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SUMMARY 
 
By letter dated March 15, 2016 (see Agencywide Documents Access and Management System 
(ADAMS) Accession Nos. ML16098A007 and ML16105A413), as supplemented on July 19 (see 
ADAMS Accession Nos. ML16210A212 and ML16229A141), and October 4, 2016 (see ADAMS 
Accession No. ML16281A532), NAC International Inc. (NAC or the applicant), requested a 
revision to Certificate of Compliance (CoC) No. 9235 for the Model No. NAC STC (NAC STC) 
transport package.  The applicant proposed to modify the certificate of compliance for the NAC 
STC package to authorize directly-loaded, uncanistered high burnup pressurized water reactor 
17x17 (PWR 17x17) fuel assemblies; revised fuel tubes and neutron poison plates for the 
directly-load basket; and different O-rings on the containment boundary.  The high burnup PWR 
17x17 fuel assemblies must meet the fuel assembly criteria for the Framatome-Cogema 17x17 
fuel assemblies listed in Table 1 in the certificate of compliance. 
 
The NAC-STC is a spent fuel packaging used to transport several types of PWR spent fuel 
assemblies; boiling water reactor spent fuel assemblies from the Lacrosse nuclear power plant; 
non-fissile, solid radioactive waste (Greater Than Class C waste) in a canister; and West Valley 
Demonstration Project high-level waste (WVDP HLW) in canisters specific to this material. 
 
The package was evaluated against the regulatory standards in Title 10 of the Code of Federal 
Regulations (10 CFR) Part 71, “Packaging and Transportation of Radioactive Material,” 
including the general standards for all packages and the performance standards specific to 
fissile material packages under normal conditions of transport and hypothetical accident 
conditions.  The applicant’s approach is to show that after the tests for normal conditions of 
transport and hypothetical accident conditions, the spent fuel cladding retains sufficient 
structural integrity to maintain its geometry consistent with the supporting safety analyses.  
Therefore the applicant evaluated the high burnup fuel as intact, undamaged spent fuel, as 
defined in Interim Staff Guidance No. 1, (ISG-1) Rev. 2, “Classifying the Condition of Spent 
Nuclear Fuel for Interim Storage and Transportation Based on Function”. 
 
The applicant proposed a cladding solution threshold (CST), alloy-specific ductile-to-brittle 
transition temperatures (DBTTs), and a differential temperature criteria (DTC).  The CST was 
defined as the temperature below which limited hydrogen goes into solution and is available for 
precipitation in the cladding as radial hydrides.  For fuel cladding temperatures that exceed the 
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cladding solution temperature, NAC proposed a DBTT, to evaluate the spent fuel cladding 
material mechanical properties and determine whether the cladding becomes brittle.   
 
The applicant’s methodology to evaluate the spent fuel cladding material properties is a five-
step approach 
 
 
 
 
 
 
Proprietary information removed 
 
 
 
 
 
 
 
 
 
 
 
 
 
The staff used the guidance in NUREG-1617, “Standard Review Plan for Transportation 
Packages for Spent Nuclear Fuel,” as well as associated ISG documents to perform the review 
of the proposed high burnup contents and the packaging changes.  Based on the statements 
and representations in the application, as supplemented, and the conditions listed in the 
following chapters, the staff concludes that the package meets the requirements of 
10 CFR Part 71.  
 
1.0  GENERAL INFORMATION 
 
1.1  Packaging Description 
 
The packaging body is made of two concentric stainless steel shells.  The inner shell is 
1.5 inches thick and has an inside diameter of 71 inches.  The outer shell is 2.65 inches thick 
and has an outside diameter of 86.7 inches.  The annulus between the inner and outer shells is 
filled with lead.  
 
The inner and outer shells are welded to steel forgings at the top and bottom ends of the 
packaging.  The bottom end of the packaging consists of two stainless steel circular plates 
which are welded to the bottom end forging.  The inner bottom plate is 6.2 inches thick and the 
outer bottom plate is 5.45 inches thick.  The space between the two bottom plates is filled with a 
2-inch thick disk of a synthetic polymer (NS4FR) neutron shielding material. 
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The packaging is closed by two steel lids which are bolted to the upper end forging.  The inner 
lid (containment boundary) is 9 inches thick and is made of Type 304 stainless steel.  The outer 
lid is 5.25 inches thick and is made of SA-705 Type 630, H1150, or 17-4PH stainless steel.  The 
inner lid is fastened by forty two, 1-½-inch diameter bolts and the outer lid is fastened by thirty 
six, 1-inch diameter bolts.  The inner lid is sealed by two O-ring seals.  The outer lid is equipped 
with a single O-ring seal.  The inner lid is fitted with a vent and drain port which are sealed by 
O-rings and cover plates.  The containment system seals may be metallic or Viton.  Viton seals 
are used only for directly-loaded fuel that is to be shipped without subsequent long-term interim 
storage. 
 
The packaging body is surrounded by a ¼-inch thick jacket shell constructed of 24 stainless 
steel plates.  The jacket shell is 99 inches in diameter and is supported by 24 longitudinal 
stainless steel fins which are connected to the outer shell of the packaging body.  Copper plates 
are bonded to the fins.  The space between the fins is filled with NS4FR shielding material.   
 
Four lifting trunnions are welded to the top end forging.  The package is shipped in a horizontal 
orientation and is supported by a cradle under the top forging and by two trunnion sockets 
located near the bottom end of the packaging. 
 
The package is equipped at each end with an impact limiter made of redwood and balsa.  Two 
impact limiter designs consisting of a combination of redwood and balsa wood, encased in Type 
304 stainless steel, are provided to limit the g-loads acting on the package during an accident.  
The predominantly balsa wood impact limiter is designed for use with all the proposed contents.  
The predominately redwood impact limiters may only be used with directly loaded fuel or the 
Yankee-multi-purpose canister (MPC) configuration. 
 
1.2  Contents  
 
The applicant requested addition of directly-loaded uncanistered high burnup fuel.  The contents 
consist of undamaged 17x17 Advanced Fuel Assembly PWR high burnup (i.e., assembly 
average burnup exceeding 45 GWd/MTU) fuel assemblies that meet the fuel assembly criteria 
for Framatome-Cogema 17x17 fuel listed in Table 1 in the certificate of compliance.  The 
maximum assembly decay heat may not exceed 1.71 kW, and the maximum assembly-average 
burnup may not exceed 55 GWd/MTU, provided the loading pattern meets the requirements of 
Configuration A, B or C, as shown in NAC International Drawing No. 423-800.  Only zircaloy-4 
and M5® zirconium-based alloy cladding may be loaded per shipment, with a maximum of 4 
zircaloy-4 fuel assemblies per shipment.  Gadolinium based integral fuel burnable absorber rods 
(IFBAs) are permitted, but boron-based IFBAs are not.  The maximum time duration from the 
start of vacuum drying until the package is placed in the horizontal orientation is limited to 72 
hours.  If this time limit cannot be met, the package may be re-flooded.  High burnup fuel 
assemblies subjected to a package re-flood are not authorized for shipment. High burnup fuel 
shipments are limited to a total duration of 6 months from the time package loading is complete 
until the package arrives at its final destination.  The minimum fuel assembly cool time is 
determined from Tables 1 through 3, depending on loading configuration.  The fuel assemblies 
shall not have been previously stored in an independent spent fuel storage installation licensed 
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under 10 CFR Part 72, “Licensing Requirements for the Independent Storage of Spent Nuclear 
Fuel and High-Level Radioactive Waste, and Reactor-Related Greater Than Class C Waste.” 
 
The fuel cooling tables for the high burnup fuel assemblies are shown in Tables 1 through 3. 
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Table 1 - Fuel Cool Time Table 
(Configuration A 17x17 PWR High Burnup Fuel) 

Minimum Fuel Cool Time in Years 
 
 

Cobalt 
[g/kg] 

Min. initial 
Assembly Avg. 

Enr. [wt. %] 

Assembly Average Burnup [GWd/MTU] 

45<B≤46 46<B≤47 47<B≤48 48<B≤49 49<B≤50 50<B≤51 51<B≤52 52<B≤53 53<B≤54 54<B≤55 

0.4 

2.9 ≤ E < 3.1 4.0 4.0 4.3 4.9 5.6 6.3 7.0 7.8 8.7 – 
3.1 ≤ E < 3.3 4.0 4.0 4.0 4.1 4.7 5.3 6.0 6.8 7.5 8.3 
3.3 ≤ E < 3.5 4.0 4.0 4.0 4.0 4.1 4.5 5.1 5.8 6.5 7.2 
3.5 ≤ E < 3.7 4.0 4.0 4.0 4.0 4.1 4.2 4.3 4.9 5.5 6.2 
3.7 ≤ E < 3.9 4.0 4.0 4.0 4.0 4.0 4.2 4.3 4.4 4.7 5.3 
3.9 ≤ E < 4.1 4.0 4.0 4.0 4.0 4.0 4.1 4.2 4.3 4.4 4.5 
4.1 ≤ E < 4.3 4.0 4.0 4.0 4.0 4.0 4.1 4.2 4.3 4.4 4.5 
4.3 ≤ E ≤ 4.5 4.0 4.0 4.0 4.0 4.0 4.0 4.1 4.2 4.3 4.4 

0.8 

2.9 ≤ E < 3.1 6.9 7.4 8.0 8.6 9.1 9.8 10.4 11.1 11.8 – 
3.1 ≤ E < 3.3 6.2 6.7 7.2 7.8 8.3 8.9 9.5 10.1 10.8 11.5 
3.3 ≤ E < 3.5 5.6 6.0 6.5 7.0 7.6 8.1 8.7 9.3 9.9 10.6 
3.5 ≤ E < 3.7 5.0 5.4 5.9 6.4 6.8 7.4 7.9 8.5 9.0 9.7 
3.7 ≤ E < 3.9 4.5 4.9 5.3 5.7 6.2 6.7 7.2 7.7 8.3 8.8 
3.9 ≤ E < 4.1 4.0 4.4 4.7 5.2 5.6 6.0 6.5 7.0 7.5 8.1 
4.1 ≤ E < 4.3 4.0 4.0 4.3 4.6 5.0 5.5 5.9 6.4 6.9 7.4 
4.3 ≤ E ≤ 4.5 4.0 4.0 4.0 4.2 4.5 4.9 5.4 5.8 6.3 6.7 

1.2 

2.9 ≤ E < 3.1 9.4 9.9 10.4 11.0 11.5 12.0 12.6 13.3 13.8 – 
3.1 ≤ E < 3.3 8.8 9.2 9.7 10.2 10.7 11.3 11.8 12.4 13.0 13.6 
3.3 ≤ E < 3.5 8.1 8.6 9.0 9.5 10.0 10.5 11.1 11.6 12.1 12.7 
3.5 ≤ E < 3.7 7.6 8.0 8.4 8.9 9.3 9.8 10.3 10.9 11.4 11.9 
3.7 ≤ E < 3.9 7.0 7.4 7.9 8.3 8.7 9.2 9.6 10.1 10.7 11.2 
3.9 ≤ E < 4.1 6.6 6.9 7.3 7.7 8.1 8.6 9.0 9.5 10.0 10.5 
4.1 ≤ E < 4.3 6.1 6.5 6.8 7.2 7.6 8.0 8.4 8.9 9.3 9.8 
4.3 ≤ E ≤ 4.5 5.7 6.0 6.4 6.7 7.1 7.5 7.9 8.3 8.8 9.2 
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Table 2 - Fuel Cool Time Table 
(Configuration B 17x17 PWR High Burnup Fuel) 

Minimum Fuel Cool Time in Years 

 

Cobalt 
[g/kg] 

Min. initial 
Assembly Avg. 

Enr. [wt. %] 

Assembly Average Burnup [GWd/MTU] 

45<B≤46 46<B≤47 47<B≤48 48<B≤49 49<B≤50 50<B≤51 51<B≤52 52<B≤53 53<B≤54 54<B≤55 

0.4 

2.9 ≤ E < 3.1 4.4 5.0 5.7 6.5 7.3 8.2 9.1 10.0 11.0 – 
3.1 ≤ E < 3.3 4.3 4.4 4.8 5.5 6.2 7.0 7.9 8.8 9.7 10.7 
3.3 ≤ E < 3.5 4.3 4.4 4.5 4.6 5.2 6.0 6.7 7.6 8.4 9.4 
3.5 ≤ E < 3.7 4.2 4.3 4.4 4.5 4.7 5.0 5.7 6.5 7.3 8.2 
3.7 ≤ E < 3.9 4.2 4.3 4.4 4.5 4.6 4.8 4.9 5.5 6.3 7.0 
3.9 ≤ E < 4.1 4.1 4.2 4.3 4.5 4.6 4.7 4.8 5.0 5.3 6.1 
4.1 ≤ E < 4.3 4.1 4.2 4.3 4.4 4.5 4.6 4.8 4.9 5.0 5.2 
4.3 ≤ E ≤ 4.5 4.0 4.1 4.3 4.4 4.5 4.6 4.7 4.9 5.0 5.2 

0.8 

2.9 ≤ E < 3.1 8.0 8.6 9.2 9.9 10.6 11.4 12.1 12.9 13.7 – 
3.1 ≤ E < 3.3 7.2 7.8 8.4 9.0 9.7 10.4 11.1 11.8 12.6 13.4 
3.3 ≤ E < 3.5 6.5 7.0 7.6 8.1 8.8 9.4 10.1 10.8 11.5 12.3 
3.5 ≤ E < 3.7 5.8 6.3 6.8 7.4 8.0 8.6 9.2 9.9 10.6 11.3 
3.7 ≤ E < 3.9 5.2 5.7 6.1 6.7 7.2 7.8 8.4 9.0 9.6 10.3 
3.9 ≤ E < 4.1 4.7 5.1 5.6 6.0 6.5 7.0 7.6 8.2 8.8 9.4 
4.1 ≤ E < 4.3 4.2 4.6 5.0 5.4 5.9 6.4 6.9 7.5 8.0 8.6 
4.3 ≤ E ≤ 4.5 4.0 4.2 4.5 4.9 5.3 5.8 6.3 6.8 7.3 7.9 

1.2 

2.9 ≤ E < 3.1 10.4 11.0 11.6 12.1 12.8 13.5 14.1 14.8 15.6 – 
3.1 ≤ E < 3.3 9.6 10.2 10.8 11.3 11.9 12.5 13.2 13.8 14.5 15.3 
3.3 ≤ E < 3.5 9.0 9.5 10.0 10.6 11.1 11.7 12.3 12.9 13.6 14.2 
3.5 ≤ E < 3.7 8.3 8.8 9.3 9.8 10.4 10.9 11.5 12.0 12.7 13.4 
3.7 ≤ E < 3.9 7.8 8.2 8.7 9.1 9.6 10.2 10.7 11.3 11.9 12.5 
3.9 ≤ E < 4.1 7.2 7.6 8.1 8.5 9.0 9.5 10.0 10.6 11.1 11.7 
4.1 ≤ E < 4.3 6.7 7.1 7.5 8.0 8.4 8.9 9.4 9.9 10.4 11.0 
4.3 ≤ E ≤ 4.5 6.3 6.6 7.0 7.4 7.9 8.3 8.8 9.2 9.7 10.2 
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Table 3 - Fuel Cool Time Table 
(Configuration C 17x17 PWR High Burnup Fuel) 

Minimum Fuel Cool Time in Years 
 

Cobalt 
[g/kg] 

Min. initial 
Assembly Avg. 

Enr. [wt. %] 

Assembly Average Burnup [GWd/MTU] 

45<B≤46 46<B≤47 47<B≤48 48<B≤49 49<B≤50 50<B≤51 51<B≤52 52<B≤53 53<B≤54 54<B≤55 

0.4 

2.9 ≤ E < 3.1 8.0 9.1 10.3 11.6 12.9 14.2 15.6 17.0 18.4 – 
3.1 ≤ E < 3.3 6.9 7.8 8.8 10.0 11.2 12.5 13.8 15.2 16.5 17.9 
3.3 ≤ E < 3.5 5.8 6.7 7.5 8.5 9.7 10.9 12.1 13.4 14.8 16.1 
3.5 ≤ E < 3.7 5.3 5.7 6.5 7.3 8.3 9.4 10.6 11.8 13.1 14.4 
3.7 ≤ E < 3.9 5.3 5.4 5.6 6.3 7.1 8.0 9.1 10.2 11.5 12.7 
3.9 ≤ E < 4.1 5.2 5.4 5.6 5.8 6.1 6.9 7.8 8.9 10.0 11.2 
4.1 ≤ E < 4.3 5.1 5.3 5.5 5.7 5.9 6.0 6.8 7.6 8.6 9.7 
4.3 ≤ E ≤ 4.5 5.1 5.3 5.5 5.6 5.8 6.0 6.2 6.6 7.5 8.5 

0.8 

2.9 ≤ E < 3.1 11.4 12.2 13.1 14.0 15.1 16.2 17.4 18.6 19.8 – 
3.1 ≤ E < 3.3 10.4 11.2 11.9 12.8 13.7 14.7 15.8 17.0 18.1 19.4 
3.3 ≤ E < 3.5 9.4 10.2 10.9 11.7 12.5 13.4 14.4 15.5 16.6 17.7 
3.5 ≤ E < 3.7 8.6 9.3 10.0 10.7 11.5 12.3 13.2 14.1 15.1 16.2 
3.7 ≤ E < 3.9 7.8 8.5 9.1 9.8 10.5 11.3 12.0 12.9 13.8 14.8 
3.9 ≤ E < 4.1 7.4 7.7 8.3 9.0 9.6 10.4 11.1 11.9 12.7 13.6 
4.1 ≤ E < 4.3 7.1 7.3 7.6 8.2 8.8 9.5 10.2 10.9 11.7 12.5 
4.3 ≤ E ≤ 4.5 6.8 7.0 7.2 7.5 8.1 8.7 9.4 10.0 10.8 11.5 

1.2 

2.9 ≤ E < 3.1 13.6 14.3 15.1 15.9 16.7 17.7 18.7 19.8 20.9 – 
3.1 ≤ E < 3.3 12.7 13.4 14.0 14.8 15.6 16.4 17.3 18.3 19.4 20.5 
3.3 ≤ E < 3.5 11.8 12.5 13.1 13.8 14.6 15.3 16.1 17.0 17.9 19.0 
3.5 ≤ E < 3.7 11.2 11.7 12.3 12.9 13.6 14.3 15.1 15.9 16.7 17.7 
3.7 ≤ E < 3.9 10.8 11.1 11.5 12.1 12.8 13.4 14.1 14.9 15.6 16.5 
3.9 ≤ E < 4.1 10.4 10.7 11.0 11.4 11.9 12.6 13.3 13.9 14.7 15.4 
4.1 ≤ E < 4.3 10.1 10.3 10.6 10.8 11.2 11.8 12.4 13.1 13.8 14.5 
4.3 ≤ E ≤ 4.5 9.9 10.1 10.2 10.5 10.7 11.1 11.7 12.3 12.9 13.6 
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1.3  Criticality Safety Index 
 
The criticality safety index (CSI) is 0.0. 
 
1.4  Drawings 
 
NAC International submitted 2 new drawings and 12 revised drawings showing the approved 
transport configurations for the high burnup fuel, revised neutron poison plates and fuel tubes 
for the direct load basket and new containment boundary O-rings for the NAC-STC package. 
 
The revised drawings showing the transport packaging include: 
423-800, sheets 1-3, Rev. 18P and 18NP Cask Assembly - NAC-STC Cask 
423-802, sheets 1-7, Rev. 22 Cask Body -NAC-STC Cask 
423-803, sheets 1-2, Rev. 14 Lid Assembly - Inner, NAC-STC Cask 
423-804, sheets 1-3, Rev. 11 Details - Inner Lid, NAC-STC Cask 
423-806, sheets 1-2, Rev. 12 Port Coverplate Assy -Inner Lid, NAC-STC Cask 
423-811, sheets 1-2, Rev. 12 Details - NAC-STC Cask 
423-900, Rev. 8 Package Assembly Transportation, NAC-STC Cask 
423-901, sheets 1-2, Rev. 3 Transportation Package Concept, NAC-STC Cask 
 
The revised drawings for the impact limiters include: 
423-843, Rev. 6 Transport Assembly, Balsa Impact Limiters, 

NAC-STC 
 
The revised drawings for the addition of high burnup fuel include: 
423-870, Rev. 6 Fuel Basket Assembly, PWR, 26 Element, 

NAC-STC Cask 
423-875, sheets 1-2, Rev. 11 Tube, NAC-STC Cask 
 
The new drawings for the addition of high burnup fuel include: 
423-878, sheets 1-2, Rev. 4 Alternate Tube Assembly, NAC-STC Cask 
423-880, Rev. 2P and Rev. 1NP Shielded Thermal Shunt Assembly, NAC-STC Cask 
 
2.0  STRUCTURAL EVALUATION 
 
The purpose of this evaluation is to verify that the NAC-STC package, as modified for 
transporting directly-loaded uncanistered high burnup fuel, has adequate structural capability to 
demonstrate that the package performance meets the requirements in 10 CFR Part 71.  The 
structural capability demonstration involves primarily three aspects: (1) the performance of the 
package body, under the inertial forces and thermal loadings associated with transporting the 
high burnup fuel, (2) the structural capability of the fuel basket, including its shielded thermal 
shunt assemblies, as inserts, to substitute the fuel assemblies within the basket fuel tubes, and 
(3) the structural performance of the high burnup fuel for maintaining its analyzed configuration 
under normal conditions of transport and hypothetical accident conditions. 
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2.1  Description of Structural Design 
 
2.1.1  Design Features and Design Criteria 
 
Section 2.13.1 of the application stated that the NAC-STC packaging may be used to transport 
Proprietary info removed high burnup fuel assemblies in a directly loaded fuel basket.  For the 
basket tube not loaded with high burnup fuel, a shielded thermal shunt assembly is emplaced to 
provide necessary thermal and shielding functions for the package.  In recognizing the certified 
NAC-STC packaging components, the applicant noted that the structural design criteria for the 
package containment boundary and the fuel basket remain unchanged and are in accordance 
with the American Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel Code 
Section III, Subsections NB and NG criteria, respectively.  It followed that, as depicted in NAC 
Drawing No. 423-800, the new design feature introduced to the packaging is related primarily to 
the substitute use of the shielded thermal shunt assemblies at designated basket tube 
compartments.  Drawing No. 423-880 provides design details of the [Proprietary information 

removed] shielded thermal shunt assembly configured as a box weldment of stainless steel 
plates sleeved inside a box weldment of aluminum plates. 
 
2.1.2  General Considerations for Structural Evaluation of Package 
 
Section 2.13.6 of the application provided a summary description of the approach used for 
evaluating the structural integrity of the NAC-STC packaging components containing high 
burnup spent fuel.  For the mechanical loading evaluation, the approach amounts primarily to 
recognizing the applicable at-temperature stress allowables and comparing effects of the 
package drop inertia loading exerted on the packaging components for the NAC-STC containing 
high burnup fuel to those for the Yankee-MPC directly loaded fuel.  This includes, for 
determining free drop decelerations of the package equipped with either the redwood or balsa 
wood impact limiters, the consideration of the nearly identical content weight of the directly 
loaded fuel at 55,820 lbs. for Yankee-MPC and the high burnup fuel content weight of 
54,920 lbs.  For temperature and thermal gradients effects, the application noted the higher heat 
load of 24 kW than that of 22.1 kW for which revised thermal stress evaluations were performed 
for packaging components of the previously approved configurations.   

2.1.2.1  Impact Limiters 
 
Section 2.13.6.7.4 of the application noted the use of either the redwood impact limiter or the 
balsa impact limiter for transporting the NAC-STC containing high burnup fuel.  For the redwood 
impact limiter, the applicant noted the NAC-STC containing high burnup fuel configuration 
weight is 248,620 lbs, as compared to the Yankee-MPC design basis weight of 250,000 lbs.  
The staff reviewed Table 2.13.2-1 of the application for summary of the weights and centers of 
gravity of package components and confirmed that the NAC-STC containing high burnup fuel 
has a slightly lower content weight of 54,920 lbs, by 900 lbs, than the Yankee-MPC with the 
loaded fuel basket weight of 55,820 lbs.  As such, the staff concludes that the inertia loads 
associated with package free-drop decelerations will have insignificant effect on the 
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performance on the package for transporting NAC-STC containing high burnup fuel and no 
further package components evaluation is needed. 
 
For the balsa impact limiter, which was previously approved for the Connecticut Yankee MPC 
(CY-MPC) with a design basis weight of 260,000 lbs, the applicant recognized that relatively 
higher decelerations would result in the free drop events for the NAC-STC high burnup fuel 
configuration with the design basis weight of 242,320 lbs.  In Section 2.13.6.7.4.1 of the safety 
analysis report (SAR), the applicant computed the package 30-ft top end-drop and the side-drop 
decelerations of 43.0g and 50.7g, respectively, for the NAC-STC containing high burnup fuel, 
compared to the correspondingly lower decelerations of 39.9g and 48.5g for CY-MPC.  By 
noting that, for the end drop event, the package closure lids have the least design margins for 
all package components evaluated previously, the applicant made the case to note that the 
package components structural evaluation need only address the inertia load exerted on the 
package lids.  Comparing the content weight of 54,920 lbs. for the NAC-STC containing high 
burnup fuel to that of 67,195 lbs for the CY-MPC configuration, the applicant stated that “[T]he 
inertial loading applied to the closure lid associated with the total package weight configuration 
of 260,000 lbs is bounding by more than 13% over the loading associated with the STC-HBU 
configuration.”  Similarly, the applicant evaluated the package body performance for the side-
drop event by comparing the inertia forces exerted on the package body shell and the closure 
lids.  On this basis, the applicant stated, “[T]he inertial loading applied to the package shells 
associated with the total package weight configuration of 260,000 lbs is bounding by more than 
17% over the loading associated with the STC-HBU configuration.”   
 
The staff reviewed the above rationale for using the previously approved package body 
evaluation results, as bounding, for evaluating the NAC-STC high burnup fuel configuration.  
The staff finds the evaluation acceptable because it followed a commonly practiced 
approach of similarity analysis, which compares relevant design attributes, such as 
applicable inertia forces, between two package configurations of close resemblance in 
design attributes to demonstrate satisfactory structural performance. 
 
2.1.2.2  Finite Element Analysis Models 
 
Section 2.13.6.12.2 of the application presented the finite element analysis (FEA) models used 
for demonstrating the structural performance of the NAC-STC package containing high burnup 
fuel by analysis.  The principal components being evaluated are the NAC-STC shell assembly, 
closure lids and fuel basket.  For structural evaluation for the normal conditions of transport, 
1-foot free drop and internal pressure loading, the applicant noted the use of the same FEA 
stress results as the NAC-STC 26-assembly directly loaded fuel configuration were used.  The 
stress allowables, however, were modified based on the maximum component temperatures 
associated with the NAC-STC containing high burnup fuel contents.  The applicant continued to 
use the thermal system model, which includes the basket, high burnup fuel contents and NAC-
STC package components, to establish temperature distributions corresponding to the hot, 
100oF, and cold, -40oF, ambient conditions.  These temperatures were subsequently used for 
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the package components thermal stress evaluation using the same package body and the 
basket support disk FEA models as those of the CY-MPC directly loaded fuel configuration.   
 
2.1.3   Weights and Centers of Gravity 
 
Table 2.13.2-1 of the application presented a summary of the weights and the center-of-gravity 
locations of the major components of the NAC-STC for the high burnup fuel configuration.  The 
weight of the NAC-STC using the balsa impact limiters and redwood impact limiters is 
242,320 lbs and 248,620 lbs, respectively, with the corresponding centers of gravity measures 
at 96.8 in. and 96.7 in., respectively, above the bottom outer surface of package body.  The staff 
reviewed the package configurations and confirmed that the package center-of-gravity locations 
are nearly identical to those of the previously approved CY-MPC transportation configuration.  
This provides a basis for the applicant to consider a package of similar weight distribution in 
terms of the center-of-gravity location for estimating the inertia g-loads exerted on individual 
package components. 
 
2.2  Mechanical Properties of Materials 
 
2.2.1  Materials and Material Specifications 
 
Section 2.3 of the application includes the material mechanical properties used in the structural 
evaluation (provided in Section 2.13 of the application) of the NAC-STC package assembly with 
directly-loaded high burnup fuel.  The staff has previously reviewed these mechanical properties 
during the review of prior amendments and found them adequate for analysis of the behavior of 
the package over the ranges of temperature for normal conditions of transport and hypothetical 
accident conditions. 
 
The staff reviewed the proposed changes in materials on the revised drawings.  The applicant’s 
drawings show two leaktight configurations for the seals used in the containment boundary: one 
using inner and outer Viton (fluorocarbon-based) O-ring seals, and another which replaces the 
inner Viton O-ring seals on the inner lid and the vent and drain port covers with a metal seal 
while retaining the Viton outer O-ring seal.  The applicant identified the dimensions, tolerances, 
and materials or manufacturer part numbers for the inner lid containment boundary seals and 
port cover plate boundary seals in the corresponding drawings.  The applicant specified seal 
performance requirements in the application, including (1) ensuring testing of the containment 
boundary is performed to American National Standards Institute (ANSI) N14.5-1997, “American 
National Standard for Radioactive Materials—Leakage Tests on Packages for Shipment,” 
leaktight criteria as defined in the certificate of compliance, (2) adequate performance of the 
metallic seals in the temperature range of -40 °F to 500 °F (which bounds the maximum 
temperature during the tests for normal conditions of transport and hypothetical accident 
conditions in 10 CFR 71.71 and 10 CFR 71.73, respectively), (3) pressure rating of 300 psig 
(which bounds the maximum internal pressure of the package and (4) maximum external 
pressure due to package immersion), and minimal compression forces for the inner lid and port 
coverplate bolts (consistent with bolt pre-load and torque specifications in the respective 
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drawings).  The staff reviewed the seal specifications in the design drawings and concludes that 
the seals should adequately meet these performance requirements.  Therefore, the staff 
considers the change to be acceptable. 
 
The applicant revised the package assembly drawing to include a lid bolt washer, which is 
fabricated of 304 stainless steel.  This is the same material as the inner lid forging and screws, 
therefore galvanic corrosion is not credible.  The change applies to all assemblies, including 
those not related to directly-loaded high burnup fuel transport. 
 
The applicant revised the specification of a silicone expansion foam used in the package to 
have a different density.  The application states that the package utilizes layers of expansion 
foam and strips of insulation in the solid neutron shield regions.  The expansion foam permits 
thermal expansion of the solid neutron shield material during normal operation, and the 
insulation protects the expansion foam during final closure welding of the neutron shield shell to 
the end plate.  The applicant further states that the foam and the insulation are nonflammable, 
nontoxic and noncorrosive silicone products.  The staff verified with the vendor’s technical 
specification that the material would adequately perform at temperatures well-exceeding the 
adjacent neutron shield temperature, in addition to having the highest flame resistance per the 
test method ANSI/UL 94, “Standard for Safety of Flammability of Plastic Materials for Parts in 
Devices and Appliances.”  There are no credible potential reactions associated with the silicone 
expansion foam or insulation.  Therefore, the staff considers the change to be acceptable. 
 
When transporting directly-loaded high burnup fuel in the specified [Proprietary information removed] 
fuel assembly loading patterns,  [Proprietary information removed]  

 provide radial gamma shielding in the designated empty 
basket cells.  The thermal shunts used in the high burnup fuel configuration are designed to 
have the equivalent weight of a fuel assembly.  The applicant revised the [Proprietary 
information removed].  The thermal shunts do not serve a structural function; therefore, the staff 
considers the change acceptable. 
 
The applicant proposed two fuel tube assemblies.  The corresponding drawings define the 
minimum areal density of poisons for the different neutron absorber materials.  The staff 
considers the drawings acceptable. 
 
2.2.2  Chemical and Galvanic Reactions 
 
The staff reviewed the changes to the materials, as described in the drawings and summarized 
in the earlier section.  These changes do not result in any credible chemical or galvanic 
reactions in the package. 
 
2.2.3  Effects of Radiation on Materials 
 
The effects of the radiation from the directly-loaded, high burnup fuel content were evaluated in 
Section 2.13.4.1 of the application.  The staff agrees with the applicant’s conclusion that 
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significant neutron or gamma radiation damage of stainless steel components is not expected 
for neutron fluences below 1019 n/cm2 or gamma doses below 1018 rads.  These values are 
higher than those experienced by the transport package assembly components, approximately 
1010 rads for gamma and 1013 n/cm2 for neutrons. 
 
The staff reviewed the potential of radiation damage to the Viton O-rings to be used in the 
transportation package.  The staff reviewed the maximum total (gamma and neutron) dose 
equivalent rates for the package under normal conditions of transport, as shown in Figure 
5.8.1-1.  However, the values presented correspond to those at the surface of the package, 
which may underestimate the absorbed doses by the O-rings.  Therefore, the staff performed 
independent calculations to calculate dose rates at the port cover O-ring and lid inner O-ring.  At 
the end of six months of continuous exposure (time limit for completion of package transport), 
the staff determined that the seals would be subject to an approximate maximum absorbed 
dose of approximately 102 and 104 Gy (104 and 106 rad) for the port cover O-ring and the lid 
inner O-ring, respectively.  These values do not exceed the manufacturer’s recommended 
maximum absorbed dose for fluorocarbon seals (Parker O-Ring Handbook, 2007).  The staff 
also notes that the Viton O-ring seals will be replaced at least annually (or more often if 
necessary) in accordance with Table 8.2-1 of the application.  Therefore, based on these 
considerations, the staff concludes that radiation deterioration of the polymer seals is not 
credible for the proposed directly-loaded high burnup fuel contents.  The staff concludes that the 
application provides reasonable assurance that the requirement of 10 CFR 71.43(d) is met. 
 
2.2.4  Cladding Integrity 
 
2.2.4.1  Cladding Alloys 
 
The design-bases fuel for the proposed amendment includes directly-loaded 
Westinghouse/Framatome-Cogema PWR fuel assemblies of cladding alloys (zircaloy-4 and 
M5®) with maximum assembly average burnups of 55 GWd/MTU.  Therefore, the safety 
analyses for the fuel contents rely on the integrity of the cladding as the fuel is not canned. 
 
The applicant clarified that rods with boron-based integral fuel burnable absorbers (IFBAs) are 
excluded from this amendment.  These have the potential to increase fuel rod internal pressure 
due to gas generation (helium decay gas), which was not evaluated.  The applicant further 
clarified that rods with gadolinium-based IFBAs are included in this amendment, as gadolinium 
generates gamma and electrons as a result of neutron absorption.  Therefore, decay gases are 
not generated in gadolinium-based IFBAs and will not result in increases in rod pressure beyond 
those generated by the fuel fission products.  The staff finds the cladding alloys of the contents 
of this amendment consistent with the technical bases supporting the licensing approach. 
 
2.2.4.2  Cladding Mechanical Properties 
 
The staff reviewed the mechanical properties for the cladding alloys used for the normal 
conditions of transport and hypothetical accident conditions structural evaluations, and ensured 
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that the applicant accounted for the reduced effective thickness of the cladding due to waterside 
corrosion (i.e., oxidation) during reactor service.  The extent of oxidation and cladding wall 
thinning depends on the composition of the cladding and burnup.  The applicant assumed a 
reduced thickness per an adequate oxide layer.  The staff considers the mechanical properties 
based on cladding alloy temperature, hydrogen content, cold work, and fast neutron fluence 
used by the applicant to be acceptable.  The staff found the cited reference for the mechanical 
properties (Geelhood, K.J., CE Beyer, WG Luscher.  “PNNL Stress/Strain Correlation for 
Zircaloy,” Pacific Northwest National Laboratory, PNNL-17700, July 2008) to be adequate for 
previous licensing/certification actions.  The applicant clarified that the temperature used to 
evaluate the cladding alloy’s yield strength corresponds to the maximum fuel assembly 
temperature at the location of the peak stress identified in the dynamic analyses.  The staff 
notes that the mechanical property models in PNL-17700 were validated with measurements on 
zircaloy-4, therefore the applicant referred to a non-proprietary reference for defining adequately 
bounding mechanical properties for M5®, which the staff had not reviewed in prior licensing or 
certification actions.  The staff independently validated the mechanical properties in the cited 
reference with other non-proprietary and proprietary data.  For example, the staff reviewed 
publicly-available data from the French Competent Authority (Institut de Radioprotection et de 
Sûreté Nucléaire), which confirmed the adequacy of the M5® mechanical properties.  Per data in 
the cited reference, the applicant assumed a 10% reduction in Young’s modulus at a lower 
temperature than that assumed for the yield strength values.  The staff finds these 
conservatisms adequate per its validation review. 
 
2.2.4.3  Hydride Reorientation 
 
The applicant used mechanical properties in the normal conditions of transport and hypothetical 
accident conditions structural evaluations that only account for circumferential hydrides.  The 
applicant’s certification approach relied on demonstrating that either (1)   [Proprietary 
information removed],  or (2)         [Proprietary information removed].   
  The staff agrees that, when the cladding temperature 
is above the DBTT, where the cladding remains more ductile, structural analyses of the fuel may 
use properties of the cladding that only account for circumferential hydrides.  Therefore, the staff 
reviewed the application to ensure that an adequate DBTT was defined and that the calculated 
cladding temperatures during loading/transport operations were conservatively calculated to 
minimize the lower temperatures. 
 
2.2.4.3.1  Maximum Cladding Temperature and Thermal Cycling 
 
The staff verified that the peak cladding temperatures (PCTs) during loading and transport 
operations of all three proposed directly-loaded high burnup fuel content configurations do not 
exceed 400 °C, consistent with the guidance in ISG-11, Rev. 3, “Cladding Considerations for the 
Transportation and Storage of Spent Fuel” and licensing approaches discussed in the draft 
Regulatory Information Summary (RIS), “Cladding Consideration in Licensing High Burnup 
Spent Fuel in Dry Storage and Transportation”, (see ADAMS Accession No. ML14175A203).   
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The application defined a PCT of [Proprietary information removed] for the proposed contents.  The 
applicant proposed two certificate conditions to ensure the thermal analyses remain valid during 
transport.  The first condition limits the maximum period for vacuum drying to laying down the 
package to 72 hours.  This control limits the PCT for the loading operation so that it is bounded 
by the PCT during normal conditions of transport.  The second condition limits the period of 
transport to 6 months after loading.  This control limits the extent of cooling due to a reduction in 
decay heat from the beginning to the end of the transportation event. 
 
The staff reviewed the loading procedures (Section 7.1.3.1. of the application), which included 
provisions for incidences that may prevent bolting of the package (e.g. leaking seals or difficulty 
drying within specified time limits) and would require re-flooding of the package to address the 
potential incident.  The staff determined that such action would result in cladding undergoing 
thermal cycling with variations exceeding 65 °C, which would be inconsistent with the guidance 
in ISG-11, Rev. 3.  The staff had recognized in ISG-11, Rev. 3 that the intent of the thermal 
cycling acceptance criteria is to prevent conditions during drying, loading, and transfer 
operations that could inadvertently enhance the precipitation of radial hydrides.  Therefore, the 
staff reviewed the supporting technical bases (Section 1.1.1.8 of the application) to assure the 
analyzed fuel configuration is maintained in compliance with 10 CFR 71.33(b)(3), 10 CFR 
71.55(d)(2), and 10 CFR 71.55(e)(1).  More specifically, the review focused on ensuring that an 
adequate justification was provided that the proposed DBTTs remain valid after the cladding is 
re-flooded and re-heated.  The following is a summary of the staff’s conclusions: 
 

• The applicant performed a cooldown calculation (RELAP analysis) based on re-flooding 
a vented package with 38 °C water at 10 gpm and concluded the maximum cladding 
cooling rate to be ~10 °C/min.  However, the applicant did not adequately address the 
consequences of re-flooding of the package with a significantly different axial 
temperature-time profile relative to data obtained from the separate effects testing in the 
literature.  The staff is concerned that data obtained from separate effects testing only 
accounts for axially-uniform cooling in air.  This would not be the case during a 
re-flooding action, where there would be an axial temperature distribution, and the 
cooling medium would be water. 
 

• The applicant cited empirical precipitation rates from publicly-available peer-reviewed 
journal references, which ranged from 18-102 ppm for a temperature range of 290 to 
360 °C.  The applicant further stated that the precipitation rate is diffusion-controlled, and 
provided a rough estimate of a precipitation rate in thermodynamic equilibrium for a 
cladding tube using a diffusion coefficient.  The staff interpreted this discussion to imply 
that the cladding cooling rate during package re-flooding remains under equilibrium, and 
precipitation can be predicted by the above cooling rates.  However, the discussion on 
the precipitation rates does not address its relevance for concluding that the radial 
hydride fraction would not reasonably increase due to package re-flooding. 
 

• The applicant concluded that a single re-flood during loading operations can be 
considered within the limits of the DBTT defined in the application.  In support of this 



- 16 - 

conclusion, the applicant referenced ring compression test data for a zircaloy-4 
specimen subjected to 140 MPa-400 °C radial hydride treatment, which the applicant 
defined to be equivalent to one cooling cycle, transitioning from brittle to ductile behavior 
at temperature as low as ~55 °C.  The staff disagrees with the conclusion that the 
referenced data accounts for the equivalent of a single re-flood/re-dry cycle.  The 
referenced ring compression testing (RCT) data accounts for samples only heated once, 
at which time they were cooled and ring-compression tested. 
 

• The staff had previously identified to the applicant that data in Figure 3 of Chu et al. 
(2008) [Ref. 5 in Section 1.1.1.8, Rev. 16A of the application, submitted on March 15, 
2016] shows that thermal cycling significantly increased the radial hydride fraction of 
zircaloy-4 cladding samples.  The staff indicated that the increase in radial hydride 
fraction is a function of cladding excess hydrogen (i.e. hydrogen exceeding the solubility 
limit) and the expected increase radial hydride fraction should be discussed in relation to 
the adequacy of the proposed DBTTs (i.e. per the hydrogen concentrations expected at 
axial cladding locations exceeding the cladding solution threshold temperature during 
the 72-hour maximum drying period).  The applicant recognized in its response to the 
NRC’s first request for additional information submitted on July 19, 2016 (Rev. 16B of 
the SAR), that the increase in radial hydride fraction (or conversely, the radial hydride 
continuity factor) is dependent on the excess hydrogen content in the cladding and 
concluded that the presence of excess hydrogen has a dampening effect on hydride 
reorientation during thermal cycling.  Although the applicant failed to cite any specific 
data supporting this conclusion, the staff agrees with this conclusion based on its review 
of relevant literature.  However, the applicant failed to recognize the axial distribution of 
excess hydrogen in the proposed contents (zircaloy-4, 55 GWd/MTU), the expected 
axial increase in radial hydride fraction during the re-flood/re-dry incident and its relation 
to the adequacy of the proposed DBTTs. 
 

• The applicant stated that all of the hydrogen in M5® cladding is dissolved during vacuum 
drying at the peak cladding temperature.  The applicant then cited publicly-available data 
on ring compression testing, which showed that when 100% of the hydrogen in a M5® 
cladding sample was dissolved during representative drying conditions (140 MPa 
cladding hoop stress, 400 °C peak cladding temperature), all hydrogen precipitated in 
the form of radial hydrides upon cooldown.  In addition, the applicant concluded that 
(1) a single re-flood/re-dry cycle will not significantly affect the dissolution and 
precipitation temperatures, and that (2) partial hydrogen will re-dissolve upon 
re-flooding/re-drying at the CST temperature and a range of temperatures exceeding the 
CST.  The staff interpreted this discussion to imply that for the case of partial dissolution, 
the radial hydride structure will remain unchanged upon re-flooding/re-drying since 
reoriented hydrides create a completely new dislocation nest and a new memory, which 
once created, it becomes easier and easier for the hydrogen to precipitate and re-
dissolve.  The applicant did not provide references of experimental tests, which would 
confirm this conclusion.  The staff does not disagree that M5® samples tested under the 
cited ring compressing testing program exhibited high degree of reorientation (minimal to 
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negligible remnant circumferential hydrides).  However, the conclusion that the 
hysteresis during subsequent cooling and reheating will not significantly affect the 
hydride structure is not substantiated by empirical data in the application.  The cited 
results do not account for a re-flood/re-dry cycle, which confirms that the DBTT remains 
unchanged.  Therefore, the staff finds that the proposal to allow any number of 
re-flooding/re-drying is unjustified. 
 

The staff has rigorously reviewed the revised technical bases in support of the proposed 
re-flood/re-dry actions for incidences that would prevent the package from being bolted closed.  
The staff has not approved such actions in the past for uncanistered high burnup fuel.  Based 
on its review, the staff concludes that the referenced data does not account for thermal cycling 
consistent with re-flood/re-dry actions, and therefore does not adequately support the 
conclusion that the proposed DBTTs would remain valid after such actions.  Therefore, the note 
in Section 7.1.3.1, Step 7, which states actions for re-flooding and redrying the package, is not 
considered acceptable.  Accordingly, Condition No. 12 in the certificate of compliance states 
“HBU fuel assemblies subjected to a package re-flood are not authorized for shipment.”   
 
2.2.4.3.2  Temperature-Dependent Hydrogen Solubility and Precipitation 
 
The application included a proprietary discussion on the technical basis for defining adequate 
correlations of hydrogen solubility/precipitation at the expected cladding temperatures during 
loading and transport operations.  This included a review of relevant references for the 
dissolution and precipitation solvi [Terminal Solid Solubility at dissolution (TSSd) and Terminal 
Solid Solubility at precipitation (TSSp)], of both unirradiated and irradiated zirconium-based 
cladding alloys.  The references were used to adequately demonstrate that the TSSd/TSSp 
curves used in the technical analyses of the application reasonably apply to both cladding alloys 
in the requested contents (i.e. zircaloy-4 and M5®), in consideration of the irradiation and 
thermal history of the cladding prior to transport.  The staff finds that the discussion adequately 
supports the use of unirradiated alloy data for determining the hydrogen expected to dissolve 
and precipitate during loading and transport operations. 
 
2.2.4.3.3  Cladding Solution Threshold 
 
The applicant proposed a CST defined as a temperature below which limited hydrogen goes 
into solution and is available for precipitation as radial hydrides.  The applicant used the 
dissolution and precipitation solvi, identified as adequate by the staff, to define the expected 
hydrogen dissolved and potentially available for precipitation as radial hydrides at the CST.  The 
applicant calculated the expected hoop stresses at the CST, which support that a minimal 
hydrogen content, if any, would precipitate in the radial direction.   
 
The applicant cited a reference (Ref. 10 in Chapter 1 of the application submitted on March 15, 
2016) which defines a model that estimates the fraction of radial hydrides as a function of 
temperature, internal stress, and externally applied stress.  The applicant compared the model 
prediction to radial hydride fraction data (from Ref. 8 of Ch. 1 of the application submitted on 
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March 15, 2016) of both unirradiated and irradiated cladding material samples, which supports 
the conclusion of a significant reduction in radial hydride fraction as the cladding temperature 
and the cladding tensile stresses decrease.  This comparison only accounted for data from cold-
work stress relief annealed material.  The model shows that a minimal amount of radial hydrides 
precipitate at the proposed CST and corresponding cladding hoop stress, as well as the hoop 
stress corresponding to the PCT.  The staff recognizes the radial hydride fraction predicted at 
the hoop stress corresponding to the PCT is highly conservative as the average internal rod gas 
temperature is expected to be closer to the average plenum temperature and less so to the 
PCT.  The staff finds that the discussion on the models adequately support the conclusion that 
the radial hydride fraction of Zircaloy-4 at the proposed CST and bounding cladding hoop stress 
is minimal, and therefore the cladding mechanical properties used in the normal conditions of 
transport and hypothetical accident conditions structural evaluations are valid for these axial rod 
locations.   
 
The staff requested clarification of the applicability of the model to recrystallized annealed 
material, M5®.  The applicant responded with adequate arguments, which relied on (1) the 
independence of the hydrogen solubility curve relative to cladding alloy type, (2) adequate 
precipitation rate curves for both zircaloy-4 and M5®, and (3) radial hydride continuity factor data 
from work performed at Argonne National Laboratory (ANL).  The staff concludes that the 
proposed model adequately estimates the fraction of radial hydrides for both cladding types in 
the allowed contents.   
 
The staff clarifies that it is only making a determination on the adequacy of the proposed radial 
hydride fraction model up to the CST, i.e. no determination is made at higher temperatures as 
the applicant’s certification basis for those temperatures is different (see discussion in 
2.2.2.4.3.4 on the DBTT).  The staff notes that it performed a review of non-proprietary literature 
to further validate its finding.  More specifically, the staff notes that open literature data suggest 
that a threshold hoop stress for hydride reorientation in zircaloy-4 is approximately 90 MPa 
[13 ksi] for PCTs at or near 400 °C [752 °F] for both irradiated and unirradiated rods (Chung, H. 
M.  “Understanding Hydride- and Hydrogen-related Processes in High-Burnup Cladding in 
Spent-Fuel-Storage and Accident Situations.”  2004 International Meeting on LWR Fuel 
Performance, Orlando, Florida, September 19-22, 2004, Paper No. 1064,  2004; Daum, R.S., 
S. Majumdar, Y. Liu, and M.C. Billone.  “Radial-hydride Embrittlement of High-Burnup Zircaloy-4 
Fuel Cladding.”  Journal of Nuclear Science and Technology.  Vol. 43, No. 9.  pp. 1,054–1,067.  
2006; Chu, H.C., S.K. Wu, and R.C. Kuo.  “Hydride Reorientation in Zircaloy-4 Cladding.”  
Journal of Nuclear Materials.  Vol. 373.  pp. 319–327.  2008).  Other data obtained from 
irradiated cladding suggest that hoop stresses greater than 120 MPa [17 ksi] may be required 
(Einziger, R.E. and R. Kohli.  “Low Temperature Rupture Behavior of Zircaloy-Clad Pressurized 
Water Reactor Spent Fuel Rods Under Dry Storage Conditions.”  Nuclear Technology.  Vol. 67.  
p. 107.  1984; Cappelaere, C., R. Limon, T. Bredel, P. Herter, D. Gilbon, S. Allegre, P. Bouffioux 
and J.P. Mardon.  “Long Term Behaviour of the Spent Fuel Cladding in Dry Storage Conditions.”  
8th International Conference on Radioactive Waste Management and Environmental 
Remediation, October 2001.  Vol. 2.  Bruges, Belgium.  American Society of Mechanical 
Engineers.  2001, Goll, W., H. Spilker and E. H. Toscano.  “Short-Term Creep and Rupture 
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Tests on High Burnup Fuel Rod Cladding.”  Journal of Nuclear Materials.  Vol. 289.  p. 247.  
2001).  A more recent study showed a threshold stress for hydride reorientation in unirradiated 
Zircaloy-4 of 90 ± 6 MPa [13.0 ± 0.9 ksi] at 235 °C [455 °F] (Kim, J.-S., Y.-J. Kim, D.-H. Kook, 
Y.-S. Kim.  “A Study on Hydride Reorientation of Zircaloy-4 Cladding Tube Under Stress,” 
Journal of Nuclear Materials, Vol. 456, pp. 246–252, 2015).  Kamimura et al. also reported a 
threshold stress for Zircaloy-4 of about 100 MPa [14 ksi] at 275 °C [527 °F] for a nominal burnup 
of 48 GWd/MTU (Kamimura, K.  “Integrity Criteria for Spent Fuel Dry Storage in Japan,” Proc Int 
Seminar on Interim Storage of Spent Fuel, International Seminar on Spent Fuel Storage (ISSF), 
Tokyo, Japan, p. VI-3-1. 2010).  Similarly, Billone et al. showed high ductility in M5® cladding of 
nominal burnup of 68 GWd/MTU when subjected to a hoop stress of 90 MPa [13 ksi] for a PCT 
of 400 °C [752 °F].  Therefore, the staff has reasonable assurance that the model for radial 
hydride fraction is consistent with other literature data up to the CST and corresponding hoop 
stresses (Billone, M.C., T.A. Burtseva, Z. Han, and and Y.Y. Liu.  “Embrittlement and DBTT of 
High-Burnup PWR Fuel Cladding Alloys,” FCRD-UFD-2013-000401, ANL-13/16, Argonne 
National Laboratory, Lemont, Illinois, 2013). 
 
2.2.4.3.4  Ductile-to-Brittle-Transition Temperature 
 
The applicant relied on demonstrating that embrittlement of the cladding is not credible for axial 
cladding locations where the maximum temperature exceeded the proposed cladding solution 
threshold.  The applicant relied on publicly-available results on RCT performed on high burnup 
fuel cladding to define a threshold for embrittlement, described as the DBTT.  The RCT-tested 
specimens had been subjected to a radial hydride treatment inducing a PCT of 400 °C and 
maximum cladding hoop stresses of 90 MPa, 110 MPa or 140 MPa.  The applicant adequately 
noted and the staff agrees that the DBTT discussed in the application is not the same intrinsic 
low-temperature property of metals, but is specific to the stress, temperature and hydride 
microstructure of the material tested.  Therefore, in reviewing fuel cladding RCT data, the staff 
ensures that the examined data are representative of the stress, temperature and hydride 
conditions for the application. 
 
Burnup 
 
The staff finds that the burnup of the tested high burnup specimens (63 to 72 GWd/MTU) bound 
those of the requested contents under this amendment. 
 
Hydrogen Pick-Up Fraction 
 
The staff recognizes that hydrogen content in the cladding (i.e. defined by the hydrogen pick-up 
fraction during reactor service) is an important parameter when defining relevancy of data used 
in support of a proposed DBTT for a given cladding alloy.  The applicant stated that the 
hydrogen content in the cladding when discharged from the reactor is in the range of 
approximately 100 to 600 wppm (weight parts per million), average, and is predominantly in the 
form of circumferential hydrides.  The applicant further cited hydrogen pick-up models 
incorporated in the FRAPCON-3.4 fuel rod performance code (Geelhood and Beyer, 2011, 
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Reference 2 in Chapter 1 of application dated March 15, 2016), which the staff has recognized 
as acceptable for reactor licensing (see ADAMS Accession No. ML15133A306).  The staff, 
however, notes that the applicant did not explain how it used the FRAPCON-3.4 hydrogen pick-
up models for determining the expected hydrogen content for the cladding in this amendment.  
Therefore, the staff instead evaluated if the hydrogen pickup fraction was adequately 
considered by reviewing compositional data from the samples tested to obtain the DBTT data in 
support of the application. 
 
The staff recognizes that a small percentage of axial rod locations may have higher hydrogen 
contents than 600 wppm for Zircaloy-4 cladding irradiated to 55 GWd/MTU, the maximum 
allowable burnup per the amendment (e.g. refer to data in NRC presentation at ADAMS 
Accession No. ML11249A104).  However, the DBTT data used in support of the application 
includes results from Zircaloy-4 rods of higher burnup (67 GWd/MTU) than the limit of this 
amendment, which were tested at a PCT of 400 °C (~210 wppm hydrogen in solution) and a 
peak hoop stress of 110 MPa (520 ± 90 wppm hydrogen)(see Ref. 11 in Ch. 1 of the application 
submitted on March 15, 2016).  Therefore, the staff finds that the DBTT data is adequately 
conservative with respect to cladding hydrogen content, maximum burnup, PCT and peak hoop 
stress for the Zircaloy-4 contents per the drying/transport conditions of this amendment. 
 
The staff finds that the hydrogen content for the M5® cladding in this amendment is adequately 
bounded by the DBTT data used in support of the application.  More specifically, results cited in 
support of the DBTT for M5® include data from rods of significantly higher burnup 
(63-72 GWd/MTU) than the limit of this amendment, which were ring compression tested at a 
PCT of 400 °C (~210 wppm hydrogen in solution) and peak hoop stresses of 110 MPa 
(72 ± 10 wppm hydrogen) and 140 MPa (94 ± 4 wppm hydrogen) (see Ref. 11 in Ch. 1 of the 
application submitted on March 15, 2016).  Therefore, the staff finds that the DBTT data for M5® 
is bounding to this amendment with respect to cladding hydrogen content, burnup, PCT, and 
peak hoop stress.  To further support this finding, the staff confirmed the expected 
oxide/hydrogen pick-up fractions with proprietary and non-proprietary data. 
 
Cladding Hoop Stresses 
 
The staff recognizes that the degree of radial hydride precipitation and mechanical property 
degradation (per ring compression test data) is dependent on the cladding hoop stresses 
experienced during containment drying and package transport.  The range of relevant hoop 
stresses for a given contents depends on the range of end-of-life (EOL) rod internal pressures 
(RIPs), the range of average gas temperatures within fuel rods, and geometrical factors used to 
convert the pressure differences across the cladding to cladding hoop stresses.  The cladding 
hoop stress is a function of the irradiation conditions, and is proportional to the rod internal 
pressure and cladding inner diameter while it is inversely proportional to the thickness of the 
cladding. 
 
The applicant cited a reference (see Rashid, Sunderland, Lyons, and Kubischta, 2013, 
Reference 7 in Chapter 1 of application dated March 15, 2016), which includes non-proprietary 
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rod internal pressure data at room temperature (25 °C) for PWR fuel for estimating bounding 
cladding hoop stresses for the contents of this amendment.  The staff verified that these 
calculations of hoop tensile stresses accounted for the reduced effective thickness of the 
cladding due to waterside corrosion (i.e., oxidation) during reactor service.  The extent of 
oxidation and cladding wall thinning depends on the composition of the cladding and bounding 
burnup.  The applicant assumed an adequate corrosion thickness, which was adjusted for a 
corresponding material loss (see Rashid, 2016, Reference 9 in Chapter 1, of the application 
submitted on March 15, 2016).  The staff notes that cladding oxidation and corresponding 
assumed material loss for the M5® cladding is expected to be considerably lower than that of 
zircaloy-4, which will result in lower EOL RIPs.  Therefore, the assumed cladding thickness is 
found to be particularly conservative when determining the cladding hoop stresses and 
corresponding extent of radial hydride reorientation for M5® cladding. 
 
The applicant considered the dimensions of a representative PWR 17x17 fuel rod design when 
calculating the cladding hoop stresses at the PCT and the proposed cladding solubility 
temperature.  The staff independently confirmed that these dimensions were valid for 
assemblies with fuel rods of both Zircaloy-4 and M5® cladding.  The applicant further assumed 
an increased hoop stress by two standard deviations (+2σ) to provide reasonable confidence 
(95th percentile, assuming a normal distribution) per the limited data in the report used in 
support of the application. 
 
The staff recognizes that the publicly-available database for PWR EOL RIPs is sparse relative 
to the number of PWR fuel rods that have been irradiated.  Therefore, in its review, the staff also 
considered recent data from FRAPCON-3.5 EOL RIP predictions for advanced cladding alloys, 
advanced fuel designs, and more current operating conditions.  More specifically, the staff 
performed independent validations of the proposed EOL RIPs and corresponding cladding hoop 
stresses per a recent report by Oak Ridge National Laboratory (Bratton, R., M. Jessee and W. 
Wieselquist.  “Rod Internal Pressure Quantification and Distribution Analysis Using FRAPCON”, 
FCRD-UFD-2015-000636, ORNL/TM-2015/557, Oak Ridge National Laboratory, Oak Ridge, 
Tennessee, 2015), which includes a set of results for over 68,000 zircaloy-4 and ZIRLO™ fuel 
rods irradiated during the first 12 cycles of the Watts Bar Nuclear Unit 1 reactor.  These results 
further support the staff’s conclusion that the EOL RIPs and corresponding hoop stresses 
calculated for the contents in this amendment are adequately bounding.  In addition, the staff 
considers that the use of a hoop stress value at the PCT is conservative as the average internal 
rod gas temperature is expected to be closer to the average plenum temperature and less so to 
the PCT. 
 
Cooling Rate 
 
The staff recognizes that the cooling rate used in the referenced RCT results was typically 
5 °C/hr, which is higher than that expected during loading and transport operations.  Therefore, 
the staff independently evaluated the effect of the cladding cooling rate on the degree of hydride 
reorientation.  Most of the experimental studies reported in the literature have use cooling rates 
in the range of 0.6 - 30 °C/hr [1.08 - 54 °F/hr] (Aomi, M., T. Baba, T. Miyashita, K. Kamimura, T. 
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Yasuda, Y. Shinohara, and T. Takeda.  “Evaluation of Hydride Reorientation Behavior and 
Mechanical Property for High-Burnup Fuel-Cladding Tubes in Interim Dry Storage.”  Journal of 
ASTM International.  Vol. 5.  pp. 651–673.  2008).  However, an analysis of ductility data 
collected at a different cooling rates in Aomi et al. does not show a clear trend.  Chan also 
developed a micromechanical model to determine the effect of slow cooling rates on hydride 
reorientation and morphology, including volume fraction of both radial and circumferential 
hydrides and continuity of the hydride network (Chan, K.S..  “A Micromechanical Model for 
Predicting Hydride Embrittlement in Nuclear Fuel Cladding Material,” Journal of Nuclear 
Materials, Vol. 227, pp. 220–236, 1996).  Using experimental data to validate the model, Chan 
concluded that the cooling rate exerts no direct influence on radial hydride precipitation; instead, 
hydride orientation is dictated by the cladding stresses during hydride precipitation, regardless 
of the cooling rate.  Therefore, the staff considers that the cooling rate from the RCT data will 
not reasonably alter the conclusions of the application, as PCT and cladding hoop stresses 
bound the contents of the amendment. 
 
Acceptance Criteria: 
 
The staff considers the criteria for defining insufficient ductility in the cited RCT data to be 
reasonably conservative, per a review of the references cited in the application.  Based on error 
assessments, ANL, which conducted the RCT work, concluded that cladding with either ≥1% 
permanent strain or ≥2% offset strain prior to the first crack extending through >50% of the wall 
is classified as ductile.  Therefore, cladding with >50% wall cracks prior to achieving 2% offset 
strain was reasonably classified as brittle. 
 

• The staff considers ANL’s conclusion that rings exhibiting ≥1% permanent strain as 
ductile to be acceptable.  The 1% criterion is based on uncertainties in diameter 
readings, in recoil (or spring-back) of cracked rings vs. intact rings, and in diameter 
reduction due to flaking off of oxide.  The staff recognizes that measuring permanent 
strain is only possible if the RCT is terminated before a crack propagates through the 
cladding thickness and the ring sample remains in one piece.  Because it can be difficult 
to terminate the RCT in a way to achieve this, ANL developed a correlation between 
permanent strain (which can be measured with calipers after the RCT is complete) and 
offset strain (which is derived from the load displacement curve).  ANL’s empirical 
observations were that tested rings with 1% permanent strain showed about 2% offset 
strain in the load displacement curve.  Therefore, ANL established 2% offset strain as 
another way of defining the ductile to brittle transition, which the staff also considers 
acceptable. 

• The staff notes that ANL’s RCT procedures called for termination of the test once a 30% 
load drop is observed.  The purpose was to stop the test before a through wall crack 
propagated, which allowed measurement of the permanent displacement.  In some 
cases, terminating the test after a 30% load drop was too early, i.e. the test was stopped 
before the crack could propagate 50% of the wall.  In this case, the sample was 
adequately classified as ductile, as it would have likely accommodated a higher 
permanent strain than that measured before 50% propagation. 
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• The staff considers that the 1.7-mm total displacement used in ANL’s RCT as adequate, 

as most brittle samples fracture significantly before reaching this limit. 

Statistical Analysis 
 
The applicant recognized the limited sample size of the RCT data used in support of the DBTTs 
for zircaloy-4 and M5®.  Therefore, the applicant performed a statistical analysis to reasonably 
demonstrate with 95% confidence that the proposed DBTT value bounds the 95th percentile of 
the DBTT statistical distribution. 
 
Proprietary Information Removed 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

NRC staff performed an independent confirmatory 
analysis and verified the applicant’s calculations. 
 
2.2.5  Evaluation Findings 
 
The staff has reviewed the material mechanical properties and relevant assumptions used by 
the applicant in the structural evaluation of the NAC-STC package for directly-loaded 
uncanistered high burnup fuel and considers them adequate over the ranges of temperature for 
normal conditions of transport and hypothetical accident conditions, as defined in 10 CFR 



- 24 - 

71.33(a)(5), 10 CFR71.43(f), 10 CFR 71.51(a)(1), 10 CFR 71.51(a)(2), 10 CFR 71.55(d), 10 
CFR 71.55(e). 
 
2.3  Fabrication 
 
The basket used for the directly-loaded high burnup fuel contents is the same basket used for 
directly-loaded fuel with lower burnup.  Because the basket is not a secondary containment 
boundary, the structural design criterion used for the basket is ASME Code Section III, 
Subsection NG.  The criterion is the same as for the previously-approved basket for low burnup 
fuel.  The containment boundary is designed, fabricated and inspected in accordance with 
ASME Code Section III, Subsection NB, with the exception of code stamping.  The criterion 
remained unchanged from previous approvals. 
 
2.4  General Standards for All Packaging 
 
Section 2.13.4 of the application noted that the general standards for transporting high burnup 
fuel in the NAC-STC package are same as those for the previously certified NAC-STC when 
NRC previously certified the package, including minimum package size, tamper-indication 
feature, and positive closure.  The staff finds the assessments acceptable for meeting the 
requirements of 10 CFR 71.45. 
 
2.5  Lifting and Tie-down Standards 
 
Section 2.13.5.1 of the application noted that the NAC-STC lifting devices are unchanged and 
the evaluation presented in Section 2.5.1 is applicable for transporting the NAC-STC package 
containing high burnup fuel assemblies.  Since the total weight of 260,000 lbs that was 
evaluated for the NAC-STC is greater than the loaded NAC-STC package weight of package of 
242,320 lbs when it contains high burnup fuel assemblies, the staff concludes that the previous 
lifting devices evaluation for the package continue to be acceptable and no further evaluation is 
needed for meeting the requirements of 10 CFR 71.45(a).  
 
Section 2.13.5.2 of the application noted that the NAC-STC tie-down devices are unchanged for 
transporting the NAC-STC package containing high burnup fuel assemblies.  The staff reviewed 
the statement and representations in Sections 2.5.2 of the application and concludes that the 
tie-down evaluation for the previously certified CY-MPC configuration with the balsa impact 
limiters, which is presented in Section 2.5.2.4 of the application, bounds that for the NAC-STC 
high burnup fuel configuration and no further evaluation is needed for meeting the requirements 
of 10 CFR 71.45(b). 
 
2.6  Normal Conditions of Transport  
 
Section 2.13.6 of the application evaluated the structural performance of the packaging for 
meeting the normal conditions of transport requirements in 10 CFR 71.71.  Section 2.13.6.14.1 
of the application noted that both the calculated primary stresses and maximum temperatures 
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for stress allowables determination are bounding from the previous structural and thermal 
evaluations of the directly loaded basket.  The staff evaluated the applicant’s assessment and 
concludes that the stress margins of safety of the fuel basket support disks need not be 
reevaluated for the inertia loads.  As reviewed below, the staff’s evaluation is focused primarily 
on the performance of the packaging body under the inertial forces and the thermal stresses of 
the basket support disk for the NAC-STC containing high burnup fuel contents of 24 kW.   
 
2.6.1  Heat 
 
The applicant reevaluated the heat test in Section 2.13.6.12.5.1 of the application because the 
NAC-STC package in the NAC-STC containing high burnup fuel configuration is not bounded by 
previous analyses for the heat test for the NAC-STC package for the directly loaded fuel 
configuration.  As noted in Section 2.13.6.12.2 of the application, the stress analysis considered 
the thermal results interpolated on to the structural finite element mesh for computing thermal 
stresses in the package body.  Table 2.13.6.12.5-1 summarizes, for the ambient temperature at 
100 °F, the maximum membrane-plus-bending (Pm + Pb) stress intensities for package 
containment boundary components, including inner and outer shells, bottom and top forging, 
bottom plate, transition shell, and inner and outer shells.  Although the maximum linearized 
maximum stress intensity of 17.2 ksi is not compared directly to stress allowables, the staff finds 
not performing individual thermal stress analysis acceptable, because the applicant followed a 
common package evaluation approach to calculating the maximum in the load combination for 
which maximum stress intensities in any package components and at either temperature hot or 
cold condition are added absolutely for determining stress margins of safety.  As summarized in 
Section 2.13.6.12.6, the applicant added the maximum Pm + Pb stress intensities of 23.9 ksi, 
2.1 ksi, and 23.9 ksi for the 1-ft top corner drop, the internal pressure, and the thermal cold 
loading cases, respectively, to obtain a combined stress of 49.9 ksi.  For the stress allowable of 
3Sm at 56.1 ksi, which is three times the stress intensity limits of 18.7 ksi, for 304/304L stainless 
steel, the calculated stress margin of safety is 0.12, which is positive and acceptable.   
 
Section 2.13.6.14.2 of the application evaluated the thermal stress of the NAC-STC containing 
high burnup fuel basket support disk considering the maximum heat load of 24 kW, which is 
higher than the previously evaluated heat load of 22.1 kW for the 26 standard fuel assemblies.  
Section 2.13.6.14.2.1 presents the thermal stress FEA model, including replacing the thermal 
elements with structural elements of finer mesh and interpolating the thermal solution to 
determine the temperatures at the structural model nodes.  For the thermal hot, 100 °F ambient, 
condition, which is associated with           [Proprietary Information Removed]                 , the 
peak nodal stress intensity is calculated to be 43.7 ksi.  By adding the thermal stress to the 1-ft 
drop maximum of 16.7 ksi of Table 2.6.12.7-3 of the application, the applicant obtained a 
combined primary-plus-secondary stress of 60.4 ksi.  This corresponds to a stress margin of 
safety of 1.08 for the basket support disk constructed of SA-705, SA-693, SA-564, Type 630, 
H1150, High Burnup Fuel -4 PH steel with a stress allowable of 3Sm, 25 ksi, at 650oF. 
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On the basis of the above review, the staff concludes that the structural performance of the 
NAC-STC containing high burnup fuel configuration meets the requirements of 10 CFR 
71.71(c)(1) for the heat test.  
 
2.6.2  Cold 
 
The applicant reevaluated the cold test in Section 2.13.6.12.5.2 of the application because the 
NAC-STC package in the NAC-STC containing high burnup fuel configuration is not bounded by 
the cold condition evaluation of the certified NAC-STC package for the directly loaded fuel 
configuration.  As noted in Section 2.13.6.12.2, the stress analysis considered the thermal 
results interpolated on to the structural mesh for computing thermally induced stresses in the 
package body.  Table 2.13.6.12.5-2 summarizes, for the ambient temperature at -40oF,  the 
maximum membrane-plus-bending (Pm + Pb) stress intensities for package containment 
boundary components, including inner and outer shells, bottom and top forging, bottom plates, 
transition shell, and inner and outer shells.  Although the maximum linearized maximum stress 
intensity of 20.4 ksi is not compared directly to stress limits, the staff finds not performing 
individual thermal stress acceptable.  This is because the applicant followed a common 
evaluation approach to calculating the maximum in the load combination for which maximum 
stress intensities in any package components and at either temperature hot or cold condition 
are added absolutely for determining the stress margin of safety.  Therefore, as was reviewed in 
the preceding section, the same summary evaluation of the combined stress case as 
summarized in Section 2.13.6.12.6, is also applicable to the cold condition.  This results in a 
calculated stress margin of safety is 0.12, which is positive on the basis of the stress allowable 
of 3Sm at 56.1 ksi, for 304/304L stainless steel. 
 
The applicant evaluated the fuel basket support disk for the cold, -40°F condition by following 
the same approach as reviewed above for the heat condition. The peak nodal stress intensity is 
calculated to be 46.3 ksi.  By adding the thermal stress to the 1-ft drop maximum of 16.7 ksi of 
Table 2.6.12.7-3 of the application, the applicant obtained a combined primary-plus-secondary 
stress of 60.4 ksi.  This corresponds to the stress margin of safety of 1.00 for the basket support 
disk constructed of SA-705, SA-693, SA-564, Type 630, H1150, 17-4 PH with an allowable 
stress, 3Sm, of 125 ksi at 650oF. 
 
On the basis of the above review, the staff concludes that the structural performance of the 
NAC-STC containing high burnup fuel configuration meets the requirements of 10 CFR 
71.71(c)(2) for the cold condition.  
 
2.6.3  Reduced External Pressure 
 
Section 2.13.6.3 of the application noted that the NAC-STC containing high burnup fuel 
configuration can be adequately represented by the reduced external pressure condition 
evaluation in Section 2.6.3 of the application.  The staff reviewed the applicant’s assessment 
that no further evaluation is required, making reference to the previously approved evaluations.  
The staff finds the applicant’s approach to demonstrating structural performance acceptable 
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because it followed the practice of similarity analysis reviewed in this safety evaluation report 
(SER) Section 2.1.2 above. 
 
On the basis of the above evaluation, the staff finds that the NAC-STC containing high burnup 
fuel package configuration is structurally adequate in meeting the requirements of 10 CFR 
71.71(c)(3) for the reduced external pressure condition.  
 
2.6.4  Increased External Pressure 
 
Section 2.13.6.4 of the application noted that the NAC-STC containing high burnup fuel 
configuration can be adequately represented by the reduced external pressure condition 
evaluation in Section 2.6.4 of the application.  The staff reviewed the applicant’s assessment 
that no further evaluation is required, making reference to the previously approved evaluations.  
The staff finds the applicant’s approach to demonstrating structural performance acceptable 
because it followed the practice of similarity analysis reviewed in SER Section 2.1.2 above. 
 
On the basis of the above evaluation, the staff finds that the NAC-STC containing high burnup 
fuel package configuration is structurally adequate in meeting the requirements of 10 CFR 
71.71(c)(4) for the increased external pressure condition.  
 
2.6.5  Vibration 
 
Section 2.13.6.5 of the application noted that the dynamic response of the NAC-STC containing 
high burnup fuel configuration is bounded by that of the directly loaded fuel configuration for the 
vibration condition evaluated in Section 2.6.5 of the application.  The staff reviewed the 
applicant’s assessment that no further evaluation is required, making reference to the previously 
approved evaluations.  The staff finds the applicant’s approach to demonstrating structural 
performance acceptable because it followed the practice of similarity analysis reviewed in SER 
Section 2.1.2 above. 
 
The 10 CFR 71,55(d)(2) requirement provides, “[A] package used for the shipment of fissile 
material must be so designed and constructed and its contents so limited that under the tests 
specified in §71.71 (“Normal conditions of transport”) the geometric form of the package 
contents would not be substantially altered.”  Section 2.13.6.15.3 of the application evaluated 
the fuel rod structural performance for the normal conditions of transport vibrations condition, 
making reference to the Department of Energy Used Fuel Disposition Campaign Report 
SAND2013-5210P, “Fuel Assembly Shaker Test.”  Considering that large package rail transport 
vibrational environments would likely be bounded by the simulated shaker tests performed for a 
generic fuel assembly surrogate, the applicant noted the stress arising from vibrational loading 
is on the order of 3 ksi as compared to the material yield strength, greater than 60 ksi.  The staff 
reviewed the Department of Energy report and found the test data merit the common 
observation that the small stresses incurred would not result in cladding fatigue failure for the 
vibration condition.  Therefore, by virtue of the implied fuel rod fatigue performance, the staff 
has reasonable assurance to conclude that the NAC-STC package containing high burnup fuel 
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meets, in part, the normal conditions of transport requirement in 10 CFR 71,55(d)(2) that the 
geometry of the package contents will not be substantially altered.   
 
On the basis of the above evaluation, the staff finds that the NAC-STC containing high burnup 
fuel package configuration is structurally adequate in meeting the requirements of 10 CFR 
71.71(c)(5) for the vibration condition.    
 
2.6.6  Water Spray 
 
Section 2.13.6.6 of the application noted that the NAC-STC package in the NAC-STC containing 
high burnup fuel configuration is adequately represented by the water spray condition evaluation 
in Section 2.6.5 of the application.  The staff reviewed the applicant’s assessment that no further 
evaluation is required, making reference to the previously approved evaluations.  The staff finds 
the applicant’s approach to demonstrating structural performance acceptable because it 
followed the practice of similarity analysis reviewed in SER Section 2.1.2 above. 
 
On the basis of the above evaluation, the staff finds that the NAC-STC containing high burnup 
fuel configuration is structurally adequate in meeting the requirements of 10 CFR 71.71(c)(6) for 
the water spray condition.  
 
2.6.7  Free Drop 
 
Section 2.13.6.7 of the application evaluated the packaging components, including the package 
body and the fuel basket, for the end, side, and corner drop conditions.  As noted in the SER 
Section 2.1.2 above, the evaluation is performed by comparing effects of the package drop 
inertia and thermal loadings on the packaging components for transporting the NAC-STC 
containing high burnup fuel contents to those for the NAC-STC package in the directly loaded 
fuel configuration in Section 2.6.7.1.1 of the application.  Specifically, the applicant summarized 
the evaluation results and noted that the packaging component stresses associated with the 
NAC-STC containing high burnup fuel configuration are bounded by those for the drop condition 
evaluations of the NAC-STC package in the previously approved configurations.  However, 
because the maximum temperatures of some components are not bounded, the corresponding, 
lower stress allowables than those reported previously were used in updating the component 
stress margins of safety.  On this basis, the staff finds the applicant’s approach to demonstrating 
structural performance acceptable because it followed the practice of similarity analysis 
reviewed in SER Section 2.1.2 above. 
 
Section 2.13.6.7.1 through Section 2.13.6.7.3 of the application evaluated the package body for 
the 1-ft end, side, corner drops making reference to evaluations performed in Section 2.13.6.12 
where stress margins of safety are summarily listed.  For the stress margin of safety 
determination, the applicant continued to use the stresses reported in Section 2.10.4 of the 
application.  However, the at-temperature stress allowables are updated based on the thermal 
analysis performed for transporting the high burnup fuel content.  Tables 2.13.6.12.3-1 through 
2.13.6.12.3-14 summarize maximum Pm and Pm + Pb stresses for hot and cold conditions for the 
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package components, including the inner and outer shells, top and bottom forgings, top inner 
and outer lids, and bottom plate.  As noted in Section 2.13.6.12.3.4, the minimum margin of 
safety of 0.44 occurs in the top inner lid, which is associated with the maximum primary 
membrane stress for the case of 1-ft side drop under the hot, 100oF, ambient temperature. 
 
Section 2.13.6.14.2 of the application evaluated the thermal stress of the NAC-STC containing 
high burnup fuel basket support disk considering the maximum heat load of 24 kW.  As 
reviewed in SER Sections 2.6.1 and 2.6.2 above, when combined with the 1-ft package drop 
condition, the stress margins of safety for the basket support disk are 1.08 and 1.00, for the 
temperature hot and cold conditions, respectively. 
 
Section 2.13.6.14.3 of the application evaluated the structural performance of the shielded 
thermal shunt assembly as a fuel tube insert in place of the fuel.  By noting the full side impact 
load support accorded by the entire fuel tube and the large bearing areas provided by either top 
or bottom end of the assembly, the applicant determined that the thermal shunts have large 
stress margins and cannot experience buckling failure.  The staff reviewed the applicant’s 
assessment and concludes that the thermal shunt will adequately perform its function as a 
thermal and shielding component. 
 
On the basis of the above evaluation, the staff finds that the NAC-STC containing high burnup 
fuel configuration is structurally adequate in meeting the requirements of 10 CFR 71.71(c)(7) for 
the free drop condition.  
 
2.6.8  Corner Drop 
 
The 10 CFR 71.71(c)(8) corner drop condition is not applicable because the package weight 
exceeds 220 lbs.  
 
2.6.9  Compression 
 
The 10 CFR 71.71(c)(9) compression test is not applicable because the package weight is 
greater than 11,000 lbs. 
 
2.6.10  Penetration 
 
Section 2.13.6.10 of the application noted that the NAC-STC package in the NAC-STC 
containing high burnup fuel configuration is bounded by the penetration analyses of the 
NAC-STC package.  The staff reviewed the applicant’s assessment that no further evaluation is 
required, making reference to the previously approved evaluations.  The staff finds the 
applicant’s approach to demonstrating structural performance acceptable because it followed 
the practice of similarity analysis reviewed in SER Section 2.1.2 above.  
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On the basis of the above evaluation, the staff finds that the NAC-STC package containing high 
burnup fuel is structurally adequate in meeting the requirements of 10 CFR 71.71(c)(10) for the 
penetration test.  
 
2.7  Hypothetical Accident Conditions 
 
Package Body. Section 2.13.6.13 of the application evaluated the package body stress 
performance for the top-end, bottom-end, side, top-corner, and bottom-corner 30-ft free drop 
conditions and there was no need to reevaluate the puncture and immersion tests for the 
package.  Following the rationale on determining the inertia loads exerted on the packaging 
components as discussed in Section 2.13.6.7.4.1, the applicant noted that the package body 
stresses were not recomputed.  This is because the loading induced by the NAC-STC 
containing high burnup fuel content on the package body is bounded by the previously approved 
directly loaded configuration equipped also with the balsa wood impact limiters.  The staff 
reviewed the applicant’s assessment and concludes that, as noted by the applicant, the 
temperature increase has an insignificant effect on the material modulus, which would have 
been considered in the previous package body stress analysis.  However, stress margins of 
safety for package components were re-calculated using the updated at-temperature stress 
allowables consistent with the 24 kW heat load.  Since the thermally induced stresses need not 
be considered for accident conditions, the applicant focused its evaluation only on re-evaluating 
stress margins of safety for the 30-ft drop conditions. 
 
Tables 2.13.6.13.1-1 through  2.13.6.13.1-14 summarize maximum Pm and Pm + Pb stresses for 
hot and cold conditions for the package components, including the inner and outer shells, top 
and bottom forgings, top inner and outer lids, and bottom plate.  The stresses, as calculated 
previously for the approved CY-MPC directly loaded configuration, are taken from Section 
2.10.4 of the application.  Using the updated stress allowables based on thermal analysis of 
Section 3.8 of the application, the applicant determined package component stress margins of 
safety for the NAC-STC containing high burnup fuel transport.  The minimum margin of safety of 
0.22, which corresponds with Pm + Pb stress, is positive and is, therefore, acceptable. 
 
On the basis of the above evaluation, the staff finds that the NAC-STC containing high burnup 
fuel configuration is structurally adequate in meeting the requirements of 10 CFR 71.73(c)(1) for 
the free drop tests.  
 
2.8  Fuel Rod 
 
Section 2.13.6.15.3 of the application evaluated the fuel rod structural performance, per the 10 
CFR 71.55(e) provisions, to establish the fuel rod damage conditions consistent with those 
considered for demonstrating other safety functions for transporting the NAC-STC containing 
high burnup fuel.  The 10 CFR 71.55(d)(2) regulation requires that  a package used for the 
shipment of fissile material must be so designed and constructed and its contents so limited that 
under the tests specified in §71.71 the geometric form of the package contents would not be 
substantially altered.  The staff notes that the 30-ft hypothetical accident conditions drop test 
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would incur far larger an inertia force on fuel rod than the normal conditions of transport 1-ft 
drop condition would.  Therefore, as evaluated in the paragraphs below, by virtue of its 
satisfactory structural performance for the 30-ft free drop accidents, the NAC-STC containing 
high burnup fuel would also be shown to meet, in part, the normal conditions of transport 1-ft 
free drop test requirement. 
 
The applicant evaluated the fuel cladding material properties that are developed as a result of 
the specific cladding materials subject to thermal conditions influencing hydride formation, 
hydride reorientation, and the resultant influence on ductility or brittle material behavior.  In SER 
Section 2.2 “Mechanical Properties of Materials”, above, the staff concludes that cladding 
mechanical properties of materials, in terms of modulus of elasticity and yielding strength, are 
acceptable for use in the FEA of the fuel rod structural performance as reviewed below.  
 
2.8.1  Fuel Rod End Drop  
 
The applicant used an LS-DYNA FEA approach to evaluate the NAC-STC containing high 
burnup fuel subject to a 30-ft end drop accident, considering the Westinghouse 17x17 fuel as 
representative for demonstrating fuel rod structural performance.  Figure 2.13.6.15-1 through 
Figure 2.13.6.15-3 depict the FEA model comprised primarily of shell and solid elements for a 
plane row of 17 fuel rods within the confines of the fuel tube and end fitting.  In addition to 
removing the cladding oxidization of 120 microns from the nominal rod cross section and using 
material properties of the irradiated cladding at 310oC, other key model attributes considered 
include: (1) a terminal velocity of 527 in/sec for all nodes, (2) an end fitting vertical motion for 
0.08 sec., which corresponds to the deceleration response time series of the package equipped 
with either the redwood or the balsa wood impact limiters with the peak decelerations of 56.1 g 
and 43.0 g, respectively, and (3) a bow of 0.01 inch between the two lowest spacer grids to 
initiate lateral deformation of the fuel rod subject to axial loading.  By invoking the von Mises 
yield criteria and the at-temperature yield strength of 63.5 ksi at 310oC of the M5®, 6-cycle 
cladding, the applicant calculated the maximum cladding von Mises stresses of 60.0 ksi and 
54.5 ksi, which correspond to the factors of safety of 1.05 and 1.16 for transporting the NAC-
STC containing high burnup fuel for the package equipped with the redwood and balsa wood 
impact limiters, respectively.  
 
The greater than unity factors of safety demonstrate the fuel rod elastic performance, which 
ensure that fuel rods will return to their original configuration after the 30-ft end drop accident. 
 
2.8.2  Fuel Rod Side Drop  
 
The applicant used an ANSYS FEA approach to evaluate the fuel rod subject to a bounding 
side-drop inertia force of 60 g, which is greater than the calculated side-drop deceleration of 
50.7 g.  For the same Westinghouse 17x17 fuel evaluated for the package end drop, the 
applicant considered the rod pitch and cladding oxidization of 120 microns to calculate a 
maximum lateral displacement of 2.33 inches that the outer top most rod of a plane row of 
17 rods is allowed to deform laterally before coming in contact with the next fuel rod.  Figure 
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2.13.6.15.2-1 depicts the model schematic with the CONTAC52 element interface to simulate 
an open gap of 2.33 in, which would close when the calculated lateral maximum displacement 
at any location of the fuel rod reaches the gap limit.  Considering the at-temperature cladding 
material yield strength of 61.6 ksi at 638oF, which bounds conservatively the maximum cladding 
temperature of 590 °F, the applicant obtained a factor of safety of 1.33 for the maximum 
calculated cladding stress of 46.3 ksi.  Thus, the greater-than-unity factor of safety 
demonstrates the fuel rod elastic performance, which ensures that fuel rods will return to their 
original configuration after the 30-ft package side drop accident. 
 
On the basis of the evaluation above, the staff has reasonable assurance to conclude that the 
high burnup fuel assemblies will have adequate structural performance during the tests for 
hypothetical accident conditions so that there will be no permanent deformation of the fuel 
assemblies. 
 
2.9  Evaluation Findings 
 
On the basis of the above evaluation of the application and the statements and representations 
thereof, the staff has reasonable assurance to conclude that the structural design of the 
package for transport of the NAC-STC containing high burnup fuel contents has been 
adequately described and evaluated for meeting the structural and material requirements of 
10 CFR Part 71. 
 
3.0  THERMAL EVALUATION 
 
The objective of the review is to verify that the thermal performance of the Model No. NAC-STC 
containing directly loaded high burnup fuel has been adequately evaluated for the tests 
specified under both normal conditions of transport and hypothetical accident conditions of 
transport and that the package design satisfies the thermal requirements of 10 CFR Part 71.  
This case is also reviewed to determine whether the package fulfills the acceptance criteria 
listed in Section 3 of NUREG-1617, "Standard Review Plan for Transportation Packages for 
Spent Nuclear Fuel,” as well as associated ISG documents. 
 
3.1  Description of the Thermal Design 
 
3.1.1  Packaging Design Features  
 
Except for the contents which can be transported in the NAC-STC transportation package, the 
packaging design features are documented in the NAC-STC SAR.  The design features have 
been reviewed and approved previously. 
 
3.1.2  Codes and Standards  
 
Appropriate codes and standards are referenced by the applicant throughout the application.  
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3.1.3  Content Heat Load Specification 
 
The NAC-STC transportation package has a capacity of up to [Proprietary Information 
Removed].  The NAC-STC directly loaded system has three separate configurations for 
transporting high burnup fuel as listed below and defined in Figure 3.8-1 of the application.   
 
Proprietary Information Removed 
 
 

.  The maximum heat load for the NAC-STC containing high burnup fuel 
contents is 24 kW.  The thermal loads are different for normal conditions of transport and 
hypothetical accident conditions: the surface thermal load (combustion heat) is external during a 
fire accident, while the surface thermal load (insolation) is applied continuously during normal 
conditions of transport. 
 
The staff reviewed all the external heat loads into the package.  These heat loads are expected 
and acceptable based on the proposed heat loads and the thermal loads described in 10 CFR 
71.71 and 10 CFR 71.73. 
 
3.1.4  Summary Tables of Temperatures  
 
The staff verified that summary tables of the package component temperatures (i.e., Tables 
3.8-4, 3.8-5, and 3.8-6) were provided in the application.  The components include fuel, support 
disk, heat transfer disk, aluminum shunt, NS-4-FR radial neutron shield material, lead shield, 
inner shell, outer shell, average gas temperature, and package surface temperature.  The staff 
confirmed that the temperatures are consistently presented throughout the application for both 
normal conditions of transport and hypothetical accident conditions.  The staff verified that all 
components remain below or above their material property limits listed in the application.  
Therefore the staff finds the summary tables of temperatures acceptable which satisfies 
NUREG-1617. 
 
3.1.5  Summary Tables of Pressures in the Containment System  
 
Summary tables of the containment pressure under normal conditions of transport and 
hypothetical accident conditions are not provided in the application.  However, calculations and 
results are presented in Chapter 4 of the application which is acceptable to the staff.  The 
reported values correspond to the maximum normal operating pressure (MNOP) for normal 
conditions of transport and maximum reached pressures during hypothetical accident conditions 
fire test.  These values are well within the design pressure of NAC-STC containing high burnup 
fuel containment boundary.  Therefore the staff finds the calculated pressures acceptable which 
satisfies NUREG-1617. 
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3.2  Material Properties and Component Specifications 
 
3.2.1  Material Properties  
 
The properties for the package body have been tabulated and are provided in the NAC-STC 
containing high burnup fuel transport package SAR Section 3.2.  The application provides 
material thermal properties such as thermal conductivity, density, and specific heat.  The staff 
reviewed these properties and finds them acceptable because they cover the temperature range 
encountered during transport for normal and accident conditions.  The thermal properties used 
for the analysis of the package are appropriate for the materials specified and for the package 
conditions required by 10 CFR Part 71 during normal conditions of transport and hypothetical 
accident conditions. 
 
3.2.2  Technical Specifications of Components  
 
The package materials and components are summarized in Section 3.8.3 of the application. 
These materials are required to be maintained below maximum pressure and temperature limits 
for safe operation.  The staff reviewed and accepts these specifications because the specified 
limits assure a safe operation of the transportation package and its contents. 
 
3.2.3  Thermal Design Limits of Package Materials and Components  
 
Maximum pressure and temperature limits of package materials and components are provided 
by the applicant.  The staff verified that they are used consistently in the application.  The 
applicant demonstrated that maximum temperatures of the contents are in compliance with the 
limits specified in the application. 
 
The staff reviewed and confirmed that the maximum allowable temperatures for components 
critical to the package containment and radiation shielding, are specified which satisfies 
NUREG-1617. 
 
3.3  Thermal Evaluation under Normal Conditions of Transport  
 
The applicant performed thermal analyses of the NAC-STC package containing high burnup fuel 
to evaluate the effects of the thermal tests for normal conditions of transport to demonstrate that 
the NAC-STC can 1) safely maintain the design basis temperatures required for fuel cladding 
integrity under the range of thermal conditions expected during normal conditions; 
2)  demonstrate that package components important to safety are maintained within their safe 
operating temperature ranges, and 3)  provide thermal input to the structural analyses.  The 
applicant’s thermal analysis shows that the NAC-STC containing high burnup fuel maintains 
maximum fuel rod cladding temperatures below the 400 °C recommended limit with adequate 
margin. 
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3.3.1  Evaluation by Analyses  
 
To evaluate the thermal performance of the NAC-STC package containing high burnup fuel the 
applicant developed a three-dimensional (3-D) ANSYS finite element model.  This model has 
been reviewed previously for the STC and since there were no fundamental changes in the STC 
design, the previous technical evaluation by staff is still valid.  Solar insolation and ambient 
temperature conditions are applied to the outer surface of the transport package neutron shield 
shell for the appropriate transport condition.  The staff finds the overall analysis approach and 
assumptions acceptable because the description satisfies the criteria described in NUREG-1617 
for meeting 10 CFR Part 71.  Based on the thermal model the applicant performed the analysis 
for normal conditions of transport to determine the temperatures for the major components of 
the overpack, canister and the basket, and contents.  The maximum and minimum temperatures 
of the major NAC-STC overpack components, basket components, and contents are shown in 
Table 3.8-4 and 3.8-5 of the application.  The reported values are below the recommended 
limits established in the application. 
 
To confirm that the directly-loaded, high burnup fuel cladding temperature variation is less than 
the DTC during a fuel shipment (as defined in Section 1.1.1 of the application), the applicant 
evaluated six cases of transport condition using the ANSYS finite element model described 
above.  Each case contains two bounding steady state conditions corresponding to the ‘hot’ and 
‘cold’ conditions during a shipment.  The ambient temperature corresponds to the maximum and 
minimum temperature for normal conditions of transport, as defined in 10 CFR 71.71.  The 
applicant’s predicted maximum temperature variation is less than the DTC for all six cases.  The 
applicant also obtained the solution discretization error by calculating the grid convergence 
index for the bounding case following the procedure described in ASME Verification and 
Validation No. 20 (ASME V&V 20) “Standard for Verification and Validation in Computational 
Fluid Dynamics and Heat Transfer”.  The applicant developed three grids for both the hot and 
cold cases and computed the grid convergence index of the DTC for both cases.  Also, using 
the procedures described in ASME V&V 20, the applicant demonstrated the predicted results 
were within the asymptotic range of convergence.  Therefore, the applicant demonstrated that 
during shipment, the predicted maximum temperature variation (including the solution 
discretization error) is less than the DTC. 
 
3.3.2  Evaluation by Tests  
 
The applicant evaluated the package by analysis.  Therefore no test is specified in the 
application.  Given that adequate margin was demonstrated, the staff finds this acceptable 
which satisfies NUREG-1617. 
 
3.3.3  Temperatures  
 
See Section 3.1.4  
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3.3.4  Pressures  
 
See Section 3.1.5  
 
3.3.5  Thermal Stresses 
 
Using the thermal results obtained in Chapter 3 of the application, thermal stresses are 
evaluated in Chapter 2 of the application.  The methods presented are standard methods 
described in textbooks on the subject and the evaluation is done under the worst operating 
conditions.  The results show adequate margin to exclude safety concern.  The staff finds the 
evaluation methods acceptable because the description and analysis satisfy NUREG-1617. 
 
3.3.6  Evaluation of Accessible Surface Temperature  
 
Under normal conditions of transport, the package is designed and constructed such that the 
package surface temperature with the design basis heat load and no solar insolation is above 
85 °C specified in 10 CFR 71.43(g) requirements.  According to Section 3.8.4.5 of the 
application, the maximum temperature of the personnel barrier is below the allowable 
temperature of 85 °C for exclusive use shipment, so the NAC-STC can safely transport the 
design basis fuel under the normal conditions of transport specified in 10 CFR 71.43. 
 
The staff finds the approach to perform the normal conditions of transport evaluation acceptable 
because the developed thermal model is adequate to capture the heat transfer characteristics 
expected for this design under these thermal conditions. 
 
3.4  Package Drying 
 
To determine the maximum temperatures during vacuum drying, the applicant performed a 
transient analysis for the three spent fuel loading configurations considering a design basis heat 
load of 24 kW and an ambient temperature of 38 °C (100 °F).  The applicant determined that at 
72 hours of the vacuum condition, the maximum fuel cladding temperature for the three 
configurations is less than the maximum fuel cladding temperatures for the steady state 
transport condition.  Based on these results, the applicant concluded that the vacuum drying 
condition is bounded by the steady state transport condition and no further evaluation is 
required for determining DTCs. 
 
The applicant stated that fuel could potentially be exposed to a thermal cycle as a result of 
operational issues that could require re-flooding of the package after establishing a vacuum.  In 
this situation, the cladding would be cooled from a peak cladding temperature of about [Proprietary 

Information Removed] down to below 100 °C by continuous water flow.  The staff reviewed the re-
flood/re-dry analysis and actions provided in SAR Section 2.2.2.1.1.2.1 and concluded that the 
actions described in the SAR would invalidate the proposed DBTTs which will be unacceptable, 
as described in Section 2.2.4.3.1, “Maximum Cladding Temperature and Thermal Cycling” of 
this SER. 
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The staff finds the approach to perform the package drying evaluation acceptable because the 
developed thermal model is adequate to capture the heat transfer characteristics expected for 
this design during these thermal conditions.  The staff finds the re-flood/re-dry analysis and 
actions unacceptable because the actions proposed in the SAR would invalidate the DBTTs.  
Accordingly, Condition No. 12 in the certificate of compliance states “HBU fuel assemblies 
subjected to a package re-flood are not authorized for shipment.” 
 
3.5  Thermal Evaluation under Hypothetical Accident Conditions 
 
The applicant did not develop a model to perform the thermal analysis of the NAC-STC package 
containing high burnup fuel during hypothetical accident conditions.  Instead, the applicant’s 
approach consisted in establishing the maximum temperatures for the NAC-STC package 
loaded with high burnup fuel contents by adding a temperature increase from a fire analysis 
performed at 22.1 kW (as described in SAR Section 3.5) to the NAC-STC containing high 
burnup fuel normal condition component temperatures, as listed in Table 3.8-4 (hot case) of the 
NAC-STC application.  Resulting hypothetical accident conditions temperatures are reported in 
Table 3.8-6 of the application.  All predicted temperatures for hypothetical accident conditions 
are below the allowable limits with adequate margin.  Previous resulting hypothetical accident 
conditions pressures reported in SAR Sections 3.4.4 and 3.5.4 remain bounding because of the 
assumptions used in this analysis.  The staff reviewed the applicant’s approach and calculated 
results and finds the approach and predicted results acceptable because, except for the higher 
heat load, the NAC-STC package geometry containing high burnup fuel is the same.  Also, the 
predicted results are acceptable because analytical results are obtained with sufficient margin.  
The staff finds acceptable the applicant’s analysis of hypothetical accident conditions because it 
satisfies the criteria described in NUREG-1617 for meeting 10 CFR Part 71. 
 
3.6  Evaluation Findings 
 
The staff reviewed the package description, the material properties, component specifications, 
and the methods used in the thermal evaluation, and found reasonable assurance that they are 
sufficient to provide a basis for evaluation of the package against the thermal requirements of 
10 CFR Part 71.  The staff reviewed the accessible surface temperatures of the package as it 
will be prepared for shipment and concludes that the temperatures satisfy 10 CFR 71.43(g) for 
packages transported by exclusive-use vehicle.  The staff reviewed the package preparations 
for shipment and concludes that the package material and component temperatures will not 
extend beyond the specified allowable limits during normal conditions of transport, consistent 
with the tests specified in 10 CFR 71.71.  The staff also found reasonable assurance that the 
package material and component temperatures will not exceed the specified allowable short-
time limits during hypothetical accident conditions, consistent with the tests specified in 10 CFR 
Part 71.73. 
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4.0  CONTAINMENT 
 
The purpose of this evaluation was to verify that the Model No. NAC-STC package containment 
design meets the containment requirements of 10 CFR Part 71 under normal conditions of 
transport and hypothetical accident conditions with directly loaded intact, undamaged high 
burnup PWR spent fuel. 
 
4.1  Containment System Design 
 
The containment boundary of the NAC-STC package with directly loaded intact/undamaged, 
high burnup PWR fuel was defined under containment condition B3 of the NAC-STC transport 
system and its components were detailed in Table 4.1-1, “NAC-STC Containment Boundaries” 
in the application.  These components include: the inner shell, upper and lower shell rings 
transitional sections, bottom inner forging, top forging, inner lid, inner lid inner O-ring, vent port 
cover plate, vent port cover plate inner O-ring, drain port cover plate, and drain port cover plate 
inner O-ring.  For the directly loaded intact/undamaged high burnup PWR fuel, the licensing 
drawings specified inner and outer Viton O-rings, or alternatively an inner metallic seal and an 
outer Viton O-ring, for both the inner lid and the vent and drain port covers.  The licensing 
drawings specified inner and outer metallic seals for canistered contents.  The staff confirmed 
that the inner lid, and vent and drain port cover plate containment boundary Viton O-rings and 
metallic seals dimensions and materials, as well as respective groove dimensions were 
described on the licensing drawings.  The containment design had been previously approved, 
although the leakage rate test acceptance criteria for the Viton O-rings for the directly loaded 
intact/undamaged high burnup PWR fuel has been changed to leaktight as defined in ANSI 
N14.5, and the use of a containment boundary inner metallic seal and an outer Viton O-ring was 
new to this application.  The staff verified the lid bolt torque values in Table 7-1, “Torque Table” 
of the application were bounding for the dual Viton O-rings and the inner metallic seal and outer 
Viton O-ring based on the calculations provided for dual metallic seals in Section 2.10.8.2.1, 
“Bolt Force – Preload,” of the SAR.  The staff also confirmed that Table 7-1 was referenced 
within Section 7.1.3.1, “Direct Loading of Fuel (Uncanistered),” of the application, therefore 10 
CFR 71.43(c) is met. 
 
4.2  Containment Under Normal Conditions of Transport 
 
The NAC-STC package design included leakage rate testing to the leaktight criteria per ANSI 
N14.5-1997 (i.e., for a leakage rate of 2x10-7 cm3/s (helium)) for the directly loaded intact, 
undamaged high burnup PWR fuel.  Section 4.2.2.1, “Containment Pressurization Due to 
Directly Loaded Fuel” of the application described the combustible gas generation for the 
directly loaded intact/undamaged high burnup PWR fuel and stated that the combustible gas 
generation due to tritium during a period of one year does not exceed 0.1%, which is less than 
5% (by volume) of the free gas volume in any confined region of the package. 
 
The applicant stated and the staff confirmed the MNOP, 4.3 atm (48.5 psig), from previous 
analysis described in Section 3.4.4.1, “Maximum Internal Pressure for Directly Loaded Fuel” of 
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the application was bounding for the directly loaded intact/undamaged high burnup PWR fuel 
and was below the design pressure limit of 75 psig.  The staff confirmed the average gas 
temperature during normal conditions of transport (438 °F) for the NAC-STC with high burnup 
fuel contents was bounded by the temperature used in the previous analysis (450 °F).  The 
maximum temperatures for the Viton O-rings during normal conditions of transport (256 °F) 
were also within the design limit (400 °F) according to Table 3.8-4, “Maximum Component 
Temperatures – Normal Transport Conditions, Maximum Decay Heat, Maximum Ambient 
Temperature, among Three Configurations – the STC-HIGH BURNUP” of the application.  The 
staff confirmed the Viton O-rings on the NAC-STC package were capable of maintaining cold 
flexibility to a temperature of -40 °F and a maximum temperature limit of 400 °F based on a 
vendor provided material data sheet.  The structural integrity of the cask containment during 
normal conditions of transport was demonstrated in Section 2.13, “Structural Evaluation – STC-
Cask Assembly with High Burnup (HBU) Directly Loaded Fuel” of the application.  The staff 
finds that the closure analysis in Section 2.6.7.5, “Closure Analysis – Normal Conditions of 
Transport” of the SAR for normal conditions of transport was valid for the high burnup contents.  
The staff reviewed the evaluation of the containment system under normal conditions of 
transport and concluded that the package satisfied the containment requirements of 10 CFR 
71.43(f), and 10 CFR 71.51(a)(1) with no dependence on filters or a mechanical cooling system. 
 
4.3  Containment Under Hypothetical Accident Conditions 
 
Section 4.2.2.1, “Containment Pressurization Due to Directly Loaded Fuel” of the application 
described the combustible gas generation for the directly loaded intact, undamaged high burnup 
PWR fuel and confirmed that the combustible gas generation due to tritium during a period of 
one year does not exceed 0.1%, which is less than 5% (by volume) of the free gas volume in 
any confined region of the package.  The applicant stated and the staff confirmed the maximum 
pressure for hypothetical accident conditions, 5.75 atm (69.8 psig), from a previous analysis 
described in Section 3.5.4.1, “Maximum Internal Pressure for Directly Loaded Fuel” of the 
application was bounding for the directly loaded intact, undamaged high burnup PWR fuel and 
was below the design pressure limit of 75 psig.  The staff confirmed the average gas 
temperature during hypothetical accident conditions (744 °F) for the NAC-STC with high burnup 
fuel contents was bounded by the temperature used in the previous analysis (756 °F).  The staff 
confirmed the maximum temperatures for the Viton O-rings (387 °F) during hypothetical 
accident conditions were also within the design limit (400 °F) according to Table 3.8-6, 
“Maximum Temperature of the STC-HBU – Hypothetical Fire Accident Condition” of the 
application.  The structural integrity of the cask containment during hypothetical accident 
conditions was demonstrated in Section 2.13 of the application.  The staff finds that the closure 
analysis in Section 2.7.1.6, “Closure Analysis – Hypothetical Accident Conditions” of the SAR 
for hypothetical accident conditions was valid for the high burnup contents.  The staff reviewed 
the evaluation of the containment system under hypothetical accident conditions and concluded 
that the package satisfies the containment requirements of 10 CFR 71.51(a)(2). 
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4.4  Conclusion 
 
The staff has reviewed the evaluation of the containment system under normal conditions of 
transport and concludes that the package is designed, constructed, and prepared for shipment 
so that under the tests specified in 10 CFR 71.71 (normal conditions of transport) the package 
satisfies the containment requirements of 10 CFR 71.43(f) and 10 CFR 71.51(a)(1) with no 
dependence on filters or a mechanical cooling system.   
 
The staff has reviewed the evaluation of the containment system under hypothetical accident 
conditions and concludes that the package satisfies the containment requirements of 10 CFR 
71.51(a)(2), with no dependence on filters or a mechanical cooling system. 
 
In summary, the staff has reviewed the Containment Evaluation section of the SAR and 
concludes that the package has been described and evaluated to demonstrate that it satisfies 
the containment requirements of 10 CFR Part 71, and that the package meets the containment 
criteria of ANSI N14.5. 
 
5.0  SHIELDING EVALUATION 
 
The objective of the review is to verify that the shielding of the Model NAC-STC package 
provides adequate protection against direct radiation from its contents and that the package 
design meets the external radiation requirements of 10 CFR Part 71 under normal conditions of 
transport and hypothetical accident conditions. 

The applicant provided a shielding evaluation for the directly loaded NAC-STC with high burnup 
fuel for      [Proprietary Information Removed].        The design basis analyzed 17x17 PWR fuel 
assemblies with the total heat load of 24 kW per package.  The cobalt impurity deployed in the 
analysis are 0.4 g/kg, 0.8 g/kg and 1.2 g/kg.  The empty basket cells are loaded with the thermal 
shunts.  The applicant uses SAS2H of the SCALE System for source term and MCNP for the 
shielding calculations.  
 
The nominal transport index for NAC-STC is 25 (TI = 25) based on the analysis results offered 
in Section 5.8.6 through Section 5.8.8 of the SAR.  The maximum dose rate at 1 meter from the 
NAC-STC containing high burnup spent fuel for normal conditions of transport is 24.9 mrem/hr. 
 
5.1  Package Contents: 
 
The package is designed to transport up to [Proprietary Information Removed] fuel assemblies. These 
assemblies are directly loaded in the basket.  With regard to shielding, the only change to the 
packaging is the empty cells for  [Proprietary Information Removed]  are filled with thermal shunts.  
Other shielding features remain unchanged. The applicant requested authorization to ship up to 
[Proprietary Information Removed] and provided revised shielding analyses for all directly-loaded high 
burnup fuel assembly types. This safety evaluation report describes the changes to the 
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shielding evaluation for the directly-loaded spent fuel presented in Chapter 5.8 of the safety 
analysis report. 
 
5.2  Design Criteria 
 
The NAC-STC package is designed to meet the requirements of 10 CFR Part 71 for both 
normal condition of transport and hypothetical accident conditions.  For normal conditions of 
transport, the dose rate limits specified in 10 CFR 71.47 for packages under exclusive use are: 
1,000 mrem/hr on the surface of the enclosed package, 200 mrem/hr on the outer surfaces of 
transport vehicle and 10 mrem/hr at 2 meters from the vertical planes represented by the outer 
lateral surfaces of the transport vehicle.  The applicant's loading tables has a surface dose rate 
of 200 mrem/hr which is much less than the 1000 mrem/hr limit specified in 10 CFR 71.47.  
 
The NAC-STC package containing high burnup fuel meets the criteria of 1000 mrem/hr at 
1 meter from the surface of package after subjecting the package to the tests for hypothetical 
accident conditions (10 CFR 71.51) at all locations.  
 
The applicant defined the vehicle surface to be the personnel barrier that will be on the same 
plane as the outer radial surface of the impact limiters.  The personnel barrier will attach to the 
edge of the vehicle between the impact limiters. 
 
5.3  Source Term 
 
The authorized contents for the package include up to [Proprietary Information Removed]17x17 PWR intact fuel 
assemblies directly loaded into the NAC-STC basket.  For each of the 3 configuration types, the 
applicant developed a reference fuel assembly with general parameters for the shielding 
evaluation. 
 
The applicant used the SAS2H/ORIGEN-S modules of the SCALE4.4 system with the 44-group 
ENDF/B-V cross section libraries to determine the gamma and neutron source terms.  Cobalt 
impurity levels of 0.4 g/kg, 0.8 g/kg, and 1.2 g/kg Co59 impurity per kg of stainless steel for the 
fuel hardware source are evaluated during post processing.  Separate cool time tables are 
generated for each combination of cobalt impurity and assembly loading configuration. 
 
Decay heats and dose rates have been calculated for a finite range of burnups from 
45,000 MWd/MTU to 60,000 MWd/MTU in 1,000 MWd/MTU increments.  Initial 235U 
enrichments are evaluated from 2.9 to 4.9 wt % U235 in 0.2 wt % increments with cooling times 
ranging from 4 to 60 years.  Minimum cool time tables for the [Proprietary Information Removed] 
are provided in Table 5.8.1-2, Table 5.8.1-3, and Table 5.8.1-4 of the SAR. 
 
5.3.1  Neutron Source 
 
Neutron source terms have been calculated for each directly loaded fuel assembly as explained 
in the Section 5.2.1 of SAR.  Table 5.2-21 represents neutron source terms that have been 
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rebinned onto the ANSWERS (MCBEND) 28 group structure using ORIGEN-S as part of the 
source term evaluation.  The MCNP analysis using an enrichment of 5 wt. % 235U for the fuel 
material definition and subcritical neutron multiplication is directly accounted within the code. 
 
5.3.2  Gamma source 
 
Gamma source terms have been calculated for each directly loaded fuel assembly as described 
in Section 5.2.1 of the SAR.  Table 5.2-22 represents gamma source terms that have been 
rebinned onto the ANSWERS (MCBEND) 22 group structure using ORIGEN-S as part of the 
source term evaluation.  The hardware gamma spectrum for directly loaded fuel contains 
contributions primarily from 60Co due to the activation of Type 304 stainless steel with 1.2 g/kg 
Co59 impurity and with some minor contributions from 59Ni and 58Fe.  
 
The staff verified that the applicant specified the gamma and neutron source terms as a function 
of energy for both the fuel and the hardware.  
 
The staff verified that the applicant appropriately considered the 60Co contained in the fuel 
assembly hardware.  The applicant states that they used a 1.2 g/kg 59Co impurity within the 
stainless steel and that this is the maximum impurity allowed per manufacturer specifications. 
The staff finds this value to be reasonable and acceptable. 
 
5.4  Model Specification  
 
The applicant used the MCNP computer code, which is a three-dimensional Monte Carlo code, 
to determine the dose rates for the package.  In the MCNP code the fuel and hardware regions 
are homogenized within a volume as width and height of fuel assembly.    

The package was modeled explicitly for analyses under both normal conditions of transport and 
hypothetical accident conditions.  The fuel assembly was separated in four zones (the active 
fuel, upper plenum, and upper and lower end fitting source regions) with each zone being 
modeled homogeneously within the basket.  For hypothetical accident conditions, the shielding 
model included a loss of gaseous elements from the neutron shield and a lead void region due 
to lead slump.  Within these axial volumes, the material masses of the fuel assembly are 
homogenized.  Superimposed mesh tallies are used to estimate the dose profiles at the 
package surface, personnel barrier, 1 meter from surface, and 2 meters from vehicle side. 
 
5.5  Shielding Evaluation: 
 
As described in Section 5.8.2-3 of the SAR, the shielding evaluation is performed with MCNP5 
version 1.60.  Source terms include fuel neutron, fuel gamma, and gamma contributions from 
activated hardware.  These evaluations include the effect of fuel burnup peaking on fuel neutron 
and gamma source terms. 
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As an alternative of running numerous direct-solution cases at a discrete matrix of burnups, 
enrichments, and cool times, the licensee performed three-dimensional dose rate response 
function cases evaluating the dose contribution of a “unit” source in each significant energy 
group in each source region.  Six sets of response functions are evaluated based on the 
previously defined source regions: fuel gamma, fuel neutron, fuel n-gamma, lower end-fitting 
gamma, upper plenum gamma and upper end-fitting gamma.  Fuel hardware contributions to 
dose rates are evaluated using the fuel gamma response functions.  For each source region, a 
subset of the 28 neutron and 22 gamma energy groups is evaluated to increase the efficiency of 
the analysis. 
 
The structural analyses, performed in Chapter 2 of the application, show that the fuel is 
expected to remain essentially undamaged during transportation, after the tests for both normal 
conditions of transport and hypothetical accident conditions.  The applicant looked at feasible 
fuel reconfigurations and determined that the expected dose rates would still be below 
regulatory limits as a defense-in-depth measure in the event of fuel reconfiguration. Three 
scenarios are considered, one for normal conditions of transport (3% rod failure) and two 
scenarios for hypothetical accident condition (100% rod failure). 
 
The defense-in-depth analysis is described in Calculation Package No. 423-5002 Rev. 0, 
“Defense-In-Depth STC PWR Fuel shielding Analysis for High Burnup Fuel.”  Since this analysis 
is for defense-in-depth purposes and is not part of the certification basis, the staff finds that the 
analysis need not be included in the package safety analysis report. 
 
The applicant developed a new model for the reconfiguration analysis for the normal conditions 
of transport scenario.  The active regions of fuel assemblies are modeled as collapsed to the 
upper and lower nozzle regions.  This collapsed fuel material moves into the top weldment 
region of the basket with packing fraction of 0.5.  This scenario results in a fuel failure rate 
equivalent to 3% and 3.9% of the fuel assembly UO2 mass for the upper and lower nozzle.  
Table 1.1 of Calculation Package No. 423-5002 Rev. 0 summarizes dose rates for this scenario.  
As results of this compaction, the dose rate increases on the surface of the package. 
 
For the first scenario for fuel reconfiguration after the tests for hypothetical accident conditions, 
the applicant modeled all fuel assemblies collapsing with a packing fraction of 0.75.  The fuel 
assembly is constrained by the fuel assembly width.  Under this condition the neutron source 
term is the major contributor to dose rate, since the neutron shield is no longer effective.  The 
compressed axial profile maintains the source term which peaks at the center of the fuel height, 
and therefore maximizes the dose rate in radial direction.  Table 1-2 of the Package No. 423-
5002 Rev. 0 shows the dose rate for this scenario. 
 
The second scenario for hypothetical accident conditions is similar to scenario one, but the fuel 
collapses into the free volume above the basket top weldment disk.  This further compacts the 
source term that increases dose rates.  While the basket and tubes remain shifted to the bottom 
of the package cavity, the fuel will migrate to the top of the cavity during transportation.  This 
fuel reconfiguration scenario is an accident condition scenario which is beyond a credible event.  
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The results of this scenario are summarized in Table 1-3 of Calculation Package No. 423-5002 
Rev. 0. 
 
The applicant’s results of these 3 reconfiguration cases show that dose rates are below 
regulatory values (10 CFR 71.47 and 10 CFR 71.51). 
 
The staff considered the NRC’s NUREG/CR-6835, “Effects of Fuel Failure on Criticality Safety 
and Radiation Dose for Spent Fuel Casks,” and NUREG/CR-7203, “A Quantitative Impact 
Assessment of Hypothetical Spent Fuel Reconfiguration in Spent Fuel Storage Casks and 
Transportation Packages,” and the Electric Power Research Institute’s Report 1015050, “Fuel 
Relocation Effects for Transportation Packages,” in evaluating the applicant’s basis for its 
scenario selection.  The staff, based on engineering judgement, determined that the applicant’s 
scenarios include characteristics that the staff would consider physically very unlikely and other 
conservatisms.  Given these characteristics, the staff finds the applicant’s analysis includes 
scenarios that adequately bound the physically likely and credible configuration changes that 
the high burnup fuel might undergo as the result of normal transport conditions and hypothetical 
accident conditions. 
 
5.5.1  Flux-to-Dose Rate Conversion Factors 
 
The application uses the ANSI/ANS Standard 6.1.1-1977, “Neutron and Gamma-Ray Flux-to-
Dose Factors” flux-to-dose rate conversion factors to calculate dose rates, which are 
acceptable. 
 
5.6  Dose Rates 
 
Dose rates calculated by the applicant for directly-loaded fuel under normal conditions of 
transport and hypothetical accident conditions are shown in the Tables 5.8.6-1, 5.8.7-1, and 
5.8.8-1 for [Proprietary Information Removed] assemblies respectively.  The dose rates are evaluated for 
0.4, 0.8, 1.2 g/kg Co60 impurity.  The dose rates at surface radially, top and bottom are shown in 
these tables.  The maximum dose rate calculated by the applicant for normal conditions of 
transport is 200 mrem/hr on the surface of the package for [Proprietary Information Removed].  The 
maximum calculated dose rate after the tests for hypothetical accident conditions is 
726.5 mrem/hr for [Proprietary Information Removed]. 
 
5.7  Confirmatory Calculations 
 
The staff reviewed the reference fuel assemblies presented in Table 5.2-2 of the application, 
and found that they were acceptable for describing the intended PWR fuel assemblies. 
 
The staff performed confirmatory analyses of the gamma and neutron source terms for the 
design basis fuel.  Staff used ORIGEN-S of the SCALE6.1 system of computer codes, whereas 
the applicant used SAS2H and ORIGEN-S of the SCALE4.4 system to evaluate the source 
terms.  The cross-section library used by the applicant in SCALE4.4 may under predict the 
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neutron source by 10 to 15 percent.  The staff also reviewed the fuel parameters, material 
densities, and code input files.  Staff found that, even considering this under prediction, the 
calculated dose rates do not exceed the external radiation limits of 10 CFR Part 71. 
 
The NRC staff performed confirmatory shielding calculations using the Origin-ARP sequence of 
the SCALE6.1 system.  The staff developed a three-dimensional shielding model and calculated 
dose rates for both normal conditions of transport and hypothetical accident conditions.  The 
dose rates calculated by the staff, like the applicant’s, were below limits of 10 CFR Part 71. 
 
The staff reviewed the three-dimensional dose response function method presented by the 
applicant to determine the cooling time tables for each fuel type.  The staff found that the 
method, while not necessarily bounding, would conservatively represent the expected dose 
rates from each burnup, cooling time, and enrichment combination.  
 
Based upon the information provided by the applicant and the staff’s confirmatory calculations, 
the staff has reasonable assurance that the applicant’s shielding analyses demonstrate that the 
package design meets the requirements of 10 CFR Part 71. 
 
6.0  CRITICALITY EVALUATION 
 
The purpose of this review is to verify that the package design satisfies the criticality safety 
requirements of 10 CFR Part 71 under normal conditions of transport and hypothetical accident 
conditions. 
 
The applicant proposed two specific changes to the package that have potential impacts to 
criticality safety.  These changes are: 1) inclusion of high burnup PWR 17x17 spent fuel 
assemblies that meet the Framatome-Cogema specifications in CoC Condition 5(b)(1)(i) in the 
directly loaded basket and 2) changes to the neutron absorber plates and fuel tubes in the 
directly loaded basket.  The changes to the absorber plates include increased plate thickness 
and the addition of different absorber materials.  The changes to the fuel tubes are dimension 
changes to accommodate the thicker absorber plates.  Each of these changes, and their 
associated effects on criticality safety, are discussed separately below. 
 
6.1  High Burnup Fuel 
 
The applicant proposed to modify the allowable 17x17 PWR spent fuel contents in the directly 
loaded basket to include high burnup fuel (up to 55 GWd/MTU) for fuel assemblies that meet the 
Framatome-Cogema 17x17 assembly specifications (see Table 1 of the CoC).  The applicant’s 
approach is to evaluate these proposed contents and show they withstand the normal 
conditions of transport and hypothetical accident conditions.  The staff’s evaluation of this 
approach is described in the thermal, structural, and materials chapters of this SER.  Since the 
applicant has shown and the staff finds that the proposed contents retain their geometric 
configuration, the design-basis criticality safety analysis for the directly loaded basket and its 
currently approved contents remains bounding for the proposed high burnup fuel contents. 
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As a defense-in-depth measure, the applicant also evaluated the consequences of fuel failure 
and reconfiguration under normal and hypothetical accident conditions.  For the criticality safety 
aspect of the consequence analysis, the applicant also included some credit for fuel burnup 
(i.e., burnup credit).  This analysis is described in Calculation Package No. 423-6001, Rev. 1, 
“Defense-In-Depth STC PWR Fuel Criticality Analysis for High Burnup Fuel.”  The applicant’s 
analysis indicates that, for the considered reconfiguration scenarios, the package will remain 
subcritical and that a criticality safety index of 0.0 is still appropriate for the package.  The 
applicant analyzed some scenarios that exceed the applicant’s upper subcritical limit but 
justified that these scenarios are not credible or are otherwise beyond the scope of a defense-
in-depth analysis.  Since this analysis is for defense-in-depth purposes and is not part of the 
certification basis, the staff finds that the analysis need not be included in the package safety 
analysis report. 
 
The applicant developed a new model for the reconfiguration analysis.  This new model is a 
complete package that reflects the effects of hypothetical accident conditions and accounts for 
the thermal shunts that are required for high burnup fuel shipments.  The applicant applied 
burnup credit (for both actinides and fission products) to the analysis, using an assembly 
average burnup of 45 GWd/MTU for fuel enriched to 4.5 wt. % uranium-235 and cooled for 
4 years. 
 
The applicant considered a variety of damage and reconfiguration scenarios.  These scenarios 
include loss of fuel rods in the assembly lattice, loss of cladding, shifting the fuel assemblies 
toward the package lid, optimized uniform pitch expansion of the assembly lattice, and the 
addition of unclad rods/pellets in the top weldment area of the basket.  The applicant also 
considered some of these scenarios in combination.  The most reactive scenario was with the 
assembly shifted toward the lid of the package (the upper nozzle is still credited), loss of 
cladding, uniform pitch expansion to optimized moderation, and an array of unclad rods/pellets 
in the top weldment area at the same pitch as the assembly lattice.  For this scenario, the 
applicant applied the fuel compositions from the lowest burnup axial zone to the assemblies’ 
entire fuel length and the compositions from the burnup axial zone that is two zones away from 
the lowest burnup zone to the top weldment’s pellet/rod array. 
 
As part of its review, the staff considered the applicant’s model, the design drawings, 
information regarding tolerance impacts from the design-basis criticality analysis, and the 
proposed changes to the fuel tubes and absorbers as described in Section 6.2 of this SER.  
Based on this review and staff confirmatory analyses, the staff finds the applicant’s model does 
not address some aspects of the package design (e.g., the alternate absorber and fuel tube 
design at the most reactive tolerances).  Therefore, the model somewhat under-predicts 
k-effective enough that the actual system k-effective could potentially exceed the applicant’s 
upper subcritical limit.  However, the staff finds this to be acceptable based on the staff’s 
judgement that the conservatisms in the fuel reconfiguration scenarios and models are sufficient 
to offset the effects of those aspects that were not addressed in the analysis. 
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The NRC’s NUREG/CR-6835, “Effects of Fuel Failure on Criticality Safety and Radiation Dose 
for Spent Fuel Casks,” and NUREG/CR-7203, “A Quantitative Impact Assessment of 
Hypothetical Spent Fuel Reconfiguration in Spent Fuel Storage Casks and Transportation 
Packages,” and the Electric Power Research Institute’s Report 1015050, “Fuel Relocation 
Effects for Transportation Packages,” provide useful information regarding fuel reconfiguration.  
The staff considered these reports in evaluating the applicant’s basis for its scenario selection.  
The staff, based on engineering judgement, determined that some of the applicant’s scenarios 
include characteristics that are physically unlikely.  Given these characteristics, the staff finds 
the applicant’s analysis includes scenarios that adequately bound the credible configuration 
changes that the high burnup fuel might undergo as the result of normal transport conditions 
and hypothetical accident conditions. 
 
The staff also relied on Interim Staff Guidance No. 8 (ISG-8), Revision 3 to evaluate the burnup 
credit aspects of the applicant’s analysis.  The staff evaluated the applicant’s use of cross-
section libraries and computer codes.  The applicant used ENDF/B-VII cross sections in SCALE 
6.1’s TRITON for depletion calculations and ENDF/B-VII cross sections in MCNP6, v1.0 for 
k-effective calculations.  The staff also evaluated the applicant’s use of parameters for fuel 
depletion, the axial burnup profile, and the benchmarking analysis.  Since the applicant used 
bias and bias uncertainty values from ISG-8 for the depletion analysis and the suggested bias 
and bias uncertainty penalty for k-effective calculations for minor actinides and fission products, 
the staff reviewed the applicant’s analysis to ensure the appropriate conditions for following that 
approach were met.  Based on its review of the applicant’s information, including consideration 
of irradiation parameter values that increase reactivity and the degree of neutronic similarity 
between the NAC-STC and the package design that is the basis for the ISG-8 benchmark 
recommendations, the staff finds the applicant’s use of burnup credit in this analysis to be 
acceptable for the purpose of this calculation (as a defense-in-depth). 
 
Therefore, based on the information the applicant provided with the application and the staff’s 
own confirmatory calculations, the staff finds that the applicant’s reconfiguration analysis, as a 
defense-in-depth measure, is adequate to support the proposed addition of high burnup fuel 
contents to the package. 
 
6.2  Neutron absorber and fuel tube changes 
 
The applicant proposed changes to the neutron absorber plates and the fuel tubes for the 
directly loaded basket.  The following is the staff evaluation of these changes. 
 
6.2.1  Description of Criticality Design 
 
For the absorber plates, the applicant proposed to add absorber types to the currently approved 
absorber types.  The new absorber types are borated, aluminum-based metal matrix 
composites (MMCs) and borated aluminum alloys.  While TalBor, which is currently approved 
for the NAC-STC, is an MMC, information in the SAR regarding MMCs excludes and does not 
apply to TalBor.  The amount of credit for the absorber’s boron-10 (10B) content will remain at 
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75% for Boral and TalBor; however, the applicant has proposed to credit 90% of the 10B content 
for other MMCs and borated aluminum alloys.  The evaluation of the acceptability of this credit 
and the test and qualification programs for this credit is discussed in Chapter 8, “Acceptance 
Tests and Maintenance Program,” of this SER.  The staff reviewed the design drawings and 
finds that they (specifically Drawing Nos. 423-875 and 423-878) include minimum 10B areal 
density requirements that are consistent with this amount of credit and the areal density 
evaluated in the criticality analysis.  This minimum areal density is 0.02 g/cm2 for Boral and 
TalBor and 0.0167 g/cm2 for borated aluminum alloys and other MMCs.  These areal densities 
are based on the areal density used in the criticality analysis (0.015 g/cm2) and the allowed 10B 
credit for these materials as described above. 
 
While this change is applied to absorber plates with the currently approved dimensions (see 
Drawing No. 423-875), the applicant also proposed an alternate, increased absorber plate 
thickness.  To accommodate the thicker absorber plate, the basket fuel tube inner dimension is 
reduced.  Thus, the overall fuel tube cross-section, including the absorber plates, remains 
constant (see Drawing No. 423-878). 
 
The changes to the absorber plates and the fuel tubes are only for the directly loaded basket.  
The staff reviewed the proposed drawings and drawing changes and finds that only the directly 
loaded basket is affected by the changes. 
 
The staff also reviewed the drawings to identify the design tolerances and evaluate the 
tolerances with respect to the dimensions used in the criticality analysis.  It is important that the 
drawings specify tolerance information and that these tolerances are consistent with, or 
bounded by, the dimensions used in the criticality safety analyses.  Tolerances important to 
criticality safety that should be included on these drawings include the tube opening size, the 
absorber thickness and the absorber width.  Based on its review, the staff finds the drawings 
(Drawing Nos. 423-875 and 423-878) include the necessary design tolerances for the neutron 
absorbers and the fuel tubes.  Staff’s evaluation of the tolerances in terms of the dimensions in 
the criticality analysis is described in Sections 6.2.3 and 6.2.4 below. 
 
Based on its analyses of the proposed basket changes, the criticality safety index remains as 
0.0 for a package containing contents in the directly loaded basket.  The applicant’s analysis 
indicates that the maximum k-effective of the package, including two standard deviations, the 
bias, and the bias uncertainty, is 0.94956, which is below 0.95 and therefore subcritical.  The 
staff’s evaluation of this analysis is described later in this chapter of the SER. 
 
6.2.2  Spent Nuclear Fuel Contents 
 
The proposed changes to the absorber plates and fuel tubes do not affect the package 
contents. 
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6.2.3  Criticality Analyses 
 
The applicant used the most reactive directly-loaded package configuration and contents 
described in Section 6.4.2.5 of the application.  This configuration is the base case for the 
applicant’s analyses.  The applicant then analyzed the package for three different tube and 
absorber plate configurations: at nominal dimensions, absorber minimum thickness, and 
absorber maximum thickness.  The fuel tube dimension remained constant for these 
configurations.  The absorber material properties were modified accordingly to maintain a 
constant 10B areal density.  The remaining material properties in the model remain unchanged. 
 
The applicant used the same code (CSAS25 from SCALE 4.3) and cross section library (27-
group ENDF-B/IV) for these analyses that the applicant used previously.  Thus, the applicant 
also applied the bias and bias uncertainty it had previously calculated.  The calculated results 
for the changes to the absorber plate and fuel tube dimensions are listed in Table 6.4.2-4 of the 
application.  The most reactive case was with the absorber at the maximum tolerance for 
thickness, which is more reactive than the case for the currently approved absorber and fuel 
tube dimensions.  However, the maximum k-effective, as stated previously, is 0.94956, which is 
below 0.95 and therefore subcritical. 
 
6.2.4  Confirmatory Analyses 
 
The staff also performed confirmatory calculations.  The staff used the CSAS6 sequence in 
SCALE 6.0 and the continuous energy ENDF-B/VII cross section library.  The staff’s model is 
similar to the applicant’s in that it uses an infinite planar array of packages.  The model is only a 
cross section of the axial mid-section of the basket, which is modeled as infinitely long.  The 
staff calculated the k-effective for the case the applicant identified to be the most reactive.  The 
staff’s calculation result is similar to the applicant’s. 
 
The staff noticed that the applicant’s previous analysis of the impacts from package tolerances 
did not address the tolerances on the neutron absorber plate’s width.  A review of the sample 
inputs in the application also indicates the applicant’s models used absorbers that were at or 
nearly at the nominal dimension.  Thus, the staff also performed calculations to determine the 
impacts from that tolerance.  The staff also analyzed the impacts of other package tolerances to 
see if and how much the proposed changes to the absorber thickness and fuel tube dimensions 
affected the applicant’s previous tolerance analysis. 
 
The staff’s calculations indicate that package tolerances previously determined by the applicant 
to have a negative or negligible effect on k-effective, such as those on disc opening size and 
disc thickness, continue to have a negligible effect on the package k-effective.  The calculations 
for the absorber width, however, indicated that the effect of this tolerance is not negligible and 
that it results in an increase in k-effective.  Accounting for bias and bias uncertainty, the 
resulting k-effective plus two standard deviations indicates that this package configuration is the 
most reactive and its k-effective may exceed 0.95. 
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This analysis would have implications for both the currently approved contents and the 
proposed high burnup fuel contents.  However, the staff recognizes that the criticality analysis is 
based on the assumption that the fuel contents are unirradiated.  This introduces significant 
conservatism into the analysis.  Further, for the high burnup fuel contents, the number of fuel 
assemblies is restricted so that at most, only [Proprietary Information Removed] will be in a package containing 
high burnup fuel (see Drawing 423-800 as revised by this application).  The other basket 
locations will contain steel and aluminum thermal shunts.  The effect on k-effective is more than 
enough to offset the effect of the tolerance on the absorber plate width.  Based on these 
considerations, the staff finds that, while the applicant should have included the absorber width 
tolerance in its models, there is reasonable assurance that the package k-effective (including 
biases and uncertainties) will not exceed 0.95 and will therefore remain subcritical.  However, 
the applicant should address the absorber width tolerance in future applications that include 
proposed changes that affect the package’s k-effective. 
 
6.2.5  Benchmark Evaluation 
 
As stated previously, the applicant continued to use the bias and bias uncertainty it had 
calculated for the previously approved package design.  Thus, the applicant did not make any 
changes to the benchmark evaluation. 
 
The staff reviewed the benchmark analysis the applicant had previously performed, including 
the parameter trends.  The purpose of this review was to identify the area of applicability of the 
benchmark analysis.  Based on its own confirmatory analyses and the review of the area of 
applicability for the various parameters (e.g., energy of average lethargy of fission), the staff has 
reasonable assurance that the benchmark analysis applies to the applicant’s current analyses 
and that the bias and bias uncertainty are appropriate for these analyses. 
 
6.2.6  Evaluation Findings for Neutron Absorber and Fuel Tube Changes 
 
Based on the information in the application and the staff’s own confirmatory calculations, the 
staff finds, with reasonable assurance, that the package with the proposed absorber and fuel 
tube changes satisfies the nuclear criticality safety requirements in 10 CFR Part 71. 
 
6.3  Evaluation Findings 
 
Based on the information in the application and the staff’s own confirmatory calculations, the 
staff finds, with reasonable assurance, that the package with the proposed changes satisfies the 
nuclear criticality safety requirements in 10 CFR Part 71 and continues to support a CSI of 0.0 
for the directly loaded package configuration. 
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7.0  PACKAGE OPERATIONS 
 
The applicant made changes in Chapter 7 of the application related to the addition of directly-
loaded, uncanistered high burnup fuel to ensure that the package will be prepared for shipment 
and operated in a manner consistent with the package design.   
   
7.1  Package Loading  
 
The primary changes to the package loading, preparation, and operations include ensuring that 
the high burnup fuel is loaded properly (including the thermal shunts) and ensuring that the 
proper O-rings are installed and the package is leak tested appropriately.   
 
The staff confirmed that the operating procedures includes appropriate language to verify that, 
prior to loading uncanistered spent fuel into the basket, the proper number of thermal shunts are 
placed into the basket and located according to Drawing 423-800.   
 
Table 7.4-1 containment condition B3 of the application summarized the fabrication, 
maintenance, and period leakage rate tests for the use of inner and outer Viton O-rings, and for 
the use of an inner metallic seal and outer Viton O-ring specifically for the directly loaded intact, 
undamaged high burnup PWR fuel assemblies.  Specific details of the fabrication, maintenance, 
and periodic leakage rate tests can be found in Sections 7.4, 8.1.3, and 8.2.2 and their 
respective subsections of the application.  The staff confirmed that Table 7.4-1 containment 
condition B3 of the application described the fabrication, periodic, and maintenance leakage 
rate testing of the containment boundary seals to the leaktight acceptance criterion, 
2x10-7 cm3/sec (helium), with a test sensitivity of less than 1x10-7 cm3/sec.  The staff confirmed 
Table 7.4-1 containment condition B3 of the application specified the fabrication, maintenance, 
and periodic leakage rate test method for the containment boundary Viton O-rings and metallic 
seals as the evacuated envelope test method, which is detailed in Section A.5.4 of ANSI N14.5.  
The staff confirmed this test method was appropriate for the leakage rate test sensitivity.  The 
staff confirmed Section 8.1.3 and its subsections of the application described the fabrication 
leakage rate test of the entire containment boundary including the base materials, inner lid, and 
vent and drain port cover plates to a leakage rate of less than, or equal to, 2x10-7 cm3/sec 
(helium) with a minimum test sensitivity of 1x10-7 cm3/sec. 
 
The staff confirmed Table 7.4-1 containment condition B3 of the application also described the 
preshipment leakage rate test acceptance criterion and test sensitivity for the inner Viton O-ring 
(no detected leakage when tested to a sensitivity of less than or equal to 1x10-3 ref-cm3/sec for 
O-rings that have not been opened during loading operations), and for the inner metallic seal or 
Viton O-rings that have been replaced (less than or equal to 2x10-7 cm3/sec (helium), with a test 
sensitivity of less than 1x10-7 cm3/sec).  The staff confirmed Table 7.4-1 containment condition 
B3 described the preshipment leakage rate test method for the Viton O-rings as the gas 
pressure drop method, which is detailed in Section A.5.1 of ANSI N14.5.  The staff also 
confirmed that Table 7.4-1 containment condition B3 also described the preshipment leakage 
rate test method for the metallic containment boundary seals or Viton O-rings that are replaced 
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as the evacuated envelope test method.  The staff confirmed these test methods were 
appropriate for the respective leakage rate test sensitivities. 
 
The inner lid containment boundary Viton O-ring maintenance leakage rate test to the leaktight 
acceptance criterion was described in Section 7.1.2.1, “Preparation for Direct Fuel Loading 
(Uncanistered)” of the application, and takes place before the package is loaded with directly 
loaded intact/undamaged high burnup PWR fuel assemblies.  Section 7.1.3.1 step 17.c. of the 
application described during loading, if the inner lid containment boundary Viton O-ring 
preshipment leakage rate test was not successful after two attempts, the package was returned 
to the spent fuel pool for lid and spent fuel removal.  The application describes the replacement 
of the inner lid containment boundary Viton O-ring as well as the performance of a maintenance 
leakage rate test is performed to the leaktight criterion.  The performance of a maintenance 
leakage rate test of the inner lid Viton O-ring while the package is unloaded addressed the 
concern for permeation of the inner lid Viton O-ring during leakage rate testing to the leaktight 
acceptance criterion. 
 
The staff reviewed the package operations descriptions in terms of the criticality design of the 
package.  The staff has reasonable assurance that the package will be operated in a manner 
consistent with the criticality design of the package.  This finding is based on the revisions to 
package operations to account for the new contents.  The revisions include confirmations that 
the contents to be loaded in the package meet the package conditions for shipment and proper 
handling and unloading of contents, such as for high burnup fuel when fuel damage is 
determined to have occurred during transport. 
 
7.2  Package Unloading 
 
NAC revised the unloading procedures to include unloading of directly-loaded, high burnup 
spent fuel.  These procedures also include a statement that if radioactivity levels in the cavity 
gas sample indicate that spent fuel cladding failure may have occurred, the licensee shall 
prepare and submit a report pursuant to 10 CFR 71.95, since the package contents do not 
authorize transport of damaged spent fuel.   
 
7.3  Evaluation Findings 
 
The staff reviewed and evaluated the revised loading and unloading procedures for directly-
loaded, high burnup spent fuel.  Based on the statements and representations in the application, 
the staff concluded that the package operations meet the requirements of 10 CFR Part 71, and 
that they are adequate to assure the package will be operated in a manner consistent with its 
evaluation for approval.  Further, the certificate is conditioned to specify that the package must 
be prepared for shipment and operated in accordance with the Operating Procedures in Chapter 
7 of the SAR, as supplemented. 
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8.0  ACCEPTANCE TESTS AND MAINTENANCE PROGRAM REVIEW 
 
The applicant made changes in Chapter 8 of the application related to the addition of directly-
loaded, uncanistered high burnup fuel.  The main changes to the acceptance tests and 
maintenance program were inclusion of neutron absorber tests for borated aluminum alloy and 
for borated MMCs (excluding TalBor®) and changes to the maintenance program for changing 
the Viton O-rings, leak rate acceptance testing, and qualification of the individual preparing the 
leak testing procedures and performing the leak testing. 
 
8.1  Neutron Absorber Tests 
 
The NAC-STC package has been previously approved for use with neutron absorber materials 
BORAL® and Talbor, which are credited at 75% effectiveness in the criticality analyses of prior 
approvals (Section 8.1.7.1 of the application).  The applicant requested that these materials be 
allowed for the directly-loaded, high burnup fuel configurations using the same generic materials 
acceptance and qualification program from that reviewed for prior approved amendments.  The 
applicant noted that the same generic materials acceptance and qualification program has also 
been previously reviewed and found acceptable for an approved amendment of the NAC 
MAGNASTOR® cask system (CoC 72-1031).  The staff finds the program acceptable. 
 
The applicant also requested approval for use of alternative borated MMCs and borated 
aluminum alloy neutron absorbers, both of which were credited at 90% effectiveness in the 
criticality analyses.  The applicant proposed an alternative materials generic acceptance and 
qualification program for borated MMCs (excluding TalBor®) and borated aluminum alloy 
neutron absorbers (Section 8.1.11 of the application).  The program addresses testing for 
thermal conductivity, yield strength, and neutron attenuation.  The staff notes that a similar 
program has been previously reviewed and found acceptable for an approved amendment of 
the NAC MAGNASTOR® cask system (CoC 72-1031).  The staff finds the program acceptable. 
 
8.2  Maintenance Program 
 
The staff also confirmed Table 8.2-1, “Maintenance Program Schedule” of the application stated 
that the Viton O-rings were replaced annually, or more often based on inspections during use or 
leakage rate test results.  The leakage rate testing requirements in Sections 7.4, 8.1.3, and 
8.2.2 of the application also specified that the leakage rate test procedures shall be prepared by 
qualified personnel and approved by personnel qualified in accordance with American Society 
for Nondestructive Testing (ASNT) Recommended Practice No. SNT-TC-1A, “Personnel 
Qualification and Certification in Nondestructive Testing,” as a Nondestructive Testing (NDT) 
Level III in leak testing and performed by personnel qualified in accordance with ANSI/ASNT 
CP-189-2006, “Standard for Qualification and Certification of Nondestructive Testing 
Personnel.”  Sections 7.4, 8.1.3, and 8.2.2 of the application have also clarified the leakage rate 
test acceptance criterion and minimum test sensitivity for the various contents considering the 
addition of the directly loaded intact/undamaged high burnup PWR fuel.  Based on the staff 
review of the descriptions of the fabrication, periodic, maintenance, and preshipment leakage 
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rate tests in the application, the staff finds the package meets the containment criteria of ANSI 
N14.5. 
 
8.3  Evaluation Findings 
 
The staff reviewed and evaluated the acceptance tests and maintenance procedures.  Based on 
the statements and representations in the application, the staff concluded that the acceptance 
tests and maintenance procedures meet the requirements of 10 CFR Part 71, and that they are 
adequate to assure the package will be constructed and maintained in a manner consistent with 
its evaluation for approval. Further, the certificate is conditioned to specify that the package 
must be prepared for shipment and operated in accordance with the Acceptance Tests and 
Maintenance Procedures in Chapter 8 of the SAR, as amended. 
 
9.0  CONDITIONS 
 
The staff made editorial changes to improve the readability of the CoC.  Language included in 
the certificate prohibiting the use of items associated with the transport of directly-loaded, high 
burnup spent fuel was removed.  The CoC includes the following condition(s) of approval. 
 
The following new and revised drawings were incorporated into the certificate of compliance: 
 
423-800, sheets 1-3, Rev. 18P and 18NP Cask Assembly - NAC-STC Cask 
423-802, sheets 1-7, Rev. 22 Cask Body -NAC-STC Cask 
423-803, sheets 1-2, Rev. 14 Lid Assembly - Inner, NAC-STC Cask 
423-804, sheets 1-3, Rev. 11 Details - Inner Lid, NAC-STC Cask 
423-806, sheets 1-2, Rev. 12 Port Coverplate Assy -Inner Lid, NAC-STC Cask 
423-811, sheets 1-2, Rev. 12 Details - NAC-STC Cask 
423-900, Rev. 8 Package Assembly Transportation, NAC-STC Cask 
423-901, sheets 1-2, Rev. 3 Transportation Package Concept, NAC-STC Cask 
423-843, Rev. 6 Transport Assembly, Balsa Impact Limiters, 

NAC-STC 
423-870, Rev. 6 Fuel Basket Assembly, PWR, 26 Element, 

NAC-STC Cask 
423-875, sheets 1-2, Rev. 11 Tube, NAC-STC Cask 
423-878, sheets 1-2, Rev. 4 Alternate Tube Assembly, NAC-STC Cask 
423-880, Rev. 2P and Rev 1NP Shielded Thermal Shunt Assembly, NAC-STC Cask 
 
Content 5.(b)(1)(i)(1) was revised to clearly state that it is for fuel with an average assembly 
burnup less than or equal to 45,000 MWd/MTU and revise the cladding material from Zirc-4 to 
Zirconium alloy for all but the Framatome-Cogema 17x17 fuel assemblies, for which Zirconium 
alloy is already approved cladding material.  Added Note 2 to Table 1 to state ‘Fuel acceptability 
for loading is not restricted to the vendor indicated in Table 1, provided that the fuel assembly 
meets the fuel assembly characteristics in Table 1.” 
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Added content 5.(b)(1)(i)(2) for high burnup fuel having an assembly average burnup greater 
than 45,000 MWd/MTU but not more than 55,000 MWd/MTU.  Added loading Tables 3, 4, and 5 
in the certificate. 
 
Revised 5.(b)(2)(i)(1) was revised to clearly state that it only applies to low burnup fuel. 
 
Added 5.(b)(2)(i)(2) to state the maximum quantity of material per package for high burnup fuel. 
 
Clarified Condition No. 6 to state that contents maybe damaged as described in items 5.(b)(2)(v) 
and 5.(b)(2)(vi). 
 
Revised condition 9 to delete items which prohibit use of operating procedures, acceptance 
tests and maintenance program for transport of high burnup fuel. 
 
Added Condition No. 12 which includes, for high burnup fuel only, time limits for preparation of 
the package for transport of high burnup fuel and does not authorize transport of fuel 
assemblies that have been subject to a re-flood with water. 
 
Condition Nos. 12, 13 and 14 were renumbered. 
 
The references section was updated to include the application for amendment dated March 15, 
2016, and its supplements dated July 19, and October 4, 2016. 
 
10.0  CONCLUSIONS 
 
Based on the statements and representations contained in the application, as supplemented, 
and the conditions listed above, the staff concludes that the design has been adequately 
described and evaluated, and the Model No. NAC-STC package meets the requirements 
of 10 CFR Part 71. 
 
Issued with Certificate of Compliance No. NAC-STC, Revision No. 15 
on 12/20/16. 
 


