
 
 
 
 

January 29, 2009 
 
 
 
Robert Grubb, Senior Vice President – Engineering 
Transnuclear, Inc. 
7135 Minstrel Way, Suite 300 
Columbia, MD 21045 
 
SUBJECT: SECOND ROUND REQUEST FOR ADDITIONAL INFORMATION FOR REVIEW 

OF THE MODEL NO. TN-40 TRANSPORTATION PACKAGE 
 
Dear Mr. Grubb: 
 
By letter dated August 29, 2008, Transnuclear, Inc. (TN) submitted responses to a Request for 
Additional Information (RAI) which had been issued by the staff in May 8, 2008, on the TN’s 
application for the TN-40 transportation package design. 
  
As a result of the staff’s review of the TN’s August 29, 2008 responses to the first round RAI, the 
staff is issuing the enclosed second round RAI.  We request that you provide this information by 
March 16, 2009.  Inform us at your earliest convenience, but no later than March 1, 2009, if you 
are not able to provide the information by that date.  To assist us in re-scheduling your review, 
you should include a new proposed submittal date and the reasons for the delay. 
 
Please reference Docket No. 71-9313 and TAC No. L24106 in future correspondence related to 
this request.  The staff is available to meet to discuss your proposed responses.  If you have any 
questions regarding this matter, I may be contact at 301-492-3338. 
 

Sincerely, 
 

/RA/ 
 

Meraj Rahimi, Senior Project Manager 
Licensing Branch 
Division of Spent Fuel Storage and Transportation 
Office of Nuclear Material Safety 
  and Safeguards 
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Enclosure 1 
 

Non-Proprietary Second Request for Additional 
Information 

  
 





 
SECOND REQUEST FOR ADDITIONAL INFORMATION 

 
Transnuclear, Inc. 

Docket No. 71-9313 
Model No. TN-40 

Certificate of Compliance No. 9313 
 

 
By application dated August 7, 2006, as supplemented on June 29, 2007, September 11, 2007, 
and August 29, 2008, Transnuclear, Inc. (TN) requested approval of the TN-40 package for 
transport. This second Request for Additional Information (RAI) identifies information needed by 
the U.S. Nuclear Regulatory Commission (NRC) staff in connection with its review of the 
application. The requested information is listed by chapter number and title in the applicant’s 
Safety Analysis Report (SAR).  NUREG-1617, “Standard Review Plan for Transportation 
Packages for Spent Nuclear Fuel,” was used by the staff in its review of the application. 
 
Each individual RAI describes information needed by the staff for it to complete its review of the 
application and the SAR and to determine whether the applicant has demonstrated compliance 
with the regulatory requirements.  
 
1.0 GENERAL INFORMATION 
 
1-1 Place the fuel assembly data back in Chapter 1, and provide copies of the references, or 

the NRC Agency Document and Management System (ADAMS) accession number, for 
the four references cited in the footnote to the table in the response to the first round RAI 
1-7. 

 
Three of these documents had been produced in the 70’s and early 80’s.  The staff could 
only locate one of them (i.e., XN-NF-78-34).  Even then, the guide tube inside diameter 
and outside diameter for Exxon STD fuel assembly, indicated by TN to be in Table 2.1 of 
XN-NF-78-34 report, are not there.  Generally, when an applicant references a 
document, it should be readily available to the staff.  Otherwise, the applicant should 
provide the references.  The staff asked in the first RAI for TN to verify some of the fuel 
assembly data and provide copies of the references.  Instead, TN deleted all the fuel 
assembly data from Chapter 1 and provided only the titles of the references.  TN needs 
to retain the fuel assembly data table, which reflects the assembly parameter values 
used in the structural, thermal, containment, shielding, and criticality calculations, in 
Chapter 1, and provide copies of the references.  

 
This information is required for compliance with 10 CFR 71.33(a)(5). 

 
1-2 Analyze for the criticality, radiological safety, and normal handling effects of specific fuel 

assembly defects that are considered as undamaged.  The location of this analysis in the 
SAR should be stated.  The definition of damaged fuel, along with a statement that the 
approval is only for transportation of undamaged Prairie Island fuel at BU <45 GWd/MTU 
should be put on the proposed CoC. 

 
Without stating such, bullets 3 and 4 of the SAR, Section 1.2.3 definition of undamaged 
fuel, are invoking Interim Staff Guidance (ISG) -1, Rev. 2, “CLASSIFYING THE 
CONDITION OF SPENT NUCLEAR FUEL FOR INTERIM STORAGE AND 
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TRANSPORTATION BASED ON FUNCTION,” but the definition is incomplete.  The 
definition of undamaged fuel should be in the CoC so only approved contents are 
transported. 

 
This information is required for compliance with 10 CFR 71.55(d)(1) and (2). 

 
1-3 Add a statement to the proposed CoC requiring the evaluation of storage records for 

indications of air ingress.  
 

Determination of air ingress during storage is necessary to determine the condition of the 
fuel and its acceptability as content for transport. 
 
This information is required for compliance with 10 CFR 71.33(b)(3). 
 

1-4 Specify the reasons for the restrictions on Unit 1 Region 4 fuel assemblies. 
 

It’s not clear why assemblies D-01 through D-40 are not allowed to be loaded into TN-40. 
 
This information is required for compliance with 10 CFR 71.33(b)((2).   
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2.0 STRUCTURAL 
 
Section 1.2.3  Undamaged Fuel Assemblies 
 
2-1 Perform a structural integrity evaluation of the fuel rod cladding subject to the 30-ft end-

drop accidents by considering the “undamaged” fuel assembly configurations 
characterized with: (1) uniform rod bowing and (2) missing, displaced, or damaged 
structural components that can still be handled with normal means. 

 
The application defines undamaged fuel assemblies as those with uniform rod bowing 
and that can be handled by normal means, even if there exist missing, displaced, or 
damaged structural components.  However, since fuel rod buckling performance has not 
been analyzed for the “undamaged” configurations described above, a structural 
evaluation must be included in the application to demonstrate its acceptability. 
 
This information is needed to determine compliance with 10 CFR 71.35(a), 71.55(d)(1), 
and 71.55(d)(2). 
 

2-2 Provide a copy of the Reference 1 cited in response to first round RAI 2-3, “TN Technical 
Report No. E-25768, Rev. 0, "Evaluation of Creep of NUHOMS Basket Aluminum 
Components under Long Term Storage Conditions," November 2007.” 

 
This information is required for compliance with 10 CFR 71.33. 

 
Section 2.7  Reporting Method for Cask Body Stresses 
 
2-3 Clarify if the ASME Code was followed in calculating stress intensity as the total stress? 
 

With respect to the statements, “Two or more individual load cases must be combined to 
determine the total stresses at any stress reporting locations for the various load 
combinations.  This is accomplished using the ANSYS post-processor.”  Ascertain and 
confirm to the staff that the American Society of Mechanical Engineers (ASME) NB-3215, 
provisions is followed for the stress intensity derivation.  If not followed, provide 
justification for conservative implementation of the method and identify it also as a code 
alternative in Section 2.11 of the application. 

 
The above information is needed to meet the requirements of 10 CFR 71.7(a) and 
71.35(a). 
 

Section 2.7.1  30-Foot Free Drop   
 
The following information is needed to meet the requirements of 10 CFR 71.35(a) or 71.73(c) 
unless otherwise stated. 
 
2-4 Provide the Acceleration Due to drop On Covers (ADOC) code validation and verification 

documents, as appropriate, to demonstrate that ADOC can be implemented adequately 
for determining cask rigid-body decelerations in a slapdown drop event. 

 
The two tables on page 2-28, which summarize the baseline cask decelerations, indicate 
that the primary impact is more severe than the secondary impact with the transverse 
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decelerations of 39 g and 27 g, respectively.  The decelerations appear to be calculated 
from the reported maximum impact limiter reaction forces of 12,209 kips and 7,526 kips, 
respectively.  These calculated responses defy the common observation that the 
secondary impact tends to be more severe than the primary because of the cask rotation 
added terminal velocity of the tail end impact limiter upon its landing on the target. 
 

2-5 In the 4th paragraph from the top of page 2-29, revise the statement, “It can be concluded 
that the slapdown transverse g-loads (both first and second impact) are less than the 
transverse g-loads from the side drop case, therefore the side drop transverse 
acceleration is used for basket and fuel rod side drop analysis,” by recognizing that: (1) 
the measured slapdown transverse deceleration of 61 g is higher than the measured side 
drop deceleration of 57 g, and (2) the “periodic basket” finite element analysis model, 
which is different from the “complete cask body” model, must consider the at-section 
vector sum of both the transverse and rotational deceleration components of the 
slapdown event. 

 
The ADOC results appear to be inconsistent in that the basket transverse-impact g-loads 
would have been calculated as 90 g (39 + 51 = 90 and 76 g (27 + 49 = 76) for the 
primary and secondary impacts, respectively. 
 

2-6 Considering the two questions above, revise the listed slap-down baseline g-loads in 
page 2-30 by recognizing that (1) the slapdown event must be based on the secondary 
impact, which would be seen as more severe than the primary impact, and (2) the g-
loads summarized in the table at the page bottom must include those of the slapdown 
event. 

 
The staff notes that the slapdown test and ADOC analysis results may not have been 
adequately and consistently correlated for developing the baseline g loads for analyzing 
the cask body and fuel basket. 

 
Section 2.11 ASME Code Alternatives 
 
2-7 As a code alternative, add the fuel basket cell wall load limit tests as a supplement to the 

ASME, Section III, Appendix F-1341.4, plastic instability load analysis provisions for 
demonstrating structural stability of the basket under the 30-ft free drop accidents.  

 
The accuracy of the plastic instability load analysis can be sensitive to modeling 
assumptions, including boundary and interface conditions between the stainless steel 
and aluminum plates and their respective strain-hardening rates.  In recognizing potential 
uncertainties in the analysis, Appendix 4C to the Prairie Island ISFSI (SAR) performed 
load limit tests to support the TN-40 basket evaluation (Docket 72-10).  This was done by 
testing representative TN-40 basket cell wall panels to supplement the plastic instability 
load analysis of the basket subject to side-impact g-loads.  As previously reviewed, since 
the baseline slapdown g-loads can be markedly higher than that considered in the 
present analysis, the calculated structural stability margins would appear to be 
diminishing.  Thus, load limit tests such as those for licensing the Prairie Island TN-40 
storage cask must be used in conjunction with the analysis to demonstrate the basket 
structural acceptability. 

Table 2-19  Linearized Stress Evaluation for Accident Condition 
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2-8 Verify that the cross section is appropriately selected for evaluating the maximum stress 
intensity for the containment boundary shell flange for the load combination Case A12, 
which includes the cold, 30-ft slapdown drop event. 

 
The cross section defined by nodes No. 3920 and No. 5434 is comprised of an unusually 
large surface area free of stress or traction.  As such, it does not appear to be the most 
critical cross section being screened for stress evaluation purpose. 

 
Appendix 2.10.4  Fracture Toughness Evaluation of the TN-40 Cask  
 
The following information is needed to determine compliance with 10 CFR 71.73(c)(1),(2), and 
(3), and 10 CFR 71.33 unless otherwise stated. 
 
2-9 Provide justification that the testing, using a limited combination of potential base metals, 

filler materials, and weld techniques (2 tests), bounds the worst case fracture toughness 
expected from all potential combinations of these three parameters.  Explain why TN 
fabricators chose the combination of weld processes, electrodes, and base material 
presented in the table to demonstrate the toughness of the weld and heat affected zone 
(HAZ).  Defend why the table data are representative of all other possible combinations 
which can be used, or are these data the best case scenario? 

 
2-10 State the weld parameters utilized in the weld procedure during testing that resulted in 

weldments having fracture toughness >>18 ft-lbs. 
 

Various weld techniques, parameters and/or procedural steps can be used to maintain or 
improve base metal, HAZ, and weld metal mechanical properties, for example, control 
heat input, bead placement, weld bead type, etc. 

 
2-11 Explain what the term “Junction” means or refers to as used in the additional set of test 

results provided by TN in the response to the first round RAI 2-15. 
 

An additional set of test results from another fabricator was provided in TN’s response to 
show relative toughness of SA-516-70 welds and the term “Junction” is used as part of 
the areas evaluated. 

 
Appendix 2.10.5  Structural Analysis of the TN-40 Basket 
 
The following information is needed to meet the requirements of 10 CFR 71.35(a) unless 
otherwise stated. 
 
2-12 On page 2.10.5-4, provide data or reference to show that a 5% strain-hardening rate 

(Ep/E = 0.05) is conservative for the bilinear stress-strain curve implemented for both the 
SA-240 Type 304 SS steel and SB-209 Type 6061-T651 aluminum alloy plates in the 
basket non-linear finite element structural analysis. 

 
2-13 On page 2.10.5-11B, supplement the fuel basket sensitivity analysis with structural 

stability load limit tests, such as those presented in Appendix 4C to the Prairie Island 
ISFSI SAR for the TN-40 basket evaluation (Docket 72-10). 

 
The testing parameters, including specimen temperature, and plate thicknesses, of the 
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Appendix 4C load limit tests should be evaluated by TN to ensure their applicability to the 
TN-40 shipping package configuration. 

 
2-14 Ascertain and confirm that the stainless steel fuel compartment wall is not allowed to lose 

contact with the spacer plugs at three locations (pages 2.10.5-54, Figure 2.10.5-33). 
 
The plug weld joints must be properly modeled to reflect actual interface conditions for 
the finite element analysis of the fuel basket.  The model displayed in the figure shows 
that all five locations are treated as being connected with spacer plugs, which is 
misleading. 

 
2-15 On page 2.10.5-43, Figure 2.10.5-22, revise the sketch to properly reflect the steel plate-

to-aluminum plate contact and the plate-to-plug joint interface conditions, that is, the 
compartment wall remains in contact with the spacer plugs in these locations. 

 
2-16 On page 2.10.5-35, with respect to the imposed initial “imperfections” displayed in Figure 

2.10.5-35, perform a fuel basket buckling sensitivity analysis, as appropriate, by 
considering conservative sets of wall panel imperfections, including imperfections 
associated only with the “vertical” wall panels. 

 
The present analysis imposes convex imperfections on all “horizontal” wall panels 
subject to downward loads.  This assumption may yield non-conservative results due 
potentially to the negative work done by the downward loads on the horizontal wall 
panels undergoing upward deflections.  Conservative assumptions must be used for the 
subject buckling analysis. 

 
Appendix 2.10.7 

 
The following information is needed to meet the requirements of 10 CFR 71.35(a) unless 
otherwise stated. 
 
2-17 In Section 2.10.7.2.F., page 2.10.7-6, Analysis and Results, provide a re-evaluation of 

“gap” effects on the fuel clad structural integrity for the 30-ft end drop accident by 
recognizing that: (1) The forcing function, which was measured for the rigid-body 
response of a combined cask and content as an integral body may need to be modified 
to account for the cask-content gap effect, before its implementation for the fuel rod time-
history impact response analysis. 

 
Table 2.10.7-5 of the application reports that as the gap between the cask and the 
content increases, the maximum total axial strain decreases, which is not physically 
intuitive.  The staff notes that, as gap increases, the relative velocity between the 
impacting bodies (cask and content) also increases.  Depending on gap size, as the 
content moves to contact the cask, it may potentially result in higher than the nominal 
contact velocity of 527.4 in/sec as the cask body begins to rebound to result in an 
exacerbated secondary impact effect.  As such, the forcing function introduced at the 
interface between the end fitting and fuel rod (cask and content) may have to be modified 
depending on the gap size considered for the evaluation. 

 
2-18 In Section 2.10.7.2.B., on page 2.10.7, “Assumptions,” in order to demonstrate adequate 

performance of the fuel rod analytical model, provide a sensitivity analysis of key 
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modeling parameters, including gap size and contact stiffness between the grid spacer 
support and the fuel tube wall, integration time step size, and fuel rod element 
discretization scheme, to ensure proper performance simulation for the fuel rod subject 
to 30-ft end-drop condition. 

 
TN performed transient analyses of a highly non-linear fuel rod system.  However, the 
results are reported without evidence to show that model parameters are properly 
selected to ensure adequate simulation of key boundary and interface conditions, which 
may significantly affect calculated results.  A sensitivity analysis should be performed to 
demonstrate realistic and conservative selection of model parameters. 
 

2-19 On page 2.10.7-16, Table 2.10.7-5, explain why the maximum clad total axial strain of 
0.72% is markedly below the 1.2% reported in the July 2, 2008, public meeting for the 
same no-gap condition. 

 
Provide justifications for model parameter changes if they are different from those used 
in the analysis presented in the public meeting. 

 
2-20 On page 2.10.7-24, Figure 2.10.7-6 with respect to the apparent “kink” shown in the 

displacement time history for Node No. 1190, ascertain and confirm that a potentially 
large local strain, which is associated with large curvature of a kink, can be captured by 
the bending of the PIPE20 elements used to simulate the fuel clad behavior. 

 
The time-history plots show that the fuel rod deflects laterally to the point where it 
contacts the fuel tube or an adjacent rod and continues to expand the contact area to 
result in large curvatures or kinks at or near the ends of the flattened part of the rod.  The 
PIPE20 element used to model the fuel rod is essentially a beam element, and its 
applicability must be justified for evaluating the fuel rods with large localized stress and 
strain. 
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3.0 THERMAL 
 
3-1 Provide the pages from the 1989 American Society of Mechanical Engineer (ASME) 

Boiler and Pressure Vessel (B&PV) code showing the composition of the group used to 
determine the Thermal Conductivity. 

 
The staff could not identify the alloy SA350 Grade LF3 steel in the list of alloys for which 
the thermal conductivity was provided in the 2004 edition of the code. 

 
This information is required for compliance with 10 CFR 71.43(f) & (g). 
 

3-2 Provide additional clarification as to how the transverse effective conductivity values for 
the “Based on UO2 from NUREG/CR-0200 Rev. 6 (Scale)” and the “Based on UO2 from 
NUREG/CR-0497 (Matpro)” lines are calculated in Figure 3-16 of the RAI response.  
Justify the comparison of the “TN-40 SAR Rev. 1” line with the aforementioned lines in 
Figure 3-16 of the RAI response. 

 
It is stated in the RAI response that both calculated values of transverse effective 
conductivity are at least 20% higher than those used in the ANSYS model and reported 
in the SAR.  It is not clear if the line “TN-40 SAR Rev. 1” in Figure 3-16 of the RAI 
response can be compared to the other two calculated lines in Figure 3-16 because it is 
not clear how those two lines were calculated.  Both the “TN-40 SAR Rev. 1” line and the 
“Based on UO2 from NUREG/CR-0200 Rev. 6 (Scale)” line are a function of the SCALE 
UO2 parameter.  Because those two lines are not coincident, another parameter (or 
multiple parameters) has to be varied (i.e., decay heat, compartment width, active fuel 
length), therefore it is not clear if the comparison is appropriate for the TN-40 package. 

 
This information is needed to determine compliance with 10 CFR 71.43(f) & (g). 
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4.0 CONTAINMENT 
 
4-1 Include the detailed calculation package for Basket Volume (1.05E+05 in3) and Fuel    

Assembly Volume (1.64E+05 in3) in Section 4.2 of the SAR. 

This item is used in the calculation of source activity released from fuel in transport and 
subsequently in the determination of permissible leakage rates for normal conditions of 
transport and for hypothetical accident conditions.  A detailed calculation is not included 
in the SAR. 

The applicant in its response to RAI 4-3 of the round 1 request for additional information 
has provided the detailed calculation of the basket volume, but failed to include the 
detailed calculations in the revised SAR. 

This calculation package is required to verify the applicant’s evaluation of package 
design under normal conditions of transport per as required by 10 CFR 71.71, and under 
hypothetical accident conditions per 10 CFR 71.73. 
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5.0 SHIELDING 
 
5-1 Include the response to the first round RAI 5-1 in the SAR and include a requirement for 

a neutron dose rate measurement at the cask surface prior to shipment in the proposed 
CoC. 

 
The response to the 1st round RAI provides laboratory testing supporting the conclusion 
that there has been no deterioration of the neutron absorber and shielding during the 
storage period and as such should be in the SAR.  Since the casks have been loaded 
and sealed, the only conclusive way to confirm the viability of the absorber and shielding 
material integrity is by measurement of the dose rate, therefore this testing should be 
included in the proposed CoC (see also RAIs 8-3, 8-6, and 8-7). 
 
This information is required for compliance with 10 CFR 71.47(a). 
 

5-2 Modify the shielding evaluation to include spent fuel assemblies with natural or low-
enriched uranium axial blankets. 
 
Staff noticed that the criticality evaluation includes assemblies with natural or low-
enriched uranium axial blankets (axial blankets); however, the staff was unable to identify 
any information in the shielding evaluation concerning these proposed contents.  The 
shielding evaluation should account for all proposed contents, providing the necessary 
analyses (e.g., source term and dose rate calculations). 
 
The use of axial blankets in the fuel assemblies will affect the neutron flux distribution 
along the axial direction of the assembly.  The power density and burnup profiles will 
hence be skewed in comparison with those without the axial blankets.  Staff analyses 
indicate that using an average fuel enrichment to represent the actual axially-blanketed 
assembly may significantly underestimate the source term of this type of spent fuel 
assembly. 
 
The applicant’s evaluation should provide analyses for assemblies with axial blankets or 
provide justification (including quantitative as well as qualitative support) that the current 
analyses are applicable to and cover assemblies with axial blankets.  The evaluation 
should consider the lengths of the blankets of the proposed assembly contents (e.g., 6-
inch or 12-inch blankets).   The evaluation should show the applicability of the burnup 
profiles selected, whether these profiles are new for additional analyses or are those in 
the current analyses.  The applicability of the methods (to include the computer codes 
and assumptions) used to determine the source term for these assemblies should also 
be justified.  For example, given the different regions of the assembly enrichment, a 
multi-dimensional code such as the TRITON sequence in SCALE may be necessary to 
determine the fuel neutron and gamma source terms accurately.  Additionally, the 
applicant should clarify the determination of the enrichments used for the analyses, 
whether the minimum enrichments are assembly average enrichments and include or 
exclude the blankets.  Note that in all shielding analyses, the minimum enrichment 
should be used as this enrichment results in maximum gamma and neutron source terms 
for the proposed contents.  Clarification is also needed for the burnup values such as 
whether these are assembly average values that include or exclude the blankets.  As 
stated above, the presence of blankets skews the power density and burnup profile such 
that an assembly with the same burnup as an un-blanketed assembly will have a higher 
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burnup in the enriched part of the fuel than will an un-blanketed assembly. 
 
This information is needed to confirm compliance with 10 CFR 71.47 and 71.51. 

 
5-3 Provide additional clarification regarding the response functions for the neutron and 

gamma dose rate analyses. 
 

The applicant uses a response function method to analyze dose rates for the proposed 
cask contents.  Staff’s finding regarding acceptability of the analysis for the proposed 
cask and contents hinges upon a clear understanding of the analysis method.  
Specifically, the applicant should clarify the following: 1) the gamma response functions 
for all four gamma sources (i.e., fuel, plenum and hardware regions), were added to the 
appropriate energy range/bin response function, and 2) how and why the MCNP model 
for the response functions is only “essentially the same” as the model for the design 
basis shielding evaluation and not exactly the same.  Staff’s acceptance of the shielding 
analysis relies upon the summation of the gamma response functions as described 
above as well as the sameness of the MCNP models involved. 
 
This information is needed to confirm compliance with 10 CFR 71.47 and 71.51. 
 

5-4 Modify Table 5-2 to indicate the proper regulatory dose rate limit for areas on the impact 
limiter surfaces is 200 mrem/hr (2 mSv/hr) for normal conditions and ensure correctness 
of the reported dose rate values. 
 
The surface limit of 1000 mrem/hr applies to cask surfaces that are enclosed by the 
personnel barrier.  Based upon the licensing drawings, it appears the impact limiters are 
outside of the personnel barrier; therefore, the limit of 200 mrem/hr applies to their 
surfaces.  Also, the gamma dose rates for the top and bottom package surfaces have 
two different values reported.  It appears that a conversion between mrem/hr and mSv/hr 
was done incorrectly.  The total dose rate should also be updated, as necessary. 
 
This information is needed to confirm compliance with 10 CFR 71.47. 
 

5-5 Justify the difference in the neutron shield in the model versus the licensing drawings 
and include all neutron shield thickness dimensions in the licensing drawings. 
 
The model makes the neutron shield of uniform thickness (4.5 inches).  However, 
Drawing No. 10421-71-3 shows the neutron shield has thinner regions, though the 
thickness dimension is not given.  The application should include discussion of the basis 
for modeling the neutron shield differently from its actual configuration as given in the 
licensing drawings.  Also, the neutron shield thickness should also be specified in the 
licensing drawing for these thinner regions. 
 
This information is needed to confirm compliance with 10 CFR 71.47. 
 

5-6 Modify the shielding evaluation to account for the package tolerances, including 
tolerances on the neutron shield material specifications. 
 
Review of the sample input file indicated that the current shielding evaluation uses 
nominal dimensions.  Understanding that a package may be manufactured to meet the 
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minimum tolerances, these tolerances need to be included in the evaluation; dose rates 
for such a package should be shown to meet transportation dose rate limits.  Additionally, 
it is not clear that the minimum material density and hydrogen and boron content of the 
neutron shield material were used in the evaluation.  Depending upon margins to the 
limits, inclusion of minimum tolerances in dose rate analyses may affect whether a 
package can meet the limits.  For example, while the applicant has indicated that 
deviations within tolerance from the nominal neutron shield properties results in a dose 
rate change of less than 10%, the dose rate reported in Table 5-2 of the application for 
the 2-meter location is less than 10% below the regulatory limit. 
 
This information is needed to show compliance with 10 CFR 71.47 and 71.51. 
 

5-7 Restore to Section 1.2.3 of the application the table providing the physical specifications 
of the assemblies. 
 
In response to staff first round RAIs, the applicant revised the contents description given 
in Section 1.2.3 of the application.  However, some important specifications that were 
included in the original application were not retained (e.g., cladding material, maximum 
length, number of fuel rods per assembly, etc.).  These specifications should continue to 
be included in the description of the proposed contents. 
 
This information is needed to confirm compliance with 10 CFR 71.33(b). 
 

5-8 Verify the dose rate profiles in Figure 5-7 are correct for the TN-40 package. 
 
Based upon the maximum side dose rate in Table 5-2 (239 mrem/hr) for normal 
conditions, it appears that the dose rate profile in Figure 5-7 is not correct; the maximum 
dose rate in the figure is less than 200 mrem/hr. 
 
This information is needed to confirm compliance with 10 CFR 71.47. 
 

5-9 Provide further clarification that the dose rates in Table 5-2 are bounding for their 
respective areas of the cask and are for the bounding burnup, cooling time, and 
minimum enrichment combination. 
 
It is not clear from the information provided that the dose rates in Table 5-2 are bounding 
for the proposed contents and, therefore, that the Part 71 dose rate limits will be met.  
While some statements indicate that fuel qualification analyses were done to determine 
fuel assembly burnup, cooling time, and minimum enrichment parameter combinations 
that result in dose rates less than those for the selected “design basis” parameter 
combination (e.g., last paragraph of Section 5.1 and first paragraph of Section 5.2.5), 
other statements in the application discuss being below a dose rate limit of 9.8 mrem/hr 
(end of 4th paragraph in Section 5.2.5) or simply meeting regulatory limits (see last 
paragraph of Section 5.2.5 and title of Table 5-9).  In addition, the results of the analyses 
indicate many of the contents are at or very near the regulatory limit (Table 5-10).  Staff 
recognize that the cooling times for many contents are extended to a minimum of 15 
years, which is significantly longer than the analyzed cooling times; however, others are 
only rounded up to the next full year, which for some cases is only a minimal increase in 
cooling time.  The foregoing make it unclear that Table 5-2 is the bounding case and that 
the bounding dose rates meet all the pertinent limits of Part 71. 
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This information is needed to confirm compliance with 10 CFR 71.47 and 71.51. 
 

5-10 Clarify that the calculated dose rates in the shielding analyses account for the 
uncertainties in the dose rates. 
 
The dose rates in Table 5-10 indicate many dose rates are at or very near the regulatory 
limit.  Dose rate (and source term) calculations have uncertainty.  This uncertainty should 
be accounted for in determining whether the package meets the regulatory dose rate 
limit.  While the cooling times for the calculations are different than those that are used in 
the qualification table, the differences for some are only minimal and thus may have only 
a minimal effect on dose rates.  Uncertainties should also be addressed for the dose 
rates in Table 5-2.  The calculations may include conservatisms that offset the 
uncertainties; however, there is currently no evaluation (quantitative or otherwise) of the 
conservatisms in the calculations that could demonstrate an adequate level of offset of 
the uncertainties. 
 

 This information is needed to show compliance with 10 CFR 71.47. 
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6.0 CRITICALITY 
 
The following information is needed pursuant to the requirements of 10 CFR 71.55, 71.59, and 
71.73. 
 
6-1  PROPRIETARY  
 
6-2 Correct the reference in Section 6.3.2 (last paragraph on page 6-12 and Table 6-10a on 

page 6-69) for the technical report that provides data for the isotopic composition bias 
and measured spent fuel compositions for the isotopic composition validation.  
 
Reference [1] (SCALE computer code) was cited in the last paragraph on page 6-12 and 
Reference [16] (NUREG/CR-6951) was cited in Table 6-10a.  In these instances, 
Reference [13] (NUREG/CR-6811) is the correct reference to use.  
 

6-3 PROPRIETARY 
 

6-4 PROPRIETARY 
 
6-5 PROPRIETARY 

 
6.5.1 Benchmark Experiments and Applicability 

   
6-6 Provide justification for the applicability of the selected criticality benchmarks as listed in 

Table 6-20.   
 

Table 6-20 of the revised SAR provides a list of the critical experiments that are used in 
the code criticality benchmark and USL calculation for the cask criticality safety analyses. 
Demonstrate the neutronic similarities of the critical experiments to the cask by 
comparing the range of material composition, geometric arrangement, moderator 
condition, reflector, and neutron spectra indices to that for the cask.  In addition, identify 
which laboratory criticals experiments (LCE) benchmark the cross sections for Eu-151, 
Gd-155, and Am-141.  These isotopes are mainly produced after discharge from the 
decay of Sm-151, Eu-155, and Pu-241 with half lives of 90, 5, and 14 years respectively. 
Therefore, the commercial reactor criticals (CRC) do not provide adequate benchmarking 
of the cross sections for these isotopes. 
 
Furthermore, with the exception of the CRCs, the criticality validation set does not 
contain critical experiments with the uranium and plutonium compositions similar to what 
is typically found in commercial spent nuclear fuel.  Examples of actual spent fuel 
isotopes may be obtained from Appendix A of Reference [13] listed in Section 6.6 of the 
TN-40 criticality evaluation.  Note that the mixed-Pu/U oxide LCEs listed in Table 6-20 
(see page 6-91 in the Rev. 2 document) do not have plutonium and uranium in the 
proper proportions to be similar to commercial spent nuclear fuel.  In all 11 selected 
LCEs, the U-235 content appears to be too low, the ratio of Pu/(U + Pu) appears to be 
too high, and the Pu-240 content appears to be too low as well.  Section 4.3.3 of 
ANSI/ANS-8.1-1998 states: “The uncertainty in the bias shall contain allowances for 
uncertainties in experimental conditions, for the lack of accuracy and precision in the 
calculational method, and for extension of the area (or areas) of applicability.” Data has 
recently become available for critical experiments with mixed-Pu/U oxide similar to spent 
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fuel (see NUREG/CR-6979). 
 

For the purpose of cask criticality benchmarking, it appears that the recently published 
NURGE/CR-6979, “Evaluation of the French Haut Taux de Combustion (HTC) Critical 
Experiment Data,” provides a new set of critical benchmark experiments that may be 
more appropriate for the purpose of spent fuel cask criticality benchmark.  The applicant 
may want to consider using these data for the criticality benchmark of the TN-40 Prairie 
Island burnup-credit transportation casks.          
 

6-7 Provide justification for the applicability of the selected Commercial Reactor Critical 
records as criticality benchmarks for the Prairie Island burnup-credit transportation casks.  

 
The applicant utilizes Commercial Reactor Critical records to benchmark the SCALE 4.4 
computer code for the TN-40 Prairie Island burnup-credit transportation cask design.  
Table 6-20 of the revised SAR provides a list of the Commercial Reactor Critical records 
that are used in benchmarking the code for cask criticality and USL calculations.  
However, no sensitivity and uncertainty analyses were discussed in the revised SAR, 
which are integral parts of the methodologies discussed in References [3] and [17].  The 
applicant needs to provide justifications for the applicability of the selected CRC records 
for the TN-40 design-specific criticality benchmark and USL calculations.  For this 
purpose, the methodology illustrated in Reference [17] is probably more applicable for 
determining the applicability of some CRC data to the burnup-credit cask designs such 
as TN-40.  It appears that Reference [3] is probably intended to demonstrate that the 
SCALE system can be used to perform the criticality calculation for systems with spent 
fuel materials.  The staff’s understanding is that the work presented in Reference [3] is 
probably rather a proof of concept than a practical method because this publication does 
not seem to provide many details on how to bridge reactor critical configurations with that 
of spent fuel casks.  The applicant is requested to provide justification with discussion of 
the impact of the important parameters such as the number of isotopes included in the 
models, the library used, the impact of isotopic concentration uncertainties in the CRC 
records, for the applicability of the selected CRC records for the TN-40 Prairie Island 
transportation casks.  
 
In addition, use of CRC keff values from NUREG/CR-6951 may cause additional unknown 
uncertainty in the USL values for the following reasons: (1) the computational methods 
used to calculate the published CRC keff values  (e.g., computer codes, nuclear data 
libraries, and modeling practices) are significantly different from what were used for the 
safety analysis models; (2) the computing platform and operating system used to 
calculate the NUREG/CR-6951 keff values were not the same computing platform and 
operating system used to calculate the keff values for the safety analysis models; (3) 
nuclear-safety-grade quality assurance practices were not followed in the generation of 
these keff values; and (4) uncertainties in the isotopic compositions for the CRC state-
points have not been evaluated.  The application justifies the use of published CRC keff 
values based on conservative keff results with the SCALE 44-group cross-section library, 
as compared with the results obtained with the 27- and 238-group cross-section libraries. 
Table 8.1 of NUREG/CR-6686 provides a comparison of average results for groups, 
organized by type of fissionable material, of LCEs for various cross-section libraries.  For 
the LWR lattices, homogeneous LEU, Pu-239, and MOX LCEs, the differences between 
results for differing libraries are smaller than the uncertainties stated in Table 8.1. 
Consequently, the assertion that the data from NUREG/CR-6686 indicates that the 44-
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group library consistently yields higher keff values is not supported by the data.  Additional 
confirmation is necessary to support the calculated USL values. 

 
The applicant also needs to develop bias and the uncertainties associated with the cross 
sections used in SAS2H and KENO V.a calculations for TN-40 by modeling the specific 
reactor cores using the same cross sections. 
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7.0      PACKAGE OPERATION 
 
7-1 Modify SAR Section 7.2.2 in order to describe the implementation of the operational 

restrictions which are necessary to prevent oxidation of the fuel during dry cell loading.  
Any limitations to prevent oxidation during unloading should be included by reference in 
the Operating Procedures. 

 
Section 7.2.2 of the SAR suggests the possibility of unloading operations outside of a 
spent fuel pool (i.e., in a dry cell). The proposed operations descriptions are the same as 
for wet unloading in a spent fuel pool except for the removal of operations involving filling 
and draining the MPC with water.  However, the operations overlook the prevention of 
fuel oxidation, a critical issue when spent fuel is exposed to an oxidizing gaseous 
atmosphere.  The concerns expressed for fuel oxidation during loading in Interim Staff 
Guidance (ISG) No. 22, “Potential Rod Splitting Due To Exposure To An Oxidizing 
Atmosphere During Short-Term Loading Operations In LWR Or Other Uranium Oxide 
Based Fuel,” also hold for unloading.  ISG-22 discusses fuel oxidation, the conditions for 
which it can occur and means for its prevention.  As stated in ISG-22, fuel oxidation can 
result in gross cladding breaches and create shielding, criticality and fuel dispersal 
concerns. The ISG further indicates that the oxidation concern extends to intact fuel as 
well, since intact fuel may have pinhole leaks and hairline cracks, which provide a path 
for the loading atmosphere to reach the fuel. 
 
The applicant should provide a description of the essential operations and condition 
limitations through which fuel oxidation is prevented in Section 7.2.2. of the SAR.  One 
way to prevent fuel oxidation is to limit dry cell unloading to only that fuel which is known 
to have no breaches (including pinhole leaks and hairline cracks). This limitation will 
necessitate the use of an appropriate method to ensure, to a high level of confidence, 
that a fuel assembly does not have any cladding breaches.  As stated numerous times, 
the staff does not consider 4-sided visual inspections of an assembly to be sufficient for 
providing the necessary confirmation.  Methods such as sipping, ultrasonic testing, and a 
review of reactor records can provide the necessary level of confidence. 
 
For dry unloading of fuel containing cladding breaches, ISG-22 provides possible options 
to control and/or prevent fuel oxidation.  One of these is to maintain the fuel rods in an 
inert environment. In developing the necessary operations and limitations, the applicant 
will need to consider impacts on other areas such as contamination control.  
 
This information is needed to confirm compliance with 10 CFR 71.89. 
 

7-2 Clarify in the package operations that the cask trunnions (both the rear and the upper 
trunnions) are rendered inoperable for use as tie-down devices after the cask is placed 
onto the transport frame. 
 
10 CFR 71.87(h) states that any structural part of the package that could be used to lift or 
tie down the package during transport must be made inoperable for that purpose unless 
it meets the criteria in 10 CFR 71.45 (including 71.45(a) for lifting attachments and 
71.45(b) for tie-down devices).  It is not clear from the currently proposed package 
operations that the cask trunnions are handled in a manner that complies with 10 CFR 
71.87(h). 
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This information is needed to confirm compliance with 10 CFR 71.87(h). 
 

7-3 Clarify the package operations for transporting an empty cask to ensure that the cask will 
meet the appropriate dose rate and contamination limits. 
 
The currently proposed package operations for empty casks include steps 7.3 13 and 
7.3.18, which appear to contradict each other.  Hence, it is not clear how the applicant 
intends to ship an empty cask.  For casks that are shipped as empty packages per DOT 
regulations, the cask must meet the regulations in 49 CFR 173.428, which set forth the 
dose rate and contamination limits for empty packages.  However, empty casks may be 
transportable under 49 CFR 173.415(b), provided the applicable limits/criteria are met.  
The application’s description of package operations should clearly indicate the 
designation under which the empty cask will be shipped and describe the operations 
necessary to ensure the DOT regulations are met that are applicable to packages under 
that designation. 
 
This information is needed to ensure compliance with 10 CFR 71.35(c) and 71.87(f). 
 

7-4 Modify the package operations descriptions to state the following: 
 
a. Step 7.1.1.1 should verify the assembly to be loaded meets the specifications given 

in the Certificate of Compliance (and not Section 1.2.3 of the application).  Step 
7.4.1.1 should also be modified in the same manner. 

b. Step 7.1.1.13 should be done with the upending/downending frame; the cask is 
already off of the transport frame per step 7.1.1.10. 

 
This information is needed to confirm compliance with 10 CFR 71.87. 
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8.0 ACCEPTANCE TESTS AND MAINTENANCE PROGRAM 
 
8-1 Modify Section 8.1.1 to state that dimensions and tolerances are confirmed to meet the 

drawings referenced in the Certificate of Compliance (CoC). 
 
The CoC is the document that describes the requirements the package must meet and 
includes a listing of the licensing drawings (including revision numbers).  The fabricated 
package must meet the specifications in these referenced licensing drawings. 
 
This information is needed to confirm compliance with 10 CFR 71.85(c). 

 
8-2 Incorporate also the following two structural tests into Section 8.1.2: 
 

a. Fuel basket cell wall fusion weld qualification tests as described in Sections 2.1.2.2 
and 2.10.5.4 of the SAR. 

 
The fusion weld qualification program, including its justifications as an ASME Code 
alternative, is being proposed for demonstrating adequate structural acceptance for 
the fuel basket design.  As a structural strength test program, it must be captured in 
Section 8.1.2 of the SAR.   

b. Trunnion tests performed to the American National Standard Institute (ANSI) N14.6 
standard, as provided in NUREG-1617, Section 8.2.4.3 must be presented in Section 
8.1.2 of the application.  Specifically, this must include testing the front trunnions to 
150% of its design capacity, as an exception to the standard approved previously in 
the NRR safety evaluations for the Prairie Island fuel. 

 
The NUREG-1617 trunnion test standard and the basis for its exception for the front 
trunnions must be captured in Section 8.1.2 of the application. 

 This information is needed to confirm compliance with 10 CFR 71.93(b). 

8-3 Modify Section 8.1.5, “Shielding Tests,” to include a test of the as-fabricated neutron 
shield for each cask. 

The currently proposed section describes chemical analysis to ensure composition and 
density and states qualification tests will be performed for personnel and procedures.  
However, there is no acceptance test to show the neutron shielding of the as-fabricated 
cask performs as designed.  Such a test is necessary to ensure each cask meets the 
requirements described in 10 CFR 71.85(a) and (c).  A test comprised of measurements 
with a check source or the loaded contents for the first use and a 6x6 inch test grid over 
the entire neutron shield surface compared to the calculated dose rates is one 
satisfactory method for acceptance testing. The proposed test method should be 
properly justified as satisfying the acceptance test requirement.  Further guidance 
regarding shielding acceptance tests is contained in NUREG/CR-3854, “Fabrication 
Criteria for Shipping Containers.”  For those casks that are already fabricated and in use 
for storage, the applicant should propose a test that fulfills the acceptance test 
requirement, justifying how the test ensures 10 CFR 71.85(a) and (c) are met.  Staff 
notes that measurements that are used to determine compliance with the dose limits for 
transportation (i.e., the limits in 10 CFR 71.47) do not demonstrate that the cask’s 
neutron shield is fabricated and performing according to the approved design.  However, 
these measurements may be found to be acceptable for this purpose for an already 
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loaded (as of the date of the initial certificate) cask if the cask is used only for 
transporting the contents for which those measurements are taken (i.e., the cask is 
limited to a single use). 
 
This information is needed to ensure compliance with 10 CFR 71.85(a) and 71.85(c), and 
71.93(b). 
 

8-4 Justify why there is no need to perform any test after fabrication or prior to the use of 
each packaging to assure presence and functioning of the neutron absorbers in the 
basket. 

 
Section 8.1.6 of the SAR does not address the testing of the neutron absorbers in the 
basket after fabrication or prior to the use of the packaging.  Furthermore, no verification 
of the presence and proper condition of neutron absorbers are offered as part of 
maintenance program in Section 8.2 of the SAR. 
 
This information is required to determine compliance with 10 CFR 71.85(a) and 71.87(g). 
  
 

8-5 Provide procedures in Section 8.1.7 of the SAR to perform thermal acceptance tests 
prior to shipment on the TN-40. 

 
Although the thermal analysis presented in Chapter 3 of the SAR is based on design 
configurations and thermal properties taken from industry recognized standards for the 
specified materials, Section 8.1.7 of the application did not address fabrication anomalies 
in critical heat-removing components, associated gaps between components, and 
uncertainties in the analytical models.  Due to the decay heat load of the spent fuel, the 
insulative properties of the radial neutron shield, as well as uncertainties in calculations 
and fabrication, it is necessary to establish thermal acceptance tests.  The staff needs to 
ensure the heat transfer capability of the package has been achieved during the 
fabrication process for each packaging prior to shipment. 
 
Thermal acceptance tests should be performed on each unit after fabrication and during 
interim storage prior to shipment.  For each of the TN-40 casks that have already been 
placed in interim storage, the periodic maintenance test may be used as the acceptance 
test prior to the first transport, with justification (see RAI 8-6).  Section 8.1.7 of the SAR 
should include the method of testing, equipment used in the test, acceptance criteria, 
and the course of action if the acceptance criteria have not been met. 
 
This information is needed to determine compliance with 10 CFR 71.85(a) and 71.93(b). 
 

8-6 Modify Section 8.2.4 to provide a periodic test of the neutron shield. 
 
The application currently relies upon the measurements versus the 10 CFR 71.47 limits 
done prior to each shipment to demonstrate continued shield integrity and efficacy.  
However, these measurements only ensure the cask meets the limits for a particular 
shipment.  Thus, if the cask is used only for the contents for which these measurements 
are done (i.e., the cask is limited to a single use), these measurements may serve as the 
periodic neutron shield test.  However, if a cask is intended to be used for multiple 
shipments with different contents (as may be implied from the inclusion of package 
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operations for transporting an empty cask), measurements made versus the 10 CFR 
71.47 limits are insufficient to ensure the continued neutron shield integrity and efficacy, 
which is the purpose of the periodic test.  Therefore, the applicant needs to propose a 
test and test frequency which fulfills the periodic test objective and provide justification as 
to how and why the proposed test and frequency are sufficient to meet this objective.  
For example, in the past, staff have found to be acceptable verifications that are based 
upon multiple measurements at multiple axial locations for either loaded contents or a 
check source which are compared to calculated values for the loaded contents/check 
source and that are performed within five years prior to each shipment. 
 
This information is needed to confirm that the maintenance program is adequate to 
assure that packaging effectiveness is maintained throughout the packaging’s service life 
to ensure continuing compliance with 10 CFR Part 71.87. 

 
8-7 Provide procedures in Section 8.2.5 of the SAR to perform thermal maintenance tests 

prior to shipment on the TN-40. 
 

Thermal maintenance tests should be performed on each unit.  A typical time interval for 
a thermal maintenance test is within five years prior to transport.  Due to the physical 
changes of the package geometry and material properties during its service life, the staff 
needs to ensure the heat transfer capability for each packaging is adequate during its 
service life prior to shipment.  Section 8.2.5 of the SAR should include the method of 
testing, equipment used in the test, acceptance criteria, and the course of action if the 
acceptance criteria have not been met. 
 
This information is needed to determine compliance with 10 CFR 71.87(b) and 71.93(b). 
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