spring for all 
springs in the model.  

The input data file for Run 251, submitted in response to Round 1 RAI 10-1 (Singh, 1999), 
shows eight sets of five compression-only springs, one tension-only spring, and two shear 
(tension and compression) springs connecting the cask overpack to the ISFSI storage pad.  
The connectivity diagram (Figure 10.3.2), provided in response to Round 1 RAI 10-3, shows 
only three compression springs instead of five.  

Detailed information on the dynamic model is required to determine the adequacy of the 
model for design of the anchor systems and to verify compliance with 10 CFR 72.122(b).
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RAI-2

HOLTEC response to RAI 7-2 

The RAI Round 1 response transmitted a representative figure showing only a compression block 
with a clevis bolt. Figure 7.2 of the topical report submittal also shows 8 additional (shorter in radial 
length) compression blocks that do not include clevis bolts. The additional two compression-only 
elements in each set of eight represent the compression capacity of these shorter blocks. Please note 
that clevis bolts will be eliminated in the proposed revision to the anchor system design, as discussed 
in our March 15, 2000 meeting. The revised design will be submitted as part of the upcoming CoC 
amendment requests to incorporate the high seismic design features.  

7-3 Provide a complete bill of materials and associated specifications for the proposed anchor 
bolts connecting the HI-STAR 100 cask to the ISFSI pad.  

The bill of materials in Figure 7.5 of the Topical Report does not contain the specifications 
for the anchor bolts. The bill of materials should provide (i) the anchor bolt material and (ii) 
the dimensions of the anchor bolts.  

This information is required to evaluate compliance with 10 CFR 72.122(a) and (b).  

HOLTEC response to RAI 7-3 

A bill-of-materials will be provided in TSAR Section 1.5 as part of the proposed amendment to the 
HI-STAR CoC that includes the cask anchoring device.
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RAI-2

Chapter 8 HI-STORM 100 Anchor System 

8-1 Provide a bill of materials and associated specifications for the proposed HI-STORM 100 
anchor system.  

The bill of materials should provide the material types and dimensions of the components 
shown in Figures 8.3 and 8.4 of the Topical Report. This information is required to evaluate 
compliance with 10 CFR 72.122(a) and (b).  

HOLTEC response to RAI 8-1 

A bill-of-materials will be provided in TSAR Section 1.5 supporting the proposed amendment to the 
HI-STORM CoC that includes the anchor support device for the HI-STORM 100.
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RAI-2

Chapter 9 Structural Materials And Stress Limits 

9-1 Provide the relevant properties for the materials identified in Section 9.1 of the Topical 
Report (Holtec International, 1998) and the specific references used to obtain these 
properties.  

Material properties are used to calculate the factors of safety under the various load 
conditions prescribed by the applicable codes and standards. This information is necessary to 
verify that the SSCs important to safety can withstand the effects of environmental 
conditions and natural phenomena as required in 10 CFR 72.122(b).  

HOLTEC response to RAI 9-1 

Relevant material properties will be provided in TSAR Chapter 3, as required by NUREG 1536, 
supporting the proposed amendments to the CoCs that will include the cask anchoring devices.  

9-2 Provide the specific references used to obtain the material properties identified in Table 9.1 
of the Topical Report.  

Material properties are used to calculate the factors of safety under the various load 
conditions prescribed by the applicable codes and standards. This information is necessary to 
verify that the SSCs important-to-safety can withstand the effects of environmental 
conditions and natural phenomena as required in 10 CFR 72.122(b).  

HOLTEC response to RAI 9-2 

Relevant material property references will be provided in TSAR Chapter 3, as required by NUREG 
1536, supporting the proposed amendments to the CoCs that will include the cask anchoring devices.  

9-3 Justify the use of A-490 as the specified material for the 2-inch-diameter anchor bolts 
proposed to be used for the HI-STAR 100 and HI-STORM 100 anchor systems.  

As identified in ASTM A-490 (American Society of Testing and Materials, 1997) and AISC 
Manual of Steel Construction (American Institute of Steel Construction, Inc., 1991), bolts 
using A-490 material are limited to ½ to 1 /2in. in diameter. This justification is necessary to 
assess the adequacy of the materials used in the fabrication of SSCs important to safety and 
to determine compliance with 10 CFR 72.122(a) and (b).
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HOLTEC response to RAI 9-3 

We agree with this RAI. The CoC amendment requests will address the issue, assuring that the 
selected material is appropriate for the bolt size.  

9-4 Identify the year of the ACI 349 document (Reference 13 in Section 15), and verify that the 
allowable stress values for tension and shear for A-490 bolts, listed in Table 9.1 of the 
Topical Report, comply with the ACI 349-97, Appendix B requirements. Revise the footnote 
on page 9-2 as required.  

The staff needs to resolve this discrepancy to ensure that the design analysis procedures 
presented in the Topical Report are based on the appropriate design criteria and to verify 
compliance with 10 CFR 72.122(a) and (b).  

HOLTEC response to RAI 9-4 

Please see Holtec response to RAI 7-1 

9-5 Identify which HI-STAR 100 and H-STORM 100 anchor support components will have to 
be impact tested as required by the ASME B&PV Code, Section III, Division 1, Subsection 
NF, Subarticle NF-2300 (American Society of Mechanical Engineers, 1998).  

This information is required (i) to ensure that the requirements of ASME B&PV Code, 
Section III, Division 1, Subsection NF will be met; (ii) to assess the adequacy of the 
materials proposed to be used in the fabrication of SSCs important to safety; and (iii) to 
determine compliance with 10 CFR 72.122(a) and (b).  

HOLTEC response to RAI 9-5 

NUREG-1536 specifies that materials subject to impact testing be identified in the cask TSAR. Since 
the high seismic supports are to be incorporated into cask CoC amendment requests, the anchor 
support components requiring impact testing will be so identified in the TSAR documents.  

9-6 Identify the welding material general requirements and required tests in the context of ASME 
B&PV Code, Section III, Division 1, Subsection NF, Subarticle NF-2400.  

This information is required to ensure (i) that the requirements of ASME B&PV Code, 
Section III, Division 1, Subsection NF will be met; (ii) to assess the adequacy of the
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materials proposed to be used in the fabrication of SSCs important to safety; and (iii) to 
determine compliance with 10 CFR 72.122(a) and (b).  

HOLTEC response to RAI 9-6 

NUREG-1536 specifies that welding materials and associated weld examinations be identified in the 
cask TSAR. Since the high seismic supports are to be incorporated into cask CoC amendment 
requests, the appropriate weld information will be so identified in the TSAR documents.
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Chapter 10 Dynamic Analysis of the Cask 

10-1 Justify why none of the rn-STAR 100 anchor system components were considered in the 
calculation of the compression spring constant.  

The approximated spring constants will affect the results of the nonlinear dynamic analyses 
which, in turn, provide the loads used to size the individual components of the HI-STAR 100 
anchor system. This justification is necessary to assess the adequacy of the analysis 
methodology adopted in the Topical Report (Holtec International, 1998) and to verify 
compliance with 10 CFR 72.122(b).  

HOLTEC response to RAI 10-1 

Neglect of anchor components having very stiff spring rates (in comparison to other components in 
the load path) is conservative in that higher estimates of spring rates are obtained. This is a 
conservative approach because it leads to larger computed values of the peak dynamic loads.  

10-2 Justify the equations and load bearing areas used for estimating the HI-STAR 100 spring 
constants for the concrete and provide references.  

The equation at the top of page B-7 of the Topical Report, which is employed to calculate the 
compressive spring constant of the concrete, uses only the area of the compression load 
carrying components of the HI-STAR 100 anchor system. Because the bearing stress will be 
distributed over the entire surface of the anchor base plate, it would be prudent to use the 
entire area of the base plate for estimating the compressive spring constant of the concrete.  

The equation used to calculate the tensile spring constant of the concrete in Appendix B.7.2.6 
on page B-12 of the Topical Report is not applicable to tensile loading of concrete.  
Moreover, given that the tensile load is transmitted to the concrete through the embedded 
plate, justification for not using the effective area of the concrete shear cone as defined in 
ACI 349-97 (American Concrete Institute, 1997) to calculate the tensile spring constant for 
the concrete is required. The approximated spring constants will affect the results of the 
nonlinear dynamic analyses which, in turn, provide the loads used to size the individual 
components of the HI-STAR 100 anchor system.  

This justification is necessary for the staff to assess the adequacy of the analysis methodology 
adopted in the Topical Report and to verify compliance with 10 CFR 72.122(a) and (b).
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HOLTEC response to RAI 10-2 

The bearing stress will not be uniformly distributed over the entire surface of the anchor base plate.  
To assume that a circular plate that is loaded in compression over a series of discrete, well-defined 
areas distributes its load to a uniform foundation resistance load leads to a spring rate that is 
excessively large and inapplicable to the analysis of a bearing area that involves a rocking as well as 
a direct compression area. For that reason, the individual compression spring rates were based on the 
local area associated with the compression block interface.  

The spring rate calculated in Subsection B.7.2.6 of the Appendix was an estimate based on the 
assumption that the anchor bolt head plate, in trying to "pull out from the concrete", developed an 
area of compression between the anchor head plate and the surface. Note that the result obtained 
gives rise to a value almost two orders of magnitude larger than the final calculated effective spring 
rate. Therefore, the exact value of this component is moot. We note that in the proposed CoC 
amendment requests, spring rates in the load path that are needed for dynamic simulation will be 
chosen on the basis of overestimation of their value so as to maximize the instantaneous interface 
loading.  

10-3 Provide the basis for using a solid cylindrical rod to calculate the spring constant for the HI
STAR 100 clevis bolt, which is a bolt with a cubic block head that has a cylindrical hole 
through its center, and is loaded transversely with respect to the longitudinal axis of the 
cylindrical hole (refer to Appendix B.7.2.1 of the Topical Report).  

The approximated spring constants will affect the results of the nonlinear dynamic analyses 
which, in turn, provide the loads used to size the individual components of the HI-STAR 100 
anchor system. This information is necessary to assess the adequacy of the analysis 
methodology adopted in the Topical Report and to verify compliance with 10 CFR 
72.122(b).  

HOLTEC response to RAI 10-3 

The stiffness of the cubic block head is much larger than the stiffness of the rod. Inclusion of the 
stiffness would result in a decreased value for stiffness of the assembly that would result in reduced 
peak interface loads. We note also that clevis bolts have been removed from the high seismic support 
that is to be submitted in the upcoming CoC amendment requests.
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10-4 Provide the basis for assuming the HI-STAR 100 clevis pin is loaded by two concentrated 
forces, as opposed to a uniformly distributed load, when calculating its stiffness in Appendix 
B.7.2.2 of the Topical Report.  

The approximated spring constants will affect the results of the nonlinear dynamic analyses 
which, in turn, provide the loads used to size the individual components of the HI-STAR 100 
anchor system. This information is necessary to assess the adequacy of the analysis 
methodology adopted in the Topical Report and to verify compliance with 10 CFR 
72.122(b).  

HOLTEC response to RAI 10-4 

Clevis bolts have been removed from the high seismic support proposed for the CoC amendment 
requests. Therefore, a detailed justification is not provided herein.  

10-5 Demonstrate that the approximated anchor base plate spring constant calculated in Appendix 
B.7.2.3 of the Topical Report adequately represents the stiffness of this component.  

This particular spring constant calculation will exhibit a fair amount of variation depending 
on the assumptions and approximations employed to do the calculation. Use alternative 
methods, including numerical methods, to demonstrate that the approximating techniques 
used to calculate the anchor base plate spring constant are adequate. The approximated 
spring constants will affect the results of the nonlinear dynamic analyses which, in turn, 
provide the loads used to size the individual components of the HI-STAR 100 and 
HI-STORM 100 anchor systems. This information is necessary for the staff to assess the 
adequacy of the analysis methodology adopted in the Topical Report and to verify 
compliance with 10 CFR 72.122(a) and (b).  

HOLTEC response to RAI 10-5 

In the proposed high seismic support structure to be submitted as part of an amendment request to 
the HI- STAR CoC, the anchor base plate is eliminated. While the original spring rate was computed 
using classical strength-of-materials methodology, the need for providing a justification of the 
approach is removed. Therefore, an alternative numerical solution need not be provided to respond to 
this RAI.  

10-6 Clarify the diameter and length of the anchor bolts for the HI-STAR 100 cask system.  

In Appendix B.7.2.4 of the Topical Report, the cross sectional area of the anchor bolts is 
calculated using a diameter of 1.875 in. These same anchor bolts are shown to be 2 inches in 
diameter in Figure 7.1 of the Topical Report. Moreover, an anchor bolt length of 38 inches is
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assumed. This length dimension was not given in Chapter 7 of the Topical Report. This 
clarification is necessary to assess the adequacy of the analysis methodology adopted in the 
Topical Report and to verify compliance with 10 CFR 72.122(b).  

HOLTEC response to RAI 10-6 

Anchor bolt sizes and lengths will be shown in the design drawings in Chapter 1, Section 1.5 of the 
proposed TSAR changes associated with the upcoming amendment requests for the cask CoCs. As 
noted in a previous RAI response, A-490 bolts will not exceed 1.5" in diameter.  

10-7 Provide the details of the methodology employed within the MathCad program "basket.mcd" 
used to calculate the mass moment of inertia for the MPC-32 basket.  

The approximated mass moment of inertia will affect the results of the nonlinear dynamic 
analyses which, in turn, provide the loads used to size the individual components of the HI
STAR 100 and HI-STORM 100 anchor systems. This information is necessary to assess the 
adequacy of the analysis methodology adopted in the Topical Report and to verify 
compliance with 10 CFR 72.122(b).  

HOLTEC response to RAI 10-7 

The fuel basket is considered as a series of flat plates located specified distances from the centroidal 
axis. Mass moments of inertia for the array of plates is computed using classical formulas for thin 
rectangular plates to obtain values referenced to the plate mass center and a subsequent application 
of the parallel axis theorem. Results for each plate are summed to obtain the result for the basket.  
Appropriate examples of the numerical calculations performed internally by MathCad will be 
included in the supporting material for the future CoC amendment requests, as applicable.  

10-8 Provide the technical basis for using the mass moments of inertia about the centroids of the 
fuel basket and overpack instead of the top surface of the pad where they are anchored.  

The approximated mass moments of inertia will affect the results of the nonlinear dynamic 
analyses which, in turn, provide the loads used to size the individual components of the HI
STAR 100 and HI-STORM 100 anchor systems. This information is necessary to assess the 
adequacy of the analysis methodology adopted in the Topical Report and to verify 
compliance with 10 CFR 72.122(b).
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HOLTEC response to RAI 10-8 

This RAI was withdrawn at the March 15 meeting.  

10-9 Justify the exclusion of the axial gap between the fuel basket of the HI-STAR 100 cask and 
MPC (degrees of freedom 9 and 23) in the input data file for Run 251 that was provided in 
response to Round 1 RAI 10-1 (Singh, 1999).  

The sensitivity study results presented in Table 10-2 of the Topical Report indicate that the 
resultant loads determined from the dynamic analyses are sensitive to the presence and size 
of gaps in the model. This justification is necessary to assess the adequacy of the analysis 
methodology adopted in the Topical Report and to verify compliance with 10 CFR 
72.122(b).  

HOLTEC response to RAI 10-9 

Agreement was reached at the March 15 meeting that the effect of gaps internal to the MPC would 
be less significant than the effect of gaps between the MPC and the overpack. Accordingly, the fuel 
basket-to-MPC and the fuel-to-MPC gaps in HI-STAR MPC's will not be included in the model 
used in the proposed CoC amendments.  

10-10 Justify the exclusion of the -gap clearance between the clevis pin and concomitant clevis 
block components in the HI-STAR 100 dynamic analysis.  

The sensitivity study results presented in Table 10-2 of the Topical Report indicate that the 
resultant loads determined from the dynamic analyses are sensitive to the presence and size 
of gaps in the model. This justification is necessary to assess the adequacy of the analysis 
methodology adopted in the Topical Report and to verify compliance with 10 CFR 
72.122(b).  

HOLTEC response to RAI 10-10 

The construction clearance gaps were conservatively not modeled, as the inclusion of these small 
gaps would provide means for increased energy absorption during the dynamic event. Since the 
revised anchorage design and associated simulation model does not include the clevis arrangement, 
further justification of the model is not necessary.  

10-11 Clarify whether the axial spring constants between the (i) MPC and fuel basket (degrees of 
freedom 9 and 23) and (ii) MPC and fuel (degrees of freedom 9 and 22) of the HI-STAR 100
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cask system were defined properly in the DYNAMO data file that was provided in response 
to Round 1 RAI 10-1. It appears that the calculated spring constants, based on information 
provided in Appendix E of the Topical Report, were transposed in the aforementioned data 
file.  

The approximated spring constants will affect the results of the nonlinear dynamic analyses 
which, in turn, provide the loads used to size the individual components of the HI-STAR 100 
and HI-STORM 100 anchor systems. This clarification is necessary to assess the adequacy 
of the analysis methodology adopted in the Topical Report and to verify compliance with 10 
CFR 72.122(b).  

HOLTEC response to RAI 10-11 

The reviewers are correct in their assertion. Nevertheless, these spring constants have minimal effect 
on the key results. As noted earlier, in the upcoming CoC amendment requests, these spring rates are 
not being simulated in the high seismic analysis due to lumped mass modeling.  

10-12 Provide input and output data files as originally requested in Round 1 RAI 10-1 for the 
nonlinear dynamic analysis of the HI-STORM 100 anchor system.  

This information is necessary to assess the adequacy of the analysis methodology adopted in 
the Topical Report and to verify compliance with 10 CFR 72.122(b).  

HOLTEC response to RAI 10-12 

Based on the withdrawal of the topical report and the re-submittal of the high seismic support as a 
CoC amendment request, together with the fact that new seismic time histories will be utilized, the 
need for this information no longer exists.
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10-13 Clarify whether run identifiers Run 112 and Run 113 in Table 10-6 of the Topical Report 
correspond to Run 010 and Run 020 for the HI-STORM 100 dynamic analyses.  

The discussion provided in the text of the Topical Report (see page 10-11) gives the 
impression that the results obtained from these analyses are the same, but traceability of the 
results is in question because of the different designations. This clarification is required to 
ensure that the results presented in the Topical Report are consistent and correct and assess 
compliance with 10 CFR 72.122(b).  

HOLTEC response to RAI 10-13 

The tabular reference is correct; the text reference is in error. Runs 112 and 113 are the correct 
designators.  

10-14 Provide the basis for excluding the motion of the internal masses within the HI-STORM 100 
MPC from the dynamic analyses for the HI-STORM 100 anchor system.  

Even though the HI-STORM 100 overpack is 50 percent more massive than the HI-STAR 
100 overpack, this observation alone does not provide the technical basis for discounting the 
effects that the rattling motion of the masses inside the MPC may have on the anchorage 
system. This information is necessary to assess the adequacy of the analysis methodology 
adopted in the Topical Report and to verify compliance with 10 CFR 72.122(b).  

HOLTEC response to RAI 10-14 

The model to be used for the dynamic analysis model of the MPC to be submitted as part of the CoC 
amendment requests will have an MPC model that is consistent with the MPC model reviewed and 
approved by the NRC for other dynamic analyses already included in the cask TSARs. This is 
consistent with the assumption that the response of the high seismic support structure would be 
magnified by assuming that the individual fuel assemblies within the MPC canister are unable to 
rattle in a random manner and are, rather, assumed to be firmly affixed to the MPC. Accordingly, 
since the new design will ensure very large safety margins, only the global characteristics of the 
internal MPC within the overpack need be modeled in detail.  

10-15 Justify the use of the Boussinesq solution to determine the axial stiffness of the fuel basket 
honeycomb structure of the HI-STAR 100 casks in Appendix E.  

The approximated spring constants will affect the results of the nonlinear dynamic analyses 
which, in turn, provide the loads used to size the individual components of the HI-STAR 100 
anchor system. This justification is necessary to assess the adequacy of the analysis
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methodology adopted in the Topical Report and to verify compliance with 10 CFR 
72.122(b).  

HOLTEC response to RAI 10-15 

Please see Holtec response to RAI 10-14.  

10-16 Justify the assumption that the lateral contact spring constant between the MPC and overpack 
is the same as the contact spring constant between the fuel basket and SNF assembly for the 
HI-i-STAR 100 dynamic analyses. The geometries and materials involved in the fuel basket 
and SNF assembly contact are different from those of the MPC and overpack contact.  

The approximated spring constants will affect the results of the nonlinear dynamic analyses 
which, in turn, provide the loads used to size the individual components of the HI-STAR 100 
anchor system. This justification is necessary to assess the adequacy of the analysis 
methodology adopted in the Topical Report and to verify compliance with 10 CFR 
72.122(b).  

HOLTEC response to RAI 10-16 

In the proposed revised model to be submitted with the CoC amendment requests, the contact 
algorithm between the MPC and the overpack will be based on classical impulse-momentum 
relations with the coefficient of restitution equal to 1.0. This will provide a most conservative 
representation of the impact as far as how the impact affects the overall system response.  

10-17 Provide the technical basis for assuming that the contact spring constant between the MPC 
and the top of the HI-STAR 100 overpack is 10 times greater than what was derived for the 
bottom contact spring for the same components (Appendix E of the Topical Report).  

The approximated spring constants will affect the results of the nonlinear dynamic analyses 
which, in turn, provide the loads used to size the individual components of the HI-STAR 100 
anchor system. This information is necessary to assess the adequacy of the analysis 
methodology adopted in the Topical Report and to verify compliance with 10 CFR 
72.122(b).
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HOLTEC response to RAI 10-17 

This assertion was based on the formulation chosen and the direct effect of the thickness associated 
with the top closure lid vs. the baseplate of the MPC. The assumed differences are rendered moot in 
the proposed revision to the structural model in that the details of contact spring rates are not 
necessary to the formulation of the impulse-momentum conservation.  

10-18 Provide justification for not using the 0.31-inch cell half-gap between the SNF and MPC-68 
fuel basket as the bounding value in the HI-STAR 100 dynamic analysis.  

The sensitivity study results presented in Table 10.2 of the Topical Report demonstrate that 
the shear forces in the anchor bolts are sensitive to the radial gaps between the SNF and fuel 
basket. According to Table 10.1 of the Topical Report, the maximum half-gap between the 
SNF and fuel basket used in the sensitivity study for the HI-STAR 100 dynamic analysis was 
0.2 in. Table 2.1.11 of the HI-STAR 100 Cask TSAR (Holtec International, 1999a), 
however, indicates that a cell half-gap of 0.31 in. exists between the MPC68 fuel basket and 
stainless steel clad SNF assembly. Even though the stainless steel clad SNF assembly weight 
is lighter than that used in the sensitivity analysis, it needs to be demonstrated that larger cell 
half-gaps between the SNF and MPC68 fuel basket are indeed bounded by the heavier SNF 
and smaller cell half-gap scenario.  

This justification is necessary to assess the adequacy of the analysis methodology adopted in 
the Topical Report and to verify compliance with 10 CFR 72.122(b).  

HOLTEC response to RAI 10-18 

The sensitivity study indicated that there was some small sensitivity to the values assigned to these 
gaps, but that the variation in results was immaterial to the conclusion that all safety factors remained 
positive. The use of a 0.2 (constant) dynamic gap in the simulation reflects an assumed value, over 
the length of the assembly, which would take into account all of the tolerances associated'with real 
fuel assemblies. In the CoC amendment requests, the spent fuel assemblies will be assumed to be 
firmly attached to the MPC to maximize the latter's inertia effect.  

10-19 Justify using a 0.2825-in. radial gap between the overpack and MPC for the bounding value 
in the dynamic analysis of the HI-STORM 100 anchor system.  

Table 2.2 of the Topical Report indicates that the overpack-to-MPC radial gap within the 
HI-STORM 100 cask is 0.2825 in. Drawing DRG.5014-1495, Sht. 2 of 6 and Sht. 5 of 6 

provided in the HI-STORM 100 Cask TSAR (Holtec International, 1999b), however, 
indicate that the overpack-to-MPC radial gap is 0.5626 in. Results for the HI-STORM 100
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anchor system dynamic analysis presented in Table 10.6 of the Topical Report demonstrate 
that the shear forces in the anchor bolts are sensitive to the radial gaps between the overpack 
and MPC. This justification is necessary to assess the adequacy of the analysis methodology 
adopted in the Topical Report and to verify compliance with 10 CFR 72.122(b).  

HOLTEC response to RAI 10-19 

The justification for the MPC-overpack gap used in the structural analysis already exists in the cask 
TSAR documents and has been reviewed and approved by the NRC. The solution of the seismic 
problem in the proposed CoC amendment requests will use the gaps already established as the design 
basis in the cask TSARs.  

10-20 Justify using the full lengths of the anchor bolts to calculate their spring constants for the HI
STORM 100 and HI-STAR 100 systems.  

The free length of the anchor bolts above the concrete should be used to determine their 
effective spring constants. The embedment length of the bolt should not be included in the 
determination of the stiffness because the bolts can be expected to become bonded with the 
surrounding concrete. This justification is necessary to assess the adequacy of the analysis 
methodology adopted in the Topical Report and to verify compliance with 10 CFR 
72.122(b).  

HOLTEC response to RAI 10-20 

In the upcoming amendment requests, interface contact relations between the high seismic support 
and the concrete will be calculated in a manner to provide an upper bound on the computed anchor 
forces and contact loads.  

10-21 Justify the assumption of using a 6-in.-diameter patch acting on an elastic half-space in 
Appendix G to calculate the overpack-to-MPC contact spring constant within the 
HI-STORM 100 cask.  

The approximated spring constants will affect the results of the nonlinear dynamic analyses 
which, in turn, provide the loads used to size the individual components of the HI-STAR 100 
anchor system. This justification is necessary to assess the adequacy of the analysis 
methodology adopted in the Topical Report and to verify compliance with 10 CFR 
72.122(b).
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HOLTEC response to RAI 10-21 

The need for a detailed justification is rendered moot by the use of the classical impulse momentum 
interface contact algorithm in the CoC amendment requests.  

10-22 Verify that all arithmetic simplifications and calculations provided in the Topical Report 
have been accomplished correctly.  

Spot checks of the arithmetic simplifications and calculations provided in the Topical Report 
identified the following errors: 

(i) The second term of the denominator in the k shear equation provided in 
Appendix B.7.3 of the Topical Report appears to be missing a factor of 0.33, 
and 

(ii) The adjustment for the closure plate thickness in determining the fuel 
basket-to-MPC vertical contact spring constant for the top of the MPC was 
not calculated properly in Appendix E of the Topical Report (see page E4).  

This verification is necessary for the staff to assess the adequacy of the analysis methodology 
adopted in the Topical Report and to verify compliance with 10 CFR 72.122(b).  

HOLTEC response to RAI 10-22 

We agree with the QA imperative of verifying the accuracy of all computations within an effective 
QA program.  

10-23 Justify the use of a cross section shape factor of 4/3 instead of 10/9 in Section B.7.3, page B
13 of the Topical Report.  

Roark's Formulas for Stress & Strain (Young, 1989), Article 7.10 pertaining to beams of 
relatively great depth indicates that the appropriate cross section shape factor for solid 
circular sections is 10/9. This justification is necessary for the staff to assess the adequacy of 
the analysis methodology adopted in the Topical Report and to verify compliance with 10 
CFR 72.122(b).  

HOLTEC response to RAI 10-23 

The revised anchoring configuration due to be submitted as part of the proposed CoC amendment 
requests eliminates the reliance on the shear capacity of the bolts to withstand the seismic loads.
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CHAPTER 11-STRUCTURAL ANALYSIS 

11-1 Justify the methodology employed to establish the HI-STAR 100 clevis bolt and cask base 
plate engagement length provided in response to Round 1 RAI 11-2 (Singh, 1999).  

The response to Round 1 RAI 11-2 indicates that the engagement length for the HI-STAR 
100 clevis bolt and cask base plate was determined using the formulation provided in the 
Machinery's Handbook (Industrial Press, 1996). On review of Attachment 4 referenced in 
this response, however, the actual calculations were completed using a combination of the 
Screw-Thread Standards for Federal Services (National Bureau of Standards, 1991) and the 
ASME B&PV Code, Section III, Division 1, Appendix F (American Society of Mechanical 
Engineers, 1998).  

The limiting stress criteria used in Attachment 4 is presumably based on the requirements of 
ASME B&PV Code, Section III, Division 1, Appendix F, Subparagraphs F-1335.1 and F
1335.2. These limiting stress criteria, which were used to justify the current engagement 
length of the clevis bolt, were not implemented properly. Specifically, the allowable tensile 
strength used to establish the allowable tensile bolt force did not take into consideration the 
0.7 ultimate tensile strength multiplication factor required in ASME B&PV Code, Section 
III, Appendix F, Subparagraph F-1335.1. The reference to the special requirements 
pertaining to a "faulted condition event" cited in Attachment 4 could not be found in 
Appendix F.  

Standard engineering practice typically entails the use of specific engagement length 
formulations to ensure that the bolt strength can be fully developed. Variations of these 
engagement length formulations can be found in the Machinery's Handbook, Federal Screw 
Thread Standard, or ASME B&PV Code, Section 8, Division 1, Subparagraph UG-43(g).  
The methodology used, as described in the response to Round 1 RAI 11-2, will not ensure 
that the bolt strength will be fully developed.  

Moreover, credit was taken for the 0.125-in. filet radius at the base of the bolt as being part 
of the engagement length and no allowance was made for the 0.5-in. thickness of the HI
STAR 100 anchor top plate shown in Figure 7.2 of the Topical Report (Holtec International, 
1998).  

An adequate technical basis for the current engagement length of the clevis bolt has yet to be 
provided. The staff needs to verify that the design basis for the HI-STAR 100 anchor system 
is correctly implemented, consistent with applicable codes and standards, and to determine 
compliance with 10 CFR 72.122(b).
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HOLTEC response to RAI 11-1 

The modified high seismic support to be submitted as part of the upcoming CoC amendment 
requests does not make use of clevis bolts. The engagement length and allowable load 
characterization for the studs will utilize the Federal Screw Thread Standards as the reference 
document.  

11-2 Provide the technical basis for the 4 in.-anchor bolt and threaded coupling engagement length 
for the HI-STORM 100 anchor system shown in Figure 8.4 of the Topical Report (see 
RAI 11-1).  

An adequate engagement length is required to fully develop the bolt strength. The staff 
needs to verify that the design basis for the HI-STORM 100 anchor system is correctly 
implemented, consistent with applicable codes and standards, and to determine compliance 
with 10 CFR 72.122(b).  

HOLTEC response to RAI 11-2 

The modified high seismic support structure for both HI-STAR and HI-STORM CoC amendment 
requests will be proposed to use standard bolts with engagement lengths and allowable strengths 
computed using methods already utilized and approved in the cask TSARs.  

11-3 Provide the technical basis for the thickness of the nut at the top of the anchor bolt that is 
used to secure the sector lugs to the HI-STORM 100 anchor system as shown in Figure 8.4 of 
the Topical Report (see RAI 11-1).  

An adequate engagement length is required to fully develop the bolt strength. The staff 
needs to verify that the design basis for the HI-STORM 100 anchor system is correctly 
implemented, consistent with applicable codes and standards, and to determine compliance 
with 10 CFR 72.122(b).  

HOLTEC response to RAI 11-3 

Please see the Holtec response to RAI 11-2.  

11-4 Provide and account for strength reduction of the anchor components due to corrosion 
degradation in the context of the ASME B&PV Code, Section III, Subsection NCA, 
Subarticle NCA-3250.
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The staff needs to verify that the design bases for the HI-STAR 100 and HI-STORM 100 
anchor systems are correctly implemented, consistent with applicable codes and standards, 
and to determine compliance with 10 CFR 72.122(b).  

HOLTEC response to RAI 11-4 

Allowance for corrosion degradation used for the support structure will be consistent with that 
specified and approved in the cask TSAR. General licensees (with Holtec's consultation) will be 
responsible for choosing suitable materials, based on their site-specific environment, from among the 
authorized materials in the support bill-of-materials in the cask TSAR.  

11-5 Clarification of the clevis bolt block bearing load evaluation procedure is required along with 
the rationale for assuming that the ASME B&PV Code, Section III, Appendix F, 
Subparagraph F-1334.10 does not apply.  

The ASME B&PV Code, Section III, Appendix F, Subparagraph F-1334.10 states that 
"Except for pinned and bolted joints, bearing stresses need not be evaluated for loads for 
which Level D Service Limits are specified." Because the clevis bolt block is, in essence, 
supporting the bearing loads for the clevis bolt, it would appear that the requirements of 
Subparagraph F-1334.10 are applicable. To accomplish this task, the Topical Report uses a 
methodology that is inconsistent with the primary stress limit requirements of ASME B&PV 
Code, Section III, Appendix F, Subarticle F-1330 or Article A-9000. Moreover, the 
methodology used to evaluate the bearing capacity of the clevis bolt block on page 11-3 
appears to be in error because (i) the projected area of the pin is calculated incorrectly for 
evaluating the compressive bearing stress, and (ii) the load bearing area used for tensile 
loading should correspond to the minimum cross section of the clevis bolt block. And 
finally, the results were provided for only one of the candidate materials that may be used for 
the clevis bolt. A complete evaluation for all potential materials is required.  

The staff needs to verify that the design basis for the HI-STAR 100 anchor system is 
correctly implemented, consistent with applicable codes and standards, and to determine 
compliance with 10 CFR 72.122(b).  

HOLTEC response to RAI 11-5 

Clevis bolts have been removed from the high seismic support proposed for a general license 
amendment. Therefore, a detailed justification is not provided. However, it is noted that we could 
have eliminated the calculation of bearing stress safety factor by appealing to Appendix F-1334. 10.  
Further, allowable materials for fasteners will be limited to the material types listed in the TSAR.
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11-6 Provide the rationale for not applying the allowable tensile stress requirements of ASME 
B&PV Code, Section III, Appendix F, Subparagraph F-1335.1 in full, for the stress analysis 
of the clevis bolts of the HI-STAR 100 anchor system.  

ASME B&PV Code, Section III, Appendix F, Subparagraph F-1335.1 states, in part, that: 

"When high strength bolts or threaded parts having an ultimate tensile strength 
greater than 100 ksi at operating temperature are used in component applications, the 
maximum value of the stress at the periphery of the bolt cross section resulting from 
direct tension plus bending and excluding stress concentrations shall not exceed S, 
[maximum tensile strength]. The bolt load shall be the sum of the external load and 
any bolt tension resulting from prying action produced by deformation of the 
connected parts." 

The current tensile stress evaluation presented in the Topical Report is limited to 
consideration of the average tensile stress without bending. The staff needs to verify that the 
design basis for the HI-STAR 100 anchor system is correctly implemented, consistent with 
applicable codes and standards, and to determine compliance with 10 CFR 72.122(b).  

HOLTEC response to RAI 11-6 

Clevis bolts have been removed from the high seismic support to be proposed in the upcoming CoC 
amendment requests. The revised seismic support structure will preclude bending of the studs 
inserted into the HI-STAR bottom forging.  

11-7 Justify the inequality relationships given on pages 11-21 and 11-22 of the Topical Report for 
the HI-STORM 100 cask. Specifically, 

(9.66184 x 10-9)Vh + 0.01961p < 1.0 
and 

(9.66184 x 10-9)Vh + 0.01961p < 0.7843 

This information is necessary to determine the adequacy of the specified bounds for 
hydrological pressure and impact loading conditions. Based on values given in Appendix J, 
the coefficients of the second term should be 0.03423. The staff needs to verify that the 
design basis for the rH-STORM 100 anchor system is correctly implemented, consistent with 
applicable codes and standards, and is in compliance with 10 CFR 72.122(b).
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HOLTEC response to RAI 11-7 

The reviewers are correct with respect to the numerical error in the inequalities. The correct 
relationship is: 

(9.66184 x 10-9) Vh + 0.03423p < 1.0 
and 

(9.66184 x 10-) Vh + 0.3423p < 0.7843 

11-8 Justify the exclusion of 6 in the equation for Vcl on pages K-5, K-7, L-5, and L-7, and its 
implications on the factors of safety identified in Appendices K and L of the Topical Report.  
Identify if the effective stress area used in the calculation is based on the base plate circular 

area on the surface of the slab or the base plate circumference times the depth of the 
embedment.  

This information is necessary to determine the adequacy of the design of the "reference pad" 
under various loading conditions. As identified in Appendix B.4.2 of ACI 349-97 (American 
Concrete Institute, 1997), the design pullout strength of concrete for any embedment shall be 
based on a uniform tensile stress of 4 6_f ¢ acting on an effective stress area, but the analyses 
in Appendices K and L of the Topical Report do not take 6 into account. The staff needs to 
verify that the design basis for the HI-STORM 100 anchor system is correctly implemented, 
consistent with applicable codes and standards, and to determine compliance with 10 CFR 
72.122(b).  

HOLTEC response to RAI 11-8 

Reviewers are correct that a factor was omitted in the allowable shear calculation. The effective 
stress area was computed in two ways: 1) using the perimeter associated with the diameter of HI
STAR (HI-STORM) and comparing the allowable load with the total vertical load; and 2) using an 
effective perimeter associated with a single clevis block and comparing the allowable load with the 
load on a single block. In both cases, the "depth" was associated with the concrete slab thickness.  

The upcoming CoC amendment requests will include appropriate evaluations of the interface 
between the anchorages and the reference ISFSI pad described in the cask TSARs.  

11-9 Verify that the sensitivity study results, reported in a January 5, 2000, Holtec letter, are based 
on the latest stiffness values, and describe how the results will be incorporated into the 
anchorage system design criteria.  

Since the need for a sensitivity study was discussed in December 14, 1999, the need to revise 
the anchorage system stiffness values had been raised in subsequent discussions. Therefore,
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there is a need to confirm that the analysis/conclusions are based on the latest design, and 
that the study results are incorporated into the design, if appropriate.  

HOLTEC response to RAI 11-9 

The sensitivity studies were based on stiffness values consistent with the submitted topical report 
being reviewed at the time. The sensitivity study served only to demonstrate that the assertions made 
by Holtec during the ongoing review process were appropriate. The design criteria for the high 
seismic support structure, including the requirements for sensitivity studies will be incorporated in 
the CoC amendment request submittals.
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CHAPTER 12-ACCEPTABLE CARRY HEIGHTS FOR HI-STAR 100 AND HI-STORM 
100 

No RAIs for this chapter.  

CHAPTER 13-TECHNICAL SPECIFICATION 

No RAIs for this chapter.  

CHAPTER 14-INSTALLATION PROCEDURES 

No RAIs for this chapter.

Page 36 of 37



RAI-2 

REFERENCES 

American Concrete Institute. 1997. Code Requirements for Nuclear Safety Related Concrete 
Structures and Commentary. ACI 349 and ACI 349R-90. Detroit, MI: American Concrete Institute.  

American Institute of Steel Construction. 1991. Allowable Stress Design. AISC Manual of Steel 
Construction. Chicago, IL: American Institute of Steel Construction.  

American Society for Testing and Materials. 1997. Standard Specification for Heat-Treated Steel 
Structural Bolts, 150 ksi Minimum Tensile Strength. ASTM A-490. West Conshohocken, PA: 
American Society for Testing and Materials.  

American Society of Mechanical Engineers. 1998. ASME Boiler and Pressure Vessel Code. New 
York: American Society of Mechanical Engineers.  

Holtec International. 1998. TopicalReport on HI-STAR 100 and HI-STORM 100 System Deployment 
at High ZPA ISFSI Sites. Docket No. 72-1008. HI-982004. Marlton, NJ: Holtec International.  

Holtec International. 1999a. Topical Safety Analysis Report for HI-STAR 100 Cask System. Docket 
No. 72-1014. Rev. 10. HI-941184. Marlton, NJ: Holtec International.  

Holtec International. 1999b. Topical SafetyAnalysis Report for HI-STORM 100 CaskSystem. Rev. 9.  
HI-951312. Marlton, NJ: Holtec International.  

Industrial Press. 1996. Machinery's Handbook. 25th Edition. New York, NY: Industrial Press.  

National Bureau of Standards. 1991. Screw-Thread Standards for Federal Services Section 2 Unified 
Inch Screw Threads-UN and UNR Thread Forms. NBS FED-STD-H28. Gaithersburg, MD: 
National Bureau of Standards.  

Nuclear Regulatory Commission. 1996. Standard Review Plan for Spent Fuel Dry Storage 
Facilities. NUREG-1567. Draft Report for Comment. Washington, DC: Nuclear Regulatory 
Commission.  

Singh, K.P. 1999. TopicalReport on HI-STAR 100 and HI-STORM 100 System Deployment at High 
ZPA ISFSISites. Letter to Document Control Desk, Nuclear Regulatory Commission. Docket Nos.  
72-1008 and 72-1014, TAC No. L22966. Marlton, NJ: Holtec International.  

Young, W.C. 1989. Roark's Formulas for Stress & Strain. 6 th Edition. New York: McGraw Hill.

Page 37 of 37


