
Enclosure 3 

Public Versions of Standardized NUHOMS® System 
UFSAR, Revision 13, Cover Page, List of Effective Pages, 

and Proprietary Replacement Pages and Drawings 

Binder 2 of 2 



''-

P.4 Thermal Evaluation .................................................................................................... P.4-1 
P.4.1 Discussion ....................................................................................................... P.4-1 
P .4.2 Summary of Thermal Properties of Materials ................................................. P .4-4 
P.4.3 Specifications for Components ..................................................................... P.4-13 
P.4.4 Thermal Analysis ofHSM ,Model 102 and HSM-H with 24PTH DSC ........ P.4-14 

P .4.4.1 Ambient Temperature Specification ............................................. P .4-14 
P.4.4.2 Thermal Analysis ofHSM-H with 24PTH DSC .......................... P.4-14 
P.4.4.3 HSM-H Air flow Analysis (Stack Effect Calculations) ................ P.4-16 
P.4.4.4 Description of the Thermal Model ofHSM-H with 24PTH 

DSC .............................................................................................. P.4-19/ I 
P.4.4.5 Description of the HSM-H Blocked Vent Model ......................... P.4-23 
P.4.4.6 Description of Cases Evaluated for the HSM-H ........................... P.4-24 
P.4.4.7 HSM-H Thermal Model Results ................................................... P.4-25 

P.4.4.7.1 Normal and Off-normal Operating 
Condition Results ........................................................ P.4-25 

P.4.4.7.2 Accident Condition Results ........................................ P.4-25 
P.4.4.8 Evaluation ofHSM-H Performance .............................................. P.4-25 

P.4.5 Thermal Analysis of Transfer Casks with 24PTH DSC ................................ P.4-27 
P.4.5.1 Thermal Analysis of the NUHOMS® Standardized Cask with 

24PTH DSC .................................................................................. P.4-27 
P.4.5.2 Thermal Model of 24PTH DSC in the OS197FC TC ................... P.4-27 

P.4.5.2.1 SINDA/FLUINT™ Thermal Desktop® 
General Code Description ........................................... P.4-28 

P.4.5.2.2 OS197FC TC SINDA/FLUINT™ Thermal 
Model .......................................................................... P.4-28 

P.4.5.2.3 DSC Steady State and Transient Conditions 
Thermal Models .......................................................... P.4-29 

P.4.5.2.4 Natural Convection Heat Transfer 
Coefficients ................................................................. P .4-29 

P.4.5.2.5 Neutron Shield Effective Thermal 
Conductivity ................................................................ P .4-30 

P.4.5.3 Analysis Cases for OS197FC TC with 24PTH DSC .................... P.4-31 
P.4.5.4 Standardized TC Thermal Model Results ..................................... P.4-31 
P.4.5.5 OS197FC TC Thermal Model Results .......................................... P.4-31 

P.4.5.5.1 Normal and Off-Normal Conditions Results .............. P.4-31 
P.4.5.5.2 Normal and Off-Normal Operations with 

Air Circulation Results ............................................... P.4-33 
P.4.5.5.3 Accident Conditions .................................................... P.4-35 

P.4.5.6 Evaluation of OS197FC TC Performance .................................... P.4-37 
P.4.6 NUHOMS®-24PTH DSC Basket Thermal Analysis ..................................... P.4-38 

NUH-003 
Revision 13 

P.4.6.1 NUHOMS® 24PTH DSC Basket and Payload Model.. ................ P.4-38 
P.4.6.2 Mesh Sensitivity Study ................................................................. P.4-39 
P.4.6.3 Boundary Conditions for the DSC Basket Model... ...................... P.4-39 
P.4.6.4 Heat Generation for the DSC Basket Model.. ............................. ~.P.4-39 
P .4.6.5 DSC Thermal Evaluation for Normal Conditions of Storage 

and Transfer .................................................................................. P.4-40 

Page4 January 2014 I 



• 

• 

• 

P.4.6.5.1 Boundary Conditions, Storage .................................... P.4-40 
P.4.6.5.2 Boundary Conditions, Transfer ................................... P.4-40 
P.4.6.5.3 Maximum Temperatures ............................................. P.4-41 
P.4.6.5.4 Maximum Internal Pressures ...................................... P.4-41 
P.4.6.5.5 Maximum Thermal Stresses ....................................... P.4-44 
P.4.6.5.6 Evaluation of24PTH DSC Performance for 

Normal Conditions ...................................................... P .4-44 
P.4.6.6 DSC Thermal Evaluation for Off-Normal Conditions .................. P.4-44 

P.4.6.6.1 Off-Normal Ambient Temperatures during 
Storage ........................................................................ P.4-44 

P.4.6.6.2 Boundary Conditions, Off-Normal Storage ................ P.4-44 
P.4.6.6.3 Off-Normal Ambient Temperatures during ' 

Transfer ....................................................................... P.4-44 
P.4.6.6.4 Boundary Conditions, Off-Normal Transfer ............... P.4-45 
P.4.6.6.5 24PTH DSC Thermal Model Results for 

Off-Normal Conditions of Storage and 
Transfer ....................................................................... P.4-45 

P.4.6.6.6 Off-Normal 24PTH DSC Maximum Internal 
Pressure during Storage/Transfer ................................ P.4-45 

P.4.6.6.7 Maximum Thermal Stresses ....................................... P.4-46 
P.4.6.6.8 Evaluation of 24PTH DSC Performance for 

Off-Normal Conditions ............................................... P .4-46 
P.4.6.7 DSC Thermal Evaluation for Accident Conditions ...................... P.4-46 

P.4.6.7.1 Blocked Vent Accident Evaluation ............................. P.4-47 
P.4.6.7.2 Transfer Accident Evaluation ..................................... P.4-47 
P.4.6.7.3 Hypothetical Fire Accident Evaluation ....................... P.4-47 
P.4.6.7.4 Fuel Cladding and Basket Materials ........................... P.4-48 
P.4.6.7.5 Maximum Internal Pressures ...................................... P.4-48 
P.4.6.7.6 Evaluation of the 24PTH DSC Performance 

During Accident Conditions ....................................... P .4-49 
P.4.7 Thermal Evaluation for Loading/Unloading Conditions ............................... P.4-50 

P .4. 7 .1 Maximum Fuel Cladding Temperatures During Vacuum 
Drying ........................................................................................... P.4-50 

P.4.7.2 Evaluation of Thermal Cycling of Fuel Cladding During 
Vacuum Drying, Helium Backfilling and Transfer Operations .... P.4-50 

P.4.7.3 Reflooding Evaluation .................................................................. P.4-51 
P.4.8 Determination of Effective Thermal Properties of the Fuel, Basket and 

NUH-003 
Revision 13 

Air Within the HSM-H Closed Cavity ...................................................... ; . .'.P.4-54 
P .4.8.1 Determination of Bounding Effective Fuel Thermal 

Conductivity ................................................................................ :.-P .4-54 
P.4.8.1.l Fuel Assemblies Evaluated.-........................................ P.4-54 
P.4.8.1.2 Summary of Thermal Properties of Materials ............ P.4-54 
P.4.8.1.3 Calculation of Fuel Axial Effective Thermal 

Conductivity ................................................................ P .4-54 
P.4.8.1.4 Calculation of Fuel Transverse Effective Thermal 

Conductivity ................................................................ P .4-54 

Page5 January 2014 I 



• 

• 

I 

• 

P.8 Operating Systems ...................................................................................................... P.8-1 · 

.P.8.1 Procedures for Loading the Cask ·························:·································· ........ P.8-2 
P.8.1.1 Preparation of the TC and DSC ...................................................... P.8-2 
P.8.1.2 DSC Fuel Loading .......................................................................... P.8-3 
P.8.1.3 DSC Drying and Backfilling .................. , ........................................ P.8-5 
P.8.1.4 DSC Sealing Operations ................................................................. P.8-8 
P.8.1.5 TC Downending and Transfer to ISFSI.; ........................................ P.8-9 
P.8.1.6 DSC Transfer to the HSM ............................................................. P.8-10 
P.8.1.7 Monitoring Operations ................................................................ P.8-1 la 

P.8.2 Procedures for Unloading the Cask ............................................................... P.8-15 
P.8.2.1 DSC Retrieval from the HSM ....................................................... P.8-15 
P.8.2.2 Removal of Fuel from the DSC .................................................... P.8-15 

P.8.3 Identification of Subjects for Safety Analysis ............................................... P.8-24 
P.8.4 Fuel Handling Systems .................................................................................. P.8-24 
P.8.5 Other Operating Systems ............................................................................... P.8-24 
P.8.6 Operation Support System ............................................................................. P.8-24 
P.8.7 Control Room and/or Control Areas ............................................................. P.8-24 
P.8.8 Analytical Sampling ...................................................................................... P.8-24 
P.8.9 References ..................................................................................................... P.8-25 

P.9 Acceptance Tests and Maintenance Program .......................................................... P.9-1 
P.9.1 Acceptance Tests ............................................................................................. P.9-1 

P.9.1.1 Visual Inspection ............................................................................ P.9-1 
P.9.1.2 Structural Tests ............................................................................... P.9-1 
P.9.1.3 Leak Tests ....................................................................................... P.9-1 
P.9.1.4 Component Tests ............................................................................ P.9-2 
P.9.1.5 Shielding Integrity Tests ................................................................. P.9-2 
P.9.1.6 Thermal Acceptance Tests .............................................................. P.9-2 
P.9.1.7 Poison Plate ..................................................................................... P.9-2 

P.9.1.7.1 Thermal Conductivity Testing of Poison 
Plates ............................................................................. P.9-3 

P.9.1.7.2 BIO Areal Density Testing of Poison Plates ................. P.9-3 
P.9.1.7.3 BORAL® ......................................................................... P.9-4 
P.9.1.7.4 Visual Inspections of Neutron Absorbers ..................... P.9-4 
P.9.1.7.5 Other Visual Inspections Criteria (non-Technical 

Specifications) ....................... · ........................................ P.9-5 
P.9.1. 7.6 Thermal Conductivity Testing of Poison Plates ............ P.9-5 
P. 9.1. 7. 7 Specification for Acceptance. Testing of Neutron 

Absorbers by Neutron Transmission ............................. P.9-6 
P. 9.1. 7. 8 Specification for Qualification Testing of Metal 

Matrix Composites ........................................................ P.9-7 
P.9.1. 7.9 Specification for Process Controls for Metal 

Matrix Composites ...................................................... P.9-10 
P.9.2 Maintenance Program .................................................................................... P.9-12 

NUH-003 
Revision 13 Page 8 January 2014 I 



l . 
! 

• 

• 

• 

P.9.3 References ..................................................................................................... P.9.13 

P.10 Radiation Protection ................................................................................................. P.10-1 
P.10.1 Occupational Exposure .................................................................................. P.10-2 
P.10.2 Off-Site Dose Calculations ............................................................................ P.10-3 

P.10.2.1 Activity Calculations .................................................................... P.10-5 
P.10.2.2 Dose Rates .................................................................................... P.10-6 

P.10.3 References ....................... · .............................................................................. P.10-8 
P.11 Accident Analyses ..................................................................................................... P.11-1 

P.11.l Off-Normal Operations ········································:-········································P.11-2 
P.11.1.1 Off-Normal Transfer Loads .......................................................... P.11-2 

P.11.1.1.1 Postulated Cause of Event .......................................... P.11-2 
P.11.1.1.2 Detection ofEvent ...................................................... P.11-2 
P.11.1.1.3 Analysis of Effects and Consequences ....................... P.11-2 
P.11.1.1.4 Corrective Actions ...................................................... P.11-2 

P .11.1.2 Extreme Temperatures .................................................................. P .11-3 
P.11.1.2.1 Postulated Cause of Event .......................................... P.11-3 
P.11.1.2.2 Detection of Event ...................................................... P.11-3 
P.11.1.2.3 Analysis of Effects and Consequences ....................... P.11-3 
P.11.1.2.4 Corrective Actions ...................................................... P.11-3 

P.11.1.3 Off-Normal Releases ofRadionuclides ........................................ P.11-3 
P .11.1.3 .1 Postulated Cause of Event .......................................... P .11-4 
P.11.1.3.2 Detection of Event ...................................................... P.11-4 
P .11.1.3 .3 Analysis of Effects and Consequences ....................... P .11-4 
P.11.1.3.4 Corrective Actions ...................................................... P.11-4 

P.11.1.4 Radiological Impact from Off-Normal Operations ....................... P.11-4 
P .11.2 Postulated Accidents ..................................................................................... P .11-5 

NUH-003 
Revision 13 

P .11.2.1 Reduced HSM Air Inlet and Outlet Shielding .............................. P .11-5 
P.11.2.1.1 Cause of Accident ....................................................... P.11-5 
P.11.2.1.2 Accident Analysis ....................................................... P.11-5 
P.11.2.1.3 Accident Dose Calculations ........................................ P.11-5 
P .11.2.1.4 Corrective Actions ...................................................... P .11-5 

P.11.2.2 Earthquake .... _ ................................................................................ P.11-6 
P.11.2.2.l Caus.e of Accident.. ..................................................... P.11-6 
P .11.2.2.2 Accident Analysis ....................................................... P .11-6 
P.11.2.2.3 Accident Dose Calculations ........................................ P.11-6 
P.11.2.2.4 C9rrective Actions ...................................................... P.11-6. · 

P.11.2.3 Extreme Winds and Tornado Missiles .......................................... P.11-6. 
P.11.2.3.1 Cause of Accident ....................................................... P.11-6 
P.11.2.3.2 Accident Analysis ....................................................... P.11-6 
P .11.2.3 .3 Accident Dose Calculations ...................................... P .11-13 
P.11.2.3.4 Corrective Actions .................................................... P.11-13 

P.11.2.4 Flood ........................................................................................... P.11-13 
P.11.2.4.1 Cause of Accident.. ................................................... P.11-13 
P.11.2.4.2 Accident Analysis ..................................................... P.11-13 
P.11.2.4.3 Accident Dose Calculations ...................................... P.11-13 

Page9 January 2014 I 



• 

• 

• 

P .11.2.4.4 Corrective Actions .................................................... P .11-14 
P.11.2.5 Accidental TC Drop .................................................................... P.11-14 

P.11.2.5.1 Cause of Accident.. ................................................... P.11-14 
P .11.2.5 .2 Accident Analysis ..................................................... P .11-14 
P .11.2.5 .3 Accident Dose Calculations for Loss of 

Neutron Shield .......................................................... P .11-14 
P.11.2.5.4 Corrective Action .......................•.............................. P.11-15 

P; 11.2.6 Lightning ............................................................ ; ........................ P.11-15 
P .11.2. 7 Blockage of Air Inlet and Outlet Openings ................................ P .11-15 

P.11.2.7.1 Cause of Accident.. ................................................... P.11-15 
P .11.2. 7 .2 Accident Analysis ..................................................... P .11-15 
P.11.2.7.3 Accident Dose Calculations ...................................... P.11-15 
P.11.2.7.4 Corrective Action ...................................................... P.11-16 

P.11.2.8 DSC Leakage .............................................................................. P.11-16 
P.11.2.9 Accident Pressurization of DSC ................................................. P.11-16 

P.11.2.9.1 Cause of Accident ..................................................... P.11-16 
P.11.2.9.2 Accident Analysis ..................................................... P.11-16 
P.11.2.9.3 Accident Dose Calculations ...................................... P.11-16 
P.11.2.9.4 Corrective Actions .................................................... P.11-16 

P .11.2.10 Fire and Explosion ...................................................................... P .11-17 
P.11.2.10.1 Cause of the Accident.. ......................................... P.11-17 
P.11.2.10.2 Accident Analysis ................................................. P.11-17 
P.11.2.10.3 Accident Dose Calculations .................................. P.11-17 
P .11.2.10.4 Corrective Actions ................................................ P .11-17 

P.11.3 References ................................................................................................... P.11-18 

P.12 Conditions for Cask Use - Operating Controls and Limits or Technical 
Specifications ............................................................................................................. P .12-1 

P.13 Quality Assurance ..................................................................................................... P.13-1 

P.14 Decommissioning ....................................................................................................... P .14-1 

NUH-003 
Revision 13 Page 10 January 2014 I 



• 

• 

• 

Table P.6-39 
Table P .6-40 
Table P .6-41 
Table P.6-42 
Table P .6-43 
Table P.9-1 
Table P.10-1 
Table P.10-2 
Table P.10-3 
Table P.10-4 

Table P.10-5 
Table P.10-6 

Table P .I 0-7 

Table P .10-8 

Summary of Criticality Results for Intact Fuel Assemblies ...................... P .6-176 
Summary of Criticality Results for Damaged Fuel Assemblies ................ P .6-177 
Benchmarking Results ............................................................................... P.6-178 
USL-1 Results ............................................................................................ P .6-182 
USL Determination for Criticality Analysis .............................................. P .6-183 
BIO Specification for the NUHOMS®-24PTR Poison Plates ..................... P.9.14 
Occupational Exposure Summary, 24PTR System ..................................... P.10-9 
Total Annual Exposure, 24PTR-L Within RSM-R ................................... P.10-10 
Total Annual Exposure, 24PTR-S-LC Within RSM-Model 102 .............. P.10-11 
RSM-H/HSM-Model 102 Gamma-Ray Spectrum Calculation 
Results ........................................................................................................ P.10-12 
RSM-H/HSM-Model 102 Neutron Spectrum Calculation Results ........... P.10-13 
Summary ofISFSI Surface Activities, 24PTR-L DSC Within RSM-
R ................................................................................................................. P.10-14 
Summary ofISFSI Surface Activities, 24PTR-S-LC DSC Within 
RSM-Model 102 ........................................................................................ P.10-15 
MCNP Front Detector Dose Rates for 2x10 Array, 24PTR-L DSC 
Within RSM-R ........................................................................................... P.10-16 

Table P.10-9 MCNP Back Detector Dose Rates for the Two lxlO Arrays, 24PTR-
L DSC Within RSM-R .............................................................................. P.10-17 

Table P.10-10 MCNP Side Detector Dose Rates, 24PTR-L DSC Within RSM-R .......... P.10-18 
Table P.10-11 MCNP Front Detector Dose Rates for 2xl0 Array, 24PTR-S-LC 

DSC Within RSM-Model 102 .................................................................. P.10-19 
Table P.10-12 MCNP Back Detector Dose Rates for the Two lxlO Arrays, 24PTR-

S-LC DSC Within RSM-Model 102 .......................................................... P.10.20 
Table P.10-13 MCNP Side Detector Dose Rates, 24PTR-S-LC DSC Within RSM-

Model 102 .................................................................................................. P.10.21 
Table P.11-1 Comparison of Total Dose Rates for RSM-R Loaded with 24PTR-S-

LC, with and without Adjacent RSM Shielding Effects ............................ P .11-19 
Table P.11-2 Calculated Accident Dose Rates on the Side of the OS197FC TC and 

NUH-003 
Revision 13 

Standardized TC ......................................................................................... P.11-20 

Page 17 January 2014 J 



• 

• 

• 

Figure P.4-27 Temperature Distribution at 28.3 hours for 24PTH DSC Shell 
Assembly during Transfer in OS197FC TC, 31.2 kW Heat Load and 
1 l 7°F Ambient ........................................................................................... P .4-143 

Figure P.4-28 Transient Temperature Response during Loading of24PTH DSC 
with 40.8 kW into OS197FC TC, 100°F without Insolation (Cask 
Vertical) ..................................................................................................... P .4-144 

Figure P.4-29 Transient Temperature Response during Loading of24PTH DSC 
with 31.2 kW into OS 197FC TC, 100°F without Insolation (Cask 
Vertical) ..................................................................................................... P.4-145 

Figure P.4-30 Transient Temperattire Response during Transfer of24PTH DSC 
with 40.8 kW into OS197FC TC, 100°F with Insolation (Cask 
Horizontal) ................................................................................................. P .4-146 

Figure P.4-31 Transient Temperature Response during Transfer of24PTH DSC 
with 40.8 kW into OS 197FC TC and Loss of Air Circulation 
Accident (Cask Horizontal) ....................................................................... P.4-147 

Figure P.4-32 Transient Temperature Response during Transfer of24PTH DSC 
with 31.2 kW into OS197FC TC and Loss of Air Circulation 
Accident (Cask Horizontal) ....................................................................... P.4-148 

Figure P.4-33 Loss of Neutron Shield and Air Circulation (if used) Accident 
Transient Temperature Response with 40.8 kW (Cask Horizontal) .......... P.4-149 

Figure P.4-34 Loss of Neutron Shield and Air Circulation (if used) Accident 
Transient Temperature Response with 31.2 kW (Cask Horizontal) .......... P .4-150 

Figure P.4-35 24PTH DSC in OS197FC TC Fire Accident Transient Response with 

Figure P.4-36 

Figure P.4-37 

Figure P.4-38 
Figure P.4-39 
Figure P .4-40 
Figure P.4-41 

Figure P.4-42 
Figure P .4-43 
Figure P.4-44 
Figure P.4-45 
Figure P.4-46 

Figure P.4-47 

Figure P .4-48 

40.8 kW ...................................................................................................... P.4-151 
24PTH-S and 24PTH-L DSC, HLZC 1, 40.8 kW Maximum Decay 
Heat ............................................................................................................ P.4-152 
24PTH-S and 24PTH-L DSC HLZC 4, 31.2 kW Maximum Decay 
Heat ............................................................................................................ P.4-153 
24PTH-S-LC DSC HLZC 5, 24 kW Maximum Decay Heat ..................... P.4-154 
24PTH DSC Thermal ANSYS Model ....................................................... P.4-155 
24PTH DSC Thermal ANSYS Model, Basket Components ..................... P.4-156 
Temperature Distribution in 24PTH DSC for 100°F Transfer Case 
with HLZC 4 .............................................................................................. P .4-157 
DELETED .................................................................................................. P.4-158 
Finite Element Model ofB&W 15x15 Fuel Assembly ............................. P.4-159 
Axial Fuel Effective Thermal Conductivity, All Fuels .............................. P.4-160 
Axial Fuel Effective Thermal Conductivity, B&W 15x15 Fuel Types ..... P.4-161 
Fuel Transverse Effective Thermal Conductivity in Helium, All 
Fuels ........................................................................................................... P.4-162 
Fuel Transverse Effective Thermal Conductivity in Vacuum, All 
Fuels ........................................................................................................... P .4-163 
Fuel Transverse Effective Thermal Conductivity in Helium, B& W 
15x15 Fuels ................................................................................................ P.4-164 

Figure P .4-49 Fuel Transverse Effective Thermal Conductivity in Vacuum, B& W 
15x15 Fuels ................................................. : .............................................. P.4-165 

Figure P.4-50 Gaps Used in the 24PTH DSC ANSYS Model ......................................... P.4-166 

NUH-003 
Revision 13 Page 21 January 2014 J 



• transition rails support the fuel tubes and transfer mechanical loads to the DSC shell. They also 
provide the thermal conduction path from the basket assembly to the canister shell wall, making 
the basket assembly efficient in rejecting heat from its payload. The nominal clear dimension of 
each fuel tube opening is sized to accommodate the limiting assembly with sufficient clearance 
around the fuel assembly. 

• 

• 

The 24PTH DSC basket geometry and the materials used for its fabrication are shown on 
drawings NUH-24PTH-1003-SAR and NUH-24PTH-1004-SAR, included in Section P.1.5. 

During dry storage of the spent fuel in the NUHOMS®-24PTH system, no active systems are 
required for the removal and dissipation of the decay heat from the fuel. The NUHOMS®-
24PTH DSC is designed to transfer the decay heat from the fuel to the canister body via the 
basket and ultimately to the ambient via either the HSM-H in storage mode or the TCs in the 
transfer mode. 

Each canister is identified by a Mark Number, W-24PTH-X-Y-Z, where: 

W is user specific designations; 

X refers to the DSC Type as described previously (X = S or L or S-LC); 

Y refers to the basket type (IA, 2A, IB, 2B, 1 C or 2C) and 

Z is a number corresponding to a specific canister. 

P.1.2.1.2 NUHOMS®-HSM-H Module 

The Standardized HSM Model 102 is described in Chapter 1 and in the drawings included in 
Appendix E of the FSAR. 

The HSM-H module design is similar to the design ofHSM Model 102 with the following 
features provided to improve the heat rejection and shielding capabilities: 

• Use of a thicker roof with no uniform gap between the adjacent modules, 

• Use of slotted plates and holes in the DSC support rails to increase airflow at the bottom 
portion of canister, 

· • Increased height of the module to increase module cavity and stack height and to 
minimize air flow resistance in the module cavity, 

• Optimized DSC support structure to minimum airflow resistance. 

• Use of finned side heat shields option for high heat loads to improve convection heat 
transfer by increasing surface area of heat shield, and 

• Use oflouvered top heat shield to minimize airflow resistance . 
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Proprietary Infor!l).ation Withheld Pursuant to I 0 CFR 2.390 

P.1-3 provides an overview of the module . 
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P.1.2.2.3 Identification of Subjects for Safety and Reliability Analysis 

P.1.2.2.3.l Criticality Prevention 

Criticality is controlled by geometry, soluble boron in spent fuel pool and by utilizing fixed 
neutron poison material in the fuel basket. During storage, with the DSC cavity is dry and sealed 
from the envilionment, criticality control measures within the installation are not necessary 
because of the low reactivity of the fuel in the dry NUHOMS®-24PTH DSC and the assurance 
that no water can enter the DSC cavity during storage. 

P.1.2.2.3.2 Chemical Safety 

There are no chemical safety hazards associated with operations of the NUHOMS®-24PTH 
system. 

p .1.2.2.3 .3 Operation Shutdown Modes 

The NUHOMS®-24PTH DSC system is a totally passive system so that consideration of 
operation shutdown modes is unnecessary. 

P.1.2.2.3.4 Instrumentation 

No change to Section 5.1.3.4 . 

P.1.2.2.3.5 Maintenance Techniques 

No change to Section 5.1.3.5. 

P.1.2.3 Cask Contents 

The NUHOMS®-24PTH DSC system is designed to store 24 intact (or up to 12 damaged and 
remaining intact) PWR fuel assemblies with or without control components. The fuel that may 
be stored in the NUHOMS®-24PTH DSC is presented in Chapter P.2. 

Chapter P .3 provides the structural analysis. Chapter P .4 includes the thermal analysis. Chapter 
P .5 provides the shielding analysis. Chapter P .6 covers the criticality safety of the NUHOMS®-
24PTH DSC system and its contents, listing material densities, moderator ratios, and geometric 
configurations . 

I 
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No change to Section 1.2.1 . 
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P.1.5 Supplemental Data 

The following Transnuclear drawings are enclosed: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

NUHOMS®-24PTH Transportable Storage DSC, for PWR Fuel, Main Assembly 
NUH24PTH-1001-SAR. 

. . 
NUHOMS®-24PTH Transportable Storage DSC, for PWR Fuel, Shell Assembly, 
NUH24PTH-1002-SAR. 

NUHOMS®-24PTH Transportable Storage DSC, for PWR Fuel Basket Assembly, 
NUH24PTH-1003-SAR. 

NUHOMS®-24PTH Transportable Storage DSC, for PWR Fuel, Transition Rails, 
NUH24PTH-1004-SAR. 

Standardized NUHOMS® ISFSI HSM-H, Main Assembly, 
NUH-03-7001-SAR. 

General License NUHOMS®ISFSI OS197FC Onsite Transfer Cask Main Assembly, 
NUH-03-8006-SAR. 

Standardized NUHOMS© ISFSL HSM-HIHSM-HS Dose Reduction Hardware, 
NUH-03-7004-SAR . 
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• 

The 24PTH DSC basket is designed with 2 alternate options: Type I basket, which includes 
aluminum inserts in the R45 transition rails, and Type 2 basket which does not include any 
aluminum inserts. Type I basket is the preferred option for canisters with high decay heat loads, 
since the aluminum inserts allow a more direct heat conduction path from the basket edge to the 
DSC shell. Type 2 basket offers the advantage of an adequate thermal performance but with a 
lower lifting weight requirement. 

The NUHOMS®-24PTH DSC basket is designed with three alternate poison materials: Borated 
Aluminum alloy, Boron Carbide/Aluminum Metal Matrix Composite (MMC) and Boral®. For 
criticality analysis, 90% of BIO content present in the borated aluminum and MMC poison plates 
is credited, while only 75% is credited for Bora!®. 

For each poison material, the NUHOMS®-24PTH DSC basket is analyzed for six alternate basket 
configurations, depending on the boron loadings analyzed (designated as "A" basket for low BI 0 
loading, "B" basket for moderate BIO loading, and "C" basket for high BIO loading) and Basket
Type (Type I or Type 2). 

A summary of the alternate poison loadings considered and the corresponding credit taken in the 
criticality analysis for each poison material as a function of basket types is presented below: 

Poison Type 24PTH Basket Poison Loading % Credit Used in 
Type<1> (810 mg/cm2

) Criticality Analysis 

Borated Aluminum 
1A or2A 7 
1B or 2B 15 90 Alloy/MMC 
1C or 2C 32 
1A or2A 9 

Bora I® 18 or 2B 19 75 
1C or2C 40 

(1) Type 1A =Basket Type 1 with aluminum inserts in the R45 transition rails and Type A poison plate configuration; 
Type 2A = Basket Type 2 without aluminum inserts in the R45 transition rails and Type A poison plate configuration; 

Table P .2-6 through Table P .2-9 define the minimum required cooling time after reactor 
discharge for a fuel assembly without CCs for a given assembly heat load, burnup, and 
maximum initial enrichment parameters. These tables ensure that the fuel assembly decay heat 
load is less than that specified for each table and that the corresponding radiation source term is 
bounded by that analyzed in Chapter P.5. Similarly, Table P.2-10 through Table P.2-I3 defines 
the minimum required cooling time after reactor discharge for a fuel assembly with CCs. 

The NUHOMS®-24PTH DSC is inerted and backfilled with helium at the time of loading. The 
maximum fuel assembly weight with a CC is I 682 lbs. 

The maximum fuel cladding temperature limit of 400°C (752°F) is applicable to normal 
conditions ·of storage and all short term operations from spent fuel pool to ISFSI pad including 
vacuum drying and helium backfilling of the NUHOMS®-24PTH DSC per Interim Staff 
Guidance (ISG) No. I I, Revision 3 [2.5]. In addition, ISG-I I does not permit thermal cycling of 
the fuel cladding with temperature differences greater than 65°C (I 17°F) during DSC drying, 
backfilling and transfer operations . 
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P.2.1.1 General Operating Functions 

No change to Section 3.1.2 . 
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• evaluation as recommended in NUREG-0800, Section 3.5.3 [2.7]. The results of these 
evaluations are reported in Section P. I I. 

• 

• 

The evaluation of tornado-generated missile loads on the transfer cask summarized in Section 8.2 
of the FSAR remains unchanged. 

P.2.2.2 Water Level (Flood) Design 

No change to Section 3.2.2. 

P.2.2.3 Seismic Design 

The seismic design criteria for the HSM-H is consistent with the criteria set forth in Section 
3.2.3, with the exception that the NRC Regulatory Guide 1.60 (R.G. 1.60) [2.I I] response 
spectra is anchored to a maximum ground acceleration of 0.30g (instead of 0.25g) for the 
horizontal components and 0.20g (instead of O. I 7g) for the vertical component. The results of the 
frequency analysis of the HSM-H structure (which includes a simplified model of the DSC) yield 
a lowest frequency of 23.2 Hz in the transverse direction and 28.4 Hz in the longitudinal 
direction. The lowest vertical frequency exceeds 33 Hz. Thus, based on the R.G. I .60 response 
spectra amplifications, the corresponding seismic accelerations used for the design of the HSM
H are 0.37g and 0.33g in the transverse and longitudinal directions respectively and 0.20g in the 
vertical direction. The corresponding accelerations applicable to the DSC are 0.4Ig and 0.36g in 
the transverse and longitudinal directions, respectively, and 0.20g in the vertical direction. The 
seismic analysis of the HSM-H and 24PTH DSC are further discussed in Section P.3.7. 

The seismic design criteria for the TC and HSM Model 102 does not change from that 
documented in Section 8.2. Therefore, even though the HSM-H and 24PTH DSCs are analyzed 
for 0.3g horizontal and 0.2g vertical seismic loads, the seismic design criteria for the 24PTH 
system is still limited to the criteria documented in Section 8.2. 

P.2.2.4 Snow and Ice Loading 

No change to Section 3.2.4. 

P.2.2.5 Combined Load Criteria 

The NUHOMS®-24PTH system is subjected to the same types ofloads as the existing 
NUHOMS®-24P or -52B System. The load combination criteria for the TCs for transfer are the 
same as those shown in the FSAR Table 3.2-7. The criteria applicable to the NUHOMS®-
24PTH DSC and HSM-H are discussed in the following subsections. 

P.2.2.5.l NUHOMS®-24PTH DSC Structural Design Criteria 

The NUHOMS®-24PTH DSC is designed using the ASME Boiler and Pressure Vessel Code 
[2.2] criteria given in the existing FSAR, Chapter 3, except as noted in the following sections. A 
summary of the NUHOMS®-24PTH DSC load combinations is presented in Table P.2-14 . 

NUH-003 
Revision 13 Page P.2-8 January 2014 , I 

L_ ____ _ 



• 

• 

• 

A. Under axial loads, the DSC shell and transfer cask provide overall/global stability to the 
24PTH basket structure. Thus, only local stability effects are specifically addressed. 

For axial compression loads, stability criteria for the fuel compartment tubes are based on 
NF-3322.l(c)(2) (for austenitic members). Using a span length of 24.0 in, corresponding to 
the maximum distance between basket straps and a value ofK=l.O (pinned-pinned 
condition) a slenderness ratio (KL/ r) of 6.42 is calculated. 

Application of elastic stability criteria to the fuel tubes is conservative as the low value of 
KL/ r indicates elastic buckling is not a likely failure mechanism. In addition, buckling is 
restricted by the adjacent tubes, transition rails, and DSC shell. 

In addition, the width to thickness ratio of the tube wall is checked using NF-
3322.2( d)(2)(b )(1) to verify that the tubes are fully effective in compression. 

B. Under lateral loads, stability of the basket tube structure is demonstrated using hand 
calculations to evaluate the fuel compartment tubes "ligaments" as columns using the 
stability criteria ofNF-3322.l(c)(2) for stainless steel compression members. 

Accident Conditions 

Accident Condition Stress Criteria for Steel Elements 

As summarized in Table P.2-16 the accident condition (Level D) stress criteria for the fuel 
support structure and the welded steel transition rails is based on Appendix F of the ASME 
Code, Section III. Criteria are provided for both linear elastic and elastic-plastic stress analyses. 

Accident Condition Criteria for R90 Aluminum Transition Rails 

For accident condition loading (i.e., the postulated drops), the R90 aluminum transition rail 
bodies must support the fuel tubes such that stresses and displacements in the fuel compartment 
tubes are acceptable. Since, the rail bodies are captured between the fuel compartment tube and 
the DSC shell, large displacements of the rails are prevented. Thus, no additional checks (of the 
aluminum) are required for accident/drop loading. Qualification of the fuel tubes demonstrates 
that the R90 rails perform their intended function. 

Accident Condition Stability Criteria 

Similar to the normal condition evaluations, stability criteria are addressed in two parts: 

A. Accident condition axial stresses in the fuel compartment tubes are evaluated using the 
equation from F-1334.3(b)(1)[2.2] loads, stability of the basket structure is demonstrated 
using detailed finite element models and the Collapse Load criteria from F-1341.3 [2.2]. 
These criteria establish the allowable load as 90% of the. Limit Analysis Collapse Load 
where the Limit Analysis Collapse Load is the rp.aximum load determined using elastic
perfectly plastic material properties with a yield stress equal to the lesser of 2.3Sm or 0.7Su . 
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This load is described in Section P.2.2.1. The design pressures for the tornado wind load are 
shown in Table P.2-19. 

(C) Flood Load (FL) 

No change to Section 3.2.2. 

(D) Earthquake Load CEO) 

The HSM-H is evaluated for amplified ground accelerations resulting from a design basis 
earthquake defined in NRC R.G. 160 [2.11] anchored at 0.30g horizontal and 0.2g vertical 
accelerations. · 

NUH-003 
Revision 13 Page P.2-13 January 2014 I 



• 

• 

• 

P.2 .. 3 Safety Protection Systems 

P.2.3.1 General 

The NUHOMS®-24PTH DSC is designed to provide storage of spent fuel for at least 40 years. 
The DSC cavity is inerted and backfilled with helium and the internal pressure is always above 
atmospheric during the storage period as a precaution against in-leakage of air, which could be 
harmful to the fuel. Since the confinement vessel consists of a steel cylinder with an integrally 
welded bottom closure, and a seal welded top closure that is verified to be leak tight after 
loading, the DSC cavity gas cannot escape. 

Only those features that are not addressed in the existing FSAR, Chapter 3, or have been revised, 
are addressed in this Section. Those features include the thermal and nucleonic performance of 
the poison plates, and their acceptance. Components of the NUHOMS®-24PTH DSC that are 
"Important to Safety" and "Not Important to Safety" are listed in Table P .2-17. 

P.2.3.2 Protection By Multiple Confinement Barriers and Systems 

The NUHOMS®-24PTH DSC provides a leak tight confinement of the spent fuel. Although 
similar to the existing NUHOMS®-24P DSC, sealing of the NUHOMS®-24PTH DSC involves 
leak testing to the criteria of ANSI N14.5 [2.4] after loading and sealing the canister, as 
described in Section P. 7 . 

P.2.3.3 Protection By Equipment and Instrumentation Selection 

No change to Section 3.3.3. 

P.2.3.4 Nuclear Criticality Safety 

P .2.3 .4.1 Control Methods for Prevention of Criticality 

The design criterion for criticality is that an upper subcritical limit (USL) of 0.95 minus 
benchmarking bias and modeling bias will be maintained for all postulated arrangements of fuel 
within the DSC. The intact fuel assemblies are assumed to stay within their basket compartment 
based on the DSC and basket geometry. 

The control method used to prevent criticality is incorporation of poison material in the basket 
material, soluble boron in the pool and favorable geometry. The quantity and distribution of 
boron in the poison material is controlled by specific manufacturing and acceptance criteria of 
the poison plates. The acceptance criteria of the plates is described in Section P.9. · 

The basket has been designed to assure an ample margin of safety against criticality under the 
conditions of fresh fuel in a DSC flooded with borated pool water. The method of criticality 
control is in accordance with the requirements of 10CFR72.124 [2.10] . 
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• The criticality analyses performed for the 24PTH system are described in Section P.6. 
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• 

P.2.3.4.2 Error Contingency Criteria 

Provision for error contingency is built into the criterion used in Section P.2.3.4.1 above. The 
criterion used in the criticality analysis is common practice for licensing submittals. Because 
conservative assumptions are made in modeling, it is not necessary to introduce additional 
contingency for error. 

P.2.3.4.3 Verification Analysis-Benchmarking 

The verification analysis benchmarking used in the criticality safety analysis is described in 
Section P .6. 

P.2.3.5 Radiological Protection 

No change to Section 3.3.5. 

P.2.3.6 Fire and Explosion Protection 

No change to Section 3.3.6 . 
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P.2.4 

No change to Section 3.5 . 
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2.1 

2.2 

2.3 

2.4 

2.5 

2.6 

2.7 

2.8 

2.9 

2.10 
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Table P.2-1 
PWR Fuel Specification for the Fuel to be Stored in the NUHOMsY-24PTH DSC 

PHYSICAL PARAMETERS: 

Fuel Class 

Fuel Damage 

Partial Length Shield Assemblies (PLSAs) 

Reconstituted Fuel Assemblies: 
• Maximum Number of Reconstituted Assemblies 

per DSC with Irradiated Stainless Steel Rods 

• ·Maximum Number of Irradiated Stainless Steel 
Rods per Reconstituted Fuel Assembly 

• Maximum Number of Reconstituted Assemblies 
per DSC with unlimited number of low enriched 
U02 rods and/or Unirradiated Stainless Steel 
Rods and/or Zr Rods or Zr Pellets 

Control Components (CCs) 

Nominal Assembly Width 
Number of Intact Assemblies 

Number and Location of Damaged Assemblies 

NUH-003 
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Intact or damaged unconsolidated B& WI 5xl 5, WE I 7xl 7, CE 
15x15, WE 15x15, CE 14x14 and WE 14xl4 class PWR 
assemblies (with or without control components) that are 
enveloped by the fuel assembly design characteristics listed in 
Table P.2-3. Equivalent reloadfuel manufactured by other 
vendors but enveloped by the design characteristics listed in 
Table P.2-3 is also acceptable. 
Damaged PWRfuel assemblies are assemblies containing 
missing or partial fuel rods or fuel rods with known or suspected 
cladding defects greater than hairline cracks or pinhole leaks. 
The extent of cladding damage in the fuel rods is to be limited 
such that a.fuel assembly needs to be handled by normal means. 
WE I 5xl 5 class P LSAs which have only ever been irradiated in 
peripheral core locations with following characteristics are 
authorized: 

• Maximum burnup, 40 GWd/MTU 

• Minimum cooling time, 6.5 years 

• Maximum decay heat, 900 watts . 

4 

10 

24 

• Up to 24 CCs are authorized/or storage in 24PTH-L, 
24PTH-S, and 24PTH-S-LC DSCs only. 

: 

• Authorized CCs include Burnable Poison Rod Assemblies 
(BPRAs), Thimble Plug Assemblies (TPAs), Control Rod 
Assemblies (CRAs), Rod Cluster Control Assemblies 
(RCCAs), Axial Power Shaping Assembly Rods (APSRAs), 
Orifice Rod Assemblies (ORAs), Vibration Suppression 
Inserts (VSJs), Neutron Source Assemblies (NSAs), and 
Neutron Sources. 

• Design basis thermal and radiological characteristics for 
the CCs are listed in Table P.2-2. 

8.536 inches I 
524 I 
Maximum of 12 damagedfael assemblies. Balance may be intact 
Ju.el assemblies, empty slots, or dummy assemblies depending on 
the specific heat load zoning corifiguration. 

Damaged fuel assemblies are to be placed in Location A and/or B 
as shown in Figure P.2-6. The DSC basket cells which store 
damagedfuel assemblies are provided with top and bottom end 
caps to assure retrievabilitv . 
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Table P.2-1 
PWR Fuel Specification for the Fuel to be Stored in the NUHOMs®-24PTH DSC 

(concluded) 

Maximum Assembly plus CC Weif!ht 1682 lbs I 
THERMAL/RADIOLOGICAL PARAMETERS: 

Allowable Heat Load Zoning Configurations for each Per Figure P.2-1 or Figure P.2-2 or Figure P.2-3 or 
24PTHDSC Figure P.2-4 or Figure P.2-5. 

Burnup, Enrichment; and Minimum Cooling Time for Per Table P.2-6 for Zone 1 fuel. 
Configuration 1 (Without C<;s) 

Per Table P.2-7 for Zone 2fuel. Burnup, Enrichment, and Minimum Cooling Time for 
Configuration 2 (Without CCs) 
Burnup, Enrichment, and Minimum Cooling Time for Per Table P.2-7 for Zone 2fuel and Table P.2-8for 
Configuration 3 (Without CCs) Zone 3fael. 
Burnup, Enrichment, and Minimum Cooling Time for Per Table P.2-9 for Zone 4 fuel. 
Configuration 4 (Without CCs) 
Burnup, Enrichment, and Minimum Cooling Time for Per Table P.2-8 for Zone 3 fuel and Table P.2-9 for 
Configuration 5 (Without CCs) Zone 4fuel. 

Burnup, Enrichment, and Minimum Cooling Time for Per Table P.2-lOfor Zone 1 fuel. 
Configuration 1 (With CCs) 
Burnup, Enrichment, and Minimum Cooling Time for Per Table P.2-11 for Zone 2fuel. 
Configuration 2 (With CCs) 
Burnup, Enrichment, and Minimum Cooling Time for Per Table P.2-11 for Zone 2 fuel and per Table P.2-12 
Configuration 3 (With CCs) for Zone 3 feel. 
Burnup, Enrichment, and Minimum Cooling Time for Per Table P.2-13 for Zone 4 fi1el. 
Configuration 4 (With CCs) 
Burnup, Enrichment, and Minimum Cooling Time for Per Table P.2-12for Zone 3fi1el and per Table P.2-13 
Configuration 5 (With CCs) for Zone 4 fuel . 

Maximum Planar Averaf!e Initial Fuel Enrichment Per Table P.2-4 or Table P.2-5 I 
Type 1 Basket: 
:!{ 40.8 kW for 24PTH-S and 24PTH-L DSCs with decay 
heat limits for Zones 1, 2, 3 and 4 as specified in Figure 
P.2-1 or Fif!ure P.2-2 or Fi>IUre P.2-3 or Fi>IUre P.2-4. 

Decay Heat Type 2 Basket: 
Same as Type 1 Basket except :!{31.2 kW/DSC and:!{ 1.3 
kW/fuel assembly for 24PTH-S and 24PTH-L DSCs. 
:!{24.0 kW for 24PTH-S-LC DSC with decay heat limits as 
svecified in Fi>IUre P.2-5. 

Minimum Boron Loadinf! Per Table P.2-4 or Table P.2-5 . I 
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Table P.2-2 
Thermal and Radiological Characteristics for Control Components Stored in the 

NUHOMs®-24PTH DSC 

NUH-003 
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BPRAs, NSAs, 
CRAs, RCCAs, 

Parameter VSis, Neutron TPAs and ORAs 
Sources and 

APSRAs 

Maximum Gamma Source 
9.3E+J4 9.8E+l3 (y/sec!DSC) 

Decay Heat (Watts/DSC) 192.0 192.0 

Note: NSAs and Neutron Sources shall only be stored in the interior 
compartments of the basket. Interior compartments are those 
compartments that are completely surrounded by other compartments, 
including the corners. There are four interior compartments in the 
24PTHDSC. 
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Table P.2-3 
PWR Fuel Assembly Design Characteristics for the NUHOMS9-24PTH DSC 

B&W WE CE WE CE WE 
Assembly Class 15xl5 17xl7 15xl5 15xl5 14xl4 14xl4 

Maximum 
24PTH-S 165.75 165.75 165.75 165.75 165.75 165.75 

Unirradiated 
24PTH-L 171.93 171.93 171.93 171.93 171.93 171.93 

Length (in/1) 24PTH-S-
171.93 NIA(3J N/A(3J NIA(3J NIA(3J · N/A(3J 

LC 
Fissile Material U02 U02 U02 U02 U02 
Maximum MTU!Assembly<1J 0.49 0.49 0.49 0.49(4) 0.49 
Maximum Number of Fuel 

208 264 216 204 176 
Rods 
Maximum Number of Guide/ 

17 25 9 21 5 
Instrument Tubes 

(1) Maximum Assembly + Control Component Length (unirradiated). 
(2) The maximum MTV/assembly is based on the shielding analysis. The listed value is higher than the actual. 
(3) Not authorized for storage. 
(4) The maximum MTV/assembly for WE l 5xl 5 PLSA = 0.33 . 

U02 : 
0.49 

179 

17 

0 
:::: 

I ~ 
I ~ 
I 
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Table P.2-4 
Ml1Ximum Planar Average Initial Enrichment vis Neutron Poison Requirements for the 

'· NUHOMs®-24PTH DSC (Intact Fuel) 

.Fuel Assembly Clll;SS 

CE 14x14 (1) 

WE 14xl4(ZJ 

CE 15xl5 (Z) 

WE 15xl5(ZJ 
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Maximum Planar Average Initial Enrichment (wt. % U-235) as a 
Function of Soluble Boron Concentration and Basket Type (Fixed 

Poison LoadinK) 
Minimum Basket Tvoef3J 

Soluble Boron 
IA or2A 1Bor2B 1Cor2C (ppm) 

2100 4.50 4.90 NR 
2200 4.60 5.00 NR 
2300 4.70 NR NR 
2400 4.80 NR NR 
2500 4.90 NR NR 
2600 5.00 NR NR 
2100 4.80 5.00 NR 
2200 4.90 NR NR 
2300 5.00 NR NR 
2100 3.90 4.20 4.60 
2200 4.00 4.40 4.70 
2300 4.10 4.50 4.80 
2400 4.20 4.60 4.90 
2500 4.30 4.70 5.00 
2600 4.40 4.80 NR 
2700 4.50 4.90 NR 
2800 4.50 5.00 NR 
2900 4.60 NR NR 
3000 4.70 NR NR 
2100 3.80 4.20 4.60 
2200 3.90 4.30 4.70 
2300 4.00 4.40 4.80 
2400 4.10 4.50 4.90 
2500 4.20 4.60 5.00 
2600 4.30 4.70 NR 
2700 4.30 4.80 NR 
2800 4.40 4.90 NR 
2900 4.50 5.00 NR 
3000 4.60 NR NR 
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Table P.2-4 
Maximum Planar Average Initial Enrichment vis Neutron Poison Requirements for the 

NUHOMs®-24PTH DSC (Intact Fuel) 
(concluded) 

Maximum Planar Average Initial Enrichment (wt. % U-235) as a 
Function of Soluble Boron Concentration and Basket Type (Fixed 

Fuel Assembly Class 
Poison Loadin1:) 

Minimum Basket Tvoef3J 

Soluble Borpn 
JA or2A 1Bor2B 1Cor2C (pom) 

WE 17x17(2J 2100 3.80 4.10 4.50 
2200 3.90 4.20 4.60 
2300 4.00 4.30 4.70 
2400 4.00 4.40 4.80 
2500 4.10 4.50 4.90 
2600 4.20 4.60 5.00 
2700 4.30 4.70 NR 
2800 4.40 4.80 NR 
2900 4.50 4.90 NR 
3000 4.60 5.00 NR 

B&W 15x15 (lJ 2100 3.60 L/.00 4.30 
2200 3.70 4.10 4.50 
2300 3.80 4.20 4.60 
2400 3.90 4.30 4.70 
2500 4.00 4.40 4.80 
2600 4.10 4.50 4.90 
2700 4.20 4.60 5.00 
2800 4.20 4.70 NR 
2900 4.30 4.80 NR 
3000 4.40 4.90 NR 

Notes: 

(1) When CCs that extend into the active fuel region are stored, the maximum planar average initial enrichment 
shall be reduced by 0.2 wt. %. 

(2) When CCs that extend into the active fuel region are stored, the maximum planar average initial enrichment 
shall be reduced by 0.05 wt. % or the soluble boron concentration shall be increased by 50 ppm. 

(3) The fixed poison loading requirements as a function of Basket Type are specified in Table P. 2-20. 

NR =Not Required 
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Table P.2-5 
Maximum Planar Average Initial Enrichment vis Neutron Poison Requirements for the 

NUHOMs®-24PTH DSC (Damaged Fuel) . 

Maximum Planar Average Initial Enrichment (wt. 

Maximum 
% U-235) as a Function of Soluble Boron 

Number of 
Concentration and Basket Type (Fixed Poison 

Loading) 
Assembly qass Damaged Fuel 

Minimum Basket Tvpe<.:1J 
Assemblies per 

Soluble DSC 
i Boron IA or2A 1Bor2B 1Cor2C 

(oom) 
CE 14x14 (JJ 8 2150 NR 4.80 NR 

12 2150 NR 4.70 NR 
12 2450 4.50 5.00 NR 

WE 14x14 (2J 12 2150 4.50 5.00 NR 
CE 15x15 (2J 12 2150 NR NR 4.50 

12 2550 NR NR 5.00 
WE 15xl5 r2J 8 2150 NR NR 4.50 

12 2250 NR NR 4.50 
8 2550 NR NR 5.00 

12 2650 NR NR 5.00 
B&W 15x15 (2J 12 2350 NR NR 4.50 

12 2800 NR NR 5.00 
WE 17x17r2J 12 2250 NR NR 4.50 

12 2650 NR NR 5.00 

Notes: 

(I) When CCs that extend into the active fuel region are stored, the maximum planar average initial ~nrichment 
shall be reduced by 0.2 wt. %. 

(2) When CCs that extend into the active fuel region are stored, the maximum planar average initial enrichment 
shall be reduced by 0. 05 wt. % or the soluble boron concentration shall be increased by 50 ppm. 

(3 The fixed poison loading requirements as a function of Basket Type are specified in Table P.2-20. 

NR =Not Required. 
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Table P.2-6 

PWR Fuel Qualification Table for Zone 1 Fuel with 1. 7 kW per Assembly for the NUHOMs®-24PTH DSC (Fuel without CCs) 
(Minimum required years qf coo/inf! time after reactor core discharf{e) 

BU Assembly Average Initial Enrichment (wt. % U-235) 
GWdl 
MIU 0.7 1.5 2.0 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3.0 3.1 3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9 

10 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

15 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

20 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

25 
" 

3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

28 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

30 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

32 3.5 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

34 3.5 3.5 3.5 3.5 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

36 4.0 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

38 4.5 4.0 4.0 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 

39 4.5 4.0 4.0 4.0 4.0 4.0 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 

40 4.5 4.0 4.0 4.0 4.0 4.0 4.0 4.0 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 

41 5.0 4.5 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 

42 
,,,,, 

4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 3.5 3.5 3.5 -· ' ~ ~ 

43 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 ... '"' ; ... 
44 

.. 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 .. . .. 4.5 4.5 4.5 4.5 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 45 .. . . 
46 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.0 4.0 4.0 4.0 .. .: ,. . 
47 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 

48 5.0 5.0 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 
; 

49 

:N~i'Aii~t§feJ· 
5.0 5.0 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 

I• 

50 5.0 5.0 5.0 5.0 5.0 5.0 5.0 4.5 4.5 4.5 
,,., "•, , ·'"•''"'1 . ... 

51 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 

52 5.5 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 
. : . 

53 5.5 5.5 5.5 5.5 5.0 5.0 5.0 5.0 5.0 

54 .. 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 

55 
Note: If irradiated stainless steel rods are present in 

I 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 
.,·: 

6.0 6.0 6.0 6.0 5.5 5.5 5.5 5.5 56 
the reconstituted fuel assembly, add an additional ; 

57 6.0 6.0 6.0 6.0 6.0 6.0 

58 
year of cooling time. 

6.0 6.0 6.0 6.0 6.0 6.0 

59 6.5 6.5 6.5 6.5 6.0 6.0 

60 6.5 6.5 6.5 6.5 6.5 6.5 ... •· .. 
61 ,''• 7.0 7.0 7.0 6.5 6.5 6.5 

62 .: .... • < ·.• .:< .. 7.0 7.0 7.0 7.0 7.0 7.0 

Note: The page that follows Table P.2-13 provides the explanatory notes and limitations regarding the use of this table. 
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4.0 4.1 4.2 

3.0 3.0 3.0 

3.0 3.0 3.0 
3.0 3.0 3.0 

3.0 3.0 3.0 

3.0 3.0 3.0 

3.0 3.0 3.0 

3.0 3.0 3.0 

3.0 3.0 3.0 

3.0 3.0 3.0 

3.5 3.5 3.5 

3.5 3.5 3.5 

3.5 3.5 3.5 

3.5 3.5 3.5 

3.5 3.5 3.5 

4.0 4.0 4.0 

4.0 4.0 4.0 

4.0 4.0 4.0 

4.0 4.0 4.0 

4.5 4.0 4.0 

4.5 4.5 4.5 

4.5 4.5 4.5 

4.5 4.5 4.5 

5.0 4.5 4.5 

5.0 5.0 5.0 

5.0 5.0 5.0 

5.5 5.0 5.0 

5.5 5.5 5.5 

5.5 5.5 5.5 

5.5 5.5 5.5 

6.0 6.0 6.0 

6.0 6.0 6.0 

6.5 6.5 6.5 

6.5 6.5 6.5 
7.0 6.5 6.5 

4.3 4.4 4.5 4.6 4.7 4.8 4.9 5.0 

3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 
3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 

3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 

3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 

3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 

3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 

4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 

4.0 .4.0 .4.0 4.0 4.0 4.0 4.0 4.0 

4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 

4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 

4.5 4.5 4.5 4.5 4.0 4.0 4.0 4.0 

4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 

4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 

4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 

5.0 5.0 5.0 5.0 4.5 4.5 4.5 4.5 

5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 

5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 

5.5 5.5 5.0 5.0 5.0 5.0 5.0 5.0 

5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.0 

5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 

6.0 6.0 5.5 5.5 5.5 5.5 5.5 5.5 

6.0 6.0 6.0 6.0 6.0 6.0 6.0 5.5 

6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 

6.5 6.5 6.5 6.0 6.0 6.0 6.0 6.0 
6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 
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Table P.2-7 

PWR Fuel Qualification Table for Zone 2 Fuel with 2.0 kW per Assembly for the NUHOMs®-24PTH DSC (Fuel without CCs) 
(Minimum required years of coolinJ< time after reactor core dischar}<e) 

BU Assembly Average Initial Enrichment (wt. % U-235) 
GWdl 
MTU 0.7 1.5 2.0 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3.0 3.1 3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9 4.0 

JO 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

15 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

20 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

25 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

28 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

30 3.0 3.0 3.0 3.0 3.0 3.0. 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 '3.0 3.0 3.0 3.0 

32 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

34 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

36 3.5 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

38 3.5 3.5 3.5 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

39 ,. 3.5 3.5 3.5 3.5 3.5 3.5 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

.JO 4.0 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

41 4.0 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

42 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.0 3.0 

43 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 
' ... 

44 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 

45 4.0 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 

46 4.0 4.0 4.0 4.0 4.0 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 

47 ' . 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 3.5 3.5 3.5 3.5 
. , : I 

48 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 

49 4.0 4.0 4.0 4.0 4.0 4.0 4.0 ./.0 4.0 4.0 ./.0 
"' 

50 ' . Nou1.r1~lyz~d 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
)' .,. '. 

51 4.5 4.5 4.5 4.5 4.0 4.0 4.0 4.0 4.0 4.0 4.0 

52 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.0 4.0 ./.0 

53 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 
~ ... 

54 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 

55 5.0 5.0 4.5 ./.5 4.5 4.5 4.5 4.5 4.5 

56 
Note: If irradiated stainless steel rods are present in 

5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 ., 
the reconstituted fuel assembly, add an additional 

57 5.0 5.0 5.0 5.0 5.0 5.0 5.0 

58 
year of cooling time. 

5.0 5.0 5.0 5.0 5.0 5.0 5.0 

59 5.5 5.5 5.0 5.0 5.0 5.0 5.0 ... 
60 6.0 5.5 5.5 5.5 5.5 5.0 5.0 

61 6.0 5.5 5.5 5.5 5.5 5.5 5.5 .. ... .. . . 
62 .. 6.0 5.5 5.5 5.5 5.5 5.5 5.5 

Note: The page that follows Table P.2-13 provides the explanatory notes and limitations regarding the use of this table. 
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4.1 4.2 

3.0 3.0 

3.0 3.0 

3.0 3.0 

3.0 3.0 

3.0 3.0 

3.0 3.0 

3.0 3.0 

3.0 3.0 

3.0 3.0 

3.0 3.0 

3.0 3.0 

3.0 3.0 

3.0 3.0 

3.0 3.0 

3.5 3.5 

3.5 3.5 

3.5 3.5 

3.5 3.5 

3.5 3.5 

4.0 3.5 

4.0 4.0 

4.0 4.0 

4.0 4.0 

4.0 4.0 

4.5 4.5 

4.5 4.5 

4.5 ./.5 

5.0 5.0 

5.0 5.0 

5.0 5.0 

5.0 5.0 

5.0 5.0 

5.5 5.5 

5.5 5.5 

4.3 4.4 4.5 4.6 4.7 4.8 4.9 5.0 

3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

3.0 3.0 . _3.0 .3.0 3.0 3.0 3.0 3.0 

3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

3.5 3.5 3.0 3.0 3.0 3.0 3.0 3.0 

3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 

3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 

3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 

3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 

3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 

4.0 ./.0 4.0 4.0 4.0 3.5 3.5 3.5 

4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 

4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 

4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 

4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 

4.5 4.5 4.5 4.5 4.5 4.5 4.0 4.0 

4.5 ./.5 4.5 4.5 4.5 4.5 4.5 4.5 

5.0 5.0 5.0 5.0 4.5 4.5 4.5 4.5 

5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 

5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 

5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 

5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 

5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 

5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 
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Table P.2-8 

PWR Fuel Qualification TafJle for Zone 3 Fuel with 1.5 kW per Assembly for the NUHOMs®-24PTH DSC (Fuel without CCs) . , 

BU Assembly Average Initial Enrichment (wt. % U-235) 
GWdl 
MTU 0.7 1.5 2.0 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3.0 3.1 3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9 4.0 

JO 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

15 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

20 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

25 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

28 3.5 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

30 3.5 3.5 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

32 ./.0 3.5 3.5 3.5 3.5 3.5 3.5 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

34 4.0 4.0 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.0 3.0 

36 4.5 4.0 4.0 4.0 ./.0 4.0 4.0 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 

38 5.0 4.5 4.5 4.0 ./.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 3.5 3.5 3.5 3.5 3.5 3.5 

39 5.0 4.5 4.5 4.5 4.5 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 ./.0 4.0 4.0 4.0 4.0 4.0 4.0 ./.0 

40 5.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 

41 5.5 5.0 5.0 4.5 4.5 4.5 4.5 4.5 ./.5 4.5 4.0 4.0 4.0 4.0 4.0 ./.0 4.0 4.0 4.0 4.0 4.0 4.0 

42 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.0 4.0 4.0 4.0 4.0 4.0 

43 4.5 4.5 4.5 4.5 4.5 4.5 ./.5 4.5 4.5 4.5 4.5 4.5 4.5 4.0 

44 \ 5.0 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 

45 5.0 5.0 5.0 5.0 5.0 4.5 4.5 4.5 4.5 4.5 ./.5 ./.5 4.5 4.5 .. 
46 ~ .J 

5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 4.5 4.5 4.5 4.5 

47 5.5 5.5 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 

48 5.5 5.5 5.5 5.5 5.5 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 .. ·• 

49 5.5 5.5 5.5 5.5 5.5 5.5 5.0 5.0 5.0 5.0 5.0 
/ 

50 Jf otA12alJ!z~d 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 .. .. 
51 6.0 6.0 6.0 6.0 5.5 5.5 5.5 5.5 5.5 5.5 5.5 

52 6.0 6.0 6.0 6.0 6.0 6.0 5.5 5.5 5.5 5.5 
'"'" ... .. . ... .. 

53 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 

54 < " 
6.5 6.5 6.5 6.5 6.0 6.0 6.0 6.0 6.0 

55 
Note: Jf irradiated stainless steel rods are present in 

6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 

56 7.0 7.0 7.0 6.5 6.5 6.5 6.5 6.5 6.5 
the reconstituted fuel assembly, add an additional \ 

57 7.0 7.0 7.0 7.0 7.0 7.0 6.5 

58 
year of cooling time. 

7.5 7.5 7.5 7.0 7.0 7.0 7.0 . 
59 7.5 7.5 7.5 7.5 7.5 7.5 7.5 

60 8.0 8.0 8.0 7.5 7.5 7.5 7.5 .. " 
61 8.5 8.0 8.0 8.0 8.0 8.0 8.0 

.. 

62 8.5 8.5 8.5 8.5 8.5 8.5 8.0 

Note: .The page that follows Table P.2-13 provides the explanatory notes and limitations regarding the use of this table. 
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4.1 4.2 4.3 4.4 4.5 4.6 4.7 4.8 4.9 5.0 

3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 

3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 

3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 

4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 3.5 

4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 ./.0 

./.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 

4.0 4.0 4.0 4.0 4.0 4.0 ./.0 4.0 4.0 4.0 

4.5 4.5 4.5 4.5 4.5 4.5 4.0 4.0 4.0 4.0 

./.5 4.5 ./.5 4.5 ./.5 4.5 4.5 ./.5 4.5 4.5 

4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 

5.0 4.5 4.5 4.5 4.5 ./.5 4.5 4.5 4.5 4.5 

5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 4.5 4.5 

5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 

5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 

5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.0 5.0 5.0 

5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 

6.0 6.0 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 

6.0 6.0 6.0 6.0 6.0 6.0 6.0 5.5 5.5 5.5 

6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 

6.5 6.5 6.5 6.5 6.5 6.0 6.0 6.0 6.0 6.0 

6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 

7.0 7.0 7.0 7.0 6.5 6.5 6.5 6.5 6.5 6.5 

7.5 7.0 7.0 7.0 7.0 7.0 7.0 7.0 6.5 7.0 

7.5 7.5 7.5 7.5 7.5 7.0 7.0 7.0 7.0 7.0 

8.0 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 

8.0 8.0 8.0 8.0 8.0 8.0 7.5 7.5 7.5 7.5 
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Table P.2-9 

PWR Fuel Qualification Table for Zone 4 Fuel with 1.3 kW per Assembly for the NUHOMsY-24PTH DSC (Fuel without CCs) 
(Minimum required years of coolin~ time after reactor core dischar~e) 

BU Assembly Average Initial Enrichment (wt. % U-235) 
GWdl 
MTV 0.7 1.5 2.0 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3.0 3.1 3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9 4.0 

JO 3.d· 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

15 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

20 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

_2J_ 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

28 3.5 3.5 3.5 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 
-

30 4.0 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.0 3.0 3.0 3.0 3.0 3.0 3.0 
I--

32 4.5 4.0 4.0 4.0 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 ,_____ 
34 4.5 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 

I--

36 5.0 4.5 4.5 4.5 4.5 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 ,_____ 
38 5.5 5.0 5.0 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.0 4.0 4.0 4.0 4.0 4.0 

I--

5.0 ,__JJ_ 6.0 5.0 5.0 5.0 4.5 4.5 4.-5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 

40 6.0 5.5 5.0 5.0 5.0 5.0 5.0 5.0 5.0 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 
I--

._j.!__ 6.5 5.5 5.5 5.5 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 

42 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 4.5 
f--- .. 

43 5.5 5.5 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 

44 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.0 5.0 5.0 5.0 5.0 5.0 
f---

_JJ_ 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.0 .. 
46 6.0 6.0 6.0 6.0 6.0 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 

f--- ,,,, 

47 . 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 5.5 5.5 5.5 5.5 5.5 
f--- H " 

48 6.5 6.5 6.5 6.5 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 
f---

49 6.5 6.5 6.5 6.5 6.5 6.5 6.0 6.0 6.0 6.0 6.0 

__Ji_. 'N9tAnctlyzed. 7.0 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 

51 7.0 7.0 7.0 7.0 7.0 7.0 6.5 6.5 6.5 6.5 6.5 ,____.... 
52 7.5 7.5 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 

53 7.5 7.5 7.5 7.5 7.5 7.5 7.0 7.0 7.0 7.0 
- .. 

54 8.0 8.0 8.0 7.5 7.5 7.5 7.5 7.5 7.5 
-

55 
Note: If irradiated stainless steel rods are present in 

8.5 8.0 8.0 8.0 8.0 8.0 8.0 8.0 7.5 
-

56 8.5 8.5 8.5 8.5 8.5 8.5 8.0 8.0 8.0 
- the reconstituted fuel assembly, add an additional 
_JJ_ year of cooling time for cooling times less than 10 

9.0 9.0 8.5 8.5 8.5 8.5 8.5 

58 9.5 9.5 9.0 9.0 9.0 9.0 9.0 
- years. 
_JJ_ 10.0 10.0 9.5 9.5 9.5 9.5 9.5 

60 10.5 10.5 10.0 10.0 10.0 10.0 10.0 ,_____ 
61 11.0 11.0 11.0 10.5 10.5 10.5 10.5 

I-- .,~ ' 

62 . 11.5 11.5 11.5 11.5 11.0 11.0 11.0 

Note: The page that follow_; Taof.e P.2;13 provides the explanatory notes and limitations regarding the use of this table. 
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4.1 4.2 

3.0 3.0 

3.0 3.0 
3.0 3.0 

3.0 3.0 

3.0 3.0 

3.0 3.0 

3.5 3.5 

3.5 3.5 

4.0 4.0 

4.0 4.0 

4.5 4.5 

4.5 4.5 

4.5 4.5 

4.5 4.5 

5.0 5.0 

5.0 5.0 

5.0 5.0 

5.5 5.5 

5.5 5.5 

5.5 5.5 

6.0 6.0 

6.0 6.0 

6.5 6.5 

6.5 6.5 

7.0 7.0 

7.5 7.0 

7.5 7.5 

8.0 8.0 

8.5 8.5 

9.0 8.5 

9.0 9.0 

9.5 9.5 

10.0 10.0 

10.5 10.5 

4.3 4.4 4.5 4.6 4.7 4.8 4.9 5.0 

3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 
3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

3.0 3.0 3.0 3.0 3.0 3.0 3.0 3:0 

3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 

3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 

4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 

4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 

4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 

4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 

4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 

4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 

5.0 5.0 5.0 5.0 4.5 4.5 4.5 4.5 

5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 

5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 

5.5 5.5 5.5 5.0 5.0 5.0 5.0 5.0 

5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 

5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 

6.0 6.0 6.0 6.0 6.0 6.0 6.0 5.5 

6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 

6.5 6.5 6.5 6.5 6.0 6.0 6.0 6.0 

6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 

7.0 7.0 7.0 7.0 6.5 6.5 6.5 6.5 

7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 

7.5 7.5 7.5 7.5 7.5 7.0 7.0 7.0 

8.0 8.0 7.5 7.5 7.5 7.5 7.5 7.5 

8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 

8.5 8.5 8.5 8.5 8.5 8.0 8.0 8.0 

9.0 9.0 9.0 9.0 8.5 8.5 8.5 8.5 

9.5 9.5 9.5 9.0 9.0 9.0 9.0 9.0 

10.0 10.0 10.0 10.0 9.5 9.5 9.5 9.5 

10.5 10.5 10.5 10.0 10.0 10.0 10.0 10.0 
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Table P.2-10 

PWR Fuel Qualification Table for Zone 1 Fuel with 1. 7 kW per Assembly for the NUHOMs®-24PTH DSC (Fuel with CCs) 
(Minimum required years of coolinf! time after reactor core dischar!{e) 

BU Assembly Average Initial Enrichment (wt. % U-235) 
GWd/ 
MrU 0.7 1.5 2.0 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3.0 3.1 3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9 4.0 

JO 3.0 3.0 3.0 3.0 3.0'. 3.o, 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

15 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

20 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

_JJ_ 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

28 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 -,___}!}__ 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

32 3.5 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 -_Jj_ 3.5 3.5 3.5 3.5 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

36 4.0 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 
-

38 4.5 4.0 4.0 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 -
_12_ 4.5 4.0 4.0 4.0 4.0 4.0 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 

40 4.5 4.0 4.0 4.0 4.0 4.0 4.0 4.0 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 -,_J..!_ 5.0 4.5 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 

42 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 3.5 3.5 -43 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 .. 
44 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 

-
_jJ_ 4.5 4.5 4.5 4.5 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 

,,,,'"' 

46 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.0 4.0 4.0 4.0 4.0 
- .. 
___!!___ . 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 

48 5.0 5.0 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 
-· ~ ,,' 

49 5.0 5.0 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 
-·; ,,, 

· NC?t A!iciJ~~kf!l ... ·.· 50 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 4.5 4.5 4.5 
- .. O<•}'-' > . ',, 

51 " 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 -. '••' . .. . . 
52 5.5 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 .. . .. 
53 r 5.5 5.5 5.5 5.5 5.5 5.0 5.0 5.0 5.0 5.0 

- . '" ... 
54 . 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 -55 

Note: Jf irradiated stainless steel rods are present in 
5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 - 6.0 6.0 6.0 56 6.0 6.0 5.5 5.5 5.5 5.5 - the reconstituted fuel assembly, add an additional , .. 

~ year of cooling time. 
6.0 6.0 6.0 6.0 6.0 6.0 6.0 

58 6.5 6.0 6.0 6.0 6.0 6.0 6.0 -,.._JJ__ 6.5 6.5 6.5 6.5 6.5 6.0 6.0 
" 

60 6.5 6.5 6.5 6.5 6.5 6.5 6.5 - . 
61 

_'.'.:;t· 
7.0 7.0 7.0 7.0 6.5 6.5 6.5 .. '' '" ... 

62 .. /• .. . .. 7.0 7.0 7.0 7.0 7.0 7.0 7.0 

Note: The page that follows Table P.2-13 provides the explanatory notes and limitations regarding the use of this table. 
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4.1 4.2 

3.0 3.0 

3.0 3.0 
3.0 3.0 

3.0 3.0 

3.0 3.0 

3.0 3.0 

3.0 3.0 

3.0 3.0 

3.0 3.0 

3.5 3.5 

3.5 3.5 

3.5 3.5 

3.5 3.5 

3.5 3.5 

4.0 4.0 

4.0 4.0 

4.0 4.0 

4.0 4.0 

4.5 4.0 

4.5 4.5 

4.5 4.5 

4.5 4.5 

5.0 5.0 

5.0 5.0 

5.0 5.0 

5.0 5.0 

5.5 5.5 

5.5 5.5 

5.5 5.5 

6.0 6.0 

6.0 6.0 

6.5 6.5 

6.5 6.5 

7.0 6.5 

4.3 4.4 4.5 4.6 4.7 4.8 4.9 5.0 

3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.o 
3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 
3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

3.5 3.5 3.0 3.0 3.0 3.0 3.0 3.0 

3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 

3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 

3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 

3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 

4.0 4.0 4.0 3.5 3.5 3.5 3.5 3.5 

4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 

4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 

4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 

4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 

4.5 4.5 4.5 4.5 4.5 4.0 4.0 4.0 

4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 

4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 

4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 

5.0 5.0 5.0 5.0 5.0 4.5 4.5 4.5 

5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 

5.0 5.0 s.o 5.0 5.0 5.0 5.0 5.0 

5.5 5.5 5.5 5.0 5.0 5.0 5.0 5.0 

5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 

5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 
6.0 6.0 6.0 5.5 5.5 5.5 5.5 5.5 

6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 

6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 

6.5 6.5 6.5 6.5 6.5 6.0 6.0 6.0 

6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 
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Table P.2-11 

PWR Fuel Qualification Table/or Zone 2 Fuel with 2.0 kW per Assembly for the NUHOMs®-24PTH DSC (Fuel with CCs) 
Minimum re uired ears o coolin time a fer reactor core dischar e 

• 
BU Assembly Average Initial Enrichment (wt. % U-235) 
GW~ i----r~--.--~.----.~--.--~.----.~.-----,,---,~..,-----,~--r-~,.-=-,~-,-~,.--.~-',-~,---,--'--,-~r--,-~--.--~.----.~.--~,--.,.-~,--~r--:-::-1 

MFU 0.7 1.5 2.0 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3.0 3.1 3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9 4.0 4.1 4.2 4.3 4.4 4.5 4.6 4.7 4.8 4.9 5.0 

10 

15 

20 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 
53 

54 

10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 

3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 

10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 
10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 

10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 

10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 1d 10 10 10 10 10 10 10 10 10 

10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 

10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 

15 15 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 .10 10 10 

15 15 15 15 15 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 

3.5 3.5 3.5 3.5 3.5 3.5 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.0 3.0 3.0 3.0 3.0 3.0 

3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 -3.5 3.5 3.5 3.5 3.5 3.5 3.5 

3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 

4.0 4.0 4.0 4.0 4.0 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 

4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 

4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 

4.5 4.5 4.5 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 

15 15 15 15 15 15 15 15 10 10 10 10 10 10 10 10 10 10 10 

4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.0 4.0 4.0 4.0 4.0 4.0 4.0 

4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.0 4.0 

5.0 4.5 4.5 4.5 4.5 4.5 4.5 ' 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 

5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 4.5 4.5 4.5 4.5 

10 10 10 so so so so so so so so so so so so so so 
so 10 10 10 10 so so so so so so so so so 10 so so 

~ S5 S5 S5 SO SO SO SO SO SO SO SO SO SO SO SO SO SO 
60 6.0 5.5 5.5 5.5 5.5 5.5 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 

61 6.0 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 

62 6.0 6.0 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 

Note: The page that follows Table P.2-13 provides the explanatory notes and limitations regarding the use of this table. 
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· Table P.2-12 

PWR Fuel Qualification Table for Zone 3 Fuel with 1.5 kW per Assembly for the NUHOMs®-24PTH DSC (Fuel with CCs) 
(Minimum required vears of coolinf? time after reactor core dischar[?e) 

BU Assembly Average Initial Enrichment (wt. % U-235) 
GW& 1----,-~--r-~.------,-~--r-~.------,-.-----.-----,.------r-.-----.---..-----+.----,.-=..,..-----.--.----,------.-.----.,.._.----,------.--'----.--~.------,-.------r-~.------,-~-.-----,.------,-~....-----,.-----1 

MTV 0.7 1.5 2.0 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3.0 3.1 3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9 4.0 4.1 4.2 4.3 4.4 4.5 4.6 4.7 4.8 4.9 5.0 

JO 
15 

20 

~ 
28 

30 ,_______ 
~ 

34 ,_______ 

~ 
38 ,_______ 

,___}2_ 
40 ,_______ 

_jj_ 
,_j]_ 
__Q_ 
.__jj__ 

45 
t---

46 

47 

53 

54 
-

55 

56 -
__JJ_ 

58 

59 
~ 

60 

61 

62 

3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 
3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

•.· 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

3.5 3.0 3.0 3.0 3:0 3.0 3.0 3 . .0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0. 3.0 3.0 

3.5 3.5 3.0 ·3.0 3.0 . 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3:0 3.0 3.0 3.0 3.0 3.0 3.0 

4.0 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

4.0 4.0 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

( 4.5 4.0 4.0 4.0 4.0 4.0 4.0 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 
5.0 4.5 4.5 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 

5.0 4.5 4.5 4.5 4.5 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 3.5 3.5 3.5 3.5 3.5 3.5 3.5 

5.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
• ' 5.5 5.0 5.0 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 

4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 

4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 

5.0 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.0 
5.0 5.0 5.0 5.0 5.0 5.0 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 

5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 

5.5 5.5 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 4.5 4.5 4.5 4.5 4.5 4.5 4.5 

5.5 5.5 5.5 5.5 5.5 5.5 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 

5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 

" ' .. ··• 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 

6.0 6.0 6.0 6.0 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.0 5.0 5.0 

6.0 6.0 6.0 6.0 6.0 6.0 6.0 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 

6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 5.5 5.5 5.5 5.5 5.5 5.5 

.. 6.5 6.5 6.5 6.5 6.5 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 5.5 

Note: If irradiated stainless steel rods are present in 
the reconstituted fuel assembly, add an additional 
year of coo/ing_time'.· _ . 

.. 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 

7.0 7.0 7.0 7.0 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.0 6.0 6.0 6.0 

7.0 7.0 7.0 7.0 7.0 7.0 7.0 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 

7.5 7.5 7.5 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 6.5 6.5 6.5 6.5 6.5 

·;> 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 

.·· ( ... 

8.0 8.0 8.0 8.0 8.0 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.0 7.0 7.0 7.0 7.0 
8.5 8.5 8.5 8.0 8.0 8.0 8.0 8.0 8.0 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 

... 9.0 8.5 8.5 8.5 8.5 8.5 8.5 8.0 8.0 8.0 8.0 8.0 8.0 8.0 7.5 7.5 7.5 

Note: The page that follows Table P.2-13 provides the explanatory notes and /imitations regarding the use of this table. 
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MTV 

JO 
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• 
. " , . . Table P.2-13 

PWR Fuel Quali]icatioii Table for Zone 4 Fuel with 1.3 kW per Assembly for the NUHOMs®-24Piiii>sc (F~el with CCs) 
(Minimum re uired ears o coolin time a ter reactor core dischar e 

Assembly Average Initial Enrichment (wt. % U-235) 

• 
0.7 1.5 2.0 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3.0 3.1 3.2 3.3 J.4 3.5 3.6 3.7 3.8 3.9 4.0 4.1 4.2 4.3 4.4 4.5 4.6 4.7 4.8 4.9 5.0 

10 10 10 Jo 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 

10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 

10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 

10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 

15 15 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 
3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

4.0 4.0 4.0 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 

4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 

4.5 4.5 4.5 4.5 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 

5.0 5:0 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4,5 4.5 4.5 4.5 4.5 4.5 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
5.0 5.0 5.0 5.0 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.0 4.0 4.0 4.0 4.0 4.0 4.0 

5.5 5.0 5.0 5.0 5.0 5.0 5.0 5.0 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 
~o ~o ~o ~o ~o ~o ef5 ef5 ef5 ef5 ef5 ef5 ef5 ef5 ef5 ef5 ef5 ef5 ef5 ef5 ef5 ~5 ~5 

5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 

5.5 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 4.5 4.5 

5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 
5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 

6.0 6.0 6.0 6.0 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.0 5.0 

6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 

6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 5.5 5.5 5.5 5.5 5.5 . 5.5 5.5 5.5. 

6.5 6.5 6.5 6.5 6.5 6.5 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 

6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.o 6.0 6.o 6.o 6.o 6.o 6.o 6.o 6.o· 

7.0 7.0 7.0 7.0 7.0 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.0 6.0 

7.5 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 

7.5 7.5 7.5 7.5 7.5 7.5 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 6.5 6.5 

8.0 8.0 8.0 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.0 7.0 7.0 7.0 7.0 7.0 7.0 

8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.0 

8.5 8.5 8.5 8.5 8.5 8.0 8.0 8.0 8.0 8.0 8.0 8.0 7.5 7.5 7.5 7.5 7.5 

9.0 9.0 9.0 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.0 8.0 8.0 8.0 8.0 8.0 8.0 

9.5 9.5 9.5 9.5 9.0 9.0 9.0 9.0 9.0 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.0 

10.0 10.0 9.5 10.0 9.5 9.5 9.5 9.5 9.5 9.0 9.0 9.0 9.0 9.0 8.5 8.5 8.5 

10.5 10.5 10.5 10.5 10.0 10.0 10.0 10.0 10.0 9.5 9.5 9.5 9.5 9.5 9.5 9.0 9.0 
11.0 11.0 11.0 11.0 10.5 10.5 10.5 10.5 10.5 10.0 10.0 10.0 10.0 10.0 9.5 9.5 9.5 
120 IL5 IL5 IL5 IL5 !LO !LO !LO !LO JQ5 JQ5 JQ5 IQ5 JQ5 JQO JQO JQO 

Note: The page that follows Table P.2-13 provides the explanatory notes and limitations regarding the use of this table. 
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• •• • 
Notes: Tables P.2-6 through P.2-13: 

• BU= Assembly Average burnup. 

• Usff burnup and enrichment to look up minimum cooling time in years. Licensee is responsible for ensuring that uncertainties in fuel 
enrichment and burnup are correctly accounted for duringfuel qualification. 

• Round burnup UP to next higher entry, round enrichments DOWN to next lower entry. 

• Fuel with an assembly average initial enrichment less than 0. 7 wt. % U-235 (or less than the minimum provided above for each 
burnup) and greater than 5.0 wt. % U-235 is unacceptable for storage. 

• Fuel with a burn up greater than 62 GW d!MTU is unacceptable for storage. 

• Fuel with a burnup less than 10 GWd!MTU is acceptable for storage after 3-years cooling. 

• WE 15x15 PLSAs·s/wll be.limitedto a minimum assembly average initial enrichment of 1.2 wt.% U-235. 

• See Figures P.2-1 through P.2-5 for the description of zones. 

• For reconstituted fuel assemblies with U02 rods and/or Zr rods or Zr pellets and/or stainless steel rods, use the assembly average 
equivalent enrichment to determine the minimum cooling time. 

• The cooling times for damaged and intact assemblies are identical. 

• Example: An INTACT FUEL ASSEMBLY without CCs, with a decay heat load of 1. 7 kW or less, an initial enrichment of 3.65 wt. % U-
235 and a burnup of 41.5 GWd/MTU is acceptable for storage after a 4.0 year cooling time as defined by 3.6 wt. % U-235 (rounding 
down) and 42 GWd/MTU (rounding up) in Table P.2-6. 
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Table P.2-19 
Design Pressures for Tornado Wind Loading 

HSM-H Wall Velocity Pressure Pressure ' Max/Min Design 
Orientation<1

> Coefficient<2
> (psf) Pressure (psf) 

Front 344 +0.68 234 

Left 344 -0.60 -207 

Rear 344 -0.43 -148 

Right 344 -0.60 -207 

Roof 344 -0.60 -207 

Notes: 
( 1) Wind direction assumed to be from front. Wind loads from other directions may be found by rotating 

table values to desired wind direction. 
(2) Pressure coefficient (used) = Gust factor (0.85)* Max/Min pressure coefficient. 

Table P.2-20 
BJO Specification for the NUHOMs®-24PTH Poison Plates 

NUHOMS®-24PTH DSC Minimum B10 Areal Density, (grams/cm2
) 

Basket Typer11 
Borated Aluminum or MMC Bora!® 

1A or2A 0.007 0.009 

1B or 2B 0.015 0.019 

1Cor2C 0.032 0.040 

(1) Basket Type 1 contains aluminum inserts in the R45 transition rails of the basket, Type 2 does not 
contain aluminum inserts. 

Table P.2-21 
Maximum Allowable Heat Load for the NUHOMS®-24PTH DSC 

24PTH Basket Type <2><
3> Transfer Cask 

Max. Heat Load 
DSC Type (kW) per DSC 

24PTH-S or 24PTH-L11
> 

OS197FC 40.8 
1A, 18, or 1C 

OS197/0S197H 31.2 

24PTH-S or 24PTH-L11
> 2A, 2B, or2C OS197FC 31.2 

Standardized TC . 
24PTH-S-Lc<1

> 2A, 2B, or2C (solid neutron 24.0 ... 
shield) 

Notes: 
(1) ·Allows storage of control components. :'; 
(2) ·Basket Type 1 (1A, 1 B, 1 C) has heat conductive aluminum inserts in the R45 basket transition rails. 
(3) Basket Type 2 (2A, 2B, 2C) does not have heat conductive aluminum inserts in the R45 basket 

transition rails . 
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Table P.3.1-1 
Alternatives to the ASME Code for the NUHOMS®-24PTH DSC Confinement Boundary 

(Part 1 of2) 

Reference 
ASME Code 

Section/ Article 

NCA 

NCA-1140 

NB-1100 

NB-1132 

NB-2130 

-------------------
NB-4121 

NB-4243 and 
NB-5230 

I 

NUH-003 
Revision 13 

Code Requirement 

All 

Use of Code editions and 
addenda 

Requirements for Code 
Stam ping of Components, 
Code reports and 
certificates, etc. 

Attachments with a pressure 
retaining/unction, including 
stiffeners, shall be 
considered part of the 
component . 

Material must be supplied by 
ASME approved material 
_s_~~P!~~_s_: ____________________ 

Material Certification by 
Certificate Holder 

Category C weld joints in 
vessels and similar weld 
joints in other components 
shall be full penetration 
joints. These welds shall be 
examined by UT or RT and 
either PT or MT 

"· 

Alternatives, Justification & Compensatory Measures 

Not compliant with NCA. Quality Assurance is provided according 
to IO CFR 72 Subpart G, in lieu ofNCA-4000. 

Code edition and addenda other than those specified in Section P.2 
may be used/or construction, but in no case earlier than 3 years 
before t1at specified in Section P.2. 
Materials produced and certified in accordance with ASME Section 
II material specification from Code Editions and Addenda other than 
those specified in Section P.2 may be used, so long as the materials 
meet all the requirements of Article 2000 of the applicable 
Subsection of the Section JI! Edition and Addenda used/or 
construction. 

Code Stamping is not required. As Code Stamping is not required, 
the fabricator is not required to hold an ASME "N" or "NPT" stamp, 
or to be ASME Certified. 

Bottom shield plug assembly, outer bottom cover plate, lifting posts, 
grapple ring, grapple ring support are outside code jurisdiction; 
these components together are much larger than required to provide 
stiffening/or the inner bottom cover plate; the weld that retains the 
outer bottom cover plate and with it the bottom shield plug is subject 
to root and final PT examination. 

Material is certified to meet all ASME Code criteria but is not 
eligible for certification or Code Stamping if a non-ASME fabricator 
is used. As the fabricator is not required to be ASME certified, 
material certification to NB-2130 is not possible. Material 
traceability and certification are maintained in accordance with TN's 
NRC approved QA program. 

The joints between the top outer and inner cover plates (or top 
forging assembly for the 24PTH-S-LC) and containment shell are 
designed and fabricated per ASME Code Case N-595-2, which 
provides alternative requirements for the design and examination of 
spent fuel canister closures. This includes the inner top cover plate 
weld around the vent & siphon block and the vent and siphon block 
welds to the shell. The closure welds are partial penetration welds 
and the root and final layer are subject to PT examination (in lieu of 
volumetric examination) in accordance with the provisions of ASME 
Code Ca:se N-595-2. 
The 24pTH closure system employs austenitic stainless steel shell, 
lid materials, and welds. Because austenitic stainless steels are not 
subject to brittle failure at the operating temperatures of the DSC, 
crack propagation is not a concern. Thus, multi-level PT 
examination provides reasonable assurance that flaws of interest will 
be identified. The PT examination is done by qualified personnel, in 
accordance with Section V and the acceptance standards of Section 
III, Subsection NB-5000. 
This alternative does not apply to other shell confinement welds, i.e., 
the longitudinal and circumferential welds of the DSC shell, and the 
inner bottom cover plate-to-shell weld (or bottom forging to shell 
weld, as applicable) which comply with NB-4243 and NB-5230 . 

Page P.3.1-8 January 2014 



• 

• 

• 

Table P.3.1-1 
Alternatives to the ASME Code for the NUHOMS®-24PTH DSC Confinement Boundary 

(Part 2 of2) 

Reference 
ASMECode 

Section/ Article 

NB-6100 and 
6200 

NB-7000 

NB-8000 

NB-5520 

NUH-003 
Revision 13 

Code: Requirement 

All pressure retaining 
compone1:1ts and completed 
systems spall be pressure 
tested. The preferred 
method shall be hydrostatic 
test. 

Overpressure Protection 

Requirements for 
nameplates, stamping & 
reports per NCA-8000 

NDE Personnel must be 
qualified to a specific 
edition ofSNT-TC-1A 

Alternatives, Justification & Compensatory Measures 

The NUHOMS®-24PTH DSC is pressure tested in accordance 
with ASME Code Case N-595-2. The shield plug support ring 
and the vent and siphon block are not pressure tested due to the 
manufacturing sequence. The support ring is not: a pressure-

I 
retaining item and the vent and siphon block weld is helium leak 
tested after fuel is loaded to the same criteria as the inner top 
closure plate-to-shell weld (ANSI NI 4.5-1997 leaktight criteria). 

No overpressure protection is provided for the NUHOMS® DSCs. 
The function of the DSC is to contain radioactive materials under 
normal, off-normal and hypothetical accident conditions 
postulated to occur during transportation and storage. The DSC is 
designed to withstand the maximum possible internal pressure 
considering 100% fuel rod failure at maximum accident 
temperature. 

The NUHOMS® DSC nameplate provides the information 
required by 10CFR71, 49CFR173 and 10CFR72 as appropriate. 
Code stamping is not required for the DSC. QA data packages 
are prepared in accordance with the requirements ofTN's 
approved QA program . 

Permit use of the Recommended Practice SNT-TC-1A to include 
up to the most recent 2011 edition. 
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Table P.3.1-2 
Alternatives to the ASME Code for the NUHOMS®-24PTH DSC Basket Assembly 

(Part 1 of2) 

Reference 
ASMECode 

Section/ Article 

NCA 

NCA-1140 

NG-1100 

NG-2000 

NG-2130 

--------------------

NG-4121 

NG-8000 

NG-3000/ 
Section II, Part 
D, Table 2A 

NUH-003 
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Code Requirement 

All 

Use of Code 
editions and 
addenda 

Requirements for 
Code Stamping of 
Components, Code 
reports and 
certificates, etc. 

UseofASME 
Material 

Material must be 
supplied by ASME 
approved material 
suppliers. 

-----------------------
Material 
Certification by 
Certificate Holder 

Requirements for 
nameplates, 
stamping & reports 
per NCA-8000 

Maximum 
temperature limit 
for Type 304 plate 
material is 800°F 

-, 

Alternatives, Justification & Compensatory Measures 

Not compliant with NCA. Quality Assurance is provided according to 
10 CFR 72 Subpart Gin lieu ofNCA-4000. 

Code edition and addenda other than those specified in Section P.2 may 
be used for construction,: but in no case earlier than 3 years before that 
specified in Section P.2. , 

Materials produced and certified in accordance with ASME Section II 
material specification from Code Editions andAddenda other than 
those specified in Section P.2 may be used, so long as the materials 
meet all the requirements of Article 2000 of the applicable Subsection of 
the Section Ill Edition andAddenda used for construction. 

Code Stamping is not required. As Code Stamping is not required, the 
fabricator is not required to hold an ASME "N" or "NPT" stamp or to 
be ASME Certified. 

Some baskets include neutron absorber and aluminum plates that are 
not ASME Code Class 1 material. They are used for criticality safety 
and heat transfer, and are only credited in the structural analysis with 
supporting their own weight and transmitting bearing loads through 
their thickness. Material properties in the ASME Code for Type 6061 
aluminum are limited to 400°F to preclude the potential for annealing 
out the hardening properties. Annealed properties (as published by the 
Aluminum Association and the American Society of Metals) are 
conservatively assumed for the aluminum transition rails for use above 
the Code temperature limits. 

Material is certified to meet all ASME Code criteria, but is not eligible 
for certification or Code Stamping if a non-ASME fabricator is used. 
As the fabricator is not required to be ASME certified, material 
certification to NG-2130 is not possible. Material traceability & 
certification are maintained in accordance with TN's NRC approved 
QA program. 

The NUHOMS® DSC nameplate provides the information required by 
IOCFR71, 49CFR173 and 10CFR72 as appropriate. Code stamping is 
not required for the DSC. QA Data packages are prepared in 
accordance with the requirements ofTN's approved QA program. 

Not compliant with ASME Section II Part D Table 2A material 
temperature limit for Type 304 steel for the postulated transfer accident, 
case (1l7°F, loss of sunshade, loss "of neutron shield). This is a post-
drop accident scenario, where the calculated maximum steady state 
temperature is 862°F, the expected reduction in material strength is 
small (less than 1 ksi by extrapolation), and the only primary stresses in 
the basket grid are deadweight stresses. The recovery actions following 
the postulated drop accident are as described in Section 8.2.5 of the 
FSAR . 
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Table P.3.1-2. 
Alternatives to the ASME Code for the NUHOMS®-24PTH DSC Basket Assembly 

(Part 2 o/2) 

Reference 
ASME Code 

Section/ Article 

NG-3352 

NG-5520 

NUH-003 
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Code Requirement 

I 

I 

Table NG 3352-1 
lists the permissible 
welded joints 

NDE personnel 
must be qualified to 
a specific edition of 
SNT-TC-lA . 

Alternatives, Justification & Compensatory Measures 

The fusion (spot) type welds between the stainless steel insert plates 
(straps) and the stainless steel fuel compartment tube are not permissible 
welds per Table NG-3352-1. These welds are qualified by testing. The 
required minimum tested capacity of the welded connection (at each side 
of the tube) shall be 36 Kips (at room temperature). This value is based 
on a margin of safety (test-to-design) of 1.6, which is larger than the 
Code-implied margin of safety for Level D loads. The minimum · 
capacity shall be determined by shear tests of individual specimens made 
from production material. The tests shall be corrected for temperature 
differences (test-to-design) and for material properties (actual-to-ASME 
Code minimum values) to demonstrate that the capacity of the welded 
connection with ASME minimum properties, tested at design 
temperatures, will meet the 36 Kips test requirement. The capacity of 
the welded connection is determined from the test of the weld pattern of 
a typical insert plate to the tube connection. The welds will be visually 
inspected to confirm that they are located over the insert plates, in lieu 
of the visual acceptance criteria of NG-5260 which are not appropriate 
for this type of weld. A joint efficiency (quality) factor of 1.0 is utilized 
for the fuel compartment longitudinal seam welds. Table NG-3352-1 
permits a joint efficiency (quality) factor of 0.5 to be used for fall 
penetration weld examined by ASME Section V visual examination (VT). 
For the 24PTH DSC, the compartment seam weld is thin and the weld 
will be made in one pass. Both surfaces of weld (inside and outside) will 
be fully examined b VT and therefore a factor of 2 x 0. 5=1. 0, will be 
used in the analysis. This is justified as both surfaces of the single weld 
pass/layer will be fully examined, and the stainless steel material that 
comprises the fuel compartment tubes is very ductile. 

Permit use of the Recommended Practice SNT-TC-lA to include up to 
the most recent 2011 edition. 
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• Under these assumptions, the hydrogen concentration in the space between the water and the 
shield plug is a function of the time water is in the DSC prior to backfilling with helium. The 
hydrogen concentration is (0.25 ft3 H2/hr)*(8 hr) I (84.6 ft3

) = 2.36%. Monitoring of the 
hydrogen concentration before and during welding operations is performed to ensure that the 
hydrogen concentration does not exceed 2.4%, which is well below the ignitable limit of 4%. If 
the hydrogen concentration exceeds 2.4%, welding operations are suspended and the DSC is 
purged with an inert gas. In an inert atmosphere, hydrogen will not be generated. 

• 

• 

Effect of Galvanic Reactions on the Performance of the System 

There ar~ no significant reactions that could reduce the overall integrity of the DSC or its 
contents during storage. The DSC and fuel cladding thermal properties are provided in Section 
P.4. The surface emissivity of the fuel compartment tube is 0.46, which is typical for non
polished stainless steel surfaces. If the stainless steel is oxidized, this value would increase, 
improving heat transfer. The fuel rod emissivity value used is 0.80, which is a typical value for 
oxidized Zircaloy. Therefore, the passivation reactions would not reduce the thermal properties 
of the component cask materials or the fuel cladding. 

There are no reactions that would cause binding of the mechanical surfaces or the fuel to basket 
compartment boxes due to galvanic or chemical reactions. 

There is no significant degradation of any safety components caused directly by the effects of the 
reactions or by the effects of the reactions combined with the effects of long term exposure of the 
materials to neutron or gamma radiation, high temperatures, or other possible conditions . 

P.3.4.2 Positive Closure 

Positive closure is provided by the OS197, OS197H, OS197FC and Standardized TCs. No 
change to Section 3.3.2. 

P.3.4.3 Lifting Devices 

As described in Section 8.1.1.9 (B), the evaluations for the OS 197 and OS 197H TC trunnions are 
based on critical lift weights (with water in the DSC) of 208,500 lbs and 250,000 lbs, 
respectively. These lifted weights capacities are not changed for the OS 197FC since the only 
design feature that is different between the OS 197/OS197H and the OS 197FC is the top lid and 
the optiOnal addition of wedge-shaped plates at the TC bottom. The maximum critical lift weight 
with a NUHOMS®-24PTH DSC is approximately 215,000 lbs. Therefore, an OS197FC TC that 
is based on the OS 197H design is acceptable with any NUHOMS®-24PTH DSC. An OS 197FC 
TC that is based on the OS197 design is limited to a total critical lift weight of208,500 lbs. 
Water may be drained from the DSC cavity, if needed, to meet this weight limit. 

For the Standardized Cask, the critical lift weight is limited to 200,000 lbs. Water may be 
drained from the DSC cavity, if needed, to meet this weight limit. 
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No change to Section 3.1.1 . 
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• intensity for each component of the DSC calculated for the enveloping normal operating, off
normal, and.accident load combinations. For comparison, the appropriate ASME Code 
allowables are also presented in these tables. 

P.3.7.11.2 DSC Fatigue Evaluation 

Although the normal and off-normal internal pressures for the NUHOMS®-24PTH DSC are 
higher relative to the NUHOMS® -24P DSC, the range of pressure fluctuations due to seasonal 
temperature changes are essentially the same as those evaluated for the NUHOMS®-24P DSC. 
Similarly, the normal and off-normal temperature fluctuations for the NUHOMS® -24PTH DSC 
due to seasonal fluctuations are essentially the same as those calculated for the NUHOMS®-24P 
DSC. Therefore, the fatigue evaluation presented in Section 8.2.10.2 for the 24P DSC remains 
applicable to the NUHOMS®-24PTH DSC. 

P.3.7.11.3 TC Load Combination Evaluation 

There is no change to the TC load combination evaluations. Table P.3.7-15 is a summary of 
OS197/0S197H/OS197FC TC stresses. This table incorporates the thermal stress analysis 
results for these TCs loaded with a 24PTH DSC documented in P.3.6.1.5. In addition, the results 
of the modified top cask lid, documented in P.3.6.1.5, have been incorporated (primary stresses 
in Table P.3.7-15). The stress results summarized in Table P.3.7-15 use the stresses due to 
mechanical loads for the OS197H as summarized in Chapter 8. Allowable stresses have been 
adjusted for the higher temperatures associated with the TC loaded with a 24PTH DSC. 

• The evaluations performed in Sections 8.1 and 8.2 for the Standardized, OS 197, and OS 197H 
casks are based on payloads of 93,300 lbs, 97,250 lbs, and 116,000 lbs, respectively. The 
maximum total cask payload with a dry-loaded NUHOMS®-24PTH DSC is approximately 
94,000 lbs. Therefore, a OS197FC TC that is based on either the OS197 or the OS197H TC is 
acceptable with any NUHOMS®-24PTH DSC as long as the total TC dry payloads are within 
their respective analyzed weights listed above. Water may be drained from the DSC cavity, if 
needed, to meet the above weight limits. 

• 

P.3.7.11.4 TC Fatigue Evaluation 

No change to Section 8.2.10.3. 

P.3.7.11.5 HSM-H Load Combination Evaluations 

P.3.7.11.5.1 HSM-H Concrete Component Evaluation 

The required strength, U, for critical sections of concrete is calculated in accordance with the 
requirements of ANSI 57.9 [3.14] and Chapter 9 of ACI 349 [3.27], including the strength 
reduction factors defined in ACI 349, Section 9.3. 

The concrete design loads are multiplied by load factors and combined to simulate the most 
adverse load conditions. The load combinations described in Table P.3.7-16 are used to evaluate 
the concrete components . 
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load. The computed maximum ductility ratio for the door is less than 2 (compared to the 
allowable ductility of 20). 

For the door anchorage, the controlling load is tornado generated differential pressure drop load. 
The maximum tensile force per bolt (there are four bolts that attach the door assembly to the 
front concrete wall of the HSM-H) is 8.56 kips. This is less than the allowable load per bolt of 
44.3 kips. The concrete pull-out strength is conservatively estimated as 24 kips. Half of the 
concrete pull-out strength (12 kips) is greater than the tension load of 8.56 kips per bolt, thus 
satisfying the ductility requirements of the ACI Code. 

P.3.7.11.6.6 Evaluation of the HSM-H Heat Shields 

The top heat shield (louvers) consists of six panels. Each panel has two aluminum mounting 
bars. The aluminum louvers are mounted on the mounting bars. Each mounting bar is 
suspended from the roof by two threaded rods. The natural lateral frequency of a typical rod is 
conservatively estimated to be 9.0 Hz. The combined axial and bending stress in the hanger rods 
is 24.0 ksi. The allowable axial and bending stress is 84.3 ksi. 

The side heat shields consists of three panels. Each panel is suspended from the roof by two 
threaded rods, and supported laterally and longitudinally by four rods. The maximum axial plus 
bending stress in the lateral and longitudinal support rods is 83.7 ksi. The allowable axial and 
bending stress is 84.3 ksi. The maximum temperature used in the stress analysis of the heat 
shields bounds the maximum temperature reported in Chapter P .4. 

The alternate top heat shield consists of two panels made of stainless steel plate. The panels are 
suspended from the roof by fifteen Yz" diameter rods threaded into concrete embedments. The 
combined axial and bending stress in the rods is 59.5 ksi. The allowable stress is 70.2 ksi. 

The alternate side heat shield configuration may consist of four panels made from aluminum or 
stainless steel. The panels are supported off the base unit side wall by thirty four rod stand-offs 
threaded into concrete embedments. For the aluminum heat shield configuration, the maximum 
axial and bending stress in the rods is about 1 ksi and 53.7 ksi, respectively. For the stainless 
steel heat shield configuration, the maximum axial and bending stress in the rods is about 1.4 ksi 
and 79.3 ksi, respectively. The axial and bending stress allowable for the rods is 67.9 ksi and 
112.3 ksi, respectively. 

P.3.7.11.6.7 Evaluation of the HSM-H Seismic Retainers 

The seismic retainer consists of a capped tube steel embedment located within the bottom center 
of the round access opening of the HSM-H, and a tube steel retainer assembly that drops into the 
embedment cavity after 24PTH-DSC transfer is complete. The drop-in retainer extends 
approximately 4" above the rail to provide axial restraint of the 24PTH-DSC. The maximum 
seismically induced shear load in the retainer is 61 kips. The maximum shear stress in the 
retainer is 15.25 ksi. The allowable shear stress is 17.8 ksi. 

P.3.7.11.6.8 Thermal Cycling of the HSM-H 

No change to Section 8.2.10.5 . 
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P.4 Thermal Evaluation 

P.4.1 Discussion 

This chapter presents the thermal evaluations which demonstrate that the NUHOMS®-24PTH system 
meets the thermal requirements of 10CFR72 for the dry storage of spent fuel. The NUHOMS®-
24PTH system is designed to passively reject decay heat during storage and transfer for normal, off
normal and accident conditions while maintaining temperatures and pressures within specified 
regulatory limits. 

Several thermal design criteha are established for the thermal analysis of the 24PTH DSC basket as 
discussed below. 

Maximum temperatures of the confinement structural components must not adversely affect the 
confinement function, 

Maximum fuel cladding temperature limit of 400°C (752°F) is applicable to normal conditions of 
storage and all short term operations including vacuum drying and helium backfilling of the 
24PTH DSC per Interim Staff Guidance (ISG) No. 11, Revision 3 [ 4.19]. In addition, ISG-11 
does not permit thermal cycling of the fuel cladding with temperature differences greater than 
65°C (1l7°F) during drying and backfilling operations, 

Maximum fuel cladding temperature limit of 570°C (105 8°F) is applicable to accidents or off
normal thermal transients [4.19], 

The maximum DSC cavity internal pressures during normal, off-normal and accident conditions 
must be below the design pressures of 15 psig, 20 psig and 120 psig, respectively, and 

A total of five (5) Heat Load Zoning Configurations (HLZCs) are allowed for the 24PTH DSCs as 
shown in Figures P.2-1 through P.2-5. The maximum total heat load per DSC is 40.8 kW, 31.2 
kW or 24 kW depending upon the specific DSC types and HLZCs. The thermal analysis is 
carried out for HLZC 1 shown in Figure P.4-36 with 40.8 kW heat load because it bounds the 
HLZCs 2 and 3. In HLZC 1, the fuel assemblies at the center 4 locations in the DSC basket have 
a maximum heat load of 1.7 kW per assembly as compared to zero (empty locations) for HLZC 2 
and 1.5 kW for HLZC 3., Therefore, HLZC 1 results in higher fuel cladding and basket 
temperatures compared to HLZCs 2 or 3. To bound all possible combinations of heat loads from 
fuel assemblies allowed in HLZC 5 of Figure P.2-5, the thermal analysis is carried out for the 
HLZC shown in Figure-P.4-38. In this thermal analysis configuration, the highest possible 
allowed decay heat assemblies are assumed to be at the center and upper half of the basket 
locations resulting in bounding fuel cladding and basket temperatures. 

The thermal analysis is carried out for the three NUHOMS®-24PTH DSC configurations (24PTH-S, 
24PTH-L, and 24PTH-S.,LC DSC types in combination with six basket types of the NUHOMS®-
24PTH system described in Section P.2.1). A summary of the three system configurations analyzed 
in this chapter are summarized below: 
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11. Air [4.4] 

Temperature {°F) K (Btu/min-in-°F)(1l o (1bm/in3
) C0 (Btullbm-°F) 

71 2.075E-5 4.323e-5 0.240 
107 2.199E-5 4.051e-5 0.241 
206 2.528E-5 3.443e-5 0.242 
314 2.869E-5 2.963e-5 0.243 
404 3.139E-5 2.656e-5 0.245 
512 3.447E-5 2.361e-5 0.248 
602 3.693E-5 2:159e-5 0.251 
692 3.929E-5 1.991 e-5 0.253 
764 4.114E-5 1.875e-5 0.256 
800 4.203E-5 1.823e-5 0.257 

12. Helium [4.4] 

Temperature (°F) K (Btu/min-in-°F)(1l p (lbm/in3
) Co (Btu/lbm-°F) 

200 1.361 E-4 4.81E-6 
300 1.493E-4 4.18E-6 
400 1.635E-4 3.69E-6 
500 1.793E-4 3.31E-6 

1.240 
600 1.949E-4 2.99E-6 
700 2.094E-4 2.74E-6 
800 2.232E-4 2.52E-6 
900 2.364e-4 2.33E-6 

... 
(1) Thermal properties as listed are for atmospheric pressure, however, thermal conduct1v1t1es for air and helium are 

assumed to be constant between atmospheric pressure and 3 Torr, absolute [4.18]. Air is not allowed for DSC 
blowdown operations. 

13. 24PTH DSC basket effective thermal properties (See Section P.4.8.3) 

24PTH DSC Basket Effective Transverse Thermal Conductivity 

24PTH S/L DSC with inserts, 

Temperature 
(oF) 
248 

•' 338 
427, 
518 .. 
610 
703 
799 

., 897 
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K 
(Btu/min-in-°F) 

3.676E-03 
3;949E-03 
4.275E-03 
4.615E-03 
4.958E-03 
5.292E-03 
5.522E-03 
5.618E-03 

24PTH-S and 24PTH-L DSC 24PTH-S-LC DSC without 
without inserts inserts 

Temperature K Temperature K 
(~F) (Btu/min-in-°F) (oF) (Btu/min-in-°F) 
251 2.759E-03 249 2.103E-03 
341 2.952E-03· 340 2.249E-03 
430 3.195E-03 ' 429 2.432E-03 
521 3.442E-03. 520 2.619E-03 
613 3.697E-03 612 2.811 E-03 
706 3.945E~03 705 3.000E-03 
801 4.119E-03 800 3.134E-03 
899 4.217E-03 898 3.208E-03 
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• The total equivalent loss coefficients calculated for the steady state cases for the HSM-H regions are: 

• 

• 

Decay Heat Load Ambient Temperature Total equivalent loss Total equivalent loss 
(kW) (DF) coefficient K (ft4 )(

1l coefficient K (ft4 )(
2
> 

-40 0.0864 0.0980 

40.8 
0 0.0872 0.0990 

100 0.0889 0.1011 
117' 0.0890 0.1012 ; 

31.2 
-40 0.0865 0.0984 
117 0.0892 0.1017 : 

24 
-40 0.0868 0.0988 
117 I 0.0896 0.1021 ! 

(!)Based on louvered top heat shields, finned side heat shields and with slots on plate on top ~f 
support rail. 

<
2

) Based on flat top heat shields, flat side heat shields and without slots on plate on top of 
support rail. 

Using these loss coefficients in equation for ~ T HSM-H, the exit and stack air temperature for the 
normal and off-normal cases are calculated. 

The DSC outer surface is divided into three regions along the DSC circumference as shown in 
Figure P.4-2. The bulk air temperatures at each of these specified regions on the DSC are shown in 
Table P .4-1 for the range of ambient conditions. These bulk air temperatures are used in the 
subsequent HSM-H analyses to calculate the temperatures throughout HSM-H and 24PTH DSC 
shell. 

P.4.4.3.1 
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P.4.4.4 ·Description of the Thermal Model ofHSM-H.with 24PTH DSC 

A half symmetric, three dimensional, ANSYS [4.31] finite element model of the HSM-H loaded 
with 24PTH DSC is shown in Figure P.4-3. 

The thermal model consists of SOLID70 conduction elements that simulate concrete and steel 
support structures of the HSM-H, and SHELL57 elements superimposed on SOLID70 elements, as 
required, to model radiating surfaces using MA TRIX50 super elements. As such, radiation between 
the DSC shell, heat shields, and HSM-H walls is modeled using the ANSYS /AUX12 methodology. 
For elements wherein radiation is not applicable, the SHELL57 elements are unselected prior to 
solving the model. Additionally, to reduce the number of the nodes associated with the model's 
super-elements, the web of the supporting beam is modeled using only SHELL57 elements. As such, 
conservatively, radiation is not applied on the web of the supporting beam. This methodology is 
valid since the supporting beam's web greatly shields the support steel from the DSC radiation via 
its own flanges. The properties and dimensions of the support beam, such as the thickness of the 
web are given as real constants to the appropriate SHELL57 elements. 

The base plate of the side heat shields are modeled as flat plates. Convection from the fins attached 
to the side shields is modeled using an equivalent convection coefficient. The purpose of adding fins 
on the side heat shield is to provide more surface area for the convection. Flat stainless steel heat 
shields are also evaluated . 
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P.4.6.6.4 Boundary Conditions, Off-Norinai Transfer 

In accordance with Section P .4.5, an analysis of a 24PTH DSC in the OS 197FC cask and in the 
Standardized TC is performed for the following ambient conditions: 

Maximum normal ambient temperature of 1l7°F with solar shield in place in OS197FC cask, 
Maximum normal ambient temperature of 1l7°F with solar shield in place in Standardized cask. 

These analyses determine maximum DSC shell surface temperatures. The maximum calculated 
DSC shell temperatures are applied to the exterior surface of the DSC shell in the 
DSC/basket/payload finite element model. 

For Standardized TC, the DSC shell temperatures were calculated for 24 kW in Section 8.1.3. The 
results are summarized in Table P.4-39. 

P.4.6.6.5 24PTH DSC Thermal Model Results for Off-Normal Conditions of Storage and 
Transfer 

According to the NUHOMS® CoC 1004, Technical Specification 5.3.1.B, "TC/DSC Transfer 
Operations at High Ambient Temperatures" for transfer operations, when ambient temperatures 
exceed 100°F, a solar shield shall be used to provide protection against direct solar radiation. 

F'uef C:ladding Te1nperatures 

The maximum fuel cladding temperatures during off-normal conditions of storage and transfer are 
evaluated for all HLZCs and compared with the corresponding fuel cladding temperature limits. 

The results are reported in Table P.4-20 for HLZCs 1 (bounds HLZCs 2 and 3), 4 and 5. 

DSC Basket Materials Co1nponent Te1nperatures 

The maximum temperatures of the basket assembly for off-normal conditions of storage and transfer 
for HLZC 1 (bounds HLZCs 2 and 3), 4 and 5 are listed in Table P.4-21, Table P.4-22, and Table 
P.4-23, respectively. 

P.4.6.6.6 Off-Normal 24PTH DSC Maximum Internal Pressure during Storage/Transfer 

The maximum average helium backfill gas temperature for off-normal conditions of storage and 
transfer occurs when the 24PTH-L DSC with aluminum inserts, and a heat load of 31.2 kW (HLZC 
4) is in OS197FC TC with an ambient temperature of 1l7°F and sunshade. The average helium 
temperature is 513°F (973°R). Per NUREG 1536 [4.7], the percentage of fuel rods ruptured for off
normal cases is 10%. 

A summary of the maximum off-normal operating pressures for the various 24PTH DSC 
configurations are presented in Table P .4-24 . 
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P.4:7 Thermal Evaluation for Loading/Unloading Conditions 

All fuel transfer operations occur when the NUHOMS®-24PTH DSC and TC are in the spent fuel 
pool. The fuel is always submerged in free-flowing pool water permitting heat dissipation. After 
fuel loading is complete, the TC cask and DSC are removed from the pool and the DSC is drained, 
dried, sealed and backfilled with helium. 

The unloading operation considered is the reflood of the 24PTH DSC with water. 

P.4.7.1 Maximum Fuel Cladding Temperatures During Vacuum Drying 

The loading condition evaluated for the NUHOMS®-24PTH DSC is the heatup of the DSC before its 
cavity is backfilled with helium. This typically occurs during the performance of the vacuum drying 
operation of the DSC cavity with the TC in the vertical configuration inside the fuel handling 
building, and the annulus between the TC and the DSC is full of water. 

Analyses were performed for the vacuum drying condition in order to ensure that the fuel cladding 
and 24PTH DSC structural component temperatures remain below the maximum allowable material 
limits. 

During vacuum drying operation, water in the DSC cavity is forced out of the cavity (blowdown 
operation) using helium before the start of vacuum drying . 

The vacuum drying of the DSC is assumed not to reduce the pressure sufficiently to reduce the 
thermal conductivity of the water vapor or helium in the DSC cavity [ 4.17] and [ 4.35]. Radiation in 
the gaps within the basket and rail components is conservatively neglected. 

Thermal analysis is performed using the three-dimensional model developed in Section P .4.6, with 
decay heat loads for HLZCs 1, 4, and 5 and an initial DSC shell surface temperature of215°F. The 
initial temperature of the DSC, basket and fuel is assumed to be 215°F, based on the saturation 
boiling temperature of the fill water. Table P.4-30 provides the maximum calculated temperatures 
for the fuel cladding and Table P.4-31 through Table P.4-33 provide the maximum calculated basket 
component temperatures for all three configurations. The maximum cladding temperature of 578°F 
for HLZC 4 during vacuum drying is well below the limit of 752°F [4.19]. 

P.4.7.2 Evaluation of Thermal Cycling of Fuel Cladding During Vacuum Drying, Helium 
Backfiliing and Transfer Operations · · 

ISG-11 [4.19] also states that thermal cycling is to be minimized and imposes a'limit of 65°C 
(l l 7°F) on thermal cycling (reduction in fuel clad temperature from previous peak temperature). 
The basis for the limit is that as the cladding temperature is reduced more than 65°C the 
concentration of hydrogen available for hydride reorientation becomes significant. 

The thermal analysis of the 24PTH DSC during blowdown operation assumes helium is used to 
drain the water from the 24PTH DSC cavity and subsequent vacuum drying occurs with a helium 
environment. This option eliminates a fuel cladding temperature drop that would take place during 
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helium backfilling of the 24PTH DSC subsequent to.vacuum drying in a nitrogen environment and it 
eliminates the need for a time limit on the vacuum drying operation, since the thermal conductivity 
of helium does not change with pressure during vacuum drying operations. 

As shown in Table P.4-30 the maximum fuel cladding temperature limit of TisG limit= 400°C (752°F) 
and the 65°C (1l7°F) d T1imit listed in ISG-11 [ 4.19] are satisfied for the 24PTH DSC. 

P.4.7.3 Reflooding Evaluation 

For unloading operations, the DSC is filled with the spent fuel pool water through its siphon port. 
During this filling operation, the DSC vent port is maintained open with effluents routed to the 
plant's off-gas monitoring system. The NUHOMS®-24PTH DSC operating procedures recommend 
that the DSC cavity atmosphere be sampled prior to introducing any reflood water in the DSC 
cavity. 

Initially, the pool water is added to the DSC cavity containing hot fuel and basket components, some 
of the water will flash to steam causing internal cavity pressure to rise. This steam pressure is 
released through the vent port. The procedures specify that the flow rate of the reflood water be 
controlled such that the internal pressure in the DSC cavity does not exceed 20 psig. This is assured 
by monitoring the maximum internal pressure in the DSC cavity during the reflood event. The 
reflood for the DSC is considered as a Service Level D event and the design pressure of the DSC is 
120 psig for 24PTH-S or-L DSCs and 90 psig for 24PTH-S-LC DSC. Therefore, there is sufficient 
margin in the DSC internal pressure during the reflooding event to assure that the DSC will not be 
over pressurized. 

The maximum fuel cladding temperature during reflooding event is significantly less than the 
vacuum drying condition owing to the presence of water/steam in the DSC cavity. The analysis 
results presented in Table P.4-30 show that the maximum cladding temperature during vacuum 
drying is 578°F. Hence, the peak cladding temperature during the reflooding operation will be less 
than 578°F. 

To evaluate the effects of the thermal loads on the fuel cladding during reflooding operations, a 
conservative assumption of high maximum fuel rod temperature of 750°F and a low quench water 
temperature of 50°F are used. 

The material properties, corresponding to a temperature of 750°F, are used in the evaluation: 

Modulus of Elasticity, E (psi)= 11.l x106 [from Figur~ 4 of 4.10] 
Coefficient of thermal expansion, a, (in/in/°F) = 3.73 x 10-6 [4.11] 
Poison's Ratio, v, = 0.38 [4.12] 
Yield Stress (irradiated), Sy,= 50,500 psi [4.13 [4.10] 

The fuel cladding is evaluated as a hollow cylinder with an outer surface temperature of T (50°F), 
and the inner surface temperature of T+dT (750°F) using [4.13] equations. The maximum thermal 
stress in the fuel cladding due to the temperature gradient during reflooding is calculated as follows: 
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• The maximum circumferential stress at the outer surface is given by: 

• 

• 

The maximum circumferential stress at the inner surface is given by: 
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Table P.4-14 
Fuel Cladding Normal Condition Maximum Temperatures 

Operating Condition 
HLZC 1<4l HLZC4 HLZC5 

(oF) (oF) (oF) 

DSC in HSM-H, 0°F ambient 656 <656<1> <561 <2> I 561 <3> 

DSC in HSM-H, 100°F ambient 718 <718<1> <634 <2> I 634 <3> 

DSC in HSM-H, 100°F ambient CB> 
I 

734 <704<7> <628(7) ' 

DSC in TC, 0°F ambient <711 @ 12.8 hrs <732@ 30 hrs 630 

DSC in TC, 100°F ambient 711\@ 11.5 hrs 732 @ 27.3 hrs 714 

DSC in TC, 100°F ambient <5> 
' 733 N/A N/A 

1) Temperature is bounded by temperature for HLZC 1. 
2) Temperature for storage in HSM-H is bounded by temperature for storage in HSM model 102. 
3) Temperature for storage in HSM model 102. 
4) Temperatures for HLZC 1 bounds the temperatures for HLZC 2 and 3. 
5) Temperatures with aluminum inserts in R45 transition rails. 
6) ISG-11, Revision 3 [4.19] 
7) Temperatures are bounded by DSC in HSM-H, 117 °F ambient cases (Table P.4-20). 
8) HSM-H with flat stainless steel heat shields . 
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Table P.4-25 
Fuel Cladding Accident Condition Maximum Temperatures 

' Heat Load Zoning 
HLZC 1<</J HLZC4 HLZC5 Limit 

(OF) (oF) (oF) {oF) 

DSC in HSM, Blocked Vent, 117°F 891<1> <891<2> <821<3> I 821<4> 

DSC in TC, loss of sun shade, neutron 1058(5) 
shield water and air circulation with 914 843 747 
fan, if used, 117°F 

1) Temperature at 3R5 hour and 30.0 hour of blocked vents for louvered top heat shield/finned side heat shield 
and stainless steel heat shields (top and side) respectively. ' 

2) Temperatures for HLZC 1 bound the temperatures for HLZC 2, 3, and 4. 
3) Temperature for storage in HSM-H is bounded by temperature for storage in HSM Model 102. 
4) Temperature for storage in HSM Model 102 at 40 hours of blocked vent. 
5) ISG-11, Revision 3 [4.19] 
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Table P.4-30 
Vacuum Drying Fuel Cladding Maximum Temperatures (°F) 

Operating Condition HLZC HLZC 
1 2 

Vacuum Drying in 
helium environment 573 (2) 

(or helium backfilling), 
steady-state 

(1) Deleted. 
(2) Temperature is bounded by temperature for HLZC 1. 
(3) Deleted. 
(4) Deleted. 
(5) ISG-11, Revision 3 [4.19] 
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Table P.4-31 
DSC Basket Assembly Maximum Component Temperatures during Vacuum Drying, 

HLZC 1 (40.8 kW) 

Operating Condition 

Vacuum Drying in helium environment, 
steady-state 
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Table P.4-32 
DSC Basket Assembly Maximum Component Temperatures during Vacuum Drying, 

HLZC 4 (31.2 kW) 

Operating Condition 

Vacuum Drying in helium environment, 
steady-state 
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Table P.4-33 
DSC Basket Assembly Maximum Component Temperatures during Vacuum Drying, 

I HLZC 5 (24 kW) I 

Operating Condition 

Vacuum Drying in helium environment, 
steady-state 
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DELETED 

Figure P.4-42 Maximum Fuel Temperatures during Vacuum Drying Transient with Nitrogen 
for HLZCs 1, 4, and 5 

NUH-003 
Revision 13 Page P.4-158 January 2014. I 

>-:::: 
() 

P" 
§ 

(IQ 
Cl> 

"' 0 
::i 
g. 
~· 

't:l 
Pl 

(IQ 
Cl> 

El 
Cl> 

~ --



• 

• 

• 

P.5 Shielding Evaluation 

The radiation shielding evaluation for the Standardized NUHOMS® System (during loading, 
transfer and storage) for the other NUHOMS® canisters is discussed in other sections and 
appendices of the FSAR. The following radiation shielding evaluation specifically addresses the 
shielding evaluation of the NUHOMS® 24PTH system with design-basis PWR fuel and control 
components (CCs) loaded in a NUHOMS®-24PTR DSC. 

The shielding analysis is carried out for the three DSC configurations (24PTR-L, 24PTR-S, and 
24PTR-S-LC) of the NUROMS®-24PTR system described in Section P.l. The 24PTR-L and 
24PTR-S DSCs are transferred either in the OS197/0S197R Transfer Cask (TC) or the 
OS197FC TC depending upon the heat load and stored in the RSM-R. The 24PTR-S-LC DSC is 
transferred in the Standardized TC and stored in either the RSM-R or RSM-Model 102. The 
seven possible loading combinations are listed below: 

(1) 24PTR-L DSC - OS197FC TC (bounds OS197/0S197R TCs) 
(2) 24PTR-L DSC - RSM-R 
(3) 24PTH-S DSC - OS197FC TC (bounded by #1) 
(4) 24PTR-S DSC -RSM-R (bounded by #2) 
(5) 24PTH-S-LC DSC - Standardized TC 
(6) 24PTR-S-LC DSC - RSM-R (bounded by #7) 
(7) 24PTR-S-LC DSC -RSM-Model 102 

The design ofRSM-R is similar to RSM Model 102 except the RSM-R has improved shielding 
performance due to the following design features: 

e Elimination of 6" uniform gap between adjacent modules, 

• Innovative shielded inlet and outlet ventilation openings, 

• Increased concrete thickness in roof, front and backwalls and shield walls, and 

• Increased shielding in the RSM door. 
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Proprietary Information Withheld Pursuant to 10 CFR 2.390 

These design features results in the occupational and site dose rates ALARA. 

The basket layout for the three DSC configurations is identical except for the length of the DSC 
components and the shield plug design. The 24PTH-S DSC and 24PTH-L DSC differ in DSC 
and cavity length, while the 24PTH-S-LC DSC and 24PTH-S DSC differ in cavity length due to 
a different shield plug design. The 24PTH-L/S has carbon steel shield plugs, while the 24PTH
S-LC has thinner lead shield plugs to increase cavity length to allow for greater fuel lengths in a 
shorter canister. 

Each DSC configuration is designed to store up to 24 intact (and up to 12 damaged, with 
remaining intact) PWR fuel assemblies. The 24PTH-L and 24PTH-S-LC DSCs are also 
designed to store up to 24 intact standard PWR fuel assemblies with or without CC; such as 
burnable poison rod assemblies (BPRAs), Control Rod Assemblies (CRAs), Thimble Plug 
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P.8.1 Procedures for Loading the Cask 

Process flow diagrams for the NUHOMS® System operations are presented Figure P.8-1 and 
Figure P.8-2. The location of the various operations may vary with individual plant 
requirements. The following steps describe the recommended generic operating procedures for 
the standardized NUHOMS® System. 

P.8.1.l Preparation of the TC and DSC 

1. Prior to placement in dry storage, the candidate intact and damaged fuel assemblies shall be 
evaluated (by plant records or other means) to verify that they meet the physical, thermal 
and radiological criteria specified in Technical Specification 2.1. 

2. Prior to being placed in service, the TC is to be cleaned or decontaminated as necessary to 
insure a surface contamination level of less than those specified in Technical Specification 
5.2.4.d. 

3. 

4. 

5 . 

6. 

7. 

8. 

'9. 

Place the TC in the vertical position in the cask decon area using the cask handling crane 
and the TC lifting yoke. 

Place scaffolding around the cask so that the top cover plate and surface of the cask are 
easily accessible to personnel. 

Remove the TC top cover plate and examine the cask cavity for any physical damage and 
ready the cask for service. If required by the plant lifting crane capacity limit, drain the TC 
neutron shield water to an acceptable location. 

Examine the DSC for any physical damage which might have occurred since the receipt 
inspection was performed. The DSC is to be cleaned and any loose debris removed. 

Verify that the DSC basket type (IA, 2A etc.) is appropriate for the specific fuel loading 
campaign. 

Using a crane, lower the DSC into the cask cavity by the internal lifting lugs and rotate the 
DSC to match the cask and DSC alignment marks. 

Fill the cask-DSC annulus with clean, demineralized water. Place the inflatable seal into the 
upper cask liner recess and seal the cask-DSC annulus by pressurizing the seal with 
compressed air. 

10. If damaged fuel assemblies are included in a specific loading campaign, place the required 
, . number of bottom end caps provided (up to a maximum of 12) into the cell locations per 

Technical Specification 2.1. Place and verify that the bottom fuel assembly spacers, if 
required, are present in the fuel cells. Optionally, this step may be performed at any prior 
time. 

11. Fill the DSC cavity with water from the fuel pool or an equivalent source which meets the 
requirements of Technical Specification 3.2.1 . 
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• 4. Disengage the lifting yoke frorri the cask lifting trunnions and move the yoke and the fop 

• 

shield plug clear of the cask. Spray the lifting yoke and top shield plug with clean demin
eralized water if it is raised out of the fuel pool. 

5. The potential for fuel misloading is essentially eliminated through the implementation of 
procedural and administrative controls. The controls instituted to ensure that damaged 
and/or intact fuel assemblies and control components (CCs), if applicable, are placed into a 
known cell location within a DSC, will typically consist of the following: 

• A cask/DSC loading plan is developed to verify that the damaged and/or intact fuel 
assemblies, and CCs, if applicable, meet the bumup, enrichment and cooling time : 
parameters of Technicat Specification 2.1. The loading plan for 24PTH-S-LC DSC is 
developed according to Figure P .2-5 for the orientation of fuel assemblies. 

• The loading plan is independently verified and approved before the fuel load. 

• A fuel movement schedule is then written, verified and approved based upon the 
loading plan. All fuel movements from any rack location are performed under strict 
compliance of the fuel movement schedule. 

• If loading damaged fuel assemblies, verify that the required number of bottom end caps 
are installed in appropriate fuel compartment tube locations. 

6. Prior to loading of a spent fuel assembly (and CCs, if applicable) into the DSC, the identity 
of the assembly (and CCs, if applicable) is to be verified by two individuals using an 
underwater video camera or other means. Verification of CC identification is optional if 
the CC has not been moved from the host fuel assembly since it's last verification. Read 
and record the identification number from the fuel assembly (and CCs, if applicable) and 
check this identification number against the DSC loading plan which indicates which fuel 
assemblies (and CCs, if applicable) are acceptable for dry storage. 

7. Position the fuel assembly for insertion into the selected DSC storage cell and load the fuel 
assembly. Repeat Step 6 for each SFA loaded into the DSC. A maximum of 12 damaged 
fuel assemblies may be loaded into the basket per Technical Specification 2.1. After the 
DSC has been fully loaded, check and record the identity and location of each fuel 
assembly and CCs, if applicable, in the DSC. If loading damaged fuel assemblies, place top 
end caps over each damaged fuel assembly placed into the basket. 

8. After all the SF As and CCs, if applicable, have been placed into the DSC and their 
identities verified, position the lifting yoke and the top shield plug and lower the shield plug 
onto the DSC. 

AMD 
11 

AMD 
11 
& 

72.48 

CAUTION: Verify that all the lifting height restrictions as a function of temperature AMD 

specified in Technical Specification 5.3.1.A can be met in the following steps which involve 11 

lifting of the TC. 

9. Visually verify that the top shield plug is properly seated onto the DSC. 

• 10. Position the lifting yoke with the TC trunnions and verify that it is properly engaged. 
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11. Raise the TC to the pool surface. Prior to raising the top of the cask above the water 
, surface, stop vertical movement. 

12. Inspect the top shield plug to verify that it is properly seated onto the DSC. If not, lower 
the\cask and reposition the top shield plug. Repeat Steps 11 and 12 as necessary. 

13.. Continue to raise the TC from the pool and spray the exposed.portion of the cask with 
deniineralized water until the top region of the cask is accessible. 

14. Drain any excess water from the top of the DSC shield plug b~ck to the fuel pool. 

15. Check the radiation levels at the center of the top shield plug and around the perimeter of 
the cask. 

16. If loading 24PTH-S DSC or 24PTH-L DSC, drain water from the DSC as necessary to meet 
the plant lifting crane capacity limits. 

. 

CA UT/ON: The radiation dose rates around the surface of the transfer cask without water 
in the neutron shield and/or in the DSC cavity (through step P.8.1.2.19) are expected to be 
high. Use proper ALARApractices (e.g., use of temporary shielding, appropriate 
positioning of personnel, etc.) to minimize personnel exposure . 

17. Lift the TC from the fuel pool. As the cask is raised from the pool, continue to spray the 
cask with demineralized water . 

18. Move the TC with loaded DSC to the cask decon area. 

19. If applicable to keep the occupational exposure ALARA, replace the water removed from 
the DSC in Step 16 with spent fuel pool water of the proper boron concentration. Fill the 
neutron shield with demineralized water if it was drained in Step P.8.1.1.5. Temporary 
shielding may be installed as necessary to minimize personnel exposure. 

P .8.1.3 . DSC Drying and Backfilling 

CAUTION: During performance of steps listed in Section 8.1.3, monitor the Cask/DSC 
annulus water level and replenish as necessary to maintain cooling. 

1. Check the radiation levels along the perimeter of the cask. '.fhe cask exterior surface should 
be decontaminated as necessary in accordance with the limits specified in Technical 
Specification 5.2.4.d for the DSC surfaces. Temporary shielding may be installed as 
necessary to minimize personnel exposure. 

2. Place scaffolding around the cask so that any point on the surface of the cask is easily 
accessible to personnel. · 
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3. Disengage the rigging cables from the top shield plug and remove the eye bolts. Disengage 
the lifting yoke from the trunnions and position it clear of the cask. 

4. Decontaminate the exposed surfaces of the DSC shell perimeter and remove the inflatable 
cask/DSC annulus seal. 

4a. In accordance with Technical Specification 5.2.4.a, verify that the neutron shield (NS) is . 
filled before the draining operation in Step 5 is initiated and continually monitored during 
the first five minutes of the draining evolution to ensure the NS remains filled. 

5. Connect the cask drain line to the cask, open the cask cavity drain port and allow water 
from the annulus to drain out until the water level is approximately twelve inches below the 
top edge of the DSC shell. Take swipes around the outer surface of the DSC shell and 
check for smearable contamination in accordance with the Technical Specification 5.2.4.d 
limits. 

5a. In accordance with Technical Specification 5.2.4.a, verify that the NS is filled before the 
draining operation in Step 6 is initiated and continually monitored during the first five 
minutes of the draining evolution to ensure the NS remains filled. 

6. Prior to the start of welding operations, drain a minimum of 750 gallons of water from the 
DSC back into the fuel pool or other suitable location using the VDS or an optional liquid 
pump. Alternatively, all the water from the DSC may be drained if precautions are taken to 
keep the occupational exposure ALARA. Only helium may be used to assist in the removal 
of water. 

7. Disconnect hose from the DSC siphon port. 

8. Install the automatic welding machine onto the inner top cover plate and place the inner top 
cover plate with the automatic welding machine onto the DSC. Verify proper fit-up of the 
inner top cover plate with the DSC shell. 

9. Check radiation levels along surface of the inner top cover plate. Temporary shielding may 
be installed as necessary to minimize personnel exposure. 

CAUTION: Insert a 1/4-inch flexible tubing of sufficient length and adequate temperature 
resistance through the vent port such that it terminates just below the DSC shield plug. 
Connect the flexible tubing to a hydrogen monitor to allow continuous monitoring of the 
hydrogen atmosphere in the DSC cavity during welding of the inner cover plate, in I 
compliance with Technical Specification 5.2.6. Optionally, other methods may be used for 
continuous monitoring of the hydrqgen atmosphere in the DSC cavity during welding of the ,

1 

inner top cover plate, to comply with the Technical Specification. 

10. Cover the cask/DSC annulus to prevent debris and weld splatter from entering the annulus. 

11. Ready the automatic welding machine and tack weld the inner top cover plate to the DSC 
shell. Install the inner top cover plate weldment and remove the automatic welding 
machine. · · 
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CAUTION: Continuously monitor the hydrogen concentration in the DSC cavity using the 
flexible tuqe arrangement or other alternate methods described in Step 9 during the inner 
top cover plate cutting/welding operations. Verify that the measured hydrogen 
concentration does not exceed a safety limit of 2.4% [8.2 and 8.3]. If this limit is exceeded, 
stop all welding operations and purge the DSC cavity with approximately 2-3 psig helium 
(or any other inert medium) via the 1/4 inch flexible tubing to reduce the hydrogen 
concentration safely below the 2.4% limit. 

12. Perform dyepenetrant weld examination of the inner top cover plate weld in accordance 
with the Technical Specification 5.2.4.b requirements. 

13. Connect the VDS to the DSC siphon and vent ports. 

14. Install temporary shielding to minimize personnel exposure throughout the subsequent 
welding operations as required. 

14a. In accordance with Technical Specification 5.2.4.a, verify that the NS is filled before the 
draining operation in Step 15 is initiated and continually monitored during the first five 
minutes of the draining evolution to ensure the NS remains filled 

15. Engage helium supply and open the valve on the vent port and allow helium to force the 
water from the DSC cavity through the siphon port. 

16. Once the water stops flowing from the DSC, close the DSC siphon port and disengage the 
gas source . 

16a. Verify that the TC axial surface dose rates are compliant with limits specified in Technical 
Specification 5.2.4.e. The configuration for determining the TC axial dose rates shall be in 
accordance with Technical Specification 5.2.4.e. 

17. Connect the hose from the vent port and the siphon port to the intake of the vacuum pump. 
Connect a hose from the discharge side of the VDS to the plant's radioactive waste system 
or spent fuel pool. Connect the VDS to a helium source. 

CA UT/ON: During the vacuum drying evolution, personnel should be in the area of 
loading operations, or in nearby low dose areas in order to take proper action in the event 
of a malfunction. 

18. Open the valve on the suction side of the pump, start the VDS and dra~; a vacuum on the 
DSC cavity.· The cavity pressure should be reduced in steps of approximately 100 mm Hg, 
50 mm Hg, 25 mm Hg, 15 mm Hg, 10 mm Hg, 5 mm Hg, and 3 mm Hg. After pumping 
down to each level, the pump is valved off and the cavity pressure monitored. The cavity 
pressure will rise as water and other volatiles in the cavity evaporate. When the cavity 
pressure stabilizes, the pump is valved in to complete the vacuum drying process. It may be 
necessary to repeat some steps, depending on the rate and extent of the pressure increase. 
Vacuum drying is complete when the pressure stabilizes for a minimum of 30 minutes at 3 
mm Hg absolute or less as specified in Techn,ical Specification 3.1.1. 
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19. 

20. 

21. 

22. 

23. 

24. 

Open the valve to the vent port and allow the helium to flow into the DSC cavity. 

Pressurize the DSC with helium to about 24 psia not to exceed 34 psia. 

Helium leak test the inner top cover plate weld for a leak rate of 1 x 10-4 atm cm3 /sec. This 
test is optional. 

If a leak is found, repair the weld, repressurize the DSC and repeat the helium leak test. 

Once no leaks are detected, depressurize the DSC cavity by releasing the helium through 
the VDS to the plant's spent fuel pool or radioactive waste system. 

Re-evacuate the DSC cavity using the VDS. The cavity pressure should be reduced in steps 
of approximately 10 mm Hg, 5 mm Hg, and 3 mm Hg. After pumping down to each level, 
the pump is valved off and the cavity pressure is monitored. When the cavity pressure 
stabilizes, the pump is valved in to continue the vacuum drying process. Vacuum drying is 
complete when the pressure stabilizes for a minimum of 30 minutes at 3 mm Hg absolute or 
less in accordance with Technical Specification 3.J.J limits. 

25. Open the valve on the vent port and allow helium to flow into the DSC cavity to pressurize 
the DSC to 2.5 psig± 1.0 psig in accordance with Technical Specification 3.1.2.b limits. 

26. Close the valves on the helium source. 

27. Decontaminate as necessary, and store . 

P.8.1.4 DSC Sealing Operations 

CAUTION: During performance of steps listed in Section P .8.1.4, monitor the cask/DSC 
annulus water level and replenish as necessary to maintain cooling. 

1. Disconnect the VDS from the DSC. Seal weld the prefabricated plugs over the vent and 
siphon ports, inject helium into blind space just prior to completing welding, and perform a 
dye penetrant weld examination in accordance with the Technical Specification 5.2.4.b 
requirements. Use of an optional test head is acceptable to perform the helium leak test of 
the inner top cover plate and vent/siphon port welds in accordance with Technical 
Specification 5.2.4.c. If an optional test head is not used, proceed to Step 2. 

2. Temporary shielding may be installed as necessary to minimize personnel exposure. Install 
the automatic welding machine onto the outer ~op cover plate and place the outer top cover 
plate with the automatic welding system onto the DSC. Verify proper fit up of the outer top 
cover plate with the DSC shell. 

3. Tack weld the outer top cover plate to the DSC shell. Place the outer top cover plate weld 
root p~ss. 

4. Helium leak test the inner top cover plate and vent/siphon port plate welds using the leak 
test port in the outer top cover plate in accordance with Technical Specification 5.2.4.c 
limits. Verify that the personnel performing the leak test are qualified in accordance with 
SNT-TC-lA [8.4]. Alternatively this can be done with a test head in P.8.1.4step1. 
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5. If a leak is found, remove the outer cover plate root pass, the vent and siphon port plugs and 
repair the inner cover plate welds. Repeat procedure steps from P.8.1.3 Step 18. 

6. Perform dye penetrant examination of the root pass weld. Weld out the outer top cover 
plate to the DSC shell and perform dye penetrant examination on the weld surface in 
accordance with the Technical Specification 5.2.4.b requirements. AMD 

7. Seal weld the prefabricated plug over the outer cover plate test port and perform dye 
penetrant weld examinations. 

8. Remove the automatic welding machine from the DSC. 

8a. In accordance with Technical Specification 5.2.4.a, verify that the NS is filled before the 
draining operation in Step 9 is initiated and continually monitored during the first five 
minutes of the draining evolution to ensure the NS remains filled. 

9. Open the cask drain port valve and drain the water from the cask/DSC annulus. 

10. Rig the cask top cover plate and lower the cover plate onto the TC. 

11. Bolt the cask cover plate into place, tightening the bolts to the required torque in a star 
pattern. 

CAUTION: Monitor the applicable time limits of Technical Specification 3.1.3 until the 
completion of DSC transfer Step 6 of Section P.8.1.6 . 

12. Verify that the TC radial dose rates measured at the surface of the Transfer Cask are 
compliant with limits specified in Technical Specification 5.2.4.e. The configuration for 
determining the TC radial surface dose rates shall be in accordance with Technical 
Specification 5.2.4.e. 

P.8.1.5 TC Downending and Transfer to ISFSI 

I. If loading with OS 197/OS197H/OS 197FC TC, drain the TC neutron shield to an acceptable 
location as required to meet the plant lifting crane capacity limit. 

CA UT/ON: The radiation dose rates around the surface of the transfer cask without water 
in the neutron shield (through step P.8.1.5.10) are expected to be high. Use proper ALARA 
practices (e.g., use of temporary shielding, appropriate positioning of personnel, etc.) to 
minimize personnel exposure. 

2. Re-attach the TC lifting yoke to the crane hook, as necessary. Ready the transfer .trailer and 
cask support skid for service. 

3. Move the scaffolding away from the cask as necessary. Engage the lifting yoke and lift the 
cask over the cask support skid on the transfer trailer. 

4. ,, The transfer trailer should be positioned so that cask support skid is accessible to the crane 
with the trailer supported on the vertical jacks . 
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5.; 

6. 

7. 

8. 

9. 

10. 

11. 

Position the cask lower trunnions onto the transfer trailer support skid pillow blocks. 

Move the crane forward while simultaneously lowering the cask until the cask upper 
trunnions are just above the support skid upper trunnion pillow blocks. 

Inspect the positioning of the cask to insure that the cask and trunnion pillow blocks are 
properly aligned. 

• Lower the cask onto the skid until the weight of the cask is distributed to the trunnion 
. pillow blocks. 

! Inspect the trunnions to ensure that they are properly seat~d onto the skid. Install the 
trunnion tower closure plates (optional for the OS197 TC and the OS197H TC). 

Fill the neutron shield, ifit was drained in P.8.1.5.l step 1, andverifY that the NS is filled, 
in accordance with Technical Specification 5.2.4.a. 

Remove the bottom ram access cover plate from the cask. Install the two-piece temporary 
neutron/gamma shield plug to cover the bottom ram access. Install the ram trunnion support 
frame on the bottom of the TC. (The temporary shield plug and ram trunnion support frame 
are not required with integral ram/trailer). 

P.8.1.6 DSC Transfer to the HSM 

1. Prior to transferring the cask to the ISFSI, remove the HSM door, inspect the cavity of the 
HSM, removing any debris and ready the HSM to receive a DSC. The doors on adjacent 
HSMs should remain in place. 

Caution: The insides of empty modules have the potential for high does rates due to 
adjacent loaded modules. Proper ALARA practices should be followed for operations 
inside these modules and in the areas outside these modules whenever the door from the 
empty HSM has been removed. 

2. Inspect the HSM air inlet and outlets to ensure that they are clear of debris. Inspect the 
. screens on the air inlet and outlets for damage. 

CAUTION: Verify that the requirements of Technical Specification 5.3.1.B, "TC/DSC 
· .. ·Transfer Operations at High Ambient Temperatures" are_met prior to next step. 

3.: . Using a suitable vehicle, transfer the cask from the plant's fuel/reactor building to the ISFSI 
' ·.,along the designated transfer route. !. ' 

4. Once at the ISFSI, position the transfer trailer to within a few feet of the HSM. 

'5. Check the position of the trailer to ensure the centerline of the HSM and cask 
approximately coincide. If the trailer is not properly oriented, reposition the trailer, as 
necessary . 
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6. Unbolt and remove the cask top cover plate. 

CAUTION: Verify that the applicable time limits of Technical Specification 3.1.3 are met. 

7. Back the cask to within a few inches of the HSM, set the trailer brakes and disengage the 
tractor. Extend the transfer trailer vertical jacks. 

8. Connect the skid positioning system hydraulic power unit to the positioning system via the 
hose connector panel on the trailer, and power it up. Remove the skid tie-down bracket 
fasteners and use the skid positioning system to bring the cask into approximate vertical and 
horizontal alignment with the HSM. Using optical survey equipment and the alignment 
marks on the cask and the HSM,.adjust the position of the cask until it is properly aligned 
with the HSM. 

9. Using the skid positioning system, fully insert the cask into the HSM access opening 
docking collar. 

10. Secure the cask trunnions to the front wall embedments of the HSM using the cask 
restraints. 

11. After the cask is docked with the HSM, verify the alignment of the TC using the optical 
survey equipment. 

12. Position the hydraulic ram behind the cask in approximate horizontal alignment with the 
cask and level the ram. Remove either the bottom ram access cover plate or the outer plug 
of the two-piece temporary shield plug. Power up the ram hydraulic power supply and 
extend the ram through the bottom cask opening into the DSC grapple ring. 

13. Activate the hydraulic cylinder on the ram grapple and engage the grapple arms with the 
DSC grapple ring. 

14. Recheck all alignment marks in accordance with the Technical Specification 5.3.3 limits 
and ready all systems for DSC transfer. 

15. Activate the hydraulic ram to initiate insertion of the DSC into the HSM. Stop the ram 
when the DSC reaches the support rail stops at the back of the module. 

16. Disengage the ram grapple mechanism so that the grapple is retracted away from the DSC · 
grapple ring. 

1 7. Retract and disengage the hydraulic ram system from the cask and move it clear of the cask. 
Remove the cask restraints from the HSM. 

18. Using the skid positioning system, disengage the cask from the HSM access opening. 

19. Install the DSC drop-in retainer through the HSM door opening. 
: f 
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20. The trailer may be moved as necessary to install the HSM door. . Install the HSM door and 
secure it in place. Door may be welded for security. Verify that the HSM dose rates are 
compliant with the limits specified in Technical Specifications 5.4.1and5.4.2. 

21. Replace the TC top cover plate. Secure the skid to the trailer, retract the vertical jacks and 
disconnect the skid positioning system. 

22. Tow the trailer and cask to the designated equipment storage area. Return the remaining 
transfer equipment to the storage area. 

23. Close and lock the ISFSI access gate and activate the ISFSI security measures. 

P.8.1.7 Monitoring Operations 

1. Perform routine security surveillance in accordance with the licensee's ISFSI security plan. 

2. Perform a daily visual surveillance of the HSM air inlets and outlets to insure that no debris 
is obstructing the HSM vents in accordance with Technical Specification 5.2.5.a 
requirements OR perform a temperature measurement of the thermal performance, for each 
HSM, on a daily basis in accordance with Technical Specification 5.2.5.b requirements . 
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• essentially identical to those of DSC loading through the DSC weld removal (beginning of 
preparation to placement of the cask in the fuel pool). Prior to opening the DSC, the following 
operations are to be performed. 

• 

• 

I. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

CAUTION: Verify that the applicable time limits of Technical Specification 3.1.3 are met 
until the completion of Step P.8.2.2.14. 

The TC may now be transferred to the cask handling area inside the plant's fuel/reactor 
building. 

Position and ready the trailer for access by, the crane and install the ram access penetration 
cover plate. 

Attach the lifting yoke to the crane hook. 

Engage the lifting yoke with the trunnions of the TC. 

Visually inspect the yoke lifting hooks to insure that they are properly aligned and engaged 
onto the TC trunnions. 

If unloading with OS 197/OS197H/OS 197FC TC, drain the TC water from the neutron 
shield to an acceptable location as required to meet the plant lifting crane capacity limit. 

CAUTION: The radiation dose rates around the surface of the transfer cask without water 
in the neutron shield (through step P.8.2.2.9) are expected to be high. Use proper ALARA 
practices (e.g., use of temporary shielding, appropriate positioning of personnel, etc.) to 
minimize personnel exposure. 

Lift the TC approximately one inch off the trunnion supports. Visually inspect the yoke 
lifting hooks to insure that they are properly positioned on the trunnions. 

Move the crane backward in a horizontal motion while simultaneously raising the crane 
hook vertically and lift the TC off the trailer. Move the TC to the cask decon area. 

9. Lower the TC into the cask decon area in the vertical position. Fill the neutron shield with 
water if it was drained in Step P.8.2.2.6, and verify that the NS is filled, in accordance with 
Technical Specification 5.2.4.a. 

10. Wash the TC to remove any dirt which may have accumulated on the TC during the DSC 
loading and transfer operations. 

11. Place scaffolding around the TC so that any point on the surface of the TC is easily 
accessible to handling personnel. 

12. Unbolt the TC top cover plate. 

13. Connect the rigging cables to the TC top cover plate and lift the cover plate from the TC. 
Set the TC cover plate aside and disconnect the lid lifting cables . 
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14. Install temporary shielding to reduce personnel exposure as required. Fill the TC/DSC 
annulus with clean demineralized water and seal the annulus. 

The process of DSC unloading is similar to that used for DSC loading. DSC opening operations 
described below are to be carefully controlled in accordance with plant procedures. This 
operation is to be performed under the site's standard health physics guidelines for welding, 
grinding, and handling of potentially highly contaminated equipment. These are to include the 
use of prudent housekeeping measures and monitoring of airborne particulates. Procedures may 
require personnel to perform the work using respirators or supplied air. 

If fuel needs to be removed from the DSC, either at the end of service life or for inspection after 
an accident, precautions' must be taken against the potential for the presence of damaged or 
oxidized fuel and to prevent radiological exposure to personnel during this operation. A sampling 
of the atmosphere within the DSC will be taken prior to inspection or removal of fuel. 

If the work is performed outside the fuel/reactor building, a tent may be constructed over the 
work area, which may be kept under a negative pressure to control airborne particulates. Any 
radioactive gas release will be Kr-85, which is not readily captured. Whether the krypton is 
vented through the plant stack or allowed to be released directly depends on the plant operating 
requirements. 

Following opening of the DSC, the cask and DSC are filled with water prior to lowering the top 
of cask below the surface of the fuel pool to prevent a sudden inrush of pool water. Cask 
placement into the pool is perforined in the usual manner. Fuel unloading procedures will be 
governed by the plant operating license under 10CFR50. The generic procedures for these 
operations are as follows: 

15. Locate the DSC siphon and vent port using the indications on the top cover plate. Place a 
portable drill press on the top of the DSC. Position the drill with the siphon port. 

16. Place an exhaust hood or tent over the DSC, if necessary. The exhaust should be filtered or 
routed to the site radwaste system. 

17. Drill a hole through the DSC top cover plate to expose the siphon port quick connect. 

18. Drill a second hole through the top cover plate to expose the vent port quick connect. 

19. Obtain a sample of the DSC atmosphere, if necessary (e.g., at the end of service life). Fill 
the DSC with water from the fuel pool through the siphon port with the vent ·port open and 
routed to the plant's off-gas system. 

CAUTION: 

(a) The water fill rate must be regulated during this reflooding operation to ensure 
that the DSC vent pressure does not exceed 20.0 psig. 

(b) 

NUH-003 
Revision 13 

In accordance with Technical Specification 5.~.4.a, verify that the NS is filled 
before the draining operation in Step 19(c) is initiated and continually monitored 

Page P.8-17 January 2014 I 

,_. 
,_. 



• 

• 

• 

(c) 

during the first five minutes of the draining evolution to ensure the NS remains 
filled. 

Provide for continuous hydrogen monitoring of the DSC cavity atmosphere 
during all subsequent cutting operations to· ensure that a safety limit of 2.4% is not 
exceeded [8.2 and 8.3] and in compliance with Technical Specification 5.2.6. 
Drain appropriate amount of water from the DSC cavity before cutting operations 
to ensure that sufficient free volume exists in the DSC cavity for H2 concentration 
limit. Purge with 2-3 psig helium (or any other inert medium) as necessary to 
maintain the hydrogen concentration safely below this limit. 

20. Place welding blankets around the cask and scaffolding. 

21. Using plasma arc-gouging, a mechanical cutting system or other suitable means, remove the 
seal weld from the outer top cover plate and DSC shell. A fire watch should be placed on 
the scaffolding with the welder, as appropriate. The exhaust system should be operating at 
all times. 

22. The material or waste from the cutting or grinding process should be treated and handled in 
accordance with the plant's low level waste procedures unless determined otherwise. 

23. Remove the top of the tent, if necessary. 

24. Remove the exhaust hood, if necessary . 

25. Remove the DSC outer top cover plate. 

26. Reinstall tent and temporary shielding, as required. Remove the seal weld from the inner 
top cover plate to the DSC shell in the same manner as the top cover plate. Remove the 
inner top cover plate. Remove any remaining excess material on the inside shell surface by 
grinding. 

27. Clean the cask surface of dirt and any debris which may be on the cask surface as a result of 
the weld removal operation. Any other procedures which are required for the operation of 
the cask should take place at this point as necessary. 

' ' 

28. Engage the yoke onto the trunnions, install eyebolts into the top shield plug and connect the 
rigging cables to the eyebolts. 

29. Visually inspect the lifting hooks or the yoke to insure that they are properly positioned on 
the trunnions. 

29a. If the neutron shield is to remainfilled during Step 30, in accordance with Technical 
Specification 5.2.4.a, verifY that the NS is filled before the draining operation in Step 30 is 
initiated and continually monitored during the first five minutes of the draining evolution to 
ensure the NS remains fillelf, . 
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30. If unloading 24PTH-S DSC or 24PTH-L DSC, drain a minimum of 750 gallons of water 
from the DSC. The neutron shield water from the TC may also need to be drained as 
required, to meet plant crane limits. 

CA UTJON: The radiation dose rates around the surface of the transfer cask without water 
in the neutron shield and/or in the DSC cavity (through step P.8.2.2.37) are expected to be 
high. Use proper ALARA practices (e.g., use of temporary shielding, appropriate 
positioning of personnel, etc.) to minimize personnel exposure. 

31. The cask should be lifted just far enough to allow the weight of the TC to be distributed 
onto the yoke lifting hooks. Inspect the lifting hooks to insure that they are properly 
positioned on the trunnions. : 

32. Install suitable protective material onto the bottom of the TC to minimize cask 
contamination. Move the cask to the fuel pool. 

33. Prior to lowering the cask into the pool, adjust the pool water level, if necessary, to 
accommodate the volume of water which will be displaced by the cask during the 
operation. 

34. Lower the cask into the fuel pool leaving the top surface of the cask approximately one foot 
above the surface of the pool water. 

35. Fill the DSC with appropriate amount pool water. 
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P.8.3 Identification of Subjects for Safety Analysis 

No Change to Section 5.1.3. 

P.8.4 Fuel Handling Systems 

No Change to Section 5.2. 

P.8.5 Other Operating Systems 

No Change to Section 5. 3. 

P.8.6 Operation Support System 

No Change to Section 5.4. 

P.8.7 Control Room and/or Control Areas 

No Change to Section 5.5. 

P .8.8 Analytical Sampling 

No Change to Section 5.6 . 
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P.9 Acceptance Tests and Maintenance Program 

P.9.1 Acceptance Tests 

The acceptance requirements for the NUHOMS®-24PTH system are given in the UFSAR except 
as described in the following sections. The NUHOMS®-24PTH DSC has been enhanced to 
provide leaktight confinement and the basket includes an updated poison plate design. The 
requirements for the poison plate material ac.;ceptance tests and the NUHOMSW-24PTH DSC 
welds for the 24PTH system are described. 

P.9.1.1 Visual Inspection 

Visual examinations are performed at the fabricator's facility to ensure that the NUHOMS®-
24PTH system components conform to the fabrication specifications and drawings. 

P.9.1.2 Structural Tests 

The NUHOMS®-24PTH DSC confinement welds are designed, fabricated, tested and inspected 
in accordance with ASME B&PV Code Section III, Subsection NB [9.1] with exceptions as 
listed in Section P.3.1. The following requirements are unique to the NUHOMS®-24PTH DSC: 

• The inner bottom cover weld is inspected in accordance with Article NB-5231 when the weld 
joint design is per Figure NB-4243-1, · 

• The outer bottom cover weld is penetrant tested, and 

• The outer top cover plate weld root and cover are penetrant tested. 

The NUHOMS®-24PTH DSC basket is designed, fabricated, and inspected in accordance with 
ASME B&PV Code Section III, Subsection NG [9.1] with exceptions as listed in Section P.3.1. 

P.9.1.3 Leak Tests 

The NUHOMS®-24PTH DSC confinement boundary is leak tested to verify that it is leaktight in 
accordance with the criteria of ANSI N14.5 [9.2]. The personnel performing the leak test are 
qualified in accordance with SNT-TC-lA [9.8]. 

The leak tests are typically performed using the helium mass spectrometer method. Alternative 
methods are acceptable, provided that the required sensitivity is achieved. 

P.9.1.4 Component Tests 

The NUHOMSW system does not include any components such as valves, rupture discs, pumps, 
or blowers. The gaskets in the transfer cask do not require acceptance testing other than the 
leak testing cited above. No other components of the NUHOM~ system require testing, except 
as discussed in this chapter . 
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• P.9.1.5 Shielding Integrity Tests 

The transfer cask poured lead shielding integrity will be confirmed via gamma scanning prior to 
first use. The detector and examination grid will be matched to provide coverage of the entire 
lead-shielded surface area. For example, for a 6"x 6" grid, the detector will encompass a 
6 "x 6" square. The acceptance criterion is attenuation greater than or equal to that of a test 
block matching the cask through-wall corifiguration with lead and steel thicknesses equal to the 
design minima less 5%. 

The radial neutron shielding is provided by filling the neutron shield shell with water during 
operations. No testing is necessary. The neutron shield material in the lid and bottom end is a 
proprietary polymer resin. The shielding performance of the resin will be assured by written 
procedures controlling temperature, measuring, and mixing of the components, degassing of the 
resin, and verification of the mass or volume of resin installed. 

The gamma and neutron shielding materials of the storage system itself are limited to concrete 
HSM components and steel shield plugs in the DSC. The integrity of these shielding materials is 
ensured by the control of their fabrication in accordance with the appropriate ASME, ASTM or 
AC! criteria. No additional acceptance testing is required. 

P.9.1.6 Thermal Acceptance Tests 

No thermal acceptance testing is required to verify the performance of each storage unit other 
• than that specified in the Technical Specifications for initial loading. 

• 

The heat transfer analysis for the basket includes credit for the thermal conductivity of neutron
absorbing materials, as specified in Section P.4.3. Because these materials do not have publicly 
documented values for thermal conductivity, testing of such materials will be performed in 
accordance with Section P.9.1. 7.6. 

P.9.1.7 Poison Acceptance 

CAUTION 

Sections P.9.1. 7.1 through P.9.1. 7.4 below are incorporated by reference into the 
NUHOMSID CoC 1004 Technical Specifications 4.1(Note3) and shall not be deleted or 
altered in any way without approval from the NRC. The text of these sections is shown in 
bold type to distinguish it from other sections. · 

The neutron absorber used for criticality control in the DSC basket may consist any of the 
following types of material: . . 

(a) Borated aluminum 

(b) Boron carbide/aluminum metal matrix composite (MMC) 

(c) BORAL® 
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' ·' 

The 24PTH DSC safety analyses do not rely upon the tensile strength of these materials. The 
radiation and temperature environment in the cask is not sufficiently severe to damage these 
metallic/ceramic materials. To assure performance of the neutron absorber's design function 
only the presence of B 10 and the uniformity of its distribution need to be verified, with testing 
requirements specific to each material. The boron content for these materials is given in Table 
P.9-1. 

References to metal matrix composites throughout this chapter are not intended to refer to 
BORAL®, which is described later in this section. · 

P.9.1.7.l Borated Aluminum 

See the Caution in Section P.9.1.7 before deletion or modification to this section. 

The material is produced by direct chill (DC) or permanent mold casting with boron 
precipitating primarily as a uniform fine dispersion of discrete AIB2 or TiB2 particles in the 
matrix of aluminum or aluminum alloy (other boron compounds, such as AIB 12, can also 
occur). For extruded products, the TiB2 form of the alloy shall be used. For rolled 
products, either the AIB2, the TiB2, or a hybrid may be used. 

Boron is added to the aluminum in the quantity necessary to provide the specified 
minimum BlO areal density in the final product. The amount required to achieve the 
specified minimum BlO areal density will depend on whether boron with the natural 
isotopic distribution of the isotopes BlO and Bll, or boron enriched in BlO is used. In no 
case shall the boron content in the aluminum or aluminum alloy exceed 5% by weight. 

The criticality calculations take credit for 90% of the minimum specified BlO areal density 
of borated aluminum. The basis for this credit is the BlO areal density acceptance testing, 
which shall be as specified in Section P.9.1.7.7. The specified acceptance testing assures 
that at any location in the material, the minimum specified areal density of BlO will be 
found with 95% probability and 95% confidence. 

P.9.1.7.2 Boron Carbide I Aluminum Metal Matrix Composites (MMC) 

See :the Caution in Section P.9.1.7 before deletion or.modification to this section. 

The material is a composite of fine boron carbide particles in an aluminum or aluminum 
alloy matrix. The material shall be produced by either direct chill casting, permanent mold 
casting, powder metallurgy, or thermal spray techniques. The boron carbide content shall 
not exceed 40% by volume. The boron carbide content for MMCs with an integral 
aluminum cladding shall not exceed 50% by volume . 

. The final MMC product shall have density greater than 98% of theoretical density 
demonstrated by qualification testing, with no more than 0.5 volume% interconnected 
porosity. For MMC with an· integral cladding, the final density of the core shall be greater 
than 97% of theoretical density demonstrated by qualification testing, with no more than 0.5 
volume % interconnected porosity of the core and cladding as a unit of the final product. 
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• At least 50% by weight of the B 4C particles in MM Cs shall be smaller than 40 microns. No 
more than 10% of the particles shall be over 60 microns. 

Prior to use in the 24PTH DSC, MMCs shall pass the qualification testing specified in 
Section P.9.1.7.8, and shall subsequently be subject to the process controls specified in 
Section P.9.1.7.9. 

' . 
The criticality calculations take credit for 90% of the minimum specified BlO areal ,density 
ofMMCs. The basis for this' credit is the BlO areal density acceptance testing, whieh is 
specified in Section P.9.1.7.7.; The specified acceptance testing assures that at any location 
in the final product, the minimum specified areal density ofBlO will be found with 95% 
probability and 95% confidence. 

P.9.1.7.3 BORAL® 

See the Caution in Section P.9.1.7 before deletion or modification to this section. 

This material consists of a core of aluminum and boron carbide powders between two outer 
layers of aluminum, mechanically bonded by hot-rolling an "ingot" consisting of an 
aluminum box filled with blended boron carbide and aluminum powders. The core, which 
is exposed at the edges of the sheet, is slightly porous. Before rolling, at least 80% by weight 
of the B4C particles in BORAL® shall be smaller than 200 microns. The nominal boron 

• carbide content shall be limited to 65% (+ 2% tolerance limit) of the core by weight. 

• 

The criticality calculations take credit for 75% of the minimum specified BlO areal density 
ofBORAL ®. BlO areal density will be verified by chemical analysis and by certification of 
the BlO isotopic fraction for the boron carbide powder, or by neutron transmission testing. 
Areal density testing is performed on a coupon takenfrom the sheet produced from each 
ingot. If the measured areal density is below that specified, all the material produced from 
that ingot will be either rejected, or accepted only on the basis of alternate verification of 
BlO areal density for each of the final pieces produced from that ingot. 

P.9.1.7.4 Visual Inspections of Neutron Absorbers 

See the Caution in Section P.9.1. 7 before deletion or modification to this section. 
' / 

Neutron absorbers shall be 10.0% visually inspected in accordance with the Certificate i 

Holder's QA procedures. Material that does not meet the following acceptance criteria shall 
be reworked, repaired, or scrapped. Blisters shall be treated as non-conforming. Inspection 
of MMCs with an integral aluminum cladding shall also include verification that the matrix'·is 
not exposed through the faces of the aluminum cladding and that solid aluminum is not 
presept at the.edges. For BORAL®, visual inspection shall vet;ify that there are no cracks 
through the cladding, exposed core on the face of the sheet, or solid aluminum at the edge of 
the sheet . 
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P.9.1.?.5 ·Other Visual Inspections Criteria (non-Technical Specifications) 

For borated aluminum and MMCs, visual inspections shall follow the recommendations in 
Aluminum Standards and Data, Chapter 4 "Quality Control, Visual Inspection of Aluminum Mill 
Products" [9.5}. Local or cosmetic conditions such as scratches, nicks, die lines, inclusions, 
abrasion, isolated pores, or discoloration are acceptable. 

P.9.1.7.6 Thermal Conductivity Testing of Poison Plates 

Testing shall conform to ASTM El 2251, ASTM El 461 2
, or equivalent method, performed at 

room temperature on coupons taken from the rolled or extruded production material. Previous 
testing of borated aluminum and metal matrix composite shows that thermal conductivity 
increases slightly with temperature. Initial sampling shall be one test per lot, defined by the heat 
or ingot, and may be reduced if the first five tests meet the specified minimum thermal 
conductivity. 

If a thermal conductivity test result is below the specified minimum, at least four additional tests 
shall be performed on the material from that lot. If the mean value of those tests, including the 
original test, falls below the specified minimum, the associated lot shall be rejected. 

After 25 tests of a single type of material, with the same aluminum alloy matrix, the same boron 
content, and the same primary boron phase, e.g., B4C, TiB2, or AlB2, ifthe mean value of all the 
test results less two standard deviations meets the specified thermal conductivity, no further 
testing of that material is required. This exemption may also be applied to the same type of 
material if the matrix of the material changes to a more thermally conductive alloy (e.g., from 
6000 to 1000 series aluminum), or if the boron content is reduced without changing the boron 
phase. 

The measured thermal conductivity values shall satisfy the minimum required conductivities as 
specified in Section P.4.3. 

In cases where the specified thickness of the neutron absorber may vary, the equations 
introduced in Section P.4.3 shall be used to determine the minimum required effective thermal 
conductivity. 

The thermal conductivity test requirement does not apply to aluminum that is paired with the 
neutron absorber. 

1 ASTM El225, "Thermal Conductivity of Solids by Means of the Guarded-Comparative-Longitudinal Heat Flow 
Technique" 

2 ASTM El 461, "Thermal Diffusivity of Solids by the Flash Method" 
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P.9.1.7.7 Specification for Acceptance Testing of Neutron Absorbers by Neutron 
Transmission 

CAUTION 

Portions of Section P. 9.1. 7. 7 are incorporated by reference into the NUHOMSJ9 CoC 1004 
Technical Specifications 4.1(Note3) and shall not be deleted or altered in any way without 
approval from the NRC. The text of this section is shown in bold type to distinguish it from 
other sections. . 

a) Neutron Transmission acceptance testing proced~res shall be subject to approval by 
the Certificate Holder. Test coupons shall be removed from the rolled or extruded 
production material at locations that are systematically or probabilistically distributed 
throughout the lot. Test coupons shall not exhibit physical defects that would not be 
acceptable in the finished product, or that would preclude an accurate measurement of the 
coupon's physical thickness. 

A lot is defined as all th~ pieces produced from a single ingot or heat or from a group of 
billets from the same heat. If this definition results in lot size too small to provide a 
meaningful statistical analysis of results, an alternate larger lot definition may be used, so 
long as it results in accumulating material that is uniform for sampling purposes. 

The sampling rate for neutron transmission measurements shall be such that there is at 
least one neutron transmission measurement for each 2000 square inches of final product 
in each lot. 

The BlO areal density is measured using a collimated thermal neutron beam of up to 1.1 
inch diameter. 

The neutron transmission through the test coupons is converted to BlO areal density by 
comparison with transmission through calibrated standards. These standards are 
composed of a homogeneous boron compound without other significant neutron absorbers. 
For example, boron carbide, zirconium diboride or titanium diboride sheets are acceptable 
standards. These standards are paired with aluminum shims sized to match the effect of 
neutron scattering by aluminum in the test coupons. Uniform but non-homogeneous 
materials such as metal matr~x composites may be used, for standards, provided that testing 
shows them to provide neutron attenuation eq11:ivalent to a homogeneous standard. 
Standards will be calibrated, traceable to nationally recognized standards, or by attenuation of 
a· monoenergetic neutron beam correlated to the known cross section of Bl 0 at that energy. 

Alternatively, digital image analysis may be used to compare neutron radioscopic images of 
the test coupon to images of the standards. The area of image analysis shall be no more 
than 0. 75 sq. inch. 

The minimum areal density specified shall be verified for each lot at the 95% probability, 
95% confidence level or1better. If a goodness-of-fit test demonstrates that the sample comes 
from a normal population, the one-sided tolerance limit for a normal distribution may be used 
for this purpose. Otherwise, a non-parametric (distribution-free) method of determining the 
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• one-sided tolerance limit1may be used. Demonstration of the one-sided tolerance limit shall be 
evaluated for acceptance 'in accordance with the Certificate Holder's QA procedures. 

• 

• 

b) The following illustrates one acceptable method and is intended to be utilized as an 
example. Therefore, the following text is not part of the Technical Specifications. 

The acceptance criterion for individual plates is determined from a statistical analysis of the test 
results for their lot. The B 10 areal densities determined by neutron transmission are converted to 
volume density, i.e., the BIO areal density is divided by the thickness at the location of the 
neutron transmission measurement or the maximum thickness of the coupon. The lower 
tolerance limit of BI 0 volume density is then determined, defined as the mean value of BI 0 
volume density for the sample, less K times the standard deviation, where K is the onel.sided 
tolerance limit factor for a normal distribution with 95% probability and 95% confidence [9.6]. 

Finally, the minimum specified value of BI 0 areal density is divided by the lower tolerance limit 
of BIO volume density to arrive at the minimum plate thickness which provides the specified 
BIO areal density. 

Any plate which is thinner than the statistically derived minimum thickness from P.9.1. 7. 7 a) 
or the minimum design thickness, whichever is greater, shall be treated as non-conforming, 
with the following exception. Local depressions are acceptable, so long as they total no 
more than 0.5% of the area on any given plate, and the thickness at their location is not less 
than 90% of the minimum design thickness. Edge effects due to manufacturing operations 
such as shearing, deburring, and chamfering need not be included in this determination . 

Non-conforming material shall be evaluated for acceptance in accordance with the 
Certificate Holder's QA procedures. 

P.9.1.7.8 Specification for Qualification Testing of Metal Matrix Composites 

CAUTION 

Section P.9.1.7.8.3.1, Section P.9.1.7.8.4 and Section P.9.1.7.8.5 are incorporated by reference 
into the NUHOM~ CoC 1004 Technical Specifications 4.1 {Note 3) and shall not be deleted or 
altered in any way without approval from the NRC. The text of this section is shown in bold type 
to distinguish it from other sections: 

P.9.1.7.8.I Applicability and Scope 

Metal matrix composites CMMCs) acceptable for use in the 24PTH DSC are described in Section 
P.9.1. 7.2. 

Prior to initial use in a spent fuel dry storage or transport system, such MMCs shall be subjected 
to qualification testing that will verify that the product satisfies the design function. Key process 
controls sqall be identified per Section P .9 .1. 7 .9 so that the productiqn material is equivalent to 
o~,better than the qualification test material. Changes to key _processes shall be subject to 
qualification before use of such material in a spent fuel dry storage or transport system . 

I 
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• 

ASTM test methods and practices are referenced below for guidance. Alternative methods may 
be used with the approval of the Certificate Holder. 

P.9.1.7.8.2 Design Requirements 

In order to perform its design functions the product must have at a minimum sufficient strength 
and ductility for manufacturing and for the normal and accident conditions of the storage/ 
transport system. This is demonstrated by the tests in SectionP .9 .1.7 .8 .4. It must have a uniform 
dist~ibution of bornn carbide. This is demonstrated by the tests in Section P .9 .1. 7 .8~5 ._. .. 

P.9.1.7.8.3 Durability 

There is no need to include accelerated radiation damage testing in the qualification. Such 
testing has already been performed on MM Cs, and the results confirm what would be expected 
of materials that fall within the limits of applicability cited above. Metals and ceramics do not 
experience measurable changes in mechanical properties due to fast neutron fluences typical over 
the lifetime of spent fuel storage, about 1015 neutrons/cm2

• 

Thermal damage and corrosion (hydrogen generation) testing shall be performed unless such 
tests on materials of the same chemical composition have already been performed and found 
acceptable. The following paragraphs illustrate two cases where such testing is not required. 

Thermal damage testing is·not required for unclad MM Cs consisting only of boron carbide in an 
aluminum 1100 matrix, because there is no reaction between aluminum and boron carbide below 
842°F, well above the basket temperature under normal conditions of storage or transport3

. 

Corrosion testing is not required for full density MM Cs (clad or unclad) consisting only of boron 
carbide in an aluminum 1100 matrix, because testing on one such material has already been 
perfor_rn_ed by Transnuclear4

• 

--
P.9.1.7.8.3.l Delamination Testing of Clad MMC 

Clad MMCs shall be subjected to thermal damage testing following water immersion to ensure 
that delamination does not occur under normal conditions of storage. 

P.9.1.7.8.4 Required Qualification Tests and Examinations to Demonstrate Mechanical 
Integrity 

At least three samples, one each from approximately the two ends and middle of the 
qualification material run shall be subject to: 

a) room temperature tensile testing (ASTM- B5575
) demonstrating that the material has 

the following tensile properties: 

3 Sung, C., "Microstructural Observation of Thermally Aged and Irradiated Aluminum/Boron Carbide (B4C) 
Metal Matrix Composite by Transmission and Scanning Electron Microscope," 1998. 

4 Boralyn testing submitted to the NRC under docket 71-1027, 1998. 
5 ASTM B557 Standard Test Methods of Tension Testing Wrought and Cast Aluminum and Magnesium-Alloy 

Products. 
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• Minimum yield strength, 0.2% offset: 1.5 ksi 

• Minimum ultimate strength: 5 ksi 

• Minimum elongation in 2 inches: 0.5% 

As an alternative to the elongation requirement, ductility may be demonstrated by bend testing 
per ASTM E2906

• The radius of the pin or mandrel shall be no greater than three times the 
material thickness, and the material shall be bent at least 90 degrees without complete 
fracture, 

b) Testing to verify more than 98% of theoretical density for non-clad MMCs and 97%for 
the matrix of clad MM Cs. Testing or examination for interconnected porosity on the 
faces and edges of unclad MMC, and on the edges of clad MMC shall be performed by a 
.means to be approved by the Certificate Holder. The maximum interconnected porosity 

' _-is o.S-voiume %, 

and for at least one sample, 

c) For MMCs with an integral aluminum cladding, thermal durability testing 
demonstrating that after a minimum 24 hour soak in either pure or borated water, then 
insertion into a preheated oven at approximately 825°F for a minimum of 24 hours, the 
specimens are free of blisters and delamination and pass the mechanical testing 
requirements described in test 'a' of this section . 

P.9.1.7.8.5 Required Tests and Examinations to Demonstrate BlO Uniformity 

Uniformity of the boron distribution shall be verified either by: 

a) Neutron radioscopy or radiography (ASTM E947
, E1428

, and E5459
) of material from 

the ends and middle of the test material production run, verifying no more than 10% 
difference between the minimum and maximum BlO areal density, or 

b) Quantitative testing for the BlO areal density, BlO density, or the boron carbide 
we_ight fraction, on locations distributed over the test material production run, 

- J---~erifying that one standard deviation in the sample is less than 10% of the_ sample -
mean. Testing may be performed by a neutron transmission method similar to that 
specified in Section P.9.1.7.7, or by chemical analysis for boron carbide content in the 
composite. -

P.9.1.7.8.6 Approval of Procedures 

Qualification procedures shall be subject to approval by the Certificate Holder. 

6 ASTM £290, Standard Methods for Bend Testing of Materials for Ductility 
7 ASTM E94, Recommended Practice for Radiographic Testing 
8 ASTM El 42, Controlling Quality of Radiographic Testing 
9 ASTM E545, Standard Method for Determining Image Quality in Thermal Neutron Radiographic Testing 
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P.9.1.7.9 Specification for Process Controls for Metal Matrix Composites 

CAUTION 

Sections P.9.1.7.9.1 and P.9.1.7.9.2 are incorporated by reference into the NUHOMS© CoC 
1004 Technical Specifications 4.1(Note3) and shall not be deleted or altered in any way without 
approval from the NRC. The text of this section is shown in bold type to distinguish it from other 
sections. 

P.9.1.7.9.1 Applicability and Scope 

Key processing changes shall be subject to qualification prior to use of the material 
produced by the revised process. The Certificate Holder shall determine whether a 
complete or partial re-qualification program per Section P.9.1.7.8 is required, depending 
on the characteristics of the material that could be affected by the process change. 

P.9.1.7.9.2 
-. -

Definition of Key Process Changes 

Key process changes are those which could adversely affect the uniform distribution of the 
boron carbide in the aluminum, reduce density, reduce corrosion resistance, reduce the 
mechanical strength or ductility of the MMC . 

P.9.1.7.9.3 Identification and Control of Key Process Changes 

The manufacturer shall provide the Certificate Holder with a description of materials and process 
controls used in producing the MMC. The Certificate Holder and manufacturer shall identify 
key process changes as defined in Section P.9.1.7.9.2. 

An increase in nominal boron carbide content over that previously qualified shall always be 
regarded as a key process change. The following are examples of other changes that are 
established as key process changes, as determined by the Certificate Holder's review of the 
specific applications and production processes: 

a) Changes in the boron carbide particle size specification that increase the average particle 
size by more than 5 microns or that increase the amount of particles larger than 60 microns 
from the previously qualified material by more than 5% of the total distribution but less 

, than .the 10% limit, 

b) Change of the billet production process, e.g., from vacuum hot pressing to cold isostatic 
pressing followed by vacuum sintering, 

c) Change in the nominal matrix alloy, 

d) Changes in mechanical processing that could result in reduced density of the final product, 
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e.g., for PM or thermal spray MM Cs that were qualified with extruded material, a change to 
direct rolling from the billet, 

e) For MMCs using a magnesium-alloyed aluminum matrix, changes in the billet formation 
process that could increase the likelihood of magnesium reaction with the boron carbide, 
such as an increase in the maximum temperature or time at maximum temperature, 

f) Changes in powder blending or melt stirring processes that could result in less uniform 
distribution of boron carbide, e.g., change in duration of powder blending, and 

g) For MMCs with an integral aluminum cladding, a change greater than 25% in the ratio of 
the nominal aluminum cladding thickness (sum of two sides of cladding) and the nominal 
matrix thickness could result in changes in the mechanical properties of the final product. 

In no case shall process changes be accepted if they result in a product outside the limits in 
Sections 9.5.3.1and9.5.3.4 . 
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P.9.2 Maintenance Program 

NUHOMS®-24PTH system is a totally passive system and therefore requires little, if any, 
maintenance over the lifetime of the ISFSI. Typical NUHOMS®-24PTH system maintenance 
tasks are performed in accordance with the UFSAR. 
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9.1 

9.2 

9.3 

9.4 

9.5 

9.6 

9.7 

9.8 

P.9.3 References 

ASME Boiler and Pressure Vessel Code, Section III, 1998 Edition including 2000 
addenda. 

ANSI N14.5-1997, "American National Standard for Leakage Tests on Packages for 
Shipment of Radioactive Materials," February 1998. 

Deleted. 

Deleted. 

"Aluminum Standards and Data, 2003" The Aluminum Association. 

Natrella, "Experimental Statistics," Dover, 2005. 

Deleted. 

SNT-TC-lA, "American Society for Nondestructive Testing, Personnel Qualification and 
Certification in Nondestructive Testing," 1992. 

9.9 Deleted. 

9 .10 Deleted . 
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Table P.9-1 
BlO Specification for the NUHOMS®-24PTH Poison Plates 

Poison Type 

Borated Aluminum 
/MMC 

-
BORAL® 

NUH-003 
Revision 13 

24PTH Basket Minimum Poison % Credit Used in 
Type Loading Criticality Analysis (810 mg/cm2

) 

1A or 2A 7 
1B or 28 15 90 
1C or 2C 32 
1A or 2A 9 
1B or 28 19 75 
1C or 2C 40 
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P.11.1.2 Extreme Temperatures 

No change. The off-normal maximum ambient temperature of 125°F is used in Section 8.1.2.2. 
For the NUHOMS®-24PTH system, a maximum ambie.nt temperature of 1l7°F is used. 
Therefore, the analyses in Section 8.1.2.2 bound TCs and HSM Model 102 used in the 
NUHOMS®-24PTH system. 

P.11.1.2.1 Postulated Cause of Event 

No change. See Section 8.1.2.2. 

P.11.1.2.2 Detection of Event 

No change. See Section 8.1.2.2. 

P.lJ.1.2.3.; .. :, ·Analysis of Effects and Consequences 

The thermal evaluation of the NUHOMS®-24PTH system for off-normal conditions is presented 
in Section P .4. The 100°F normal condition with insolation bounds the 117°F case without 
insolation for the DSC in the TC. Therefore the normal condition maximum temperatures are 
bounding. The 1l7°F case with the DSC in the HSM-H is not bounded by the normal conditions 
and therefore evaluated in Section P .4. 

The NUHOMS® standardized TC and HSM Model 102 were evaluated for a maximum heat load 
of24 kW and maximum off-normal ambient temperature of 125°F. The maximum heat load of 
the 24PTH-S-LC DSC in standardized TC or HSM Model 102 is limited to 24 kW. Therefore 
the evaluation presented in Section 8.1.2.2 is bounding for these components. 

The structural evaluation of the 24PTH DSC for off-normal temperature conditions is presented 
in Section P.3.6.2.2. The structural evaluation of the basket due to off-normal thermal conditions 
is presented in Section P.3.6.1.3. The structural evaluation ofHSM-H and OS197FC Transfer 
Cask for off-normal conditions with 24PTH DSC are presented in Section P.3.6. 

P.11.1.2.4 Corrective Actions 

Restrictions for onsite handling of the TC with a loaded DSC under extreme temperature 
conditions ate presented in Technical Specifications 5.3.1.A and 5.3.1.B. There is no change to I· 
this requirement as a result of addition of the NUHOMS®-24PTH DSC. 

P.11.1.3 Off-Normal Releases of Radionuclides 

The NUHOMS®-24PTH DSC is designed and tested to the leak tight criteria of ANSI N14.5 
[11.2]. Therefore the estimated quantity of radionuclides expected to be released annually to the 
environment due to normal or off-normal events is zero . 
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Decay heat is rejected from the DSC to the HSM Model 152 air space by convection and then is 
removed from the HSM by a natural circulation air flow. Heat is also radiated from the DSC 
surface to the heat shield and HSM walls where again the natural convection air flow and 
conduction through the walls removes the heat. Figure R.1-3 shows the ventilation flow paths for 
the DSC and the HSM Model 152. The passive cooling system for the HSM Model 152 is designed 
to assure that peak cladding temperatures during long term storage remain below acceptable limits 
to ensure fuel cladding integrity. 

The NUHOMS® HSM Model 152 provides an independent, passive system with substantial 
structural capacity to ensure the safe dry storage of spent fuel assemblies. To this end, the HSMs 
are designed to ensure that normal transfer operations and postulated accidents or natural 
phenomena do not impair the DSC or pose a hazard to plant personnel. 

The HSM Model 152s are constructed on a non-safety load bearing foundation, which consists of a 
reinforced concrete basemat on compacted engineered fill. The HSMs are located in a fenced, 
secured location with controlled access. 

R.1.2.2 Operational Features 

R.1.2.2.l General Features 

The HSM Model 152 is designed to safely store a DSC with a maximum weight up to 105 kips 
which includes the 24P, 52B, 61BT, 24PT2, 32PT, and 24PHB DSCs. The HSM Model 152 
protects the DSC from the potentially adverse effects of natural phenomena hazards, such as 
earthquake, tornado, tornado missiles, flood, and elevated temperatures. In addition, the HSM 
Model 152 dissipates decay heat from the spent fuel by a combination of radiation, conduction, 
and convection. Natural convection air flow enters the bottom front wall of the HSM, circulates 
around the DSC, and exits through the flow channel at the rear of the HSM roof slab. The cross
sectional areas of the air inlet and outlet openings, and the interior flow paths are designed to 
optimize ventilation air flow in the Model 152 for decay heat removal including worst-case 
extreme summer ambient conditions. Furthermore, like the HSM Model 80 and Model 102, a 
thermal radiation heat shield is used in the Model 152 to reduce the HSM concrete temperatures 
to acceptable limits for all thermal conditions. 

R.1.2.2.2 Sequence of Operations 

The sequence of operations to be performed in loading a DSC containing spent nuclear fuel into 
the NUHOMS® HSM Model 152 is presented in Chapter R.8. 

R.1.2.2.3 Identification of Subjects for Safety and Reliability Analysis 

R.l.2.2.3.1 · .·· Criticality Prevention 

No change to Section 5.1.3.1 . 
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• R.1.2.2.3.2 Chemical Safety 

• 

• 

There are no chemical safety hazards associated with operations of the NUHOMS® HSM Model 
152 System. 

R.1:2.2.3). Operation Shutdown Modes 

The NUHOMS® HSM Model 152 is a totally passive system so that consideration of operation 
shutdown modes is unnecessary. · 

R.1.2.2.3 .4 Instrumentation 

No change to Section 5.1.3.4. 

R.1.2.2.3 .5 Maintenance Techniques 

No change to Section 5.1.3.5. 

R.1.2.3 Cask Contents 

No change to Section 1.2.3. 

R.1.3 Identification of Agents and Contractors 

Transnuclear, Inc. (TN) provides the design, analysis, licensing support and quality assurance for 
the NUHOMS® HSM Model 152 System. Fabrication of the NUHOMS® HSM Model 152 is 
done by one or more qualified fabricators under TN's quality assurance program described in 
ChaptetR.13. This program is written to satisfy the requirements of Subpart G of 10CFR72, 
[1.2] and covers control of design, procurement, fabrication, inspection, testing, operations and 
corrective action. Experienced TN operations personnel will assist in the preparation of generic 
operating procedures and provide training to utility personnel prior to their first use of the 
NUHOMS® HSM Model 152 System. . 

Managerial and administrative controls, which are used to ensure safe operation of the casks, will 
be provided by the host utility. NUHOMS® HSM Model 152 System operations and 
maintenance will be performed by utility personnel. Decommissioning activities will be 
performed by utility personnel in accordance with site procedures. 

TN provides specialized services for the nuclear fuel cycle that support transportation, storage 
and handling of spent nuclear fuel, radioactive waste and other radioactive materials. TN is the 
holder ofNUHOMS® CoC 1004 [L3]. . 

R.1.4 Generic Cask Arrays 

No change to Section 1.2.1 . 
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Table R.1-1 
Comparison of Key Parameters of NUHOMS® HSM Model 152 Versus 

HSM Model 80 and Model 102 

Characteristic HSM Model 80 HSM Model 102 HSM Model 152 

Overall Length (without Shield 19'-10" 19'-1 O" 19'-7" 
Walls) 

Overall Width (without Shield 
9'-8" 9'-8" 8'-5" 

Walls) 

Overall Height 15'-0" 15'-0" 17'-1 O" 

Roof Thickness 3'-0" 3'-0" 5'-8" 

End Shield Wall Thickness 2'-0" 2'-0" 3'-0" 

Rear Shield Wall Thickness 2'-0" 2'-0" 3'-0" 

Si~e\ivall,Thickness- 1'-6" 1'-6" 1'-0 

Back Wall Thickness 1'-0" 1'-0" 1'-0" 

Front Wall Thickness 2'-6" 2'-6" 2'-6" 

Floor Thickness 1'-0" 1'-0" N/A 

- 8" thick consisting 
of concrete core 24" thick consisting 24" thick consisting 

Door Construction (- 6") encased by of reinforced of reinforced 
stainless concrete concrete 
steel (2") 

Inlet Vent Configuration 
4 along lower side 4 along lower side 1 along bottom front 

walls walls wall 

Inlet Vent Area 1200 in2 1200 in2 792 in2 

Outlet Vent Configuration 
4 along upper side 4 along upper side 1 along interface of 

walls walls roof and rear wall 

Outlet Vent Area 1680 in2 1680 in2 608 in2 

Gap Between Adjacent Modules 
6" 6" O" 

Placed Side-By-Side 

Bird Screen Type 
Wire Cloth 3/4" Wire Cloth 3/4" Wire Cloth 3/4" 

mesh x 0.120' wire mesh x 0. 120' wire mesh x 0.080" wire 

Weight - Base Unit (including 164,403 <1> 167,267 <1> 175,678 
HSM support steel) 

Weight - Roof 80,970 <
1> 82,486 <1> 134,043 

Weight Door 6,556 11,200 12,599 

Structural steel Structural steel 
Guide rails bolted to 

DSC Support Steel frame with rails frame with rails 
concrete to permit 

Configuration installed to permit installed to permit 
sliding of DSC 

sliding of DSC sliding of DSC 

Heat Shield Thickness 
12 Gauge (0.1054") 12 Gauge (0.1054") 12 Gauge (0.1054") 

Galvanized Steel Galvanized Steel Stainless Steel 

Note: (1) Based on BWR dimensions and weights which envelope the PWR dimensions and weights . 
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R.2 Principal Design Criteria 

This section provides the principal design criteria for the NUHOMS® HSM Model 152 System. 
The principal design criteria for the NUHOMS® HSM Model 152 are the same as the 
NUHOMS® HSM Model 80 and Model 102 as described in Chapter 3. Section R.2.1 presents a 
general description of the spent fuel to be stored. Section R.2.2 provides the design criteria for 
environmental conditions and natural phenomena. Section R.2.3 provides a description of the 
systems which have been designated as important to safety. Section R.2.4 discusses 
decommissioning considerations. Section R.2.5 summarizes the NUHOMS® HSM Model 152 
design criteria. 

R.2.1 Spent Fuel To Be Stored 

The NUHOMS® DSCs are designed to store a total of 24 or 32 PWR fuel assemblies and 52 or 
61 BWR fuel assemblies with the same characteristics as those described, respectively, in 
Chapter 3 and Appendices Chapters K.2, L.2, M.2, and N.2. 

R.2.1.1 General Operating Functions 

No change to Section 3.1.2. 

R.2.2 Design Criteria for Environmental Conditions and Natural Phenomena 

The NUHOMS® HSM Model 152 is handled and utilized in the same manner as the existing 
NUHOMS® HSM Model 80 and Model 102 Systems. The environmental conditions, natural 
phenomena and design criteria are the same as described for the NUHOMS® HSM Model 80 and 
Model 102 in Chapter 3. Design criterfa for the NUHOMS® DSC and TC remain unchanged. 

R.2.2.1 Tornado Wind and Tornado Missiles 

No change to Section 3.2.1. 

R.2.2.2 Water Level (Flood) Design 

No change to Section 3.2.2. 

R.2.2.3 Seismic Design 

No change to Section 3.2.3. 

R.2.2.4 , '· Sriow and Ice Loading 

No change to Section 3.2.4. 

R.2.2.5 Combined Load Criteria 

No change to Section 3.2.5 . 

I 
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R.2.3 Safety Protection Systems 

R.2.3.l General 

No change to Section 3.3.1. 

R.2.3 .2 Protection By Multiple Confinement Barriers and Systems 

No change to Section 3.3.2. 

R.2.3.3 Protection By Eguipment and Instrumentation Selection 

No change to Section 3.3.3. 

R.2.3 .4 Nuclear Criticality Safety 

R.2.3 .4.1 Control Methods for Prevention of Criticality 

No change to Section 3.3.4. 

R.2.3.4.2 Error Contingency Criteria 

No change to Section 3.3.4. 

R.2.3.4.3 Verification Analysis-Benchmarking 

No ~hange to Section 3.3.4. 

R.2.3.5 Radiological Protection 

No change to Section 3.3.5. 

R.2.3.6 Fire and Explosion Protection 

No change to Section 3.3.6. 

R.2.4 Decommissioning Considerations 

No change to Section 3.5. 

R.2.5 Summary ofNUHOMS® HSM Model 152 Design Criteria 

The principal design criteria for the NUHOMS® HSM Model 152 are the same as those 
presented for the NUHOMS® HSM Model 80 and Model 102 in Chapter 3. The NUHOMS® 
HSM Model 152 is designed to store a DSC loaded with PWR or BWR fuel assemblies identical 
to those stored in a NUHOMS® HSM Model 80 or Model 102 as described in Chapter 3 and 
Appendi,ces Chapters K.2, L.2, M.2, and N.2 . 
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The HSM Model 152 has a single air inlet vent located at the lower front wall of the base unit 
and a single air outlet vent located at the rear of the roof slab. A roof vent shield cap is installed 
above the outlet vent to provide additional shielding. 

For thermal protection of the HSM Model 152 concrete, stainless steel or carbon steel heat 
shields or metal-coated carbon steel heat shields are installed on the sidewalls of the base unit. 
Heat shields are also installed under the roof. The heat shields guide cooling ventilation airflow 
through the HSM Model 152. 

The HSM Model 152 front door is a two-foot thick composite door (i.e., reinforced concrete and 
steel) which provides missile protection and shielding for the DSC. The door is rectangular on 
the outside of the opening and it is circular at the rear where it fits into the opening in the base 
unit. In addition, a Yz to 3/4-inch thick circular steel plate is attached to the rear of the door. 

During DSC insertion/retrieval operations, the TC is docked with the HSM Model 152 docking 
surface and mechanically secured to the HSM Model 152 cask restraint embedments provided in 
the lower front wall of the HSM Model 152 base unit. These embedments are equally spaced on 
either side of the HSM Model 152 access opening and serve to restrain the transfer trailer skid 
during insertion/retrieval of the DSC. 

R.3.1.2 Design Criteria 

The design criteria for the HSM Model 152 are provided in Section R.2.2. The design criteria 
for the DSC and TC are not changed. 

R.3 .2 Weights 

Table R.3-1 shows the weights of the various components of the NUHOMS® HSM Model 152 
sys~em.·,The dead weights of the components are determined based on the nominal dime11sions. 

R.3.3 Mechanical Properties of Materials 

The material and section properties used for different components of the HSM Model 152 and 
the internal DSC support structure are provided in Table 8.1-3. The temperature-dependent 
material properties for concrete, ASTM A36 carbon steel, and ASME SA240, Type 304 and 
SA479 stainless steel are also provided in Table 8.1-3. 

R.3 .4 General Standards for Casks 

No change to Sections 3.4.1, K3.4, M.3.4, P.3.4.1. 

R.3.5 Fuel Rods 

No change to Section 3.1.1 . 
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R.3.6 Structural Analysis (Normal and Off-Normal Operations) 

In accordance with NRC Regulatory Guide 3.48 [3.1] the design events identified by ANSI/ANS 
57.9-1984, [3.2] form the basis for the accident analyses performed for the standardized 
NUHOMS® system. Four categories of design events are defined. Design event Types I and II 
cover normal and off-normal events and are addressed in Section 8.1. Design event Types III 
and IV cover a range of postulated accident events and are addressed in Section 8.2. The 
purpose of this section of the Appendix is to present the structural analyses for normal and off
normal operating conditions for the NUHOMS® HSM Model 152 system using a format similar 
to the one used in Section 8.1 for analyzing the NUHOMS® HSM Model 80 and Model 102 
systems. 

R.3.6.1 Normal Operation Structural Analysis 

Table 8.l~l shows the normal operating loads for which the NUHOMS® safety-related . 
components are designed. The table also lists the individual NUHOMS® components which are 
affected by each loading. The magnitude and characteristics of each load are described in Section 
R.3.6.1.1. 

The method of analysis and the analytical results for each load are described in Section R.3.6.1.2. 

R.3.6.1.1 Normal Operating Loads 

The normal operating loads for the NUHOMS® system components are: 

1. Dead Weight Loads 

2. Design Basis Internal and External Pressure Loads 

3. Design Basis Thermal Loads 

4. Operational Handling Loads 

5. Design Basis Live Loads 

These loads ·are described in detail in the following paragraphs. 

A. Dead Weight Loads 

Table R.3-1 shows the weights of various components of the NUHOMS® HSM Model 152 
system. The deadweight of the component materials is determined based on nominal component 
dimensions. 

B. Design Basis Internal and External Pressure 

No change to Section 8.1.1.lB . 
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The factor of safety (F.S.) against overturning for a single, freestanding HSM Model 152 with 
the shield walls due to the postulated design basis flood water velocity is given by: 

F.S. = 23,161 I 17,542 = 1.32 

The required minimum factor of safety against overturning is 1.1 [3 .2]. Therefore, the 
overturning factor of safety is within the allowable value. 

R.3.7.4.3 HSM Model 152 Flooding Sliding Analysis 

The .factor of safety against sliding of a freestanding HSM Model 152 due to the maximum 
postulated-floodwater velocity of 15 fps is calculated using methods similar to those described 
above. The effective weight of the HSM Model 152 including the DSC and end shield wall 
acting vertically downward, less the effects of buoyancy acting vertically upward is 329.5 K. 
The friction force resisting sliding of the HSM Model 152 is equal to the product of the net 
weight of the HSM Model 152 and DSC and the coefficient of friction for concrete placed 
against another concrete surface such as that between the HSM Model I 52 and basemat, which is 
0.6 [3.7]. Therefore, the force resisting sliding of the HSM Model I52 is 0.6 x 329.5 or I97.7 
kips. The drag force acting on a HSM Model I52 is 8.07 kips/ft x I9.583 = 158.I kips total 
acting on the side wall of a single HSM Model I 52, due to a flood velocity of 15 fps. The 
resulting factor of safety against sliding of a free standing HSM Model 152 due to the design 
basis flood water velocity is I .25. The required minimum factor of safety against sliding = I. I 
[3.2]. Therefore, the sliding factor of safety is within the allowable value . 

R.3.7.5 Lightning 

No change to Section 8.2.6. 

R.3.7.6 Blockage ofHSM Model I52 Air Inlet and Outlet Openings 

This accident conservatively postulates the complete blockage of the HSM Model I 52 
ventilation air inlet _and outlet openings on the HSM Model I 52. Since the NUHOMS® HSM 
Model l52s are located outdoors, there is a remote probability that the ventilation air inlet and 
outlet openings could become blocked by debris. The NUHOMS® design features such as the 
perimeter secur~ty fence, the above ground location of the air inlet opening and protected 
location of the outlet vent opening and the vent screens reduces the probability of occurrence of 
such an accident. Nevertheless, for this conservative generic analysis, such an accident is 
postulated to occur and is analyzed. 

The structural consequences due to the weight of the debris blocking the air inlet and outlet vent 
openings are negligible and are bounded by the HSM Model I 52 loads induced for a postulated 
tornado (Section 8.2.2) or earthquake (Section 8.2.3). 

The thermal effects of this accident for various NUHOMS® DSCs with a 24 kW heat load are 
described in Sections R.4 and R. I I . 
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The canister stop plates are loaded by the normal and off-normal handling loads and seismic 
loads. The normal handling load during the insertion of the DSC is 60 kips on both of the rails. 
The maximum off-normal handling load is 80 kips on one rail. The seismic load considering a 
conservative factor of 1.5 is 95.625 kips acting on each plate. Stresses in the canister stop plates, 
rail-to-canister stop end plate weld, and canister stop end plate-to-stiffener plate welds are all 
determined to be less than the specified allowables. 

R.3.7.8.8 Thermal Cycling of the HSM Model 152 

No change to Section 8.2.10.5. 

R.3.7.8.9 Evaluation ofHSM Model 152 Concrete Components with Temperature Exceeding 
Code Limits 

The maximum concrete temperature under normal and off-normal condition for the HSM Model 
152 are 221°F and 231/234°F (for ll 7°F and 125°F ambient conditions), respectively. These 
temp~~atures exceed 200°F in normal condition and 225°F in off-normal condition, but do not 
exceed 300°F. Therefore, as specified in CoC 1004 SER [3.9], no tests or reduction in concrete 
strength are required to demonstrate the capability of the concrete to adequately handle the 
elevated temperatures provided Type II cement is used and special aggregates are selected which 
are acceptable for concrete in this temperature range. This approach is consistent with 
standardized HSM design, for which special aggregates for the roof concrete mix are provided . 

The maximum concrete temperature for a 40-hour blocked vent condition is 394/397°F (for 
1l7°F and 125°F ambient conditions), which exceeds the 350°F limit specified in CoC 1004 SER 
[3 .9]. As noted in the CoC 1004 SER [3 .9], use of any Portland cement concrete where accident 
temperature exceeds 350°F will require testing be performed on the exact concrete mix. Elevated 
temperature testing of the exact concrete mix (cement type, additives, water-cement ratio, 
aggregates, proportions) is to be performed for the HSM Model 152. The use of high 
temperature concrete testing is explicitly accepted by the NRC, as documented in the NRC's 
SER, Section 3.0, Page 3-5. The testing shall demonstrate the level of strength reduction is less 
than that which was applied (10% in the calculation), and show that the increased temperatures 
do not cause deterioration of the concrete. 

·., ... : l .. 
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DSC stored in HSM Model 152 does not exceed 100°F for 5-year old or greater cooled fuel when 
the DSC is fully loaded with 24 KW heat load. 

R.4.4.5 

[4.1] 

[4.2] 

References 
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R.9 Acceptance Tests and Maintenance Program 

R.9.1 Acceptance Tests 

The addition of the HSM Model 152 to the standardized NUHOMS® system does not result in 
any __ change to the Pre-Operational Tests described in Section 9.2 since the transfer cask involved 
is not changed arid the HSM Model 152 is very similar to the HSM Model 102 from an 
operations perspective. 

Prior to operation of the ISFSI for a particular plant, the licensee should perform functional tests 
of the in-plant operations, the on-site transfer operations, and DSC insertion and retrieval 
(operations at the I SF SI). These tests are intended to verify that the storage system components 
(e.g., DSC, HSM, transfer cask, transfer equipment, etc.) operate safely and effectively. Such a 
program has been successfully completed for the NUHOMS® ISFSis at Duke Power Company's 
Oconee Nuclear Station, Baltimore Gas and Electric Company's Calvert Cliffs Nuclear Power 
Plant, Toledo Edison's Davis Besse Nuclear Station and Pennsylvania Power and Light's 
Susquehanna Nuclear Station. 

R.9.1.1 Visual Inspection 

Visual inspections are performed at the fabricator's facility to ensure that the DSC and the HSM 
conform to the drawings and specifications. The visual inspections include verifying dimensions 
and the application of specified coatings and that the DSC is clean and free of defects. Visual 
inspections are performed in accordance with the requirements and acceptance criteria specified 
by the codes applicable to the associated components. 

Upon arrival at the site, the DSCs and HSMs are again inspected to ensure that they have not 
been damaged during shipment. Conditions which are not in conformance with the drawings and 
specifications will be repaired or evaluated, in accordance with 1 OCFR 72.48, for the effect of 
the condition on the safety function of the components. 

R.9.1.2 Structural Tests 

No change to Section 9.2 associated with the addition of the HSM Model 152. 

R.9.1.3 Leak Tests and Pressure Tests 

No change to Section 9.2 associated with the addition of the HSM Model 152. 

R.9.1.4 Component Tests 

No change to Section 9.2 associated with the addition ofHSM Model 152. 

R.9.1.5 Shielding Integrity Tests 

No change to Section 9.2 associated with the addition of the HSM Model 152 . 

. .!. 

NUH-003 
Revision 13 R.9-1 January 2014 I 



• 

• 

• 

R.9.1.6 Thermal Acceptance Tests 

No change associated with the addition of the HSM Model 152. 

R.9.1.7 Neutron Absorber Tests 

No change associated with the addition of the HSM Model 152. 

R.9.2 Maintenance Program 

The NUHOMS® HSM Model 152 system is designed to be totally passive and require minimal 
maintern,mce .. The DSC does not require any maintenance once it is loaded into the HSM Model 
152~ ' ' -

R.9.3 Training Program 

No change to Section 9.3 . 

, - I 
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T.1.2.2.l General Features 

The NUHOMS®-61BTH DSC is designed to safely store 61 intact BWR fuel assemblies or up to 
16 damaged and remaining intact fuel assemblies. The NUHOMS®-61BTH DSC is designed to 
maintain the fuel cladding temperature below allowable limits during normal storage, short-term 
accident conditions, short-term off-normal conditions and fuel loading/transfer operations. 

The criticality control features of the NUHOMS®-61BTH DSC are designed to maintain the 
neutron multiplication factor k-effective less than the upper subcritical limit equal to 0.95 minus 
benchmarking bias and modeling bias under all conditions. 

T.1.2.2.2 Sequence of Operations 

The sequence of operations to be performed in loading fuel into the NUHOMS®-61BTH DSCs is 
presented in Chapter T.8. 

T.1.2.2.3 Identification of Subjects for Safety and Reliability Analysis 

T.1.2.2.3) Criticality Prevention 

Criticality is controlled by geometry and by utilizing fixed neutron poison material in the fuel 
basket. During storage, with the DSC cavity dry and sealed from the environment, criticality 
control measures within the installation are not necessary because of the low reactivity of the 
fuel in the dry NUHOMS®-6 lBTH DSC and the assurance that no water can enter the DSC 
cavity during storage. 

T.1.2.2.3.2 Chemical Safety 

There are no chemical safety hazards associated with operations of the NUHOMS®-61BTH 
system. 

T.1.2.2.3.3 Operation Shutdown Modes 

The NUHOMS®-61BTH DSC system is a totally passive system so that consideration of 
operation shutdown modes is unnecessary. 

T.1.2.2.3.4 Instrumentation 

No ".h_ange to Section 5.1.3.4. 

T.1.2.2.3.5 Maintenance Techniques 

No change to Section 5.1.3.5 . 
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DSC are 15, 20, and 120 psig for normal, off-normal and accident conditions, respectively during 
storage and transfer operations. 

T.2.1.1 General Operating Functions 

No change to Section 3.1.2 . 
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T.2.2 Design Criteria for Environmental Conditions and Natural Phenomena 

The NUHOMS®-61BTH DSC is handled and stored in the same manner as the existing 
NUHOMS®-61BT System. The environmental conditions and natural phenomena are the same 
as those described in the existing UFSAR Appendix K. Updated criteria are given in the 
applicable section. Table T.2-14 summarizes the design criteria for the 61BTH DSC. This table 
also summarizes the applicable codes and standards utilized for design. Design criteria for the 
Standardized HSM Model 80, 102, 152 and 202 remain the same as shown in Section 3.2.5 of 
the UFSAR. Design criteria for the HSM-H is the same as described in Appendix P. The 
OS 197FC TC described in the UFSAR, provided with a modified top lid, is designated as 
OS197FC-B TC. The design criteria for OS197FC-B TC remain the same as shown in Section 
3.2.5 of the UFSAR. 

T.2.2.1 Tornado Wind and Tornado Missiles 

No change to Section P.2.2.1 for HSM-H or to Section 3.2.5 for the standardized HSM. 

The evaluation of tornado-generated missile loads on the transfer cask summarized in Section 8.2 
of the UFSAR remains unchanged. 

T.2.2.2 Water Level (Flood) Design 

No change to Section 3.2.2 . 

T.2.2.3 Seismic Design 

The seismic design criteria for the HSM-H, the 61BTH DSC and the OS197FC-B TC are 
consistent with the criteria set forth in Section 3.2.3, with the exception that the NRC Regulatory 
Guide 1.60 (R.G. 1.60) [2.6] response spectra is anchored to a maximum ground acceleration of 
0.30g (instead of 0.25g) for the horizontal components and 0.20g (instead of 0. l 7g) for the 
vertical component. The results of the frequency analysis of the HSM-H structure (which 
includes a simplified model of the DSC) yield a lowest frequency of23.2 Hz in the transverse 
direction and 28.4 Hz in the longitudinal direction. The lowest vertical frequency exceeds 33 Hz. 
Thus, based on the R.G. 1.60 response spectra amplifications, the corresponding seismic 
accelerations used for the design of the HSM-H are 0.37g and 0.33g in the transverse and 
longitudinal directions, respectively, and 0.20g in the vertical direction. The corresponding 
accelerations applicable to the DSC are 0.41g and 0.36g in the transverse and longitudinal 
directions, respectively, and 0.20g in the vertical direction. The seismic analysis of the HSM-H 
and 61BTH DSC are further discussed in Section T.3.7. 

The seismic design criteria for the HSM Model 80, 102, 152 or 202 do not change from that 
documented in Section 8.2 of the UFSAR for Models 80/102 or the applicable appendix for 
Models 152/202. Similarly, the seismic design criteria for OS197 TC or OS197H TC remain 
unchanged from that documented in Section 8.2, except for seismic which is the same as HSM
H . 
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T.2.2.4 Snow and Ice Loading 

No change to Section 3.2.4. 

T.2.2.5 Combined Load Criteria 

The NUHOMS®-61BTH system is subjected to the same types of loads as the existing 
NUHOMS®-61BT system. The load combination criteria for the OS197FC-B TC for transfer are 
the same as those shown in the UFSAR Table 3.2-7. Similarly, the load combination criteria for 
the HSM Model 80, 102, 152, or 202 do not change from that documented in the UFSAR. The 
criteria applicable to the NUHOMS®-61BTH DSC and HSM-H are discussed in the following 
subsections. 

T.2.2.5.1 NUHOMS®-61BTH DSC Structural Design Criteria 

The NUHOMS®-61BTH DSC is designed using the ASME Boiler and Pressure Vessel Code 
[2.2] criteria given in the existing UFSAR, Appendix K for the 61BT, except as noted in the 
following.sections. A summary of the NUHOMS®-61BTH DSC load combinations is presented 
in Table T .2-11. · 

T.2.2.5.1.1 NUHOMS® -6 lBTH DSC Shell Stress Criteria 

The 61BTH DSC is designed utilizing linear elastic and nonlinear elastic-plastic analytical 
methods. The stress limits for the NUHOMS®-61BTH DSC shell are taken from the ASME 
Boiler and Pressure Vessel Code, Section III, Subsection NB, Article NB-3200 [2.2] for normal 
condition loads (Level A) and NB-3225, Appendix F for accident condition loads (Level D). The 
stress limits for Level B and Level C are taken from ASME, Section III, Subsection NB, 
Paragraph NB-3223 and 3224. The 61BTH DSC shell stress limits are summarized in Table 
T.2-12. 

Local yielding is permitted at the point of contact where the Level D load is applied. If elastic 
stress limits cannot be met, the plastic system analysis approach and acceptance criteria of 
Appendix F of ASME Section III are used. 

The allowable stress intensity value, Sm, as defined by the Code is based on the temperature 
calculated for each service load condition or a bounding temperature. 

T.2.2.5.1.2 NUHOMS®-61BTH DSC Shell Assembly Stability Criteria 

Stability of the 61BTH DSC shell assembly is addressed for those load conditions in which the 
61BTH DSC is under external hydrostatic pressure (e.g., vacuum drying and external flood load 
cases) and/or axial compression, (e.g., loading the shell due to the shield plug's deadweight). 
Stability criteria are from ASME Section III, NB-3133 .3 and NB-3133 .6 . 
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T.2.3 Safety Protection Systems 

T.2.3.1 General 

The NUHOMS®-6 lBTH system is designed to provide storage of spent fuel for at least 40 years. 
The DSC cavity is inerted and backfilled with helium and the internal pressure is always above 
atmospheric during the storage period as a precaution against in-leakage of air, which could be 
harmful to the fuel. Since the confinement vessel consists of a steel cylinder with an integrally 
welded bottom closure, and a seal welded top closure that is verified to be leak tight after 
loading, the DSC cavity gas cannot escape. 

Only those features that are not addressed in the existing UFSAR, Chapter 3, or have been 
revised, are addressed in this Section. Those features include the thermal and nucleonic 
performance of the poison plates, and their acceptance. The quality category classification for the 
various NUHOMS® System Components is described in Section 3.4. The quality categories for 
the 61BTH system are summarized in Table T.2.15. The detailed quality category of components 
of the NUHOMS®-61BTH DSC and OS197FC-B TC that are "Important to Safety" and "Not 
Important to Safety" are also shown on the drawings listed in Section T.1.5. 

T.2.3.2 Protection By Multiple Confinement Barriers and Systems 

The NUHOMS®-61BTH DSC provides a leak tight confinement of the spent fuel. Similar to the 
existing NUHOMS®-61BT DSC, sealing of the NUHOMS®-61BTH DSC involves leak testing 
to the criteria of ANSI N14.5 [2.3] after loading and sealing the canister, as described in Chapter 
T.7. 

T.2.3.3 Protection By Equipment and Instrumentation Selection 

No change to Section 3.3.3. 

T.2.3.4 Nuclear Criticality Safety 

T.2.3.4.1 Control Methods for Prevention of Criticality 

The design criterion for criticality is that an upper subcritical limit (USL) of 0.95 minus 
benchmarking bias and modeling bias will be maintained for all postulated arrangements of fuel 
within the DSC. The fuel assemblies are assumed to stay within their basket compartment based 
on the DSC and basket geometry. 

The control method used to prevent criticality is incorporation of neutron absorber material in the 
basket material and favorable geometry. The quantity and distribution of boron in the poison 
material is controlled by specific manufacturing and acceptance criteria of the poison plates. The 
acceptance criteria of the neutron absorber materials is described in Chapter T.9. 

The basket has been designed to assure an ample margin of safety against criticality under the 
conditions of fresh fuel in a DSC flooded with pool water. The method of criticality control is in 
accordance with the requirements of 10CFR72.124 [2.5] . 
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• The criticality analyses performed for the 61BTH system are described in Chapter T.6. 
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• 

T.2.3.4.2 Error Contingency Criteria 

Provision for error contingency is built into the criterion used in Section T.2.3.4.l above. The 
criterion used in the criticality analysis is common practice for licensing submittals. Because 
conservative assumptions are made in modeling, it is not necessary to introduce additional 
contingency for error. 

T.2.3.4.3 Verification Analysis-Benchmarking 

The verification analysis benchmarking used in the criticality safety analysis is described in 
Chapter T.6. 

T.2.3.5 Radiological Protection 

No change to Section 3.3.5. 

T.2.3.6 Fire and Explosion Protection 

No change to Section 3.3.6 . 
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No change to Section 3.5 . 
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Table T.2-1 
BWR Fuel Specification for the Fuel to be Stored in the NUHOMSW-61BTH DSC 

PHYSICAL PARAMETERS: 

Fuel Class Intact or damaged 7x7, 8x8, 9x9 or 1Oxl0 BWR 
assemblies manufactured by General Electric or 
Exxon/ANF or FANP or reload fuel manufactured by 
other vendors that are enveloped by the fael assembly 
design characteristics listed in Table T2-2. Damaged 

' 
fuel assemblies beyond the definition contained below 
are not authorized for storaf!e. 
Damaged BWRfuel assemblies are assemblies 
containing fuel rods with known or suspected cladding 
defects greater than hairline cracks or pinhole leaks. 

Fuel Damage 
The extent of damage in the fuel assembly is to be 
limited such that the fuel assembly will still be able to be 

' 
handled by normal means and retrievability is assured 

' 
following normal and off.normal conditions. Missing 
fuel rods are allowed. 

RECONSTITUTED FUEL ASSEMBLIES: 
• Maximum Number of Reconstituted Assemblies per 4 

DSC with Irradiated Stainless Steel Rods 
• Maximum Number of Irradiated Stainless Steel Rods 10 

per Reconstituted Fuel Assembly 
• Maximum Number of Reconstituted Assemblies per 61 

DSC with unlimited number of low enriched U02 
rods or Zr Rods or Zr Pellets or Unirradiated 
Stainless Steel Rods 

Number of Intact Assemblies ~61 I 
Up to 16 damagedfael assemblies, with balance intact 
or dummy assemblies, are authorized/or storage in 
61BTH DSC. 

Number and Location of Damaged Assemblies Damagedfael assemblies may only be stored in the 2x2 
compartments as shown in Figure T.2-9. The DSC 
basket cells which store damagedfael assemblies are 
provided with top and bottom end caps to assure 

'- retrievability. 

Channels 
Fuel may be stored with or without channels, channel 

I fasteners, or finf!er sorinf!s. 
Maximum Initial Uranium Content 198 k~lassemblv I 
Maximum Assembly Weif!ht with Channels 705 lbs I 
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Table T.2-1 
BWR Fuel Specification/or the Fuel to be Stored in the NUHOMS19-6JBTH DSC 

(Concluded) 

THERMAL/RADIOLOGICAL PARAMETERS: 
Allowable Heat Load Zoning Configurations for each Per Figure T.2-1 or Figure T.2-2 or Figure T.2-3 or 
Type 1 61 BTH DSC Figure T.2-4. 

Allowable Heat Load Zoning Configurations for each Per Figure T.2-1 or Figure T.2-2 or Figure T2-3 or 
Type 2 61BTH DSC: Figure T.2-4 or Figure T.2-5 or Figure T.2-6 or 

Figure T.2-7 or Figure T.2-8. 

Burnup, Enrichment, and Minimum Cooling Time for Per Table T.2-7 for Zone 3 fuel. 
Heat Load Zoning Configuration 1 

Burnup, Enrichment, and Minimum Cooling Time for Per Table T.2-6/or Zone 2fael, Table T.2-8/or 
Heat Load Zoning Corifiguration 2 Zone 4 fuel, and Table T.2-9 for Zone 5 fuel. 

Burnup, Enrichment, and Minimum Cooling Time for Per Table T2-6for Zone 2fuel. 
Heat Load Zoning Corifiguration 3 

Burnup, Enrichment, and Minimum Cooling Time for Per Table T.2-5 for Zone 1 fael, Table T.2-6/or Zone 2 
Heat Load Zoning Corifiguration 4 fuel, Table T.2-8 for Zone 4 fuel, and 

Table T.2-9 for Zone 5 fuel. 

Burnup, Enrichment, and Minimum Cooling Time for Per Table T.2-6 for Zone 2 fuel and Table T.2-9 for 
Heat Load Zoning Configuration 5 Zone 5fuel. 

Burnup, Enrichment, and Minimum Cooling Time for Per Table T2-5 for Zone 1 fuel, Table T.2-8 for Zone 4 
Heat Load Zoning Configuration 6 fuel, Table T.2-9 for Zone 5 fael, and Table T.2-10 for 

Zone 6fuel. 

Burnup, Enrichment, and Minimum Cooling Time for Per Table T.2-8/or Zone 4 fael and Table T2-9 for 
Heat Load Zoning Configuration 7 Zone 5fuel. 

Burnup, Enrichment, and Minimum Cooling Time for Per Table T.2-6/or Zone 2fuel, Table T.2-7 for Zone 3 
Heat Load Zoning Corifiguration 8 fuel, Table T.2-8/or Zone 4 fuel, and Table T.2-9 for 

Zone 5fuel. 

Maximum Lattice Avera~e Initial Enrichment Per Table T.2-3 or Table T.2-4 
Maximum Pellet Enrichment 5.0 wt. % U-235 

Maximum Decay Heat Limits for Zones 1, 2, 3, 4, 5 
Per Figure T.2-1 or Figure T.2-2 or Figure T.2-3 or 

and6Fuel 
Figure T.2-4 or Figure T.2-5 or Figure T.2-6 or Figure 
T.2-7 or Figure T.2-8 

Decay Heat per DSC 
~ 22.0 kWfor Tvve 1 DSC 
~ 31.2 kW for Type 2 DSC 

Minimum BJ 0 Content in Poison Plates Per Table T.2-3 or Table T.2-4 
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Table T.2-2 

BWR Fuel Assembly Design Characteristici1J for the NUHOM~-61BTH DSC 

Transnuclear ID 
7x7 8x8 8x8 8x8 8x8 9x9 lOxlO 7x7 
4910 6311 6212 6014 6011 7412 9212 4910 

Initial Design or GEl GE-5 .. 
Reload Fuel GE2 GE4 

GE-Pres GE8 GE9 GEJJ GE12 
ENC-IIIA 

Designation GE3 
GE-Barrier Type II GEIO GEl3 GEl4 
GE8 Type! 

Maximum Length 
176.51 176.51 176.51 176.51 176.51 176.51 176.51 176.51 (in) (Unirradiated) 

Fissile Material U02 U02 U02 U02 U02 U02 U02 · U02 
Maximum Number 

49 63 62 60 60 74 92 49 of Fuel Rods 

(1) Any fuel channel average thickness up to 0.120 inch is acceptable on any of the fuel designs. 
(2) Includes ENC-11/E and ENC-11/F. 
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7x7 8x8 8x8 
48/lZ 60/4Z 6212 

ENC-Ilf2! ENC Va FANP 
ENCVb 8x8-2 

176.51 176.51 176.51 

U02 U02 U02 

48 60 62 

• 
9x9 SiemensQ lOxlO 
7912 FA 9111 

,. 

FANP9 
9x9 ATRIUM-JO 

9x9-2 

176.2 176.51 176.51 

U02 U02 U02 

79 72 91 --
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Table T.2-3 
Maximum Fuel Assembly Lattice Average Initial Enrichment vis Minimum Bl 0 Requirements for the 

NUHOMSW-61BTH DSC Poison Plates (Intact Fuel) 

Maximum Lattice 
Minimum Bl 0 Areal Density, 

6JBTHDSC (grams/cm2
) 

Type 
Basket Type Average Enrichment 

Borated (wt. % U-235) 
Aluminum/MMC 

Bora~ 

A 3.7 0.021 0.025 

B 4.1 0.032 0.038 

' c 4.4 0.040 0.048 .J 
0.058 D 4.6 0.048 

E 4.8 0.055 0.066 

F 5.0 0.062 0.075 

A 3.7 0.022 0.027 

B 4.1 0.032 0.038 

c 4.4 0.042 0.050 
2 

0.058 D 4.6 0.048 

E 4.8 0.055 0.066 

F 5.0 0.062 0.075 

~ 

! 
(1) 
'J> 

§ 
Su;· 
'd 

~ 
I a 
I ~ 
I ~ 
I 
I 
I 
I 

I 
I 
I 
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Table T.2-4 
Maximum Fuel Assembly Lattice Average Initial Enrichment vis Minimum BJO Requirements for the 

NUHOM~-61BTH DSC Poison Plates (Damaged Fuel) 

Maximum Lattice Average Enrichment (wt. Minimum Bl 0 Areal Density, 

61BTH 
% U-235) (f!rams/cm2

) 

DSC Type 
Basket Type Up to 4 Damaged Five or More Damaged 

Borated 
Assembliei1J Assembliei1J BorafJ 

(16 Maximum) 
Aluminum/MMC 

A 3.7 2.80 0.021 0.025 

B 4.1 3.10 0.032 0.038 

c 4.4 3.20 0.040 0.048 
1 

0.058 D 4.6 3.40 0.048 

E 4.8 3.50 0.055 0.066 

F 5.0 3.60 0.062 0.075 

A 3.7 2.80 0.022 0.027 
" 

0.058 
-

B 4.1 3.10 0.032 

c 4.4 3.20 0.042 0.050 
2 

0.058 D 4.6 3.40 0.048 

E 4.8 3.50 0.055 0.066 

F 5.0 3.60 0.062 0.075 

Note 1: See Figure T.2-9 for the location of damaged fuel assemblies within the 61 BTH DSC. 
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Table T.2-5 
BWR Fuel Qualification Table for Zone 1 Fuel with 0.22 kW per Assembly for the NUHOMS9-6JBTH DSC 

(Minimum required years of cooling time after reactor core discharge) 

Assemb/) AveraJ?e Initial Enriclzment (wl % U-2351 

1.2 1.5 2.0 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3.0 3.1 3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9 4.0 4.1 4.2 4.3 4.4 4.5 4.6 4.7 

3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

4.0 4.0 4.0 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 

5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 

6.0 6.0 6.0 6.0 6.0 6.0 6.0 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 

7.0 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 

8.5 8.5 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 

10.5 10.0 9.5 9.5 9.5 9.5 9.5 9.5 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 

11.0 11.0 11.0 11.0 11.0 11.0 11.0 11.0 11.0 11.0 11.0 11.0 11.0 11.0 10.5 10.5 10.5 10.5 10.5 10.5 10.5 10.5 10.5 10.5 10.0 10.0 10.0 10.0 

14.0 14.0 14.0 14.0 14.0 14.0 14.0 13.0 13.0 13.0 13.0 13.0 13.0 12.5 12.5 12.5 12.5 12.5 12.5 12.5 12.5 12.5 12.5 12.5 12.5 12.5 12.5 12.5 

"· 16.5 16.0 16.0 16.0 16.0 16.0 15.5 15.5 15.5 15.5 15.5 15.5 15.5 15.5 15.5 15.5 15.5 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 14.5 

. 19.5 19.0 19.0 19.0 19.0 18.5 18.5 18.5 18.5 18.5 18.5 18.5 18.5 18.0 18.0 18.0 18.0 18.0 18.0 18.0 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 

21.0 21.0 20.5 20.5 20.5 20.5 20.5 20.5 20.0 20.0 20.0 20.0 19.5 19.5 19.5 19.5 19.5 19.5 19.5 19.5 19.0 19.0 19.0 19.0 19.0 19.0 19.0 19.0 

22.0 21.5 21.5 21.5 21.5 21.5 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 20.5 20.5 20.5 20.5 20.5 20.5 20.5 20.5 

23.5 23.5 23.0 23.0 23.0 23.0 23.0 22.5 22.5 22.5 22.5 22.5 22.5 22.0 22.0 22.0 22.0 22.0 22.0 22.0 22.0 22.0 

24.5 24.5 24.5 24.5 24.5 24.5 24.0 24.0 24.0 24.0 24.0 24.0 24.0 24.0 24.0 24.0 23.5 23.5 23.5 23.5 23.5 23.5 

Not A11,a/yzed 26.0 26.0 26.0 26.0 26.0 25.5 25.5 25.5 25.5 25.5 25.5 25.5 25.5 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 

27.5 27.5 27.5 27.5 27.5 27.5 27.5 27.0 27.0 27.0 27.0 27.0 27.0 27.0 27.0 26.5 26.5 26.5 26.5 26.5 26.0 26.5 

29.0 29.0 29.0 29.0 29.0 28.5 28.5 28.5 28.5 28.5 28.5 28.5 28.5 28.5 28.0 28.0 28.0 28.0 28.0 27.5 27.5 27.5 

If 10 i1radiated stainless steel 
30.5 30.5 30.5 30.5 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 29.5 29.5 29.5 29.5 29.5 29.5 29.5 29.5 29.5 29.5 

rods are preselll in the . 31.5 31.5 31.5 31.5 31.5 31.5 31.5 31.5 31.5 31.5 31.0 31.0 31.0 31.0 31.0 31.0 31.0 31.0 31.0 30.5 30.5 30.5 

reconstituted fuel assembly, add 33.0 33.0 33.0 33.0 33.0 33.0 33.0 33.0 32.5 32.5 32.5 32.5 32.5 32.5 32.5 32.5 32.5 32.5 32.0 32.0 32.0 32.0 
an additional 5.0 years of 34.5 34.5 34.5 34.0 34.0 34.0 34.0 34.0 34.0 34.0 34.0 34.0 34.0 34.0 33.5 33.5 33.5 33.5 33.5 33.5 33.5 33.0 
cooling time. 

36.0 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.0 35.0 35.0 35.0 35.0 35.0 35.0 34.5 34.5 34.5 34.5 34.5 

37.0 37.0 37.0 37.0 37.0 37.0 36.5 36.5 36.5 36.5 36.5 36.5 36.5 36.5 36.5 36.5 36.0 36.0 36.0 36.0 36.0 36.0 

38.5 38.0 38.0 38.0 38.0 38.0 38.0 37.5 37.5 37.5 37.5 37.5 37.5 37.5 37.5 37.5 37.5 37.5 37.5 37.5 37.5 37.5 

39.5 39.5 39.5 39.5 39.5 39.5 39.0 39.0 39.0 39.0 39.0 39.0 39.0 39.0 39.0 39.0 39.0 39.0 39.0 39.0 39.5 39.0 

41.0 41.0 40.5 40.5 40.5 40.5 40.5 40.5 40.5 40.5 40.5 40.5 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 

41.5 41.5 41.5 41.5 41.5 41.5 41.5 41.5 41.5 41.5 41.5 41.5 41.5 41.5 41.5 41.5 41.5 41.5 41.5 41.5 41.0 41.0 

•• 43.0 43.0 43.0 43.0 42.5 42.5 42.5 42.5 42.5 42.5 42.5 42.5 42.5 42.5 42.5 42.5 42.5 42.5 42.5 42.5 42.5 42.5 

,>';, . 44.0 44.0 44.0 44.0 44.0 44.0 44.0 44.0 44.0 44.0 44.0 43.5 43.5 43.5 43.5 43.5 43.5 43.5 43.5 43.5 43.5 43.5 

45.0 45.0 45.0 45.0 45.0 45.0 45.0 45.0 45.0 45.0 45.0 45.0 45.0 45.0 45.0 45.0 45.0 45.0 45.0 45.0 45.0 44.5 

46.0 46.0 46.0 46.0 46.0 46.5 46.0 46.0 46.0 46.0 46.0 46.0 46.0 46.0 46.5 46.0 46.0 46.0 46.0 46.0 46.0 46.0 

47.0 47.0 47.0 47.0 47.0 47.0 47.0 47.0 47.0 '47.0 47.0 47.0 47.0 47.0 47.0 47.0 47.0 47.0 47.0 47.0 47.0 47.0 

48.0 48.0 48.0 48.0 48.0 48.0 48.0 48.0 48.0 48.0 48.0 48.0 48.0 48.0 48.0 48.0 48.0 48.0 48.0 48.0 48.5 48.0 
·. . .. .. 49.5 49.5 49.5 49.5 49.5 49.5 49.5 49.5 49.5 49.5 49.5 49.5 49.5 49.5 49.5 49.5 49.5 49.5 49.5 49.5 49.5 49.5 

Note: The page that follows Table T.2-10 provides the explanatory notes and limitations regarding the use of this table. 
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4.8 4.9 5.0 

3.0 3.0 3.0 

3.5 3.5 3.5 

4.5 4.5 4.5 

5.5 5.5 5.5 

6.0 6.0 6.0 

7.5 7.5 7.5 

8.5 8.5 8.5 

10.0 10.0 10.0 

12.5 12.5 12.5 

14.5 14.5 14.5 

17.5 17.5 17.5 

19.0 19.0 19.0 

20.5 20.5 20.5 

22.0 22.0 21.5 

23.5 23.5 23.5 

25.0 25.0 24.5 

26.0 26.0 26.0 

27.5 27.5 27.5 

29.0 29.0 29.0 

30.5 30.5 30.5 

32.0 32.0 32.0 

33.0 33.0 33.0 

34.5 34.5 34.5 

36.0 36.0 36.0 

37.5 37.5 37.0 

38.5 38.5 38.5 

40.0 40.0 39.5 

41.0 41.0 41.0 

42.5 42.5 42.5 

43.5 43.5 43.5 

44.5 44.5 44.5 

46.0 46.0 45.5 

47.0 47.0 47.0 

48.0 48.0 48.0 

49.5 49.5 49.5 
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Table T.2-6 

BWR Fuel Qualification Table for Zone 2 Fuel with 0.35 kW per Assembly for the NUHOMs®-61BTH DSC 
(Minimum required years of cooling time qfter reactor core discharge) 

Assembly 'Average Initial Enrichment (wl % U-235) 

1.2 1.5 2.0 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3.0 3.J 3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9 4.0 4.1 4.2 4.3 4.-1 4.5 4.6 4.7 

3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0. 

3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 -1.0 4.0 4.0 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 

4.5 4.5 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 

5.0 5.0 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 

5.5 5.5 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 

6.0 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 

6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 
6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 

7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 

7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 6.5 6.5 6.5 6.5 6.5 6.5 6.5 

7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 

8.0 8.0 8.0 8.0 8.0 8.0 8.0 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 

8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 7.5 7.5 7.5 7.5 7.5 

Not j{rJ.alyzed ,· 9.0 9.0 9.0 9.0 9.0 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.0 8.0 8.0 8.0 

9.5 9.5 9.5 9.5 9.5 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 8.5 8.5 8.5 

.•. '.c--:' i,, .: 10.5 10.5 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 9.5 9.5 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 

If 10 irradiated stainless steel 
. 11.0 11.0 10.5 10.5 10.5 10.5 10.5 10.5 10.5 10.5 10.5 10.5 10.5 10.0 10.0 10.0 10.0 10.0 9.5 9.5 9.5 9.5 

rods are present in the -: 12.0 11.5 JJ.5 11.5 JJ.O JJ.O 11.0 11.0 11.0 JJ.O 11.0 11.0 11.0 10.5 10.5 10.5 10.5 10.5 10.5 10.5 10.0 10.0 

reconstituted fuel assembly, add 12.5 12.5 12.5 12.5 12.5 12.5 12.0 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.0 
an additional 5. 0 years of 13.5 13.0 13.0 13.0 13.0 13.0 13.0 13.0 13.0 13.0 13.0 13.0 13.0 12.0 12.0 11.5 11.5 11.5 11.5 11.5 11.5 11.5 
cooling time. 14.5 14.5 14.5 14.5 14.5 14.5 14.5 14.5 13.0 13.0 13.0 13.0 13.0 13.0 13.0 13.0 13.0 13.0 12.5 12.5 12.5 12.0 

'? 15.5 15.0 15.0 15.0 15.0 15.0 15.0 15.0 14.0 14.0 14.0 14.0 14.0 14.0 14.0 14.0 14.0 14.0 14.0 13.0 13.0 13.0 
. 16.5 16.0 16.0 16.0 16.0 16.0 16.0 16.0 16.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 14.0 14.0 14.0 14.0 

17.5 17.0 17.0 17.0 17.0 17.0 17.0 17.0 17.0 16.0 16.0 16.0 16.0 16.0 16.0 16.0 16.0 16.0 16.0 15.0 15.0 15.0 

18.5 18.5 18.0 18.0 18.0 18.0 18.0 18.0 18.0 17.0 17.0 17.0 17.0 17.0 17.0 17.0 17.0 17.0 17.0 16.0 16.0 16.0 

20.5 20.5 19.0 19.0 19.0 19.0 19.0 19.0 19.0 18.0 18.0 18.0 18.0 18.0 18.0 18.0 18.0 18.0 18.0 17.0 17.0 17.0 
.• 21.5 21.5 20.5 20.5 20.5 20.5 20.5 20.5 20.5 19.0 19.0 19.0 19.0 19.0 19.0 19.0 19.0 19.0 18.0 18.0 18.0 18.0 

• 22.5 22.5 22.5 21.5 21.5 21.5 21.5 21.5 21.5 21.5 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 19.0 19.0 19.0 .. 22.5 22.5 22.5 22.5 22.5 22.5 22.5 22.5 22.5 22.5 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 20.0 
23.5 23.5 23.5 23.5 23.5 23.5 23.5 23.5 23.5 23.5 23.5 22.0 22.0 22.0 22.0 22.0 22.0 22.0 22.0 22.0 22.0 21.0 

. 24.5 24.5 24.5 24.5 24.5 24.5 24.5 24.5 24.5 24.5 24.5 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 22.0 

26.5 26.5 26.5 25.5 25.5 25.5 25.5 25.5 25.5 25.5 25.5 24.0 24.0 24.0 24.0 24.0 24.0 24.0 24.0 24.0 24.0 23.0 

... .. .. 27.5 27.5 27.5 27.5 26.0 26.0 26.0 26.0 26.0 2.6.0 26.0 26.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 

Note: The page that follows Table T.2-10 provides the explanatory notes and limitations regarding the use of this table. 
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4.8 4.9 5.0 

3.0 3.0 3.0 

3.0 3.0 3.0 

3.0 3.0 3.0 

3.5 3.5 3.5 

4.0 4.0 4.0 

4.5 4.5 4.5 

4.5 4.5 4.5 

5.0 5.0 5.0 

5.5 5.5 5.5 

6.0 '6.0 6.0 

6.5 6.5 6.5 

6.5 6.5 6.5 

7.0 7.0 7.0 
7.5 7.5 7.5 
7.5 7.5 7.5 
8.0 8.0 8.0 

8.5 8.5 8.5 

9.0 9.0 9.0 

9.5 9.5 9.5 

10.0 10.0 10.0 

10.5 10.5 10.5 

11.5 11.5 11.5 

12.0 12.0 12.0 

13.0 13.0 13.0 

14.0 14.0 14.0 
15.0 15.0 15.0 

16.0 16.0 16.0 
17.0 17.0 17.0 

18.0 18.0 18.0 
19.0 19.0 19.0 

20.0 20.0 20.0 

21.0 21.0 21.0 
22.0 22.0 22.0 
23.0 23.0 23.0 
25.0 24.0 24.0 
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Table T.2-7 

BWR Fuel Qualification Table for Zone 3 Fuel with 0.393 kW per Assembly for the NUHOMs®-61BTH DSC 
(Minimum required years of cooling time after reactor core discharge) 

Assembly Average Initial E11rich111e11t (wl % U-235) 

0.9 1.2 1.5 2.0 2.1 2.2 2.3 2.4 2.5 2.6· 2.7 2.8 2.9 3.0 3.1 3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9 4.0 4.1 4.2 4.3 4.4 4.5 4.6 4.7 

3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 
3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0. 3.0 3.0 3.0 3.0 
3.5 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 
4.0 4.0 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 
4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 
4.5 4.5 4.5 4.5 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
5.0 5.0 5.0 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 

5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 
5.5 5.5 5.5 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 
6.0 6.0 6.0 6.0 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 
6.5 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 5.5 5.5 5.5 5.5 5.5 5.5 5.5 
6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 

6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 1 6.0 
7.0 7.0 7.0 7.0 7.0 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.0 6.0 6.0 6.0 
7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 

Not Analyzed 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 6.5 6.5 
8.0 8.0 8.0 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.0 7.0 7.0 7.0 7.0 7.0 

. 8.5 8.5 8.0 8.0 8.0 8.0 8.0 8.0 8.0 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 

If I 0 irradiated stainless steel 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 7.5 7.5 7.5 

rods are present i11 the 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.0 8.0 8.0 8.0 8.0 8.0 

reco11stitutedfuel assembly, add 10.0 9.5 9.5 9.5 9.5 9.5 9.5 9.0 9.0 9.0 9.0 9.0 9.0 9.0 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 
a11 additional 5.0 years of 10.5 10.5 10.0 10.0 10.0 10.0 9.5 9.5 9.5 9.5 9.5 9.5 9.5 9.5 9.5 9.5 9.0 9.0 9.0 9.0 9.0 9.0 
coo/i11g time. 11.0 11.0 11.0 10.5 10.5 10.5 10.5 10.5 10.5 10.0 10.0 10.0 10.0 10.0 10.0 10.0 9.5 9.5 9.5 9.5 9.5 9.5 

'~ 
11.5 11.5 11.5 11.5 11.5 11.0 11.0 11.0 11.0 11.0 10.5 10.5 10.5 10.5 10.5 10.0 10.0 10.0 10.0 10.0 10.0 10.0 
12.5 12.5 12.0 12.0 12.0 12.0 12.0 11.5 11.5 11.5 11.0 11.0 11.0 11.0 11.0 11.0 11.0 11.0 11.0 10.5 10.5 10.5 
13.5 13.0 13.0 13.0 13.0 12.5 12.5 12.5 12.0 12.0 12.0 12.0 12.0 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.0 11.0 
14.0 14.0 14.0 13.5 13.5 13.5 13.0 13.0 13.0 13.0 13.0 13.0 12.5 12.5 12.5 12.5 12.0 12.0 12.0 12.0 12.0 11.5 
15.0 15.0 14.5 14.5 14.5 14.0 14.0 14.0 14.0 13.5 13.5 13.5 13.5 13.0 13.0 13.0 13.0 13.0 13.0 12.5 12.5 12.5 
16.0 16.0 15.5 15.5 15.5 15.0 15.0 15.0 15.0 15.0 14.5 14.5 14.0 14.0 14.0 14.0 13.5 13.5 13.5 13.5 13.0 13.0 
17.0 16.5 16.5 16.5 16.0 16.0 16.0 15.5 15.5 15.5 15.5 15.5 15.0 15.0 14.5 14.5 14.5 14.5 14.5 14.5 14.0 14.0 
18.0 17.5 17.5 17.5 17.5 17.0 17.0 16.5 16.5 16.5 16.5 16.5 16.0 15.5 15.5 15.5 15.5 15.5 15.5 15.5 15.5 15.0 

" 19.5 18.5 18.5 18.0 18.0 18.0 17.5 17.5 17.5 17.5 17.0 17.0 17.0 17.0 16.5 16.5 16.5 16.0 16.0 16.0 16.0 16.0 
20.0 19.5 19.5 19.5 19.0 19.0 18.5 18.5 18.5 18.5 18.5 18.5 18.0 17.5 17.5 17.5 17.0 17.0 17.0 17.0 17.0 16.5 

'20.5 20.5 20.5 20.5 20.5 20.0 19.5 19.5 19.5 19.0 19.0 19.0 18.5 18.5 18.5 18.5 18.5 18.0 18.0 18.0 18.0 17.5 
21.5 21.5 21.0 21.0 21.0 21.0 20.5 20.5 20.5 20.0 20.0 20.0 19.5 19.5 19.5 19.0 19.0 19.0 19.0 19.0 19.0 18.5 

Note: The page that follows Table T.2-10 provides the explanatory notes and limitations regarding the use of this table. 
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4.S. 4.9 5.0 

3.0 3.0 3.0 

3.0 3.0 3.0 

3.0 3.0 3.0 

3.0 3.0 3.0 
3.5 3.5 3.5 

4.0 4.0 4.0 

4.0 4.0 4.0 

4.5 4.5 4.5 

5.0 4.5 4.5 
5.0 5.0 5.0 

5.5 5.5 5.5 
6.0 6.0 6.0 

6.0 6.0 6.0 
6.0 6.0 6.0 

6.5 6.5 6.5 

6.5 6.5 6.5 
7.0 7.0 7.0 

7.5 7.5 7.0 

7.5 7.5 7.5 

8.0 8.0 8.0 

8.5 8.5 8.5 

9.0 9.0 9.0 

9.5 9.0 9.0 

10.0 9.5 9.5 
10.5 10.5 10.5 

11.0 11.0 11.0 
11.5 11.5 11.5 
12.5 12.5 12.0 
13.0 13.0 13.0 
14.0 14.0 14.0 
15.0 14.5 14.5 
16.0 15.5 15.5 
16.5 16.5 16.5 
17.5 17.5 17.5 
18.5 18.5 18.0 
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Table T.2-8 

BWR Fuel Qualification Table for Zone 4 Fuel with 0.48 kW per Assembly for the NUHOM~-61BTH DSC 
(Minimum required years of cooling time qfter reactor core discharge) 

Assembly Average I11itial E11riclzme11/ (wl % U-235) 

1.2 1.5 2.0 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3.0 3.1 3.2 3.3 3 . ./ 3.5 3.6 3.7 3.8 3.9 4.0 4.1 4.2 ./.3 ./.4 4.5 4.6 4.7 

3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

3.5 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

3.5 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

3.5 3.5 3.5 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

4.0 4.0 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 

4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 

4.5 4.5 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 

4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 

5.0 5.0 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 

5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 

5.5 5.5 5.5 5.5 5.5 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 4.5 4.5 4.5 4.5 4.5 

5.5 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 
., 

' 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 

6.0 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.0 5.0 5.0 5.0 5.0 5.0 5.0 

. Not Analyzed 6.0 6.0 6.0 6.0 6.0 6.0 6.0 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 

6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 

6.5 6.5 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 . 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 5.5 

If JO irradiated stainless steel rods 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 

are present i11 the reconstituted 7.0 7.0 7.0 7.0 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 

fuel assembly, add an additional 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 
5.0 years of cooling time. 7.5 7.5 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 6.5 6.5 6.5 6.5 6.5 6.5 

7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 6.5 

8.0 8.0 8.0 8.0 8.0 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.0 7.0 7.0 7.0 7.0 

8.5 8.5 8.5 8.5 8.0 8.0 8.0 8.0 8.0 8.0 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.0 

9.0 9.0 9.0 8.5 8.5 8.5 8.5 8.5 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 7.5 7.5 7.5 7.5 7.5 
9.5 9.0 9.0 9.0 9.0 9.0 9.0 9.0 8.5 8.5 8.5 8.5 8.5 8.5 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 

10.0 9.5 9.5 9.5 9.5 9.5 9.5 9.0 9.0 9.0 9.0 9.0 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.0 8.0 

10.5 10.0 10.0 10.0 10.0 9.5 9.5 9.5 9.5 9.5 9.5 9.5 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 8.5 8.5 

11.0 10.5 J0.5 10.5 10.5 10.5 10.0 10.0 JO.a 10.0 JO.a 10.0 9.5 9.5 9.5 9.5 9.5 9.0 9.0 9.0 9.0 9.0 
' 11.5 11.5 11.0 11.0 11.0 11.0 11.0 10.5 10.5 J0.5 J0.5 10.5 10.0 10.0 10.0 10.0 9.5 9.5 9.5 9.5 9.5 9.5 .. 

12.0 12.0 12.0 11.5 11.5 11.5 11.0 11.0 11.0 11.0 11.0 10.5 J0.5 J0.5 J0.5 J0.5 J0.5 10.0 10.0 10.0 JO.O 10.0 

13.0 12.5 12.5 12.5 12.0 12.0 12.0 12.0 11.5 11.5 11.5 11.5 11.5 11.0 11.0 11.0 J0.5 10.5 10.5 J0.5 J0.5 10.5 

' 13.5 13.5 13.0 13.0 13.0 12.5 12.5 12.5 12.5 12.0 12.0 12.0 12.0 11.5 11.5 11.5 11.5 11.5 11.0 11.0 11.0 11.0 

' 14.0 1./.0 14.0 14.0 13.5 13.5 13.0 13.0 13.0 12.5 12.5 12.5 12.5 12.5 12.0 12.0 12.0 12.0 12.0 11.5 11.5 11.5 

Note: The page that follows Table T.2-10 provides the explanatory notes and limitations regarding the use of this table. 
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Table T.2-9 

BWR Fuel Qualification Table for Zone 5 Fuel with 0.54 kW per Assembly for the NUHOMs®-61BTH DSC 
(Minimum required years of cooling time after reactor core discharge) 

Assembly Average /11itial E11ricflme11t (wt. % U-235) 

1.2 1.5 2.0 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3.0 3.1 3.2 3.3 3.4 j_5 3.6 3.7 3.8 3.9 4.0 4.1 4.2 4.3 4.4 4.5 4.6 4.7 

3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3:0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 
4.0 4.0 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 

4.0 4.0 ./.0 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 

4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 

4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 

4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.0 4.0 4.0 4.0 4.0 4.0 
5.0 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 ./.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 

4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 
5.0 5.0 5.0 5.0 5.0 5.0 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 

5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 

N9t 4nalyzed 5.5 5.5 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 4.5 4.5 
5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 
5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 

If 10 irradiated stainless steel 
6.0 6.0 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.0 5.0 5.0 5.0 5.0 

rods are present in the 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 

reco11stitutedfuel assembly, add 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 
an additional 5.0 years of 6.5 6.5 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 5.5 
cooling time 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 

7.0 7.0 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.0 6.0 6.0 6.0 6.0 6.0 
' 7.0 7.0 7.0 7.0 7.0 7.0 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 

7.5 7.5 7.5 7.5 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 

8.0 7.5 7.5 7.5 7.5 7.5 7.5 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 6.5 6.5 6.5 6.5 

8.0 8.0 8.0 8.0 8.0 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 

8.5 8.5 8.0 8.0 8.0 8.0 8.0 8.0 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.0 7.0 7.0 7.0 

9.0 8.5 8.5 8.5 8.5 8.5 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 
.. 9.0 9.0 9.0 9.0 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 7.5 

9.5 9.5 9.5 9.5 9.0 9.0 9.0 9.0 9.0 8,5 8.5 8.5 8.5 8.5 8.5 8.5 8.0 8.0 8.0 8.0 8.0 8.0 
10.0 10.0 10.0 9.5 9.5 9.5 9.5 9.0 9.0 9.0 9.0 9.0 9.0 9.0 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 

10.5 10.5 10.5 10.0 10.0 10.0 10.0 10.0 9.5 9.5 9.5 9.5 9.5 9.5 9.0 9.0 9.0 9.0 9.0 8.5 8.5 8.5 

11.0 11.0 10.5 10.5 10.5 10.5 10.5 10.0 10.0 10.0 10.0 10.0 9.5 9.5 9.5 9.5 9.5 9.0 9.0 9.0 9.0 9.0 

Note: The page that follows Table T.2-10 provides the explanatory notes and limitations regarding the use of this table. 
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Table T.2-10 

BWR Fuel Qualification Table for Zone 6 Fuel with 0. 7 kW per Assembly for the NUHOMSF'-6JBTH DSC 
(Minimum required years of codling time after reactor core discharge) 

Assembly Average Initial Enrichment (wl % U-235) 

1.2 1.5 2.0 2.1 2.2 2.3 2.4 2.5 2.6 2. 7 2.8 2.9 3.0 3.J 3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9 4.0 4.1 4.2 4.3 4.4 4.5 4.6 4.7 

3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 '3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 '3.0 3.0 

3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 ·'3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

3.5 3.5 3.5 3.5 3.5 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

4.0 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 

., 4.0 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 

"' 
4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 

4.5 4.5 4.5 4.5 4.5 4.5 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 

4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 

4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.0 
.,. 

·' .i/J _, .. 
4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 

;:," ; 5.0 5.0 5.0 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 ,. '. .. .. . . . 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 

. :: : }f~t ;frialJ?~ifd.~· 
.. • •• 

''!' 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 4.5 4.5 4.5 4.5 4.5 4.5 
''''3 ' '~ ,,," ' ' "\~' : 

5.5 5.5 5.5 5.5 5.5 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 

:I' •: :• . .. 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 

If I 0 irradiated stainless steel 
·,;, .. " 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 

rods are present in the 6.0 6.0 6.0 6.0 6.0 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.0 5.0 

reconstituted fuel assembly, add 
;'· 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 

' an additional 5.0 years of ,, 
6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 5.5 5.5 5.5 5.5 5.5 

cooling time. 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 5.5 5.5 
: •'" :. . . 

·, 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 
. 7.0 7.0 7.0 7.0 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.0 6.0 6.0 

.. . .. 7.5 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 

7.5 7.5 7.5 7.5 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 6.5 6.5 6.5 6.5 
. •' 8.0 8.0 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 6.5 6.5 

8.0 8.0 8.0 8.0 8.0 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.0 7.0 7.0 7.0 

'· 
8.5 8.5 8.5 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 .. ' 9.0 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 7.5 7.5 7.5 7.5 7.5 

•' 9.5 9.0 9.0 9.0 9.0 9.0 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 
';'• 10.0 9.5 9.5 9.5 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.0 8.0 8.0 . 
• 10.0 10.0 10.0 10.0 10.0 9.5 9.5 9.5 9.5 9.5 9.0 9.0 9.0 9.0 9.0 8.5 8.5 8.5 8.5 8.5 8.5 8.5 

: ':JF' .t. . ·>" 
10.5 10.5 10.5 10.5 10.5 10.0 10.0 10.0 10.0 10.0 9.5 9.5 9.5 9.5 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 ·: ,;, ,. .. 

Note: The page that follows Table T.2-10 provides the explanatory notes and limitations regarding the use of this table. 
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4.8 4.9 5.0 

3.0 3.0 3.0 

3.0 3.0 3.0 

3.0 3.0 3.0 

3.0 3.0 3.0 

3.0 3.0 3.0 

3.0 3.0 3.0 

3.5 3.0 3.0 

3.5 3.5 3.5 

3.5 3.5 3.5 

4.0 4.0 4.0 

4.0 4.0 4.0 

4.0 4.0 4.0 

4.5 4.5 4.5 

4.5 4.5 4.5 

4.5 4.5 4.5 

4.5 4.5 4.5 

5.0 5.0 4.5 

5.0 5.0 5.0 

5.0 5.0 5.0 

5.0 5.0 5.0 

5.5 5.5 5.5 

5.5 5.5 5.5 

5.5 5.5 5.5 

6.0 6.0 6.0 

6.0 6.0 6.0 

6.5 6.5 6.5 

6.5 6.5 6.5 

6.5 6.5 6.5 

7.0 7.0 7.0 

7.0 7.0 7.0 

7.5 7.5 7.5 

8.0 7.5 7.5 

8.0 8.0 8.0 

8.5 8.5 8.5 

9.0 8.5 8.5 
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Notes: Tables T:2-5 through Table T.2-10: 

• 
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• 
• 

• 
• 
• 
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• 
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BU= Assembly Average bumup . 
Use bumup and enrichment to look up minimum cooling time in years. Licensee is responsible for ensuring that uncertainties in fuel 
enrichment and bumup are correctly accounted for during fuel qualification. 
Round bumup UP to next higher entry, round enrichments DOWN to next lower entry . 
Fuel with an lattice average initial enrichment less than 0.9 (or less than the minimum provided above for each bumup) or greater than 5.0 
wt.% U-235 is unacceptable for storage. _ 
Fuel with a bumup greater than 62 GW d/MTU is unacceptable for storage . 
Fuel with a bumup less than 10 GWd/MTU is acceptable for storage after 3-years cooling . 
See Figure T.2-1 through Figure T.2-8 for a description of the zones . 
For reconstituted fuel assemblies with U02 rods and/or Zr rods or Zr pellets and/or stainless steel rods, use the lattice average equivalent 
enrichment to determine the minimum cooling time. 
The cooling times for damaged and intact assemblies are identical. 
Example: An INTACT FUEL ASSEMBLY, with a decay heat load of 0.22 kW or less, an initial enrichment of 3 .65 wt. % U-235 and a bum up 
of 41.5 GWd/MTU is acceptable for storage after a 24 year cooling time as defined by 3.6 wt.% U-235 (rounding down) and 42 GWd/MTU 
(rounding up) in Table T.2-5. 
Using the data specified in Table T.2-10 results in a maximum decay heat load of0.55 kW per assembly. Using these data for Zone 6 is 
conservative since it reduces the heat load from 0.7 kW per assembly to 0.55 kW per assembly. 
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Table T.3.1-2 
ASME Code Alternatives for the NUHOMS®-61BTH DSC Confinement Boundary 

(Part 1 o/2) 

Reference 
ASMECode 
Section/ Article 

NCA 

NCA-1140 

., 

NB-1100 

NB-1132 

NB-2130 

NB-4121 

-· 

NB-4243 and 
NB-5230 

NUH-003 
Revision 13 

Code Requirement Alternatives, Justification & Compensatory Measures 

All 
Not compliant with NCA. Quality Assurance is provided 
accordin~ to 10 CFR 72 Subpart Gin lieu ofNCA-4000. 
Code edition and addenda other than those specified in 
Section T2 may be used for construction, but in no case 
earlier than 3 years before that specified in Section T2. 

Use of Code editions and 
Materials produced and certified in accordance with 
ASME Section II material specification from Code 

addenda Editions and Addenda other than those specified in 
Section T2 may be used, so as long the materials meet all 
the requirements of Article 2000 of the applicable 
Subsection of the Section Ill Edition and Addenda used 
for construction. 

Requirements for Code Code Stamping is not required. As Code Stamping is not 
Stamping of Components, Code required, the fabricator is not required to hold an ASME 
reports and certificates, etc. "N" or "NPT" stamp, or to be ASME Certified. 

Bottom shield plug and outer bottom cover plate are 
Attachments with a pressure outside code jurisdiction; these components together are 
retaining function, including much larger than required to provide stiffening for the 
stiffeners, shall be considered inner bottom cover plate; the weld that retains the outer 
part of the component. bottom cover plate and with it the bottom shield plug is 

subject to root and final PT examination. 

Material must be supplied by Material is certified to meet all ASME Code criteria but is 

ASME approved material not eligible for certification or Code Stamping if a non-
suppliers. ASME fabricator is used. As the fabricator is not required 

to be ASME certified, material certification to NB-2130 is 

Material Certification by not possible. Material traceability and certification are 

Certificate Holder maintained in accordance with TN's NRC approved QA 
program. 
The shell to the outer top cover weld, the shell to the inner 
top cover/weld, the siphon/vent cover welds and the vent 
and siphon block welds to the shell are all partial 
penetration welds. 
As an alternative to the NDE requirements ofNB-5230 
for Category C welds, all of these closure welds will be 

Category C weld joints in multi-layer welds and receive a root and final PT 
vessels and similar weld joints examination, except for the shell to the outer top cover 
in other components shall be full weld. The shell to the outer top cover weld will be a 
penetration joints. These welds multi-layer weld and receive multi-level PT examination 
shall be examined by UT or RT in accordance with the guidance provided in ISG-15 for 
and either PT or MT. NDE. The multi-level PT Examination provides 

reasonable assurance that flaws of interest will be 
identified. The PT examination is done by qualified 
personnel, in accordance with Section V and the 
acceptance standards of Section III, Subsection NB-5000. 
All of these welds will be designed to meet the guidance 
provided in ISG-15 for stress reduction factor . 
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Table T.3.1-2 
ASME Code Alternatives for the NUHOMS®-61BTH DSC Confinement Boundary 

(Part 2 of2) 

Reference 
ASME Code 
Section/ Article 

NB-6100 and 
6200 

, 

NB-7000 

NB-8000 

NB-5520 
.. 

NUH-003 
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Code Requirement Alternatives, Justification & Compensatory Measures 

The 61BTH is not a complete or "installed" pressure 
vessel until the top closure is welded following placement 
of Fuel Assemblies with the DSC. Due to the 
inaccessibility of the shell and lower end closure welds 
following fuel loading and top closure welding, as an 
alternative, the pressure testing of the DSC is performed 
in two parts. The DSC shell (including all longitudinal 
and circumferential welds) is pressure tested and 
examined at the fabrication facility. 
The shell to the inner top cover closure weld are pressure 

All completed pressure retaining 
tested and examined for leakage in accordance with NB-
6300 in the field. 

systems shall be pressure tested 
The siphon/vent cover welds are not pressure tested; these 
welds and the shell to the inner top cover closure weld are 
helium leak tested after the pressure test. 
Per NB-6324 the examination for leakage shall be done at 
a pressure equal to the greater of the design pressure or 
three-fourths of the test pressure. As an alternative, ifthe 
examination for leakage of these field welds, following 
the pressure test, is performed using helium leak detection 
techniques, the examination pressure may be reduced to ~ 
1.5 psig. This is acceptable given the significantly greater 
sensitivity of the helium leak detection method. 
No overpressure protection is provided for the 
NUHOMS® DSCs. The function of the DSC is to contain 
radioactive materials under normal, off-normal and 

Overpressure Protection 
hypothetical accident conditions postulated to occur 
during transportation and storage. The DSC is designed 
to withstand the maximum possible internal pressure 
considering 100% fuel rod failure at maximum accident 
temperature. 

The NUHOMS® DSC nameplate provides the information 
Requirements for nameplates, required by 10CFR71, 49CFR173 and 10CFR72 as 
stamping & reports per NCA- appropriate. Code stamping is not required for the DSC. 
8000 QA data packages are prepared in accordance with the 

requirements ofTN's approved QA program. 

NDE personnel must be 
Permit use of the Recommended Practice SNT-TC-lA to 

qualified to a specific edition of 
include up to the most recent 2011 edition. 

SNT-TC-lA 
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Reference 
ASMECode 
Section/Article 

NCA 

NCA-1140 

NG/NF-1100 

NGINF-2000 

NG/NF-2130 

NG/NF-4121 

NG-3352 

NGINF-8000 

NG/NF-5520 
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Table T.3.1-3 
ASME Code Alternatives for the NUHOMS®-61BTH DSC Basket 

Code Requirement Alternatives, Justification & Compensatory Measures . 

All 
Not compliant with NCA. Quality Assurance is provided according to 
10 CFR 72 Subvart Gin lieu o(NCA-4000. 
Code edition and addenda other than those specified in Section T2 may 
be used for construction, but in no case earlier than 3 years before that 
specified in Section T2. 

Use of Code editions Materials produced and certified in accordance with ASME Section II 
andaddenda material specification from Code Editions and Addenda other than 

those specified in Section T2 may be used, so as long the materials 
meet all the requirements of Article 2000 of the applicable Subsection of 
the Section III Edition and Addenda usedfor construction. 

Requirements for Code 
Stamping of Code Stamping is not required. As Code Stamping is not required, the 
Components, Code fabricator is not required to hold an ASME "N" or ''NPT" stamp or to 
reports and certificates, be ASME Certified. 
etc. 

Some baskets include neutron absorber and aluminum plates that are 
not ASME Code Class 1 material. They are used/or criticality safety 
and heat transfer, and are only credited in the structural analysis with 
supporting their own weight and transmitting bearing loads through 

Use of ASME Material 
their thickness. Material properties in the ASME Code for Type 6061 
aluminum are limited to 400°F to preclude the potential for annealing 
out the hardening properties. Annealed properties (as published by the 
Aluminum Association and.the American Society of Metals) are 
conservatively assumed for the aluminum transition rails for l!se above 
the Code temperature limits. 

Materials must be Material is certified to meet all ASME Code criteria but is not eligible 
supplied by ASME for certification or Code Stamping if a non-ASME fabricator is used. 
approved material As the fabricator is not required to be ASME certified, material 
suppliers certification to NG/NF-2130 is not possible. Material traceability and 
Material Certification certification are maintained in accordance with TN's NRC approved 
by Certificate Holder. QA program. 

The fuel compartment tubes may be fabricated from sheet with full 
penetration seam weldments. Per Table NG-3352-1 ajoint efficiency 
(quality) factor of0.5 is to be used for full penetration weldments 
examined in accordance with ASME Section V visual examination 

Table NG 3352-1 lists 
(VT). A joint efficiency (quality) factor of 1.0 is utilized for the fuel 

the permissible welded 
compartment longitudinal seam welds (if present) with VT examination. 
This is justified because the compartment seam weld is thin and the 

joints and quality 
weldment is made in one pass; and both surfaces of the weldment 

factors. (inside and outside) receive 100% VT examination. The 0.5 quality 
factor, applicable to each surface of the weldment, results is a quality 
factor of 1.0 since both surfaces are 100% examined. In addition, the 
fuel compartments have no pressure retaining function and the stainless 
steel material that comprises the fuel compartment tubes is very ductile. 

Requirements for 
The NUHOMS"" DSC nameplate provides the information required by 
10CFR71, 49CFR173 and 10CFR72 as appropriate. Code stamping is 

nameplates, stamping & 
not required for the DSC. QA Data packages are prepared in 

reports per NCA-8000 
accordance with the requirements ofTN's aooroved QA program. 

NDE personnel must be 
Permit use of the Recommended Practice SNT-TC-lA to include up to 

qualified to a specific 
edition ofSNT-TC-lA 

the most recent 2011 edition. 
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Table T.3.2-1 
Summary of the NUHOMS®-61BTH System Component Weights<4> 

Component Description 
Type 1 DSC Shell Assembly 
Type 1 DSC Top Shield Plug and Top Cover Plates 
Type 1 DSC Internal Basket Assembly 
Tvpe 1 DSC Total Empty Weight 
Typ,e 2 DSC Shell Assembly 
Type 2 DSC Top Cover Plates and Shield Plug 
Type 2 DSC Internal Basket Assembly 
Type 2 DSC Total Empty Weight 
61 BWR Spent Fuel Assemblies 
Total Loaded Type 1 DSC Weight (Dry) 
Total Loaded Type 2 DSC Weight (Dry) 
Water in Loaded Type 1 DSC 
Water in Loaded Type 2 DSC 
Total Loaded Type 1 DSC Weight (Weti1

> 

Total Loaded Type 2 DSC Weight (Wet)<1> 

Transfer Cask Empty Weight (with Neutron Shield/Top Lid) 
Total Type 1 Loaded Transfer Cask Weight (Dry/Wet) 
Total Type 2 Loaded Transfer Cask Weight (Dry/Wet) 
HSM Single Module Weight, Model 80/102 (Emotv) 
HSM Single Module Weight, Model 152 (Empty) 
HSM-H/202 Single Module Weight (Empty) 
HSM Single Module Weight, Model 80/102 (Loaded) 
HSM Single Module Weight, Model 152 (Loaded) 
HSM-H/202 Single Module Weight (Loaded) 

Notes: 
(1) Without top shield plug and top cover plates 
(2) Loaded with bounding weight of Type 1 61BTH DSC 
(3) Loaded with Type 2 61BTH DSC 
(4) Weights are based on nominal dimensions . 
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Calculated Weight (kips) 
13.43 
8.90 

23.37 
45.70 
13.43 
8.90 

27.79 
50.12 
:::;43.0 
88.70 
93.12 
13.91 
12.08 
93.71 
96.30 
111.25 

199.95/204.96 
204.37/207.55 

263.0 
318.3 
306.1 

351.7\l)/356. l (3) 

407.0(2)/411.4(3) 

394.8<2>1399,i3> 
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K.4. The emissivity of the fuel compartment is 0.2, which is typical for non-polished stainless 
steel surfaces. If the stainless steel is oxidized, this value would increase, improving heat 
transfer. The fuel rod emissivity value used is 0.74, which is a typical value for oxidized 
Zircaloy. Therefore, the passivation reactions would not reduce the thermal properties of the 
component cask materials or the fuel cladding. 

There are no reactions that would cause binding of the mechanical surfaces or the fuel to basket 
compartment boxes due to galvanic or chemical reactions. 

There is no significant degradation of any safety components caused directly by the effects of the 
reactions or by the effects of the reactions combined with the effects of long term exposure of the 
materials to neutron or gamma radiation, high temperatures, or other possible conditions. 

T.3.4.2 . Positive Closure 

Positive closure is provided by the OS197/0S197H/OS197FC-B transfer cask. No change to 
Section 3.3.2. _ 

T.3.4.3 Lifting Devices 

As described in Section 8.l. l 9(B), the evaluations for the OS 197 and OS 197H TC trunnions are 
based on critical lift weights (with water in the DSC) of 208,500 lbs and 250,000 lbs, 
respectively. These lifted weights capacities are not changed for the OS197FC-B since the only 
design features that are different between the OS197/0S197H and the OS197FC-B are the 
introduction of vent passages around the circumference of the top lid (similar to those in the 
OS 197FC) and the addition of wedge shaped plates at the TC bottom to distribute the incoming 
air to the TC/DSC annular space. The maximum critical lift weight with a NUHOMS®-61BTH 
DSC is approximately 204,400 lbs (dry) or 207,600 lbs (wet). Therefore, an OS197FC-B TC 
that is based on the OS197H design is acceptable with any NUHOMS®-61BTH DSC. An 
OS197FC-B TC that is based on the OS197 design is limited to a total critical lift weight of 
208,500 lbs. 

T.3.4.4 Heat and Cold 

T.3.4.4.1 ' Summary of Pressures and Temperatures 

Temperatures and pressures for the 61BTH DSC and basket are calculated in Section T.4. 
Section T.4.4 provides the thermal evaluation of the HSM and HSM-H loaded with a 61BTH 
DSC. Section T.4.5 provides the thermal evaluation of the OS197/0S197H/OS197FC-B transfer 
casks loaded with a 61BTH DSC. Section T.4.6 provides the thermal evaluation of the 61BTH 
DSC. Section T.4.7 provides the thermal evaluation for fuel loading/unloading conditions, 
including during vacuum drying operations. Tables T.4-12, T.4-17, and T.4-21 summarize the 
maximum fuel cladding temperatures for normal, off-normal and accident conditions. Tables 
T.4-13, T.4-14, T.4-18, T.4-19, T.4-22, and T.4-23 summarize the 61BTH DSC maximum 
component temperatures for normal, off-normal and accident conditions. Tables T.4-16, T.4-20, 
and T .4-24 summarize the maximum DSC cavity pressures for normal, off-normal and accident 
conditions. Tables T.4-25, T.4-26, and T.4-27 summarize fuel cladding and basket component 

• temperatures for vacuum drying conditions. 
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T.3.fr.1.5 HSM and HSM-H Design Analysis 

TheHSM and HSM-H are qualified for a maximum DSC weight of 102 kips in Appendix Mand 
110 kips in Appendix P, respectively. Therefore, the HSM and HSM-H (loaded with the 61BTH 
Type 1 and the Type 2 DSC) results are bounded by the results presented in Appendix M and 
AppendixP. 

The HSM Models 80/102/152/202 are qualified for a maximum heat load of 24 kW in Section 
8.0 (for HSM Models 80/102) or the applicable appendix (for HSM Models 152/202) which 
bounds the maximum heat load up to 22 kW for the Type 1 DSC. The HSM-H is qualified for 
maximum heat load up to 40.8 kW which bounds the results of up to 31.2 kW for the 6 lBTH 
Type 1 and the Type 2 DSC. 

T.3.6.1.6 HSM and HSM-H Door Analyses 

HSM Door Analysis 

No change to Section 8.1.1.5. 

HSM-H Standard Door Analysis 

To accommodate the length of 61BTH DSC, the concrete thickness of the HSM-H door is 
reduced by 4". The evaluation presented in Appendix P does not take credit for the concrete 
port_ion ofthe.,door. Thus, the Appendix P evaluation remains unchanged . 

.HSM-H Optional Door Analysis 

The optional shield door for the HSM-H consists of 3" square or round thick steel plate attached 
to the front wall concrete by four I" bolts for square plate or four clamps for round plate. At the 
rear of the 3" thick steel plate, a stepped circular reinforced concrete block is provided. 

The optional door is conservatively evaluated for a bounding pressure of 10 psi to bound normal 
condition loading. Due to this pressure, the maximum moment and shear in the door are equal to 
29.2 kip-in/ft and 2.1 kips/ft, respectively. The allowable bending moment and shear forces in 
the door (without taking credit for the concrete) are 486 kip-in/ft and 518 kips/ft, respectively. 
Therefore, the door is qualified to meet the design requirements of the code. 

T.3.6.1.7 HSM and HSM-H Heat Shield Analysis 

No change to Section 8.1.1. 7. 

T.3.6.1.8 HSM Axial Retainer for DSC 

The HSM axial retainer is qualified for a maximum DSC weight of 102 kips in Appendix M. 
The maximum DSC weight is 93 kips for the 61BTH Type 2 DSC. Therefore, the axial retainer 
results presented in Appendix M bounds these results for 61BTH Type 1 and Type 2 DSC . 
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The weight of the NUHOMS®-61BTH Type 2 DSC is 93,120 lbs compared to the 80,000 lbs 
used for the NUHOMS®-52B DSC. The minimum margin of safety for the NUHOMS®-52B 
DSC analysis for this accident has been scaled by a factor of [80,000/93,120 = 0.859] to establish 
the minimum factor of safety applicable to the NUHOMS®-6 lBTH DSC. See Section 
T.3.7.12.3. 

T.3) .. 5 - Loss ofNeutron Shield 

No change to Section 8.2.5.3. 

T.3.7.6 Lightning 

No change to Section 8.2.6. 

T.3.7.7 Blockage of Air Inlet and Outlet Openings 

This accident conservatively postulates the complete blockage of the HSM-H ventilation air inlet 
and outlet openings on the HSM-H side walls. 

Since the NUHOMS® HSM-Hs are located outdoors, there is a remote probability that the 
ventilation air inlet and outlet openings could become blocked by debris from such unlikely 
events as floods and tornadoes. The NUHOMS® design features such as the perimeter security 
fence and the redundant protected location of the air inlet and outlet openings reduces the 
probability of occurrence of such an accident. Nevertheless, for this conservative generic 
analysis, such an accident is postulated to occur and is analyzed. 

The structural consequences due to the weight of the debris blocking the air inlet and outlet 
openings are negligible and are bounded by the HSM-H loads induced for a postulated tornado 
(Section' 8.2~2) or earthquake (Section 8.2.3). 

The thermal effects for this accident for NUHOMS®-61BTH DSC are described in Section T.4 
and T.11. The blocked vent accident condition stress evaluation is described in Section 
T.3.7.12.5. 

T.3.7.8 DSC Leakage 

The 61BTH DSC is leak tested to meet the leaktight criteria (lxl0-7 std. cm3/sec) of ANSI N14.5 
[3.37]. The analysis of the 61BTH demonstrate that the pressure boundary is not breached since 
its meets the applicable stress limits for normal, off-normal and postulated accident conditions. 

T.3.7.9 Accident Pressurization of DSC 

The NUHOMS® 61BTH is evaluated and designed for DSC internal pressure which bounds the 
maximum accident pressure calculated in Chapter T.4. The pressure boundary stresses due to 
this pressure load are bounded by the results presented in Table T.3.7-16 and Table T.3.7-17. 
Therefore, the 61BTH DSC is acceptable for this postulated accident condition . 
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load combination has been updated to reflect the increased deadweight of 93,120 lbs for the 
NUHOMS®-61BTH DSC. This updated limiting factor of safety is conservatively established as 
1.22. Hence, the resulting stresses for the OS197 TC when handling the NUHOMS®-61BTH 
DSC remain well below the code allowables 

T.3.7.12.4 TC Fatigue Evaluation 

No change to Section 8.2.10.3. 

T.3.7.12.5 HSM-H Load Combination Evaluation 

The HSM-H evaluations in P.3.7.11.5 are bounding. The evaluated loads for the HSM-H bound 
those associated with the 61BTH DSC. 

T.3.7.12.6 Thermal Cycling of the HSM 

No change to Section 8.2.10.5. 

T.3.7.12.7 DSC Support Structure Load Combination Evaluation 

See Section T.3.7.12.5 above . 
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Table T.3.7-5 
Stress Summary of the Type 1 Basket Due to Side Drop Loads - 75g 

Drop Orientation Component<1> Stress Category 

Basket 
Pm 

Pm+Pb 
45° 

Rails Pm 
Side Drop Pm+Pb 

Canister 
Pm 

Pm+Pb 

Basket 
Pm 

Pm+Pb 
60° 

Rails 
Pm 

Side Drop Pm+Pb 

Canister<3> Pm 
Pm+Pb 

Basket Pm 
Pm+Pb 

90° 
Rails 

Pm 
Side Drop Pm+~b 

Canister<3> Pm 
Pm+Pb 

Basket Pm 
161.5° 

Pm+Pb 
Side Drop 

Pm 
Impact on one Rails 

Pm+Pb Transfer cask 
Pm Support rail Canister<3> 

Pm+Pb 

Basket Pm 
180° Pm+Pb 

Side Drop Pm 
Impact on two Rails 

Pm+Pb Transfer cask 
Pm Support rails Canister(3l 

Pm+Pb 
Notes: 
1. Reported rails are stainless steel rails only. 
2. Based on elastic/plastic analyses and allowable at 750°F. 

Pm::; max (0.7 Su, Sy+ 1/3 (Su- Sy)) 
Pm+ Pb::; 0.9 Su 

3. Canister stresses excluded pressure. 

Max. Stress 
(ksii4J 

15.72 
30.43 
17.70 
29.40 
2.20 

20.80 
15.70 
29.08 
22.51 
41.00 
2.67 
21.55 
19.42 
24.58 
30.12 
34.35 
3.43 
18.19 
15.31 
28.75 
21.16 
48.43 
3.57 

24.87 
17.56 
26.24 
29.22 
37.32 
5.10 

28.17 

4. · ANSYS results are side drop stresses resulting from a 76g load. 
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Allowable 
Reference 

Stress 
Figures 

(ksiP> 
44.31 Figure T.3 .7-5 
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• Maximum off-normal ambient temperature of 1l7°F with insolation, and 

• Minimum off-normal ambient temperature of -40°F without insolation. 

The HSM-H thermal model described in Section T.4.4.4 above provides the surface temperatures 
that are applied to the DSC shell, basket and payload model. The results are presented in Table 
T.4-28. 

T.4.6.7.3 Off-Normal Ambient Temperatures during Transfer 

The thermal performance of the NUHOMS®-61BTH DSC during transfer under the minimum 
ambient temperature of 0°F with no insolation and 1l7°F with maximum insolation, for Type 1 
and Type 2 DSCs are examined. 

Note that a solar shield is used for transfer operations when the ambient temperature exceeds 
100°F up to 1l7°F. This is done according to the NUHOMS® CoC 1004, Technical 
Specification 5.3.1.B, "TC/DSC Transfer Operations at High Ambient Temperatures" for transfer 
operations, when ambient temperatures exceed 100°F, which requires that a solar shield shall be 
used to provide protection against direct solar radiation. 

T.4.6.7.4 Boundary Conditions, Off-Normal Transfer 

The off-normal conditions of transfer analyses are performed for the following ambient 
conditions: 

• Maximum off-normal ambient temperature of 1l7°F without insolation. 

The 61BTH DSC temperature profiles calculated using the OS197FC-B thermal model as 
described in Section T.4.5 are applied to the corresponding surfaces of the DSC thermal analysis 
finite element model described in Section T.4.6.2. 

T.4.6.7.5 61BTH DSC Thermal Analyses Results for Off-Normal Conditions of Storage and 
Transfer 

.Fuel Cladding Temperatures 

The maximum fuel cladding temperatures during off-normal conditions of storage and transfer 
are evaluated for both Type 1 and Type 2 DSCs and compared with the corresponding fuel 
cladding temperature limits. The results are reported in Table T .4-17. 

DSC Basket Component Temperatures 

The maximum temperatures of the DSC components for off-normal conditions of storage and 
transfer are listed in Table T.4-18 and Table T.4-19 for Type 1 and Type 2 DSCs, respectively. 

T.4.6.7.6 
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T.8.1.1 

1. 

2. 

T.8.1 Procedures for Loading the Cask 

Preparation of the Transfer Cask and DSC 

Prior to placement in dry storage, the candidate intact and damaged fuel assemblies shall 
be evaluated (by plant records or other means) to verify that they meet the physical, 
thermal and radiological criteria specified in Technical Specification 2.1. 

Prior to being placed in service, the transfer cask is to be cleaned or decontaminated as 
necessary to insure a surface contamination level of less than those specified in Technical 
Specification 5.2.4.d. 

3. Place the transfer cask in the vertical position in the cask decon area using the cask 
handling crane and the transfer cask lifting yoke. 

4. Place scaffolding around the cask so that the transfer cask top cover plate and surface of 
the cask are easily accessible to personnel. 

5. Remove the transfer cask top cover plate and examine the cask cavity for any physical 
damage and ready the cask for service. 

6. Examine the DSC for any physical damage which might have occurred since the receipt 
inspection was performed. The DSC is to be cleaned and any loose debris removed. 
Record the DSC serial number which is located on the grapple ring. Verify the correct 
DSC type, basket type, and poison material types against the DSC serial number. Verify 
that the DSC is appropriate for the specific fuel loading campaign per Technical 
Specification 2.1. 

CAUTION: lf loadingfuel assemblies through the basket hold down ring (HDR) or top 
grid assembly (TGA), verijj; that the lifting grapple will be able to release fuel assemblies 
while inside the HDRITGA. 

7. Using a crane, lower the DSC into the cask cavity by the internal lifting lugs and rotate 
the DSC to match the cask and DSC alignment marks. 

8. If damaged fuel assemblies are to be included in a specific loading campaign, place the 
required number of bottom end caps provided (up to a maximum of 16) into the bottom 
of the appropriate 2x2 compartments of the basket, as shown in Figure 1-25 of Technical 
Specification 2.1. Place and verijj; that the bottom fuel assembly spacers, if required, are 
present in the fuel cells. Optionally, this step may be performed at any prior time. 

9. Fill the TC/DSC annulus with clean, demineralized water. Place the inflatable seal into 
the upper cask liner recess and seal the TC/DSC annulus by pressurizing the seal with 
compressed air . 
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10. Fill the DSC cavity with water from the fuel pool or an equivalent source. 

Note: A TC/DSC annulus pressurization tank filled with demineralized water as 
described above is connected to the top vent port of the TC via a hose to provide a 
positive head above the level of water in the TC/DSC annulus. This is an optional 
arrangement, which provides additional assurance that contaminated water from the fuel 
pool will not enter the TC/DSC annulus, provided a positive head is maintained at all 
times . 

NUH-003 
Revision 13 Page T.8-2a January 2014 I 



• 

• 

T.8.1.2 DSC Fuel Loading 

1. Lift the TC/DSC and position it over the cask loading area of the spent fuel pool in 
accordance with the plant's 10CFR50 cask handling procedures. 

2. Lower the cask into the fuel pool until the bottom of the cask is at the height of the fuel 
pool surface. As the cask is lowered into the pool, spray the exterior surface of the cask 
with demineralized water. 

3. Place the cask in the designated location of the fuel pool. 

4. Disengage the lifting yoke from the cask lifting trunnions and move the yoke. Spray the 
lifting yoke with clean water if it is raised out of the fuel pool. 

5. The potential for fuel misloading is essentially eliminated through the implementation of 
procedural and administrative controls. The controls instituted to ensure that damaged 
and/or intact fuel assemblies are placed into a known cell location within a DSC, will 
typically consist of the following: 

6. 

7. 

• A TC/DSC loading plan is developed to verify that the damaged and/or intact fuel 
assemblies meet the burnup, enrichment and cooling time parameters of Technical 
Specification 2.1. 

• The loading plan is independently verified and approved before the fuel load . 

• A fuel movement schedule is then written, verified and approved based upon the 
loading plan. All fuel movements from any rack location are performed under strict 
compliance with the fuel movement schedule. 

• If loading damaged fuel assemblies, verify that the required number of bottom end 
caps are installed in appropriate fuel compartment tube locations before fuel load. 

Prior to insertion of a spent fuel assembly into the DSC, the identity of the assembly is to 
be verified by two individuals using an underwater video camera or other means. Read 
and record the fuel assembly identification number from the fuel assembly and check this 
identification number against the DSC loading plan which indicates which fuel 
assemblies are acceptable for dry storage. 

Position the fuel assembly for insertion into the selected DSC storage cell and load the 
fuel assembly. Repeat Steps 6 and 7 for each SFA loaded into the DSC. A maximum of 
16 damaged fuel assemblies may be loaded into the appropriate 2x2 compartments of the 
6 lBTH DSC basket per Technical Specification 2.1. After the DSC has been fully 
loaded, check and record the identity and location of each fuel assembly in the DSC. If 
loading damaged fuel assemblies, place top end caps over each damaged fuel assembly 
placed into the basket. 

8. a. After all the SF As have been placed into the DSC and their identities verified, place the 
hold down ring or optional top grid assembly as applicable. Visually verify that the hold 
down ring is properly seated. If using the hold down ring or top grid not integral to the 

• basket, they may be placed on the basket before loading the SF As. 
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9. 

b. Position the lifting yoke and the top shield plug and lower the shield plug into the 
' _,, DSC. -Note that separate rigging may be used to install the shield plug prior to · 

engaging the trunnions with the lifting yoke. 

CAUTION: Verify that all the lifting height restrictions as a function of temperature 
specified in Technical Specification 5.3.1.A can be met in the following steps which 
involve lifting of the transfer cask. 

Visually verify that the top shield plug is properly seated within the DSC. 

10. Position the lifting yoke with the cask trunnions and verify that it is properly engaged. 

11. Raise the transfer cask to the pool surface. Prior to raising the top of the cask above the 
water surface, stop vertical movement. 

12. Inspect the top shield plug to verify that it is properly seated within the DSC. If not, 
lower the cask and reposition the top shield plug and/or remove the shield plug and 
reposition the hold down ring. Repeat Steps 8 through 12 as necessary. 

13. Continue to raise the cask from the pool and spray the exposed portion of the cask with 
water until the top region of the cask is accessible. 

14. 

15. 

Drain_any excess water from the top of the DSC shield plug back to the fuel pool. Check 
the radiation levels at the center of top shield plug and around the perimeter of the cask. 
Disconnect the top shield plug rigging . 

Drain a minimum of 50 gallons of water. Optionally up to approximately 1100 gallons of 
water (as indicated on the flow meter) may be drained from the DSC back into the fuel 
pool or other suitable location to meet the weight limit on the crane. Use 1-3 psig of 
helium to backfill the DSC with an inert gas per ISG-22 [8.2] guidance as water is being 
removed from the DSC. 

16. Lift the cask from the fuel pool. As the cask is raised from the pool, continue to spray the 
cask with water and decon as directed. Provisions shall be made to assure that air will not 
enter the DSC cavity. One way to achieve this is by replenishing the helium in the DSC 
cavity during cask movement from the fuel pool to the decon area in case of malfunction 
of equipment used for cask movement. 

17. Move the cask with loaded DSC to the cask decon area. 

17A. Replace the water removed from the DSC cavity in Step 15 with water from the fuel pool 
or an equivalent source. 

18. Install cask seismic restraints ifrequired by Technical Specification 4.3.3 Step 7 (required 
only on plant specific basis). 
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T.8.1.3 DSC Drying and Backfilling 

CAUTION: During performance of steps listed in Section T.8.1.3, monitor the TC/DSC 
annulus water level and replenish as necessary to maintain cooling. 

1. Check the radiation levels along the perimeter of the cask. The cask exterior surface 
should be d~contaminated as necessary. Temporary shielding may be installed as 
necessary to minimize personnel exposure. 

2. Place scaffolding around the cask so that any point on the surface of the cask is easily 
accessible to personnel. 

3. Disengage the rigging cables from the top shield plug and remove the eyebolts. 
Disengage the lifting yoke from the trunnions and position it clear of the cask. 

4. Decontaminate the exposed surfaces of the DSC shell perimeter and remove the inflatable 
TC/DSC annulus seal. 

4a. In accordance with Technical Specification 5.2.4.a, verify that the neutron shield (NS) is 
filled before the draining operation in Step 5 is initiated and continually monitored 
during the first five minutes of the draining evolution to ensure the NS remains filled. 

5. Connect the cask drain line to the cask, open the cask cavity drain port and allow water 
from the annulus to drain out until the water level is approximately 12 inches below the 
top edge of the DSC shell. Take swipes around the outer surface of the DSC shell and 
check for smearable contamination in accordance with the Technical Specification 
5.2.4.d limits. 

CAUTION: Radiation dose rates are expected to be high at the vent and siphon port 
locations. Use proper ALARA practices (e.g., use of temporary shielding, appropriate 
positioning of personnel, etc.) to minimize personnel exposure. 

5a. In accordance with Technical Specification 5.2.4.a, verify that the NS is filled before the 
draining operation in Step 6 is initiated and continually monitored during the first five 
minutes of the draining evolution to ensure the NS remains filled. 

6. Drain approximately 1100 gallons of water (as indicated on a flowmeter) from the DSC 
back into the fuel pool or other suitable location if not drained in T. 8.1. 2 Step 15. 
Consistent with ISG-22 [8.2] guidance, helium at 1-3 psig is used to backfill the DSC 
with an inert gas (helium) as water is being removed from the DSC. 

7. Not used. 

8. Install the automatic welding machine onto the inner top cover plate and place the inner 
top cover plate with the automatic welding machine onto the DSC. Optionally, the inner 
top cover plate and the automatic welding machine can be placed separately. Verify 
proper fit-up of the inner top cover plate with the DSC shell. 

9. Check radiation levels along the surface of the inner top cover plate. Temporary 
shielding may be installed as necessary to minimize personnel exposure. 

10. Insert approximately 114 inch tubing of sufficient length and adequate temperature 
resistance through the vent port such that it terminates just below the DSC top shield 
plug. Connect the tubing to a hydrogen monitor to allow continuous monitoring of the 
hydrogen atmosphere in the DSC cavity during welding of the inner top cover plate, in 
compliance with Technical Specification 5.2.6. 

11. Go..ver the TC/DSC annulus to prevent debris and weld splatter from entering t~e annulus. 
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12. 

13. 

Ready the automatic welding machine and tack weld the inner top cover plate to the DSC 
shell. Install the inner top cover plate weldment and remove the automatic welding 
machine. 

CAUTION: Continuously monitor the hydrogen concentration in the DSC cavity using 
the arrangement or other alternate methods described in step 10 during the inner top 
cover plate cutting/welding operations. Verify that the measured hydrogen concentration 
does not exceed a safety limit of 2.4% [8.3 and 8.4]. If this limit is exceeded, stop all 
welding operations and purge the DSC cavity with 2-3 psig helium via the tubing to 
reduce the hydrogen concentration safely below the 2.4% limit. 

Perfqrm dye penetrant weld examination of the inner top cover plate weld in accordance 
with the Technical Specification 5.2.4.b requirements. 

14. If loading a Type 2 6 lBTH DSC or if using a suction pump rather than blowdown to 
remove water, skip to step 16; otherwise, place the strongback so that it sits on the inner 
top cover plate and is oriented such that: 

• The DSC siphon and vent ports are accessible 

• The strongback stud holes line up with the TC lid bolt holes 

15. Lubricate the studs and, using a crossing pattern, adjust the strongback studs to snug tight 
ensuring approximately even pressure on the cover plate . 

16. Remove purge lines and connect the VDS to the DSC siphon and vent ports. 

17. Install temporary shielding to minimize personnel exposure throughout the subsequent 
welding operations as required. 

17a. In accordance with Technical Specification 5.2.4.a, verify that the NS is.filled before the 
draining operation in Step 18 is initiated and continually monitored during the first five 
-minutes of the draining evolution to ensure the NS remains filled. 

18. a. If using blowdown method to remove water, engage helium supply (up to 10 psig for 
Type 1 DSC or 15 psig for Type 2 DSC) and open the valve on the vent port and 
allow helium to force the water from the DSC cavity through the siphon port. 

b. Alternatively a suction pump may be used to remove water from DSC. 

19. Once the water stops flowing from the DSC, close the DSC siphon port and disengage the 
gas source or tum off the suction pump, as applicable. 

19a. Verify that the TC axial surface dose rates are compliant with limits specified in 
Technical Specification 5.2.4.e. The configuration for determining the TC axial dose 
rates shall be in accordance with Technical Specification 5.2.4.e. 

20. Connect the hose from the vent port and the siphon port to the intake of the vacuum 
pump. Connect a hose from the discharge side of the VDS to the plant's radioactive 
waste system or spent fuel pool. Connect the VDS to a helium source . 
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21. 

22. 

23. 

24. 

NOTE: Proceed cautiously when evacuating the DSC to avoid freezing consequences. 

CAUTION: During the vacuum drying evolution, personnel should be in the area of 
loading operations, or in nearby low dose areas in order to take proper action in the 
event of a malfunction. 

Open the valve on the suction side of the pump, start the VDS and draw a vacuum on the 
DSC cavity. The cavity pressure should be reduced in steps of approximately 100 mm 
Hg, 50 mm Hg, 25 mm Hg, 15 mm Hg, 10 mm Hg, 5 mm Hg, and 3 mm Hg. After 
pumping down to each level (these levels are optional), the pump is valved off and the 
cavity pressure monitored. The cavity pressure will rise as water and other volatiles in 
the cavity evaporate. When the cavity pressure stabilizes, the pump is valved in to 
complete the vacuum drying process. It may be necessary to repeat some steps, 
depending on the rate and extent of the pressure increase. Vacuum drying is complete 
when the pressure stabilizes for a minimum of 30 minutes at 3 mm Hg absolute or less as 
specUied in Technical Specification 3.1.1. 

-'· . . 

Note: The user shall ensure that the vacuum pump is isolated from the DSC cavity when 
demonstrating compliance with Technical Specification 3.1.1 requirements. Simply 
closing the valve between the DSC and the vacuum pump is not sufficient, as a faulty 
valve allows the vacuum pump to continue to draw a vacuum on the DSC. Turning off 
the pump, or opening the suction side of the pump to atmosphere are examples of ways to 
assure that the pump is not continuing to draw a vacuum on the DSC . 

CAUTION: Radiation dose rates are expected to be high at the vent and siphon port 
locations. Use proper ALARA practices (e.g., use of temporary shielding, appropriate 
positioning of personnel, etc.) to minimize personnel exposure. 

Open the valve to the vent port and allow the helium to flow into the DSC cavity. 

Pressurize the DSC with helium (up to 0 to 10 psig for Type 1 DSC or 0 to 15 psig for 
Type 2 DSC). 

Helium leak test the inner top cover plate weld for a leak rate of 1x10-4 atm-cm3/sec. 
This test is optional. 

25. If ~-l~ak is found, repair the weld, repressurize the DSC and repeat the helium leak test. 
-·· ; . - -

26. 

27. 

Once no leaks are detected, depressurize the DSC cavity by releasing the helium through 
the VDS to the plant's spent fuel pool or radioactive waste system. 

Re-evacuate the DSC cavity using the VDS. The cavity pressure should be reduced in 
steps of approximately 10 mm Hg, 5 mm Hg, and 3 mm Hg. After pumping down to 
each level, the pump is valved off and the cavity pressure is monitored (these levels are 
optional). When the cavity pressure stabilizes, the pump is valved in to continue the 
vacuum drying process. Vacuum drying is complete when the pressure stabilizes for a 
minimum of 30 minutes at 3 mm Hg absolute or less in accordance with Technical 
Specification 3.1.1 limits. 
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28. 

Note: The user shall ensure that the vacuum pump is isolated from the DSC cavity when 
demonstrating compliance with Technical Specification 3.1.1 requirements. Simply 
closing the valve between the DSC and the vacuum pump is not sufficient, as a faulty 
valve allows the vacuum pump to continue to draw a vacuum on the DSC. Turning off 
the pump, or opening the suction side of the pump to atmosphere are examples of ways to 
assure that the pump is not continuing to draw a vacuum on the DSC. 

If loading a Type 1 6 lBTH DSC, and if the strongback was not installed in Step 14, 
install the strongback at this time. Open the valve on the vent port and allow helium to 
flow into the DSC cavity to pressurize the DSC between 14.5 to 16.0 psig for 61BTH 
Type 1and18.5 to 20.0 psig for 61BTH Type 2 psig and hold for 10 minutes. 
Depressurize the DSC cavity by releasing the helium through the VDS to the plant spent 
fuel pool or radioactive waste system to about 2.5 psig in accordance with Technical 
Specification 3.1. 2. b limits. 

CAUTION: Radiation dose rates are expected to be high at the vent and siphon port 
locations. Use proper ALARA practices (e.g., use of temporary shielding, appropriate 
positioning of personnel, etc.) to f!linimize personnel exposure. 

29. Close the valves on the helium source. 

30. Remove the strongback, if installed in step 14 or step 28 above, decontaminate as 
necessary' and store. 

T.8.1.4 DSC Sealing Operations 

1. 

CAUTION: During performance of steps listed in Section T.8.1.4, monitor the cask/DSC 
annulus water level and replenish as necessary to maintain cooling. 

Disconnect the VDS from the DSC. Seal weld the prefabricated plugs over the vent and 
siphon ports. Inject helium into blind space just prior to completing welding and perform 
a dye penetrant weld examination in accordance with the Technical Specification 5.2.4.b 
requirements. Use of an optional test head is acceptable to perform the helium leak test 
of the inner top cover plate and vent/siphon port welds in accordance with Technical 
Specification 5.2.4.c. If an optional test head is not used, proceed to Step 2. 

2. Temporary shielding may be installed as necessary to minimize personnel exposure. 
Install the automatic welding machine onto the outer top cover plate and place the outer 
top cover plate with the automatic welding system onto the DSC. Optionally, outer top 
cover plate may be installed separately from the welding machine. Verify proper fit up of 
the outer top cover plate with the DSC shell. 

3. Tack weld the outer top cover plate to the DSC shell. Place the outer top cover plate 
~~ld root pass. 

4. Helium leak test the inner top cover plate and vent/siphon port plate welds using the leak 
test port in the outer top cover plate in accordance with Technical Specification 5.2.4.c 
limits. Verify that the personnel performing the leak test are qualified in accordance with 
SNT-TC-1 A [8.5]. Alternatively, this can be done with a test head in step 1 of Section 
T.8.1.4 . 
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5. 

6. 

7. 

8. 

8a. 

9. 

10. 

11. 

12. 

T.8.1.5 

NOTE: 

If a leak is found, remove the outer cover plate root pass (if not using test head), the vent 
and siphon port plugs and repair the inner cover plate welds. Then install the strongback 
(if used) and repeat procedure. steps from T. 8 .1.3 step 21. 

Perform dye penetrant examination of the root pass weld. Weld out the outer top cover 
plate:to the.DSC shell and perform dye penetrant examination on the weld surface in 
accordance with the Technical Specification 5.2.4.b requirements. 

Install and seal weld the prefabricated plug, if applicable, over the outer cover plate test 
port and perform dye penetrant weld examinations in accordance with Technical 
Specification 5.2.4.b requirements. 

Remove the automatic welding machine from the DSC. 

In accordance with Technical Specification 5.2.4.a, verify that the NS is filled before the 
draining operation in Step 9 is initiated and continually monitored during the first five 
minutes of the draining evolution to ensure the NS remains filled. 

Open the cask drain port valve and drain the water from the cask/DSC annulus. 

Rig the cask top cover plate and lower the cover plate onto the transfer cask. 

Bolt the cask cover plate into place, tightening the bolts to the required torque in a star 
pattern. 

CAUTION: Monitor the applicable time limits of Technical Specification 3.1.3 until the 
completion of DSC transfer step 6 of Section T.8.1.6, ifloading Type 2 61BTH DSC. 

Verify that the TC radial dose rates measured at the surface of the Transfer Cask are 
compliant with limits specified in Technical Specification 5.2.4.e. The configuration for 
determining the TC radial surface dose rates shall be in accordance with Technical 
Specification 5.2.4.e. 

Transfer Cask Downending and Transfer to ISFSI 

Alternate Procedure for Downending of Transfer Cask: Some plants have limited floor hatch 
openings above the cask/trailer/skid, which limit crane travel (within the hatch opening) that 
would be needed in order to downend the TC with the trailer/skid in a stationary position. For 
these situations, alternate procedures are to be developed on a plant-specific basis, with detailed 
steps for downending. 

1. Re-attach the transfer cask lifting yoke to the crane hook, as necessary. Ready the 
transfer trailer and cask support skid for service. 

2. Move the scaffolding away from tlie cask as necessary. Engage the lifting yoke and lift 
the cask over the cask support skid on the transfer trailer. 

3. The transfer trailer should be positioned so that the cask support skid is accessibl~ to the 
crane with the trailer supported on the vertical jacks . 
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4. 

5. 

6. 

7. 

8. 

9. 

T.8.1.6 

1. 

Position the cask lower trunnions onto the transfer trailer support skid pillow blocks. 

Move the crane forward while simultaneously lowering the cask until the cask upper 
trunnions are just above the support skid upper trunnion pillow blocks. 

Inspect the positioning of the cask to insure that the cask and trunnion pillow blocks are 
properly aligned. 

Lower the cask onto the skid until the weight of the cask is distributed to the trunnion 
pillow blocks. 

Inspect the trunnions to insure that they are properly seated onto the skid and install the 
trunnion tower closure plates if required. 

Remove the bottom ram access cover plate from the cask if integral ram/trailer is not 
used. Install the two-piece temporary neutron/gamma shield plug to cover the bottom 
ram access. Install the ram trunnion support frame on the bottom of the transfer cask. 
(The temporary shield plug and ram trunnion support frame are not required with the 
integral ram/trailer.) 

DSC Transfer to the HSM 

Prior to transferring the cask to the ISFSI or prior to positioning the transfer cask at the 
HSM designated for storage, remove the HSM door using a porta-crane, inspect the 
cavity of the HSM, removing any debris and ready the HSM to receive a DSC. The 
doors on adjacent HSMs should remain in place. 

CAUTION: The insides of empty modules have the potential for high dose rates due to 
adjacent loaded modules. Proper ALARA practices should be followed for operations 
inside these modules and in the areas outside these modules whenever the door from the 
empty HSM has been removed . 

• .', 1' • 

2. Inspect the HSM air inlet and outlets to ensure that they are clear of debris. Inspect the 
screens on the air inlet and outlets for damage. 

CAUTION: Verify that the requirements of Technical Specification 5.3.1.B, "TC/DSC 
Transfer Operations at High Ambient Temperatures," are met prior to the next step. 

3. Using a suitable vehicle, transfer the cask from the plant's fuel/reactor building to the 
ISFSI along the designated transfer route. 

4. Once at the I SF SI, position the transfer trailer to within a few feet of the HSM. 

5. Check the position of the trailer to ensure the centerline of the HSM and cask 
approximately coincide. If the trailer is not properly oriented, reposition the trailer, as 
necessary. 

6 . Using a crane, unbolt and remove the cask top cover plate. 
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7. 

. 8. 

CAUTION: Verify that the applicable time limits of Technical Specification 3.1.3 are 
met ifloading Type 2 61BTH DSC. 

Back the transfer trailer to within a few inches of the HSM, set the trailer brakes and 
disengage the tractor. Drive the tractor clear of the trailer. Extend the transfer trailer 
vertical jacks. 

Remove the skid tie-down bolts and use the skid positioning system to bring the cask into 
approximate vertical and horizontal alignment with the HSM. Using optical survey 
equipment and the alignment marks on the cask and the HSM, adjust the position of the 
cask until it is properly aligned with the HSM. 

9. Using the skid positioning system;-fully insert the cask into the HSM access opening 
docking collar. 

10. Secure the cask trunnions to the front wall embedments of the HSM using the cask 
restraints. -

11. After the cask is docked with the HSM, verify the alignment of the transfer cask using the 
optical survey equipment. 

12. Position the hydraulic ram behind the cask in approximate horizontal alignment with the 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

cask and level the ram. Remove either the bottom ram access cover plate or the outer 
plug of the two-piece temporary shield plug if installed. Power up the ram hydraulic 
power supply and extend the ram through the bottom cask opening into the DSC grapple 
ring. 

Activate the hydraulic cylinder on the ram grapple and engage the grapple arms with the 
DSC grapple ring. 

Recheck all alignment marks in accordance with the Technical Specification 5.3.3 limits 
and ready all systems for DSC transfer. 

Activate the hydraulic ram to initiate insertion of the DSC into the HSM. Stop the ram 
when the DSC reaches the support rail stops at the back of the module. 

Dj~engage the ram grapple mechanism so that the grapple is retracted away from the 
DSC·grapple ring. 

Retract and disengage the hydraulic ram system from the cask and move it clear of the 
cask. Remove the cask restraints from the HSM. 

Using the skid positioning system, disengage the cask from the HSM access opening. 
Insert the DSC axial retainer. 

Install the HSM door using a portable crane and secure it in place. Door may be welded 
for security. Verify that the HSM dose rates are compliant with the limits specified in 
Technical Specifications 5. 4.1 and 5. 4. 2 . 
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20. Replace the transfer cask top cover plate. Secure the skid to the trailer, retract the vertical 
jacks and disconnect the skid positioning system. 

21. Tow the trailer and cask to the designated equipment storage area. Return the remaining 
transfer equipment to the storage area. 

22. Close and lock the ISFSI access gate and activate the ISFSI security measures. 

23. Ensure the HSM or HSM-H maximum air exit temperature requirements of Technical 
Specification 3.1.4 are met. 

T.8.1.7 Monitoring Operations 

1. Perform routine security surveillance in accordance with the licensee's ISFSI security 
plan. 

2. Perform one of the two alternate daily surveillance activities listed below: 

a. A daily visual surveillance of the HSM air inlets and outlets to insure that no debris is 
obstructing the HSM vents in accordance with Technical Specification 5.2.5.a 
requirements. 

b. A temperature measurement of the thermal performance, for each HSM, on a daily 
basis in accordance with Technical Specification 5.2.5.b requirements. 
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T.8.3 Identification of Subjects for Safety Analysis 

No change to Section 5.1. 3. 

T.8.4 Fuel Handling Systems 

No change to Section 5.2. 

T.8.5 Other Operating Systems 

No change to Section 5.3. 

T.8.6 Operation Support System 

No change to Section 5.4. 

T.8.7 Control Room and/or Control Areas 

No change to Section 5. 5 . 

No change to Section 5. 6 . 
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T.9.1.3 Leak Tests 

DSC confinement welds in the DSC shell and bottom are leak tested at the fabricator's shop to 
an acceptance criterion of lxl0-7 ref cm3/s, i.e., "leaktight" as defined in ANSI N14.5 [9.4]. 
Personnel performing the leak test are qualified in accordance with SNT-TC-lA [9.2]. 

The weld between the DSC shell and inner top cover and the siphon/vent cover welds are also 
leak tested to an acceptance criteria of 1 x 10-7 ref cm3 Is at the field after the fuel assemblies are 
loaded in the canister. 

T.9.1.4 Components 

The StandardizedNUHOMS® system does not include any components such as valves, rupture 
discs, pumps, or blowers. The gaskets in the Transfer Cask do not require acce~tance testing 
other than the leak testing cited above. No other components of the NUHOMS system require 
testing, except as discussed in this chapter. 

T.9.1.5 Shielding Integrity 

The Transfer Cask poured lead shielding integrity will be confirmed via gamma scanning prior to 
first use. The detector and examination grid will be matched to provide coverage of the entire 
lead-shielded surface area. For example, for a 6" x 6" grid, the detector will encompass a 6" x 6" 
square. The acceptance criterion is attenuation greater than or equal to that of a test block 
matching the cask through-wall configuration with lead and steel thicknesses equal to the design 
minima less 5%. 

The radial neutron shielding is provided by filling the neutron shield shell with water during 
operations. No testing is necessary. The neutron shield material in the lid and bottom end is a 
proprietary polymer resin. The shielding performance of the resin will be assured by written 
procedures controlling temperature, measuring, and mixing of the components, degassing of the 
resin, and verification of the mass or volume ofresin installed. 

The gamma and neutron shielding materials of the storage system itself are limited to concrete 
HSM components and steel shield plugs in the DSC. The integrity of these shielding materials is 
ensured by the control of their fabrication in accordance with the appropriate ASME, ASTM or 
ACI criteria. No additional acceptance testing is required. 

T.9.1.6 Thermal Acceptance 

No thermal acceptance testing is required to verify the performance of each storage unit other 
than that specified in the Technical Specifications for initial loading. 

The heat transfer analysis for the basket includes credit for the thermal conductivity of neutron
absorbing materials, as specified in Section T.4.3. Because these materials do not have publicly 
documented values for thermal conductivity, testing of such materials will be performed in 
accordance with Section T.9.1.7.6 . 
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T.9.1.7 Poison Acceptance 

CAUTION 

Sections T. 9.1. 7.1 through T. 9.1. 7. 4 below are incorporated by reference into the NUHOMS© 
CoC 1004 Technical Specifications 4.1 (Note 4) and shall not be deleted or altered in any 
way without approval from the NRC. The text of these sections is shown in bold type to 
distinguish it from other sections. 

The neutron absorber used for criticality control in the DSC basket may consist any of the 
following types of material: 

(a) BoF~ted.aluminum 

(b) Boron carbide I aluminum metal matrix composite (MMC) 

(c) BORAL® 

The 61BTH DSC safety analyses do not rely upon the tensile strength of these materials. The 
radiation and temperature environment in the cask is not sufficiently severe to damage these 
metallic/ceramic materials. To assure performance of the neutron ab.sorber's design function only 
the presence of B 10 and the uniformity of its distribution need to be verified, with testing 
requirements specific to each material. The boron content of these three types of materials is 
given in Table T.9-1. 

References to metal matrix composites throughout this chapter are not intended to refer to 
BORAL®, which is described later in this section. 

T.9.1.7.l Borated Aluminum 

See the Caution in Section T.9.1.7 before deletion or modification to this section. 

The material is produced by direct chill (DC) or permanent mold casting with boron 
precipitating primarily as a uniform fine dispersion of discrete AIB2 or TiB2 particles in the 
matrix of aluminum or aluminum alloy (other boron compounds, such as AIB 12, can also 
occur). For extruded products, the TiB2 form of the alloy shall be used. For rolled products, 
either the AIB2, the TiB2, or a hybrid may be used. 

Boron is added to the aluminum in the quantity necessary to provide the specified 
minimum BlO areal density in the final product. The amount required to achieve the 
specified minimum BlO areal density will depend on whether boron with the natural 
isotopic distribution of the isotopes BlO and Bll, or boron enriched in BlO is used. In no 
case shall the boron content in the aluminum or aluminum alloy exceed 5% by weight. 

The criticality calculations take credit for 90% of the minimum specified BlO areal density 
of borated aluminum. The basis for this credit is the BlO areal density acceptance testing, 
which shall be as specified in Section T.9.1.7.7. The specified acceptance testing assures that 
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at any location in the material, the minimum specified areal density of BlO will be found 
with 95% probability and 95% confidence. 

T.9.1.7.2 Boron Carbide I Aluminum Metal Matrix Composites (MMC) 

See the Caution in Section T.9.1.7 before deletion or modification to this section. 

The material is a composite of fine boron carbide particles in an aluminum or aluminum 
alloy matrix. The material shall be produced by either direct chill casting, permanent mold 
casting, powder metallurgy, or thermal spray techniques. The boron carbide content shall 
not exceed 40% by volume. The boron carbide content for MMCs with an integral 
aluminum cladding shall not exceed 50% by volume. 

The final MMC product shall have density greater than 98% of theoretical density 
demonstrated by qualification testing, with no more than 0.5 volume% interconnected 
porosity. For MMC with an integral cladding, the final density of the core shall be greater 
than 97%,oftheoretical density demonstrated by qualification testing, with no more than 0.5 
volume% Interconnected porosity of the core and cladding as a unit of the final product.-

At least 50% by weight of the B4C pariicles in MM Cs shall be smaller than 40 microns. No 
more than 10% of the particles shall be over 60 microns . 

Prior to use in the 61BTH DSC, MMCs shall pass the qualification testing specified in 
Section T.9.1.7.8, and shall subsequently be subject to the process controls specified in 
Section T.9.1.7.9. 

The criticality calculations take credit for 90% of the minimum specified BlO areal density 
of MM Cs. The basis for this credit is the BlO areal density acceptance testing, which is 
specified in Section T.9.1.7.7. The specified acceptance testing assures that at any location 
in the final product, the minimum specified areal density ofBlO will be found with 95% 
probability and 95% confidence. 

T.9.1.7.3 BORAL® 

See the Caution in Section T.9.1.7 before deletion or modification to this section. 

This m~t~ri~l consists of a core of aluminum and boron carbide powders between tWo-outer 
layers of aluminum, mechanically bonded by hot-rolling an "ingot" consisting of an 
aluminum box filled with blended boron carbide and aluminum powders. The core, which 
is exposed at the edges of the sheet, is slightly porous. Before rolling, at least 80% by weight 
of the B 4C particles in BORAL ®shall be smaller than 200 microns .. The nominal boron 
carbide content shall be limited to 65% (+ 2% tolerance limit) of the core by weight . 
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The criticality calculations take credit for 75% of the minimum specified BlO areal density 
of BORAL®. BlO areal density will be verified by chemical analysis and by certification of 
the BlO isotopic fraction for the boron carbide powder, or by neutron transmission testing. 
Areal dertsify testing is performed on a coupon taken from the sheet produced from each 
ingot. If the measured areal density is below that specified, all the material produced from 
that ingot will be either rejected, or accepted only on the basis of alternate verification of 
BlO areal density for each of the final pieces produced from that ingot. · 

. T.9.1. 7.4 Visual Inspections of Neutron Absorbers 

See the Caution in Section T.9.1. 7. 7 before deletion or modification to this section. 

Neutron absorbers shall be 100% visually inspected in accordance with the Certificate 
Holder's QA procedures. Material that does not meet the following acceptance criteria shall 
be reworked, repaired, or scrapped. Blisters shall be treated as non-conforming. Inspection 
of MMCs with an integral aluminum cladding shall also include verification that the matrix is 
not exposed through the faces of the aluminum cladding and that solid aluminum is not 
present at the edges. For BORAL®, visual inspection shall verify that there are no cracks 
through the cladding, exposed core on the face of the sheet, or solid aluminum at the edge of 
the sheet. 

T.9.1.7.5 , . Other Visual Inspections Criteria (non-Technical Specifications) 

For borated aluminum and MMCs, visual inspections shall follow the recommendations in 
Aluminum Standards and Data, Chapter 4 "Quality Control, Visual Inspection of Aluminum Mill 
Products" [9.5]. Local or cosmetic conditions such as scratches, nicks, die lines, inclusions, 
abrasion, isolated pores, or discoloration are acceptable. 

T.9.1.7.6 Thermal Conductivity Testing 

Testing shall conform to ASTM E1225 1
, ASTM E1461 2

, or equivalent method, performed at 
room temperature on coupons taken from the rolled or extruded production material. Previous 
testing of borated aluminum and metal matrix composite shows that thermal conductivity 
increases slightly with temperature. Initial sampling shall be one test per lot, defined by the heat 
or ingot, and may be reduced if the first five tests meet the specified minimum thermal 
conductivity. 

If a thermal conductivity test result is below the specified minimum, at least four additional tests 
shall be performed on the material from that lot. If the mean value of those tests, including the 
orig!n.al test, falls b~low the specified minimum, the associated lot shall be rejected. 

1 ASTM El225, "Thermal Conductivity of Solids by Means of the Guarded-Comparative-Longitudinal Heat Flow 
Technique" 

2 ASTM El 461, "Thermal Difjitsivity of Solids by the Flash Method" 
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After twenty five tests of a single type of material, with the same aluminum alloy matrix, the 
same boron content, and the same primary boron phase, e.g., B4C, TiB2, or AlB2, ifthe mean 
value of all the test results less two standard deviations meets the specified thermal conductivity, 
no further testing of that material is required. This exemption may also be applied to the same 
type of material ifthe matrix of the material changes to a more thermally conductive alloy (e.g., 
from 6000 to 1000 series aluminum), or ifthe boron content is reduced without changing the 
boron phase. 

The measured thermal conductivity values shall satisfy the minimum required conductivities as 
specified in Section T.4.3. 

In cases where ihe specified thickness of the neutron absorber may vary, the equations 
introduced in Section T.4.3 shall be used to determine the minimum required effective thermal 
conductivity. 

The thermal conductivity test requirement does not apply to aluminum that is paired with the 
neutron absorber. 

T.9.1.7.7 Specification for Acceptance Testing of Neutron Absorbers by Neutron 
Transmission 

CAUTION 

Portions ofT.9.1. 7. 7 are incorporated by reference into the NUHOM~ CoC 1004 Technical 
Specification 4.1 (Note 4) and shall not be deleted or altered in any way without approval 
from the NRC. The text of this section is shown in bold type to distinguish it from other 
sections. 

a) Neufrori Transmission acceptance testing procedures shall be subject to approval by 
the Certificate Holder. Test coupons shall be removed from the rolled or extruded 
production material at locations that are systematically or probabilistically distributed 
throughout the lot. Test coupons shall not exhibit physical defects that would not be 
acceptable in the finished product, or that would preclude an accurate measurement of the 
coupon's physical thickness. 

A lot is defined as all the pieces produced from a single ingot or heat or from a group of 
billets from the same heat. If this definition results in lot size too small to provide a 
meaningful statistical analysis of results, an alternate larger lot definition may be used, so 
long as it results in accumulating material that is uniform for sampling purposes. 

The sampling rate for neutron transmission measurements shall be such that there is at 
least one neutron transmission measurement for each 2000 square inches of final product 
in each lot. 

The BlO areal density is measured using a collimated thermal neutron beam of up to 1.1 
inch diameter. ' 
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The neutron transmission through the test coupons is converted to BIO areal density by 
comparison with transmission through calibrated standards. These standards are 
composed of a homogeneous boron compound without other significant neutron absorbers. 
For example, boron carbide, zirconium diboride or titanium diboride sheets are acceptable 
standards. These standards are paired with aluminum shims sized to match the effect of 
neutron scattering by aluminum in the test coupons. Uniform but non-homogeneous 
materials such as metal matrix composites may be used for standards, provided that testing 
shows them to provide neutron attenuation equivalent to a homogeneous standard. 
Standards will be calibrated, traceable to nationally recognized standards, or by attenuation of 
a monoenergetic neutron beam correlated to the known cross section of Bl 0 at that energy. 

Alternatively, digital image analysis may be used to compare neutron radioscopic images of 
the tesfcqup~:m to images of the standards. The area of image analysis shall be no more 
than 0. 75 sq~ inch. - · - -- -

The minimum ~real density specified shall be verified for each lot at the 95% probability, 
95% confide1,1ce level or better. If a goodness-of-fit test demonstrates that the sample comes 
from a normal population, the one-sided tolerance limit for a normal distribution may be used 
for this purpose. Otherwise, a non-parametric (distribution-free) method of determining the 
one-sided tolerance limit may be used. Demonstration of the one-sided tolerance limit shall be 
evaluated for acceptance in accordance with the Certificate Holder's QA procedures. 

b) The following illustrates one acceptable method and is intended to be utilized as an 
example. Therefore, the following text is not part of the Technical Specifications. The 
acceptance criterion for individual plates is determined from a statistical analysis of the test 
results for their lot. The B 10 areal densities determined by neutron transmission are converted to 
volume density, i.e., the BlO areal density is divided by the thickness at the location of the 
neutron transmission measurement or the maximum thickness of the coupon. The lower 
tolerance limit ofBlO volume density is then determined, defined as the mean value ofBlO 
volume density for the sample, less K times the standard deviation, where K is the one-sided 
tolerance limit factor with 95% probability and 95% confidence [9.6]. 

Finally, the minimum specified value ofBlO areal density is divided by the lower tolerance limit 
ofB'f b volume density to arrive at the minimum plate thickness which provides the sp_ecified 
B 1 O areal density. 

Any plate which is thinner than the statistically derived minimum thickness from T.9.1. 7. 7 a) 
or the minimum design thickness, whichever is greater, shall be treated as non-conforming, 
with the following exception. Local depressions are acceptable, so long as they total no 
more than 0.5% of the area on any given plate, and the thickness at their location is not less 
than 90% of the minimum design thickness. Edge effects due to manufacturing operations 
such as shearing, deburring, and chamfering need not be included in this determination. 

Non-conforming material shall be evaluated for acceptance in accordance with the 
Certificate Holder's QA procedures . 
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T.9.1.7.8 Specification for Qualification Testing of Metal Matrix Composites 

CAUTION 

Section T.9.1. 7.8.3.1, Section T.9.1. 7.8.4 and Section T.9.1. 7.8.5 are incorporated by 
reference into the NUHOMs® CoC 1004 Technical Specification 4.1 (Note 4) and shall not 
be deleted or altered in any way without approval from the NRC. The text of this section is 
shown in bold type to distinguish it from other sections. 

T.9.1.7.8.1 Applicability and Scope 

Metal matrix composites (MMCs) acceptable for use in the 61BTH DSC are described in Section 
T.9.1. 7.2 .. 

Prior to initial use in a spent fuel dry storage or transport system, such MMCs shall be subjected 
to qualification testing that will verify that the product satisfies the design function. Key process 
contr_qls shall be identified per Section T .9 .1. 7 .9 so that the production material is equivalent to 
or better thap the _qualification test material. Changes to key processes shall be subject to 
qualification before use of such material in a spent fuel dry storage or transport system. 

ASTM test methods and practices are referenced below for guidance. Alternative methods may 
be used with the approval of the Certificate Holder . 

T.9.1.7.8.2 Design Requirements 

In order to perform its design functions the product must have at a minimum sufficient strength 
and ductility for manufacturing and for the normal and accident conditions of the storage/ 
transport system. This is demonstrated by the tests in Section T.9.1.7.8.4. It must have a uniform 
distribution of boron carbide. This is demonstrated by the tests in Section T .9 .1. 7 .8 .5. 

T.9.1.7.8.3 Durability 

There is no need to include accelerated radiation damage testing in the qualification. Such testing 
has already been performed on MMCs, and the results confirm what would be expected of 
materials that fall within the limits of applicability cited above. Metals and ceramics do not 
experience measurable changes in mechanical properties due to fast neutron fluences typical over 
the lifetime of spent fuel storage, about 1015 neutrons/cm2

• 
,·-·j ·-

Thermal da~age and corrosion (hydrogen generation) testing shall be performed unless such 
tests on materials of the same chemical composition have already been performed and found 
acceptable. The following paragraphs illustrate two cases where such testing is not required. 

Thermal damage testing is not required for uncladMMCs consisting only of boron carbide in an 
aluminum 1100 matrix, because there is no reaction between aluminum and boron carbide below 
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842°F, well above the basket temperature under normal conditions of storage or transport3
. 

Corrosion'testing is. not required for MM Cs (clad or unclad) consisting only of boron carbide in 
an aluminum 1100 matrix, because testing on one such material has already been performed by 
Transnuclear4

• 

T.9.1.7.8.3.l Delamination Testing of Clad MMC 

Clad MM Cs shall be subjected to thermal damage testing following water immersion to ensure 
that delamination does not occur under normal conditions of storage. 

T.9.1.7.8.4 Required Qualification Tests and Examinations to Demonstrate Mechanical 
Integrity 

At least three samples, one each from approximately the two ends and middle of the 
qualification material run shall be subject to: 

a) room temperature tensile testing (ASTM- B5575
) demonstrating that the material has 

the following tensile properties: 

• Minimum yield strength, 0.2% offset: 1.5 ksi 

• Minimum ultimate strength: 5 ksi 

.. · • Mi,nimum elongation in 2 inches: 0.5% 

As an alternative to the elongation requirement, ductility may be demonstrated by bend 
testing per ASTM E2906

• The radius of the pin or mandrel shall be no greater than three 
times the material thickness, and the material shall be bent at least 90 degrees without 
complete fracture, 

b) Testing to verify more than 98% of theoretical density for non-clad MM Cs and 97% for 
the matrix of clad MMCs. Testing or examination for interconnected porosity on the 
faces and edges of unclad MMC, and on the edges of clad MMC shall be performed by a 
means to be approved by the Certificate Holder. The maximum interconnected 
porosity is 0.5 volume %, 

and for at least one sample, 

c) For MMCs with an integral aluminum cladding, thermal durability testing 
demonstrating that after a minJmum 24 hour soak in either pure or borated water, then 
insertion into a preheated oven at approximately 825°F for a minimum of 24 hours, the 

3 ~ung;C., "Microstructural Observation of Thermally Aged and Irradiated Aluminum/Boron Carbide (B4C) 
Metal Matrix Composite by Transmission and Scanning Electron Microscope," 1998. ··· 

4 Boralyn testing submitted to the NRC under docket 71-1027, 1998. 
5 ASTM B557 Stimdard Test Methods of Tension Testing Wrought and Cast Aluminum and Magnesium-Alloy 

Products . 
6 ASTM E290, Standard Methods for Bend Testing of Materials for Ductility 
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specimens are free of blisters and delamination and pass the mechanical testing 
requirements described in test 'a' of this section. 

T.9.1.7.8.5 Required Tests and Examinations to Demonstrate BlO Uniformity 

., 

Uniformity of the boron distribution shall be verified either by: 

a) Neutron radioscopy or radiography (ASTM E947
, E1428

, and E5459
) of material from . 

the ends and middle of the test material production run, verifying no more than 10% 
difference between the minimum and maximum BlO areal density, or 

b) Quantitative testing for the BlO areal density, BlO density, or the boron carbide 
weight fraction, on locations distributed over the test material production run, 
verifying that one standard deviation in the sample is less than 10% of the sample 
mean. Testing may be performed by a neutron transmission method similar to that 
specified in Section 9.1.7.7, or by chemical analysis for boron carbide content in the 
composite. 

T.9.1.7.8.6 Approval of Procedures 

Qualification procedures shall be subject to approval by the Certificate Holder . 

T.9.1.7.9 Specification for Process Controls for Metal Matrix Composites 

CAUTION 

Sections T.9.1. 7.9.1 and T.9.1. 7.9.2 are incorporated by reference into the NUHOM~ CoC 
1004 Technical Specification 4.1 (Note 4) and shall not be deleted or altered in any way 
without approval from the NRC. The text of this section is shown in bold type to distinguish it 
from other sections. 

T.9.1.7.9.l Applicability and Scope 

Key processing changes shall be subject to qualification prior to use of the material 
produced by the revised process. The Certificate Holder shall determine whether a 
complete or partial re-qualification program per Section T.9.1.7.8 is required, depending 
on the characteristics of the material that could be affected by the process change. 

7 
ASTM E94, Recommended Practice for Radiographic Testing 

8 
ASTM E142, Controlling Quality of Radiographic Testing 

9 ASTM E545, Standard Method for Determining Image Quality in Thermal Neutron Radiographic Testing 
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T.9.1.7.9.2 Definition of Key Process Changes 

Key process changes are those which could adversely affect the uniform distribution of the 
boron carbide in the aluminum, reduce density, reduce corrosion resistance, reduce the 
mechanical strength or ductility of the MMC. 

T.9.1.7.9.3 Identification and Control of Key Process Changes 

The manufacturer shall provide the Certificate Holder with a description of materials and process 
controls u.sed in producing the MMC. The Certificate Holder and manufacturer shall identify key 
process changes as defined in Section T.9.1.7.9.2. 

An increase in nominal boron carbide content over that previously qualified shall always be 
regarded as a key process change. The following are examples of other changes that are 
established as key process changes, as determined by the Certificate Holder's review of the 
specific applications and production processes: 

a) Changes in the boron carbide particle size specification that increase the average particle 
size by more than 5 microns or that increase the amount of particles larger than 60 microns 
from the previously qualified material by more than 5% of the total distribution but less 
than the 10% limit, 

b) Change of the billet production process, e.g., from vacuum hot pressing to cold isostatic 
pressing followed by vacuum sintering, 

c) Change in the nominal matrix alloy, 

d) Changes in mechanical processing that could result in reduced density of the final product, 
e.g., for PM or thermal spray MMCs that were qualified with extruded material, a change to 
direct rolling from the billet, 

e) ·For MMCs using a magnesium-alloyed aluminum matrix, changes in the billet formation 
process that could increase the likelihood of magnesium reaction with the boron carbide, 
such as an increase in the maximum temperature or time at maximum temperature, 

f) Changes in powder blending or melt stirring processes that could result in less uniform 
distribution of boron carbide, e.g., change in duration of powder blending, and 

g) For MMCs with an integral aluminum cladding, a change greater than 25% in the ratio of 
the nominal aluminum cladding thickness (sum of two sides of cladding) and the nominal 
matrix thickness could result in changes in the mechanical properties of the final product. 

In no case shall process changes be accepted if they result in a product outside the limits in 
Sections 9.5.3.1and9.5.3.4 . 
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Table T.9-1 
Bl 0 Specification for the NUHOMsm 61BTH Poison Plates 

Specified Minimum Bl 0 
Specified Minimum Bl 0 

Basket Type 
Areal Density for Borated 

Areal Density for BORAL ® 
Aluminum/MMC for 90% 

for 75% Credit (g/cm2
) 

Credit (f(lcm2
) 

Tvvel DSC 
A 0.021 0.025 
B 0.032 0.038 
c 0.040 0.048 
D 0.048 0.058 
E 0.055 0.066 
F 0.062 0.075 

Tvve2DSC 
A 0.022 0.027 
B 0.032 0.038 
c 0.042 0.050 
D 0.048 0.058 
E 0.055 0.066 
F 0.062 ' 0.075 
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T .11.1 Off-Normal Operations 

Off-normal operations are design events of the second type (Design Event II) as defined in 
ANSI/ANS 57.9 [11.1]. Off-normal conditions consist of that set of events that, although not 
occurring regularly, can be expected to occur with moderate frequency or on the order of once 
during a calendar year of ISFSI operation. 

The off-normal conditions considered for the NUHOMS®-61BTH DSC are off-normal transfer 
loads, extreme temperatures and a postulated release of radionuclides. 

The term "Standardized HSM" used in this Chapter, is applicable to HSM Model 80, Model 102 
and Model 152 or Model 202. 

T .11.1.1 Off-Normal Transfer Loads 

No change to Section 8.1.2.1. 

T .11.1.1.1 Postulated Cause of Event 

Same as Section 8.1.2. The probability of a jammed DSC does not increase with the NUHOMS®-
6 lBTH DSC, since the interfacing design features and dimensions of the transfer cask top end 
and HSM access opening are not changed. The 61BTH DSC is provided with similar beveled 
lead-ins as the 61BT/52B. The maximum allowed misalignment of the sliding surfaces has not 
changed nor have any of the HSM insertion/retrieval procedures . 

T .11.1.1.2 Detection of Event 

No change to Section 8.1.2.1. 

T.11.1.1.3 Analysis of Effects and Consequences 

A detailed evaluation of this event is presented in Section T.3.6.2 and is summarized below. The 
NUHOMS®-61BTH DSC has a 0.5 inch shell wall thickness, while the NUHOMS®-24P and 
NUHOMS®-52B have a 0.62 inch shell. Therefore the stresses in the canister shell are increased. 
The DSC shell stress due to the 2,690 in-kip moment due to axial sticking of the DSC is Smx = 
1.55 ksi. This magnitude of stress is negligible when compared to the allowable membrane stress 
of 17.2 ksi. 

The DSC shell stress due to the 1,400 pound axial load during the binding of the DSC is 15. 7 ksi. 
This stress is well within the ASME Code Service Level C allowable of 21. 7 ksi for an off
normal jammed DSC event. 

The evaluation of the basket due to normal and off-normal handling and transfer loads is 
presented in Section T.3.6.1.3.3. 

T.11.1.1.4 Corrective Actions 

No change to Section 8.1.2.1. 
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• T.11.1.2 Extreme Temperatures 

• 

• 

No change. The off-normal maximum ambient temperature of 125°F is used in Section 8.1.2.2. 
For the NUHOMS®-61BTH system, a maximum ambient temperature of 1l7°F is used. 
Therefore, the analyses in Section 8.1.2.2 bound TCs and Standardized HSM used in the 
NUHOMS®-61BTH system. 

T.11.1.2.1 Postulated Cause of Event 

No change to Section 8.1.2.2. 

T.11.1.2.2 Detection of Event 

No change to Section 8.1.2.2. 

T.11.1.2.3 Analysis of Effects and Consequences 

The thermal evaluation of the NUHOMS®-61BTH system for off-normal conditions is presented 
in Chapter T.4. The 100°F normal condition with insolation bounds the 1l7°F case without 
insolation for the DSC in the TC. Therefore the normal condition maximum temperatures are 
bounding. T~e 1l7°F case with the DSC in the HSM-H is not bounded by the normal conditions 
and therefore evaluated in Chapter T.4. 

The NUHOMS® TC and the Standardized HSM were evaluated for a maximum heat load of24 
kW and maximum off-normal ambient temperature of 125°F. The maximum heat load of the 
61BTH Type 1 DSC in the TC or the Standardized HSM is limited to 22 kW. Therefore the 
evaluations presented in Section 8.1.2.2 (for HSM Models 80/102) or in their respective 
appendices (for Models 152/202) are bounding for these components. 

The structural evaluation of the 61BTH Type 2 DSC in HSM-H off-normal temperature 
conditions is presented in Section T.3.6.2.2. The structural evaluation of the basket due to off
normal thermal conditions is presented in Section T.3.6.1.3. The structural evaluation ofHSM-H 
and OS197FC-B Transfer Cask for off-normal conditions with 61BTH DSC are presented in 
Section T.3.6. 

T .11.1.2.4 Corrective Actions 

Restrictions for onsite handling of the transfer cask with a loaded DSC under extreme 
temperature conditions are presented in Technical Specifications 5.3.1.A and 5.3.1.B. There is no 
change to this requirement as a result of addition of the NUHOMS®-61BT DSC. 

T.11,J .3 Off-Normal Releases ofRadionuclides 

The NUHOMS®-61BTH DSC is designed and tested to the leak tight criteria of ANSI N14.5 
[11.2]. Therefore the estimated quantity ofradionuclides expected to be released annually to the 
environment due to normal or off-normal events is zero . 
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The evaluation of the HSM-H for the effect of DBT wind pressure loads is addressed in Section 
P.3.7.1.1. 

The missile impact analysis presented in Section P .11.2.3 .2.1 is applicable here. Therefore, a 
loaded HSM-H rotates a maximum of 0.60° from vertical. The loaded HSM-H is stable against 
overturning as tip-over does not occur until the CG rotates past the edge point (points; F-igure 
T.11-1) to an angle of more than 24.65° [= tan-1(52.0/118.77)]. 

T.11.2.3.3 Accident Dose Calculations 

The increase in the dose rates at the localized impact location following the missile impact 
accident is expected to be bounded by the dose rates at the HSM-H vents, calculated to be 600 
mrem/hour in Table T.5-1, since the structural analysis results demonstrate that there is no full 
penetration. This represents an increase in the peak roof dose rates by a factor greater than 20 
and is conservative. 

For the purpose of this calculation, it is conservatively assumed that the affected area is twice the 
area of impact~ 1.6 ft2

• The approximate surface areas at the HSM-H front is 140 ft2
, at the 

HSM-H roof is 200 ft2 and that at the HSM-H side is 280 ft2
. The impact area, therefore, 

represents approximately 0.6% to 1.2% of the surface area of the HSM-H. This will result in an 
increase of not more than 24 % in the average dose rates at the front or roof or the side of the 
HSM-H. This increase does not significantly affect the ISFSI site dose rates and the results from 
Section T.l 0.2 (specifically Table T.l 0-17) can be utilized to determine the exposure. The dose 
received by a person located 100 meters away from the ISFSI for the assumed 8 hour duration 
would be less than 5 mrem (8*Model 80 dose rates at lOOm, 1.06E-01 mrem/hour) with a 2x10 
array of HSMs. The increased dose to an off site person located 500 meters away for the assumed 
8 hour duration would be less than 0.01 mrem (8*Model 80 dose rates at 500m, 5.25E-04 
mrem/hour) with a 2x10 array ofHSMs. 

T .11.2 .3 .4 Corrective Actions 

After excessive high winds or a tornado, the HSMs and TCs would be inspected for damage. 
Any debris would be removed. Any damage resulting from impact with a missile would be 
evaluated to determine if the system was still within the licensed design basis. 

T.11.2.4 Flood 

This event is described in Section 8.2.4. 

T.11.2.4.1 Cause of Accident 

No change to Section 8.2.4.1. 

T .11.2.4.2 Accident Analysis 

No change to the Standardized HSM analysis presented in UFSAR Section 8.2.4.2 for Models 
80/102 and in their respective appendices for Models 152/202. The HSM-H and DSCs are 
evaluated for flooding in Section T.3.7.3 . 

NUH-003 
Revision 13 Page T.11-7 January 2014 J 



• T.11.2.5.3 Accident Dose Calculations for Loss of Neutron Shield 

• 

• 

The postulated accident condition for the onsite TC assumes that after a drop event, the water in 
the neutron shield is lost. The loss of neutron shield is modeled using the normal operation 
models described in Section T.5.4 by replacing the neutron shield with air. Also, damaged fuel is 
modeled as fuel rubble that falls to the bottom of the cask. The dose rates due to the fuel rubble 
model are bounded by the results from assuming intact fuel in damaged fuel locations at far 
distances. The accident condition dose rates from Chapter T.5, are summarized in Table T.11.-2 
for the bounding 61BTH DSC Type 1 loaded with design basis fuel. 

Table T.11-'.t shows the accident condition dose rates at 1,100 and 500 meters from the TC 
(OS197 or OS197H or OS197FC-B). The source terms utilized for the accident analysis models 
are based on normal condition models and result in neutron dose rates that are not maximized. In 
order to obtain bounding neutron dose rates for accident evaluations, the calculated neutron dose 
rates are scaled conservatively by a ratio of the maximum allowable total peripheral source terms 
(calculated from the FQT for the outer 36 fuel assemblies to be 2.4E+10 neutrons/sec) to the 
total peripheral neutron source terms utilized in the accident calculations documented in Section 
T.5.4.8 (4.10 E+09 neutrons). The scaling factor for neutron dose rates is calculated to be 5.85. 
The gamma dose rates remain unchanged for further conservatism. The scaled dose rates are also 
shown in Table T.11-2. The dose received by a person located 100 meters away from the 
NUHOMS® 61BTH system installation for an assumed 8 hour duration would be less than 18 
mrem with the OS197FC-B. The increased dose to an offsite person located 500 meters away for 
the assumed 8 hour duration would be less than 0.02 mrem with both the OS 197FC-B TC with 
NUHOMS® 61BTH DSC. These exposures are well within the limits of 10CFR72.106 for an 
accident condition. 

T.11.2.5.4 Corrective Action 

No change. See Section 8.2.5.4. 

T.H.2.6 Lightning 

No change. The evaluation presented in Section 8.2.6 is not affected by the addition of the 
NUHOMS®-61BTH DSC to the NUHOMS® system. 

T.11.2.7 Blockage of Air Inlet and Outlet Openings 

This accident conservatively postulates the complete blockage of the ventilation air inlet and 
outlet openings of the Standardized HSM or HSM-H. 

T.11.2.7.1 Cause of Accident 

No change to Section 8.2. 7.1. 

T.11.2.7.2 Accident Analysis 

This event is evaluated in Section 8.2.7.2 for Standardized HSM with 24 kW heat load. The 
maximum heat load (22 kW) in the Type 1 61BTH DSC within a Standardized HSM is bounded 
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• by 24 kW. Therefore, the evaluation presented in Section 8.2.7.2 is also applicable to the 
Standardized HSM with the 61BTH DSC. 

The thermal evaluation of this event is presented in Chapter T.4 for HSM-H and a 61BTH DSC. 
The temperatures determined in Chapter T.4 are used in the structural evaluation of this event, 
which is presented in Sections T.3.7.7 and T.3.4.4.3 for HSM-H and 61BTH DSC. 

The section below describes the additional analyses performed to demonstrate the acceptability 
of the system with the NUHOMS®-61BTH DSC. . 

T.11.2.7.3 Accident Dose Calculations 

There are no off-site dose consequences as a result of this accident. The only significant dose 
increase is that related to the recovery operation. Based on the results presented in Chapter T.5, 
TableT.5-1 and Table T.5-2, the bounding average dose on HSM front or roof is 19.5 mrem/hr 
and 58.4 ri1rem/hr for the HSM-H and Standardized HSM, respectively. 

It is conservatively estimated that the on-site workers will receive an additional dose of no more 
than 467 mrem during an estimated eight hour period that may be required for removal of debris 
from the inlet and outlet vent openings. These exposures are weU within the limits of 
10CFR72.106 for an accident condition. 

T.11.2.7.4 Corrective Action 

• No change to Section 8.2. 7.4. 

• 

T.11.2.8 DSC Leakage 

The NUHOMS®-61BTH DSC is designed as a pressure retaining containment boundary to 
prevent leakage 0f contaminated materials. The analyses of normal, off-normal, and accident 
conditions have shown that no credible conditions can breach the DSC shell or fail the double 
seal welds at each end of the DSC. The NUHOMS®-61BTH DSC is designed and tested to be 
leak tight [11.2]. Therefore DSC leakage is not considered a credible accident scenario. See 
Chapter T.7 for additional details on the confinement evaluation. 

T.11 . .2.9 Accident Pressurization of DSC 

T.11.2.9.1 Cause of Accident 

The bounding internal pressurization of the NUHOMS®-61BTH DSC is postulated to result from 
cladding failure of the spent fuel in combination with the transfer accident case with the loss of 
sunshield and liquid neutron shield in the transfer cask under extreme ambient temperature 
conditions of 1l7°F and maximum insolation and the consequent release of spent fuel rod fill gas 
and free fission gas. The evaluation conservatively assumes that 100% of the fuel rods have 
failed . 
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• U.1.2.2.3 Identification of Subjects for Safety and Reliability Analysis 

U.1.2.2.3.l Criticality Prevention 

Criticality is controlled by geometry, soluble boron in the spent fuel pool and by utilizing fixed 
neutron absorber material in the fuel basket. During storage, with the DSC cavity dry and sealed 
from the environment, criticality control measures within the installation are not necessary 
because of the low reactivity of the fuel in the dry NUHOMS® -32PTH1 DSC and the assurance · 
that no water can enter the DSC cavity during storage. 

,· , ,I ._, 

U .1.2.2.3 .2 Chemical Safety 

There are no chemical safety hazards associated with operations of the NUHOMS®-32PTH1 
system. 

U.1.2.2.3 .3 Operation Shutdown Modes 

The NUHOMS®-32PTH1 DSC system is a totally passive system so that consideration of 
operation shutdown J?Odes is unnecessary. 

U .1.2.2.3 .4 Instrumentation 

No change to Section 5.1.3.4. 

• U.1.2.2.3.5 Maintenance Techniques 

No change to Section 5.1.3.5. 

• 

U.1.2.3 Cask Contents 

The NUHOMS®-32PTH1 DSC system is designed to store 32 intact (or up to 16 damaged and 
remaining intact) PWR fuel assemblies with or without control components. The fuel that may 
be stored in the NUHOMS® -32PTH1 DSC is presented in Chapter U.2. 

Chapter U.3 provides the structural analysis. Chapter U .4 includes the thermal analysis. Chapter 
U.5 provides the shielding analysis. Chapter U.6 covers the criticality safety of the NUHOMS®-
32PTH1 DSC system and its contents, listing material densities, moderator ratios, and geometric 
configurations . 
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U.1.4 Generic Cask Arrays 

No change for the HSM-H arrays. See Section 1.2.1. 

The high seismic HSM-HS design requires that three adjacent HSM-H modules be connected via 
the roof-to-roof and base-to-base connections provided. The ISFSI pad is designed to allow I 0 
feet of space for sliding and to facilitate retrievability . 
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The NUHOMS®-32PTH1 DSC is inerted and backfilled with helium at the time of loading. 
The maximum fuel assembly weight with CCs that can be accommodated in the 32PTH1-L, 
32PTH1-M, and 32PTH1-S is 1,715 lbs, 1,625 lbs, and 1,665 lbs, respectively. 

The maximum fuel cladding temperature limit of 400°C (752°F) is applicable to normal 
conditions of storage and all short term operations from spent fuel pool to ISFSI pad including 
vacuum drying and helium backfilling of the NUHOMS®-32PTH1 DSC per Interim Staff 
Guidance (ISO) No. 11, Revision 3 [2.5]. In addition, ISG-11 does not permit repeated thermal 
cycling of the fuel cladding (limited to less than 10 cycles) with cladding temperature differences 
greater than 65° C (11 ?°F) during DSC drying, backfilling and transfer operations. 

The maximum fuel cladding temperature limit of 570 ° C (105 8 °F) is applicable to accidents or 
off-normal storage thermal transients [2.5]. 

Calculations were performed to determine the fuel assembly type which was most limiting for 
each of the analyses including shielding, criticality, thermal and confinement. These evaluations 
are performed in Chapter U.5, U.6, U.4 and U.7 respectively. The fuel assembly classes 
considered are listed in Table U.2-3. It was determined that the B&W 15x15 is the enveloping 
fuel design for the shielding source term calculation because of its total assembly weight and 
highest initial heavy metal loading. For criticality safety, the B&W 15x15 assembly is the most 
reactive assembly type for a given enrichment. This assembly is used to determine the most 
reactive configuration in the DSC. Using this most reactive configuration, criticality analysis for 
all other fuel assembly classes is performed to determine the maximum enrichment allowed as a 
function of the soluble boron concentration and fixed poison plate loading. For thermal analysis, 
the WE 14x14 fuel assembly is limiting for the 32PTH1 DSCs, since it results in the lowest 
effective fuel thermal conductivity. The confinement analysis is based on B&W 15x15 fuel 
assembly, since it results in a smaller free volume inside the DSC cavity as compared to a 14x14 
fuel assembly. 

For calculating the maximum internal pressure in the NUHOMS®-32PTH1 DSC, it is assumed 
that 1 % of the fuel rods are damaged for normal conditions, up to 10% of the fuel rods are 
damaged for off-normal conditions, and 100% of the fuel rods will be damaged following a 
design basis accident event [2.1]. A minimum of 100% of the fill gas and 30% of the fission 
gases within the ruptured fuel rods are assumed to be available for release into the DSC cavity, 
consistent with NUREG-1536 [2.1]. 

The maximum internal pressures used in the structural analysis for the NUHOMS®-32PTH1 
DSC are 15, 20, and 140 psig for normal, off-normal and accident conditions, respectively, 
during storage and transfer operations for the 32PTH1 DSCs. 

U.2.1.1 General Operating Functions 

No change to Section 3.1.2 . 
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U.2.2 Design Criteria for Environmental Conditions and Natural Phenomena 

The NUHOMS®-32PTHl DSC is handled and stored in the same manner as the existing 
NUHOMS®-24P System. The environmental conditions arid natural phenomena are the same as 
those described in the existing UFSAR, Chapter 3 with a few specific differences which are 
discussed in detail in this section. 

Table U.2-16 summarizes the design criteria for the 32PTH1 DSC and HSM-H. This table also 
summarizes the applicable codes and standards utilized for design. The design criteria for HSM
H are the same as those described in Chapter P .2 

The OS200 TC used for the transfer of 32PTH1 DSC is a modified version of the NUHOMS® 
OS197 TC described in the UFSAR Section 1.3.2, with an extended total length of 211". The 
design criteria for the OS200 TC is the same as those described in UFSAR Chapter 3. An 
alternate option, designed with a modified top lid, is designated as OS200FC TC. The design 
criteria for OS200/0S200 FC TC are the same as those as described in Section P .3 .2.5 of the 
UFSAR with a few specific differences which are detailed in this section. 

U.2.2.1 Tornado Wind and Tornado Missiles 

No change to Section P.2.2.1 for HSM-H. 

The evaluation of tornado-generated missile loads on the transfer cask summarized in Section 8.2 
of the UFSAR remains unchanged . 

U.2.2.2 Water Level (Flood) Design 

No change to Section 3.2.2. 

U.2.2.3 Seismic Design 

The seismic design criteria for the HSM-H is consistent with the criteria set forth in Section 
3.2.3, with the exception that the NRC Regulatory Guide 1.60 (R.G. 1.60) [2.11] response 
spectra is anchored to a maximum ground acceleration of 0.30g (instead of 0.25g) for the 
horizontal components and 0.25g (instead of O. l 7g) for the vertical component (i.e., the site ZPA 
is 0.3g horizontal and 0.25g vertical). The seismic analysis of the HSM-H and 32PTH1 DSC are 
further discussed in Section U .3. 7. 

An alternate high seismic design option of the HSM-H has also been provided. The seismic 
criteria for the high seismic HSM-H (HSM-HS) is an "enhanced" NRC Regulatory Guide 1.60 
response spectra anchored at l .Og maximum horizontal acceleration and 1.0g maximum vertical 
acceleration shown in Figure U.2-4. 

U.2.2.4 ·' Snow and Ice Loading 

No change to Section 3.2.4 . 
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Normal Condition Stress Criteria for Steel Elements 

As summarized in Table U.2-15, the normal condition stress criteria for the fuel compartment 
tubes and the transition rails, is based on Subsection NG of the ASME Code, Section III [2.2]. 

Normal Condition Stress Criteria for Aluminum Transition Rails 

The aluminum transition rail bodies.perform their function (support of the fuel compartment 
tubes) by remaining in place. The loads on the rail bodies are primarily bearing from the fuel 
compartment tubes. "Failure" of the transition rail would require that the rail no longer provide 
support to the fuel compartment tubes. Since the aluminum rail bodies are constrained between 
the DSC shell and the fuel support compartment tubes, this cannot occur. 

Therefore, for deadweight and handling condition loads, stress in the aluminum bodies will be 
compared to the allowable bearing stress, equal to Sy, from NG-3227.l(a). Values of Sy are 
taken from Table U.3.3-5 for annealed 6061 aluminum material at temperature (as described in 
Section U.3.3, these yield stresses are lower bound values). 

Accident Conditions 

Accident Condition Stress Criteria for Steel Elements 

As summarized in Table U.2-15 the accident condition (Level D) stress criteria for the fuel 
support structure and the welded steel transition rails is based on Appendix F of the ASME 
Code, Section III. Criteria are provided for both linear elastic and elastic-plastic stress analyses. 

Accident Condition Criteria for Aluminum Transition Rails 

For accident condition loading (i.e., the postulated drops), the aluminum transition rail bodies 
must support the fuel tubes such that stresses and displacements in the fuel compartment tubes 
are acceptable. Since, the rail bodies are captured between the fuel compartment tube and the 
DSC shell, large displacements of the rails are prevented. Thus, no additional checks (of the 
aluminum) are required for accident/drop loading. Qualification of the fuel tubes demonstrates 
that the rails perform their intended function. 

U.2.2.5.2 NUHOMS® HSM-H Structural Design Criteria 

There are no changes to the HSM-H structural design criteria presented in Appendix P.2, except 
for the modified earthquake loads (EQ) as discussed in Section U.2.2.3 above. 

U.2.2.5.3 NUHOMS® OS200 TC Structural Design Criteria 

There are no changes to the design criteria presented in Table 3.2-1 Section 3 of the UFSAR for 
the OS197/0S197H TCs, except for the modified earthquake loads (EQ) of 0.3g horizontal and 
0.25g vertical ZPA accelerations as discussed in Section U.2.2.3 and the maximum decay heat 
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load of 40.8 kW for the OS200 TC (similar to the OS197FC TC described in Appendix P) and 
the edition year of the ASME Code. 

For the high seismic accident scenario with maximum site accelerations of 1.0g horizontal and 
1.0g vertical, the 75g accident drop evaluation criteria is considered bounding. The OS200 TC is 
designed and fabricated in accordance with the 1998 edition with addenda through 2000 of the 
ASME Code Section IIL Subsection NC and the alternative provisions to the ASME Code as 
described in Table U3.l-3 . 
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U.2.3 Safety Protection Systems 

. U.2.3.l General 

The NUHOMS®-32PTH1 DSC is designed to provide storage of spent fuel for at least 40 years. 
The DSC cavity is inerted and backfilled with helium and the internal pressure is always above 
atmospheric during the storage period as a precaution against in-leakage of air, which could be 
harmful to the fuel. Since the confinement vessel consists of a steel cylinder with an integrally 
welded bottom closure, and a seal welded top closure that is verified to be leak tight after 
loading, the DSC cavity gas cannot escape. 

Only those features that are not addressed in the existing UFSAR, Chapter 3, or have been 
revised, are addressed in this Section. Those features include the thermal and nucleonic 
performance of the poison plates, and their acceptance. The quality category classification for 
the various NUHOMS®system components is described in Section 3.4. The quality categories 
for the 32PTH1 system are summarized in Table U.2-19. The detailed quality category of 
components of the NUHOMS® -32PTH1 DSC and the OS200TC that are "Important to Safety" 
and "Not Important to Safety" are also shown on the drawings listed in Section U.1.5. For the 
HSM-HS, the components that are "Important to Safety" are unchanged from those listed for the 
Horizontal Storage Module in Table 3.3-1 and discussed in Section 3.3, "Safety Protection 
System." 

U.2.3.2 Protection By Multiple Confinement Barriers and Systems 

The NUHOMS®-32PTH1 DSC provides a leak tight confinement of the spent fuel. Although 
similar to the existing NUHOMS®-24P DSC, sealing of the NUHOMS®-32PTH1 DSC involves 
leak testing to the criteria of ANSI N14.5 [2.4] after loading and sealing the canister, as 
described in Chapter U. 7. 

U.2.3.3 Protection By Equipment and Instrumentation Selection 

No change to Section 3.3.3. 

U.2.3.4 Nuclear Criticality Safety 

U.2.3.4.1 Control Methods for Prevention of Criticality 

The design criterion for criticality is that an upper subcritical limit (USL) of 0.95 minus 
benchmarking bias and modeling bias will be maintained for all postulated arrangements of fuel 
within the DSC. The intact fuel assemblies are assumed to stay within their basket compartment 
based on the DSC and basket geometry. 

The control method used to prevent criticality is incorporation of poison material in the basket 
material, soluble boron in the pool and favorable geometry. The quantity and distribution of 
boron in the poison material is controlled by specific manufacturing and acceptance criteria of 
the poison plates. The acceptance criteria of the plates is described in Chapter U.9. 

The basket has been designed to assure an ample margin of safety against criticality under the 
conditions of fresh fuel in a DSC flooded with borated pool water. The method of criticality 
control is in accordance with the requirements of 10CFR72.124 [2.10] . 
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U.2.3.4.2 Error Contingency Criteria 

Provision for error contingency is built into the criterion used in Section U.2.3.4.1 above. The 
criterion used in the criticality analysis is common practice for licensing submittals. Because 
conservative assumptions are made in modeling, it is not necessary to introduce additional 
contingency for error. 

U.2.3.4.3 Verification Analysis-Benchmarking 

The verification analysis benchmarking used in the criticality safety analysis is described in 
Chapter U.6. 

U.2.3.5 Radiological Protection 

No change to Section 3.3.5. 

U.2.3.6 Fire and Explosion Protection 

No change to Section 3.3.6 . 

_,· . 
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No change to Section 3.5 . 
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U.2.5 Summary ofNUHOMS®-32PTH1 DSC and HSM-H Design Criteria 

U.2.5.l 32PTH1 DSC Design Criteria 

The NUHOMS®-32PTH1 DSC is designed to store intact and/or damaged PWR fuel assemblies 
with or without Control Components with assembly average burnup, initial enrichment and 
cooling time as described in Table U.2-1 and Table U.2-3. The maximum decay heat load of the 
stored fuel is limited to 1.5 kW per fuel assembly for Type 1 DSC and 0.98 kW for a Type 2 
DSC. The maximum heat load per canister is limited to 40.8 kW for a Type 1 DSC and 31.2 kW 
for a Type 2 DSC in order to keep the maximum fuel cladding temperature below the limit [2.5] 
necessary to ensure cladding integrity. The fuel cladding integrity is assured by the NUHOMS®-
32PTH1 DSC and basket design which limit fuel cladding temperature and maintains a 
nonoxidizing environment in the DSC cavity as described in Section U.4. 

The NUHOMS®-32PTH1 DSC (shell and closure) is designed and fabricated as a Class 1 
component in accordance with the rules of the ASME Boiler and Pressure Vessel Code, Section 
III, Subsection NB [2.2], and the alternative provisions to the ASME Code as described in Table 
U.3.1-1. 

The NUHOMS®-32PTH1 DSC is designed to maintain a subcritical configuration during 
loading, handling, storage and accident conditions. A combination of fixed neutron absorbers, 
soluble boron in the pool and favorable geometry are employed to maintain the upper subcritical 
limit of 0.9411. The fixed neutron absorbers are in the form of plates made from either borated 
aluminum alloy or MMC or Baral®. The basket is designed and fabricated in accordance with 
the rules of the ASME Boiler and Pressure Vessel Code, Section III, Subsection NG, Article NG-
3200 [2.2] and the alternative provisions to the ASME Code as described in Table U.3.1-2. 

The NUHOMS®-32PTH1 DSC is designed to withstand the effects of severe environmental 
conditions and natural phenomena such as earthquakes, tornadoes, lightning and floods. Chapter 
U.11 describes the NUHOMS®-32PTH1 DSC behavior under these accident conditions. 

The NUHOMS®-32PTH1 DSC design, fabrication and testing are covered by Transnuclear's 
Quality Assurance Program, which conforms to the criteria in Subpart G of 10CFR72. 

U.2.5.2 HSM-H Design Criteria 

There is no change to the HSM-H design criteria presented in Appendix P, Chapter P.2 except 
for the modified seismic loads as discussed in Section U.2.2. 

U.2.5.3 OS200 TC Design Criteria 

Same as the OS 197/OS197H/OS 197FC TC described in Section 3 and Appendix P of the 
UFSAR with modified seismic loads as described in U.2.2. The OS200 TC is designed and 
fabricated in accordance with the 1998 edition with addenda through 2000 of the ASME Code, 
section IIL Subsection NC and the alternatives to the ASME Code as described in Table U3.l-3 . 
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Table U.2-1 
PWR Fuel Specification for the Fuel to be Stored in the NUHOM,1ID-32PTHJ DSC 

PHYSICAL PARAMETERS: 

Fuel Class JntactordamagedunconsolidatedB&W 15x15, WE 17x17, 
CE 15x15, WE 15x15, CE 14x14, WE 14x14 and CE 16x16 
class PWR assemblies (with or without control components) 
that are enveloped by the fuel assembly design characteristics 
listed in Table U.2-3. Reload fuel manufactured by other 
vendors but enveloped by the design characteristics listed in 
Table U.2-3 is also acceptable. Damagedfuel assemblies 
beyond the definition contained below are not authorized for 
storaf{e. 
Damaged PWRfuel assemblies are assemblies containing 

- missing or partial fuel rods or fuel rods with known or 
suspected cladding defects greater than hairline cracks or 

Fuel Damage pinhole leaks. The extent of damage in the fuel assembly is to 
be limited such that the fuel assembly will still be able to be 
handled by normal means and retrievability is assured 
followinz normal and off-normal conditions. 

Reconstituted Fuel Assemblies: 

• Maximum Number of Reconstituted Assemblies per DSC 4 

With Irradiated Stainless Steel Rods 

• Maximum Number of Irradiated Stainless Steel Rods per JO 
Reconstituted Fuel Assembly 

• Maximum Number of Reconstituted Assemblies per DSC 32 

with unlimited number of low enriched U02 rods, or Zr 
Rods or Zr Pellets or Unirradiated Stainless Steel Rods 

• Up to 32 CCs are authorizedfor storage in 32PTH1-S, 
32PTH1-M and 32PTH1-L DSCs . 

• Authorized CCs include Burnable Poison Rod Assemblies 
(BPRAs), Thimble Plug Assemblies (TPAs), Control Rod 
Assemblies ((CRAs), Rod Cluster Control Assemblies 

Control Components (CCs) (RCCAs), Axial Power Shaping Rod Assemblies 
(APSRAs), Orifice Rod Assemblies (ORAs), Vibration 
Suppression Inserts (VS!s), Neutron Source Assemblies 
(NSAs) and Neutron Sources. 

• Design basis thermal and radiological characteristics for 
the CCs are listed in Table U.2-2. 

Number of Intact Assemblies ~32 

Up to 16 damaged fuel assemblies with balance intact fuel 
assemblies, or dummy assemblies are authorized for storage 
in 32PTHJ DSC. 

Number and Location of Damaged Assemblies 
Damaged fuel assemblies are to be placed in the center 16 
locations as shown in Figures U.2-1 through U.2-3. The DSC 
basket cells which store damaged fuel assemblies are 
provided with top and bottom end caps to assure 
retrievability. 

Maximum Assembly plus CC Weight 1715 lbs 
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Table U.2-1 
PWR Fuel Specification for the Fuel to be Stored in the NUHOMSW-32PTH1 DSC 

(Concluded) 

THERMAL/RADIOLOGICAL PARAMETERS: 
Allowable Heat Load Zoning Configurations for each Per Figure U.2-1 or Figure U.2-2 or Figure U.2-3. 
32PTH1 DSC 

Burnup, Enrichment, and Minimum Cooling Time for Per Table U.2-6/or Zone 1 fuel, Per Table U.2-9 and Table 
Configuration 1 U.2-11 for Zone 5 fuel, and Per Table U.2-10/or Zone 6 fuel. 

Burnup, Enrichment, and Minimum Cooling Time for Per Table U.2-8/or Zone 4 and Zone 3 fuel. 
Configuration 2 

Burnup, Enrichment, and Minimum Cooling Time for Per Table U.2-7 for Zone 2fuel. 
Configuration 3 

Maximum Planar Avera~e Initial Fuel Enrichment Per Table U.2-4 or Table U.2-5. 
Maximum Decay Heat Limits for Zones 1, 2, 3, 4, 5 and 6 

Per Figure U.2-1 or Figure U.2-2 or Figure U.2-3. 
Fuel 

50 40.8 kW for 32PTH1-S, 32PTH1-M and 32PTH1-L DSCs 
(Type 1 Basket). 

Decay Heat per DSC 
:'.S 31.2 kW for 32PTH1-S, 32PTH1-M and 32PTHl-L DSCs 
(Type 2 Basket). 

Minimum Boron Loading Per Table U.2-4 or Table U.2-5 . 
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2 
Control Components Stored in the 

'Ms®-32PTHJ DSCs 

Table U.2-
Thermal and Radiological Characteristics for 

NUHOMs®-32PT and NUHO 

NillI-003 
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Parameter 

Maximum Gamma Source 
(y/sec/Assembly) 

Decay Heat (Watts/Assembly) 

s,NSAs, BPRA 
CRAs,RC 

Neutron 
andA 

CAs, VS/s, 
Sources, 

PSRAs 

3.91 E+J3 

8 

TPAs and ORAs 

4.1E+l2 

8 

red in the interior compartments of the Note: NSAs and Neutron Sources shall only be sto 
basket. Interior compartments are those that are c 
compartments, including the corners. There are tw 

ompletely surrounded by other 
elve interior compartments in the 32PT 

and 32PTH1 DSCs . 
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Table U.2-3 
PWR Fuel Assembly Design Characteristics for the NUHOM~-32PTHJ DSC 

Assembly Class 
B&W WE CE WE CE WE CE 
15xl5 17x17 15x15 15x15 14xl4 14xl4 16x16 

32PTH1-S 162.6 162.6 162.6 162.6 162.6 162.6 162.6 
Maximum 
Unirradiated 32PTH1-M 170.0 170.0 170.0 170.0 170.0 170.0 170.0 
Length. (infJ 

32PTH1-L 178.3 178.3 178.3 178.3 178.3 178.3 178.3 

Fissile Material U02 U02 U02 U02 U02 U02 U02 
Maximum MTU/Assemblyr2J 0.49 0.49 0.49 0.49 0.49 0.49 0.49 
Maximum Number of Fuel 

208 264 216 204 176 179 236 
Rods 
Maximum Number of Guide/ 

17 25 9 21 5 17 5 Instrument Tubes 

Notes: 
(1) Maximum Assembly+ Control Component Length (unirradiated). 
(2) The maximum MTV/assembly is based on the shielding analysis. The listed value is higher than the actual . 
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Table U.2-4 
Maximum Planar Average Initial Enrichment vis Neutron Poison Requirements for 

32PTH1 DSC (Intact Fuel) 

Fuel Assembly Class 

WE J 7x17 Assembly Clasi4J 

CE J 6xJ 6 Assembly Classf5J 

B W J SxJ 5 Assembly Classf5J 

CE 15xl 5 Assembly Classf5J 

NUH-003 
Revision 13 

Maximum Planar Average Initial Enrichment (wt. % U-235) as a 
Function of Soluble Boron Concentration and Basket Type (Fixed 

Poison Loading) 
Minimum Basket Tvni1

J 

Soluble 
Boron JA or2A JB or2B JC or 2C JD or2D JEor2E 
(nom) 
2000 3.40 3.80 3.90 4.10 4.30 
2300 3.70 4.00 4.20 4.40 4.70 
2400 3.70 4.10 4.30 4.50 4.80 
2500 3.80 4.20 4.40 4.60 4.90 
2800 4.00 4.50 4.70 5.00 5.00 
3000 4.20 4.60 4.80 5.00 5.00 
2000 3.90 4.30 4.50 4.80 5.00 
2300 4.10 4.60 4.80 5.00 5.00 
2400 4.20 4.70 4.90 5.00 5.00 
2500 4.30 4.80 5.00 5.00 5.00 
2800 4.60 5.00 5.00 5.00 5.00 
3000 4.70 5.00 5.00 5.00 5.00 
2000 3.30 3.60 3.80 4.00 4.20 
2300 3.50 3.90 4.10 4.30 4.60 
2400 3.60 4.00 4.20 4.40 4.70 
2500 3.70 4.10 4.30 4.50 4.80 
2800 3.90 4.30 4.50 4.80 5.00 
3000 4.10 4.50 4.70 5.00 5.00 
2000 3.50 3.90 4.00 4.20 4.40 
2300 3.80 4.10 4.30 4.60 4.80 
2400 3.90 4.30 4.40 4.70 4.90 
2500 3.90 4.35 4.50 4.80 5.00 
2800 4.20 4.60 4.80 5.00 5.00 
3000 4.30 4.80 5.00 5.00 5.00 
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Table U.2-4 
Maximum Planar Average Initial Enrichment vis Neutron Poison Requirements for 

32PTH1 DSC (Intact Fuel) 
(Concluded) 

Maximum Planar Average Initial Enrichment (wt. % U-235) as a 
Function of Soluble Boron Concentration and Basket Type (Fixed 

Poison Loadinf.!) 
Fuel Assembly Class Minimum Basket Tvoe(IJ 

Soluble 
Boron JA or2A JB or2B 1Cor2C 1Dor2D 1Eor2E 
(ppm) 

2000 3.50 3.80 3.90 4.20 4.40 
2300 3.70 4.10 4.20 4.50 4.80 

WE J Sxl 5 Assembly Classf5J 
2400 3.80 4.20 4.40 4.60 4.90 
2500 3.90 4.30 4.50 4.70 5.00 
2800· 4.10 4.50 4. 70 5.00 5.00 
3000 4.20 4.70 4.90 5.00 5.00 
2000 3.90 4.40 4.60 4.90 5.00 
2300 4.20 4.70 5.00 5.00 5.00 

CE 14x14 Assembly Classf6J 
2400 4.30 4.80 5.00 5.00 5.00 
2500 4.40 5.00 5.00 5.00 5.00 
2800 4.60 5.00 5.00 5.00 5.00 
3000 4.80 5.00 5.00 5.00 5.00 
2000 4.20 4.70 4.90 5.00 5.00 
2300 4.50 5.00 5.00 5.00 5.00 

WE J 4xl 4 Assembly Clasi7J 
2400 4.60 5.00 5.00 5.00 5.00 
2500 4.70 5.00 5.00 5.00 5.00 
2800 5.00 5.00 5.00 5.00 5.00 
3000 5.00 5.00 5.00 5.00 5.00 

Notes: 
(1) The fixed poison loading requirements as a function of Basket Type are specified in Table U.2-17. 
(2) Not used. 
(3) Not used. 
(4) Reduce Maximum Planar Average Initial Enrichment by 0.05 wt. % U-235 for assemblies with 

CCs that extend into the active fuel region. 
(5) Reduce Maximum Planar Average Initial Enrichment by 0.10 wt. % U-235 for assemblies with 

CCs that extend into the active fuel region. 
(6) Reduce Maximum Planar Average Initial Enrichment by 0.25 wt. % U-235 for assemblies with 

CCs that extend into the active fuel region. 
(7) No reduction in Maximum Planar Average Initial Enrichment required for assemblies with CCs 

that extend into the active fitel region. 
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Table U.2-5 
Maximum Planar Average Initial Enrichment vis Neutron Poison Requirements for 

32PTHJ DSC (Damaged Fuel) 

Fuel Assembly Class 

WE J 7x17 Assembly Class 
(without CCs) 

WE J 7xl 7 Assembly Class (with 
CCs) 

CE J 6xl 6 Assembly Class 
(without CCs) 

CE J 6xl 6 Assembly Class (with 
CCs) 

NUH-003 
Revision 13 

Maximum Planar Average Initial Enrichment (wt. % U-235) as a 
Function of Soluble Boron Concentration and Basket Type (Fixed 

Poison Loadinf!) 
Minimum Basket Tvvef1J 

Soluble 
Boron JA or2A JB or2B JC or 2C 1Dor2D 1Eor2E 
(vvm) 

2000 3.40 3.70 3.80 4.05 4.25 

2300 3.60 3.95 4.10 4.35 4.65 

2400 3.70 4.05 4.20 4.45 4.75 

2500 3.75 4.15 4.30 4.55 4.85 

2800 4.00 4.40 4.60 4.85 5.00 

3000 4.15 4.55 4.75 5.00 5.00 

2000 3.35 3.65 3.75 4.00 4.20 

2300 3.55 3.90 4.05 4.30 4.55 

2400 3.65 4.00 4.15 4.40 4.70 

2500 3.70 4.10 4.25 4.50 4.75 

2800 3.95 4.35 4.55 4.80 5.00 

3000 4.10 4.50 4.70 5.00 5.00 

2000 3.65 4.05 4.20 4.50 4.75 

2300 3.90 4.30 4.50 4.80 5.'00 

2400 4.00 4.40 4.60 4.90 5.00 

2500 4.05 4.50 4. 70 5.00 5.00 

2800 4.30 4.80 5.00 5.00 5.00 

3000 4.50 4.95 5.00 5.00 5.00 

2000 3.60 3.95 4.10 4.40 4.65 

2300 3.80 4.20 4.40 4.70 4.90 

2400 3.90 4.30 4.50 4.80 5.00 

2500 4.00 4.40 4.60 4.80 5.00 

2800 4.20 4.70 4.90 5.00 5.00. 

3000 4.40 4.85 5.00 5.00 5.00 
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Table U.2-5 
Maximum Planar Average Initial Enrichment vis Neutron Poison Requirements for 32PTH1 

DSC (Damaged Fuel) 

•. 

Fuel Ass~mbly c_[ass 

BW 15x15Assembly Class 
(without CCs) 

BW J5xl5Assembly Class 
(with CCs) 

'CE J Sxl 5 Assembly Class 
(without CCs) 

CE J Sxl 5 Assembly Class 
(with CCs) 

WE 15x15 Assembly Class 
(without CCs) 

NUH-003 
Revision 13 

I 
I 

(Continued) 

Maximum Planar Average Initial Enrichment (wt. % U-235) as a 
Function of Soluble Boron Concentration and Basket Type (Fixed 

Poison Loadin2) 

Minimum Basket Typi1J 

Soluble 
Boron JA or2A JB or2B 1Cor2C 1Dor2D 1Eor2E 
(ppm) 

2000 3.30 3.60 3.75 3.95 4.20 

2300 3.50 3.90 4.05 4.30 4.50 

2400 3.60 4.00 4.15 4.40 4.65 

2500 3.65 4.05 4.20 4.50 4.75 

2800 3.90 4.30 4.50 4.75 5.00 

3000 4.05 4.45 4.65 5.00 5.00 

2000 3.20 3.50 3.65 3.90 4.10 

2300 3.40 3.80 3.95 4.20 4.40 

2400 3.50 3.90 4.05 4.30 4.55 

2500 3.60 4.00 4.15 4.40 4.65 

2800 3.80 4.20 4.40 4.65 4.90 

3000 3.95 4.40 4.55 4.90 5.00 

2000 . 3.35 3.70 3.80 4.05 4.25 

2300 3.60 3.95 4.10 4.30 4.60 

2400 3.65 4.05 4.20 4.45 4.70 

2500 3.75 4.15 4.30 4.55 4.80 

2800 4.00 4.40 4.60 4.85 5.00 

3000 4.15 4.55 4.75 5.00 5.00 

2000 3.30 3.65 3.80 4.00 4.20 

2300 3.55 3.90 4.05 4.30 4.55 

2400 3.65 4.00 4.15 4.45 4.65 

2500 3.70 4.10 4.25 4.50 4.80 

2800 3.95 4.35 4.55 4.80 5.00 

3000 4.10 4.55 4.70 5.00 5.00 

2000 3.40 3.75 3.90 4.15 4.30 

2300 3.65 4.00 4.20 4.45 4.70 

2400 3.75 4.10 4.30 4.55 4.80 

2500 3.80 4.20 4.40 4.65 4.90 

2800 4.05 4.45 4.60 4.90 5.00 

3000 4.20 4.60 4.80 5.00 5.00 
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Table U.2-5 
Maximum Planar Average Initial Enrichment vis Neutron Poison Requirements for 32PTHJ 

DSC (Damaged Fuel) 
(Concluded) 

Maximum Planar Average Initial Enrichment (wt. % U-235) as a 
Function of Soluble Boron Concentration and Basket Type (Fixed 

Poison Loadinf!) 
Fuel Assembly Class Minimum Basket Tuni1J 

Soluble 
Boron JA or2A JB or2B 1Cor2C 1Dor2D 1Eor2E 
(vvm) 

2000 3.35 3.65 3.80 4.00 4.20 
2300 3.55 3.90 4.10 4.35 4.60 

WE J Sxl 5 Assembly Class 2400 3.65 4.00 4.20 4.45 4.70 
(with CCs) 2500 3.70 4.10 4.30 4.55 4.80 

2800 3.95 4.35 4.50 4.80 5.00 
3000 4.10 4.50 4.70 5.00 5.00 
2000 3.70 4.10 4.30 4.60 4.85 
2300 3.95 4.40 4.60 4.95 5.00 

CE 14xl 4 Assembly Class 2400 4.05 4.50 4.70 5.00 5.00 
(without CCs) 2500 4.15 4.60 4.80 5.00 5.00 

2800 4.40 4.90 5.00 5.00 5.00 
3000 4.55 5.00 5.00 5.00 5.00 

2000 3.55 3.95 4.10 4.35 4.60 
2300 . 3.80 4.20 4.40 4.70 4.90 

CE 14xl 4 Assembly Class 2400 3.9 4.30 4.50 4.80 5.00 
(with CCs) 2500 4.00 4.40 4.60 4.90 5.00 

2800 4.20 4.65 4.90 5.00 5.00 
3000 4.35 4.85 5.00 5.00 5.00 
2000 3.75 4.15 4.30 4.60 4.85 
2300 3.95 4.45 4.65 5.00 5.00 

WE J 4xl 4 Assembly Class 2400 4.05 4.55 4.75 5.00 5.00 
(without CCs) 2500 4.15 4.65 4.85 5.00 5.00 

2800 4.40 4.90 5.00 5.00 5.00 
3000 4.60 5.00 5.00 5.00 5.00 

2000 3.70 4.10 4.20 4.50 4.75 
2300 3.90 4.40 4.60 4.90 5.00 

WE 14xl 4 Assembly Class 2400 4.00 4.50 4.65 5.00 5.00 
(with CCs) 2500 4.10 4.55 4.80 5.00 5.00 

2800 4.30 4.80 5.00 5.00 5.00 
3000 4.50 5.00 5.00 5.00 5.00 

Note: 
(1) The fixed poison loading requirements as a function of Basket Type are specified in Table U.2-17 . 
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Table U.2-6 

PWR Fuel Qualification Table for Zone 1 Fuel with 0.6 kW per Assembly for the NUHOMs®-32PTH1 DSC (Fuel without CCs) 

(Minimum required years of cooling time after reactor core discharge) 
BU Assembly Average Initial Enrichment (wt. % U-235) 

GWdl 
MrU 0.7 0.8 0.9 1.0 I.I 1.2 1.3 1.-1 1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3.0 3.1 3.2 3.3. 

JO 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

15 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

20 5.0 ./.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 ./.5 4.5 ./.5 4.0 4.0 4.0 4.0 4.0 -1.'o 4.0 4.0 

25 ·. 6.o 6.0 6.0 6.0 6.0 6.0 6.0 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 
I-

28 7.5 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 6.5 6.5 6.5 6.5 6.5 6.5 6.5 

30 8.5 8.5 8.5 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 7.5 7.5 7.5 7.5 
~ 

32 10.0 10.0 10.0 9.5 9.5 9.5 9.5 9.5 9.5 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 8.5 8.5 
I- .. 

3./ 12.0 12.0 11.5 11.5 11.5 11.5 11.5 11.0 11.0 11.0 11.0 11.0 11.0 11.0 11.0 10.5 10.5 10.5 10.5 

36 14.5 14.5 14.0 14.0 1./.0 14.0 13.5 13.5 13.5 13.0 13.0 13.0 13.0 13.0 12.5 12.5 12.5 12.5 12.5 
I-

38 17.5 17.0 17.0 17.0 17.0 17.0 16.0 16.0 16.0 16.0 16.0 16.0 16.0 16.0 15.0 15.0 15.0 14.5 14.5 
~ 

39 18.5 18.5 18.5 18.0 18.0 18.0 18.0 18.0 18.0 17.0 17.0 17.0 16.5 16.5 16.5 16.5 16.5 16.5 16.0 
I-

./0 20.0 20.0 20.0 20.0 20.0 20.0 19.0 19.0 18.5 18.5 18.5 18.5 18.5 18.5 17.5 17.5 17.5 17.5 17.5 
~ 

41 22.0 21.5 21.5 21.0 21.0 20.5 20.5 20.0 20.0 20.0 20.0 20.0 19.5 19.5 19.5 19.0 19.0 19.0 18.5 
I- .. 

42 21.0 21.0 20.5 20.5 20.5 20.5 20.0 
~. 

43 22.5 22.5 22.0 22.0 22.0 21.5 21.5 
I-

44 24.0 23.5 23.5 23.5 23.0 23.0 23.0 
~ " ... 

45 25.5 25.0 25.0 25.0 24.5 24.5 24.5 
I- . . .. 

46 27.0 26.5 26.5 26.0 26.0 26.0 26.0 
~ 

47 28.0 28.0 28.0 27.5 27.5 27.5 27.5 

./8 29.5 29.5 29.5 29.0 29.0 29.0 28.5 
I-

./9 
Not Analyzed 

30.5 30.5 30.0 30.0 
~ 

50 31.5 31.5 31.5 31.5 
~ 

51 33.0 33.0 32.5 32.5 
~1.. . . 

52 34.5 34.0 34.0 
~ 

53 35.5 35.5 35.5 
I--- .. .... .. ... .. -· ~--- . .. .. . · . 

54 36.5 36.5 
~ 

Note: If irradiated stainless steel rods are present 55 . 38.0 38.0 
I--- in the reconstituted fuel assembly, add an 56 · .. 39.0 39.0 

57 additional year of cooling time for cooling times 
. ,. ~ 

less than 10 years . 58 .. 
I---

59 
·-- " - . - .. . . ... 

60 
~ 

61 
-

62 . :.' .... . 

Note: Table U2-12 provides the explanatory notes and limitations regarding the use of this table. 
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3 . ./ 3.5 3.6 3.7 3.8 3.9 

3.0 3.0 3.0 3.0 3.0 3.0 

3.0 3.0 3.0 3.0 3.0 3.0 

4.0 4.0 4.0 ./.0 4.0 4.0 

5.5 5.5 5.5 5.5 5.5 5.5 

6.5 6.5 6.5 6.5 6.5 6.5 

7.5 7.5 7.5 7.5 7.5 7.5 

8.5 8.5 8.5 8.5 8.5 8.5 

10.0 10.0 10.0 10.0 10.0 10.0 

12.5 12.0 12.0 12.0 12.0 12.0 

14.5 14.5 14.5 14.5 14.0 14.0 

16.0 16.0 15.5 15.5 15.5 15.5 

17.0 17.0 17.0 17.0 17.0 17.0 

18.5 18.5 18.5 18.5 18.5 18.5 

20.0 20.0 20.0 20.0 20.0 19.5 

21.5 21.5 21.5 21.5 21.0 21.0 

23.0 23.0 23.0 22.5 22.5 22.5 

24.5 24.5 24.0 24.0 24.0 24.0 

26.0 26.0 25.5 25.5 25.5 25.5 

27.0 27.0 27.0 27.0 27.0 26.5 

28.5 28.5 28.5 28.5 28.5 28.0 

30.0 30.0 30.0 30.0 29.5 29.5 

31.0 31.0 31.0 31.0 31.0 31.0 

32.5 32.5 32.5 32.5 32.0 32.0 

34.0 34.0 33.5 33.5 33.5 33.5 

35.5 35.0 35.0 35.0 35.0 34.5 

36.5 36.5 36.5 36.5 36.0 36.0 

37.5 37.5 37.5 37.5 37.5 37.0 

38.5 38.5 38.5 38.5 38.5 38.5 

40.0 40.0 40.0 40.0 40.0 40.0 

41.0 41.0 41.0 41.0 41.0 41.0 

42.0 42.0 42.0 42.0 42.0 42.0 

43.5 43.5 43.0 ./3.0 ./3.0 43.0 

44.5 44.5 44.5 44.5 44.5 44.5 

45.5 -15.5 45.5 45.5 45.5 45.5 

4.0 -I.I 4.2 4.3 4.4 4.5 4.6 4.7 4.8 4.9 5.0 

3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

4.0 ./.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 

5.5 5.5 5.5 5.5 5.5 5.5 5.0 5.0 5.0 5.0 5.0 

6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.0 6.0 6.0 

7.5 7.5 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 

8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.0 8.0 8.0 

10.0 10.0 10.0 10.0 10.0 10.0 10.0 9.5 9.5 9.5 9.5 

12.0 12.0 12.0 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5 

14.0 14.0 14.0 14.0 14.0 14.0 14.0 14.0 14.0 14.0 13.5 

15.5 15.5 15.5 15.5 15.5 15.5 15.5 15.5 15.0 15.0 15.0 

17.0 17.0 17.0 17.0 17.0 17.0 17.0 17.0 17.0 16.0 16.0 

18.0 18.0 18.0 18.0 18.0 18.0 18.0 18.0 18.0 18.0 18.0 

19.5 19.5 19.5 19.5 19.5 19.5 19.5 19.5 19.5 19.5 19.5 

21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 20.0 

22.5 22.0 22.0 22.0 22.0 22.0 22.0 22.0 22.0 22.0 22.0 

23.5 23.5 23.5 23.5 23.5 23.5 23.5 23.5 23.5 23.5 23.5 

25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 24.5 

26.5 26.5 26.5 26.5 26.5 26.5 26.5 26.5 26.5 26.5 26.5 

28.0 28.0 28.0 28.0 28.0 28.0 28.0 28.0 28.0 28.0 28.0 

29.5 29.0 29.0 29.0 29.0 29.0 29.0 29.0 29.0 29.0 29.0 

31.0 30.5 30.5 30.5 30.5 30.0 30.0 30.0 30.0 30.0 30.0 

32.0 32.0 32.0 31.5 31.5 31.5 31.5 31.5 31.5 31.5 31.5 

33.5 33.5 33.0 33.0 33.0 33.0 33.0 33.0 32.5 32.5 32.5 

34.5 34.5 34.5 34.5 34.5 34.5 3./.5 34.0 34.0 34.0 34.0 

36.0 36.0 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.0 35.0 

37.0 37.0 37.0 37.0 37.0 37.0 36.5 36.5 36.5 36.5 36.5 

38.5 38.5 38.5 38.0 38.0 38.0 38.0 38.0 38.0 37.5 37.5 

39.5 39.5 39.5 39.5 39.5 39.0 39.0 39.0 39.0 39.0 39.0 

41.0 41.0 41.0 -10.5 40.5 40.5 40.5 40.5 40.0 40.0 40.0 

42.0 -12.0 42.0 42.0 42.0 41.5 41.5 41.5 41.5 41.5 41.5 

./3.0 ./3.0 43.0 -13.0 43.0 ./3.0 ./3.0 43.0 42.5 42.5 42.5 

44.5 44.5 ./4.0 44.0 4-1.0 44.0 44.0 44.0 44.0 43.5 43.5 

45.5 45.5 45.0 45.0 45.0 45.0 45.0 45.0 45.0 45.0 45.0 
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Table U.2-7 

PWR Fuel Qualification Table for Zone 2 Fuel with 0.8 kW per Assembly for the NUHOMs®-32PTHJ DSC (Fuel without CCs) 

(Minimum required years of cooling time after reactor core discharge) 
BU Assembly Average Initial Enrichment (wr. % U-235) 

GWdl 
).1 2.1!, MTV 0.7 0.8 0.9 1.0 1.2 1.3 ]../ 1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 3.0 3.1 3.2 3.3 

JO 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0. 3.0 3.0 3.0 3.0 

15 3.5 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

20 4.5 4.5 4.0 4.0 4.0 4.0 ./.0 4.0 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.0 3.0 3.0 3.0 

25 ./.5 ./.5 4.5 ./.5 4.5 4.5 4.5 4.5 4.5 4.0 4.0 ./.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 -. .. 
28 5.5 5.5 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 4.5 4.5 4.5 4.5 4.5 

-
30 6.0 6.0 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.0 5.0 5.0 5.0 5.0 5.0 5.0 

-
32 6.5 6.5 6.5 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 5.5 5.5 5.5 5.5 5.5 5.5 

-
34 7.5 7.0 7.0 7.0 7.0 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.0 6.0 6.0 -· 
36 8.0 8.0 8.0 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 

-
38 9.0 9.0 9.0 9.0 8.5 8.5 8.5 8.5 8.5 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 7.5 7.5 

-
39 10.0 9.5 9.5 9.5 9.5 9.5 9.0 9.0 9.0 9.0 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.0 8.0 
-·· 

40 10.5 10.5 10.5 10.0 10.0 10.0 9.5 9.5 9.5 9.5 9.5 9.0 9.0 9.0 9.0 9.0 9.0 8.5 8.5 
t--

41 11.5 11.5 11.0 11.0 10.5 10.5 10.5 10.5 10.0 10.0 10.0 10.0 10.0 9.5 9.5 9.5 9.5 9.5 9.5 -42 10.5 10.5 10.5 10.0 10.0 10.0 10.0 
t--

43 . 11.5 11.0 11.0 11.0 11.0 11.0 10.5 -44 12.0 12.0 12.0 12.0 11.5 11.5 11.5 
>---

45 13.0 13.0 13.0 12.5 12.5 12.5 12.5 -46 14.0 14.0 14.0 13.5 13.5 13.5 13.5 
>---

47 15.0 15.0 15.0 J.1.5 J.1.5 14.5 14.5 -48 
... 

16.5 16.0 16.0 15.5 15.5 15.5 15.5 
>--- .. 

· Nqt:A.nalyzed 
.. 

49 17.0 17.0 16.5 16.5 -50 18.0 18.0 18.0 17.5 -
51 19.0 19.0 19.0 19.0 _ .. 

"' 
52 20.0 20.0 20.0 

- '· 
53 21.5 21.0 21.0 

- ·-· - --'"«< " ... ...... -- ~~ ~ - .. .. ..... .. .. .. . 
54 22.5 22.5 

- Note: If irradiated stainless steel rods are present . ,, 
55 23.5 23.5 

- .. in the reconstituted fuel assembly, add an 56 25.0 25.0 
- additional year of cooling time for cooling times 57 
- - less than 10 years. " "~ . 

58 

59 
t-- .. .. ···- ... ... -

60 .. 
61 

t-- - " 
62 

Note: Table U.2-12 provides the explanatory notes and limitations regarding the use of this table. 
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3 . ./ 3.5 3.6 3.7 3.8 3.9 

3.0 3.0 3.0 3.0 3.0 3.0 

3.0 3.0 3.0 3.0 3.0 3.0 

3.0 3.0 3.0 3.0 3.0 3.0 

4.0 4.0 4.0 4.0 ./.0 4.0 

4.5 4.5 4.5 ./.5 4.5 4.5 

5.0 5.0 5.0 5.0 5.0 5.0 

5.5 5.5 5.5 5.5 5.5 5.5 

6.0 6.0 6.0 6.0 6.0 6.0 

7.0 7.0 6.5 6.5 6.5 6.5 

7.5 7.5 7.5 7.5 7.5 7.5 

8.0 8.0 8.0 8.0 8.0 8.0 

8.5 8.5 8.5 8.5 8.5 8.5 

9.0 9.0 9.0 9.0 9.0 9.0 

10.0 10.0 10.0 10.0 9.5 9.5 

10.5 10.5 10.5 10.5 10.0 10.0 

11.5 11.5 11.0 11.0 11.0 11.0 

12.0 12.0 12.0 12.0 12.0 11.5 

13.0 13.0 13.0 13.0 13.0 12.5 

1./.0 14.0 1./.0 14.0 1./.0 13.5 

15.5 15.0 15.0 15.0 15.0 15.0 

16.0 16.0 16.0 16.0 16.0 16.0 

17.5 17.5 17.5 17.0 17.0 17.0 

18.5 18.5 18.0 18.0 18.0 18.0 

19.5 19.5 19.5 19.5 19.5 19.0 

21.0 20.5 20.5 20.5 20.5 20.5 

22.0 22.0 21.5 21.5 21.5 21.5 

23.0 23.0 23.0 23.0 23.0 23.0 

24.5 24.5 24.5 24.0 24.0 24.0 

25.5 25.5 25.5 25.5 25.0 25.0 

27.0 27.0 26.0 26.0 26.0 26.0 

27.5 27.5 27.5 27.5 27.5 27.5 

29.0 28.5 28.5 28.5 28.5 28.0 

29.5 29.5 29.5 29.5 29.5 29.5 

31.5 30.5 30.5 30.5 30.5 30.5 

./.0 4.1 4.2 4.3 4.4 4.5 4.6 4.7 :4.8 4.9 5.0 

3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0· 3.0 3.0 3.0 

3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

./.0 4.0 4.0 ./.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 

4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 

5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 

5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 

6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 

6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 

7.5 7.5 7.5 7.5 7.0 7.0 7.0 7.0 7.0 7.0 7.0 

8.0 8.0 8.0 8.0 7.5 7.5 7.5 7.5 7.5 7.5 7.5 

8.5 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 

9.0 9.0 9.0 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 

9.5 9.5 9.5 9.5 9.0 9.0 9.0 9.0 9.0 9.0 9.0 

10.0 10.0 10.0 10.0 10.0 10.0 9.5 9.5 9.5 9.5 9.5 

11.0 11.0 11.0 10.5 10.5 10.5 10.5 10.5 10.5 10.5 10.5 

11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.0 11.0 11.0 11.0 

12.5 12.5 12.5 12.5 12.5 12.5 12.0 12.0 12.0 12.0 12.0 

13.5 13.5 13.5 13.5 13.5 13.0 13.0 13.0 13.0 13.0 13.0 

14.5 14.5 14.5 14.5 14.5 1./.5 14.0 14.0 13.5 13.5 13.5 

16.0 16.0 15.5 15.0 15.0 15.0 15.0 15.0 14.5 14.5 14.5 

17.0 17.0 16.5 16.5 16.5 16.5 16.5 16.0 15.5 15.5 15.5 

17.5 17.5 17.5 17.5 17.5 17.0 17.0 17.0 17.0 17.0 17.0 

19.0 19.0 19.0 19.0 18.5 18.5 18.5 18.5 18.5 18.5 17.5 

20.0 20.0 20.0 20.0 20.0 19.5 19.5 19.5 19.5 19.5 19.0 

21.0 21.0 21.0 21.0 21.0 20.5 20.5 20.5 20.5 20.5 20.0 

22.5 22.5 22.5 22.5 22.0 21.5 21.5 21.5 21.5 21.5 21.0 

24.0 23.5 23.0 23.0 23.0 23.0 23.0 22.5 22.5 22.5 22.5 

25.0 25.0 24.5 24.5 24.5 24.5 24.5 23.5 23.5 23.5 23.5 

26.0 25.5 25.5 25.5 25.5 25.5 25.0 25.0 25.0 25.0 25.0 

27.5 27.0 27.0 27.0 27.0 26.0 26.0 26.0 26.0 26.0 25.5 

28.0 28.0 28.0 28.0 28.0 27.5 27.5 27.5 27.5 27.5 27.0 

29.5 29.5 29.0 29.0 29.0 29.0 29.0 28.0 28.0 28.0 28.0 

30.0 30.0 30.0 30.0 30.0 29.5 29.5 29.5 29.5 29.5 29.5 
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Table U.2-8 

PWR Fuel Qualification Table for Zone 3 or Zone 4 Fuel with 1.0 kW per Assembly 
for the NUHOM~-32PTHJ DSC (Fuel without CCs) 

(Minimum required years of coolinK time after reactor core discharKe) 
JJU Assembly Average Initial Emichment (wt. % U-235) 

GWd! 
0.7 0.8 0.9 MTU. 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3.0 3.1 3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9 4.0 4.1 4.2 

JO 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

15 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3,0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

20 3.5 3.5 3.5 3.5 3.5 3.5 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

__l!_ ,. 4.0 4.0 4.0 4.0 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.0 

-1L 4.5 ./.5 4.5 4.5 4.0 ./.0 4.0 ./.0 4.0 4.0 4.0 ./.0 4.0 4.0 4.0 4.0 ./.0 ./.0 ./.0 4.0 ./.0 3.5 3.5 3.5 3.5 3.5 3.5 3.5 

_lQ_ 5.0 5.0 ./.5 4.5 4.5 ./.5 4.5 4.5 4.5 4.5 4.5 4.0 4.0 4.0 4.0 4.0 4.0 4.0 ./.0 ./.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 .. 
_Q_ .... 5.5 5.5 5.0 5.0 5.0 5.0 5.0 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 ./.5 4.5 4.5 4.5 4.5 4.5 4.5 

34 6.0 6.0 5.5 5.5 5.5 5.5 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 4.5 ./.5 4.5 4.5 4.5 4.5 4.5 4.5 
-1· 

36 ... ... ;· 6.5 6.5 6.0 6.0 6.0 6.0 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 

38 . ,. 7.5 7.0 7.0 6.5 - 6.5 6.5 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 . 
.....12- 7.5 7.5 7.0 7.0 7.0 6.5 6.5 6.5 6.5 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 5.5 5.5 5.5 5.5 5.5 5.5 ... ... 

40 ... 8.0 8.0 7.5 7.5 7.0 7.0 7.0 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 -,_:I.!_ i i 8.5 8.5 8.0 7.5 7.5 7.5 7.0 7.0 7.0 7.0 7.0 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.0 6.0 6.0 6.0 6.0 6.0 

~l. 7.0 7.0 7.0 7.0 7.0 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 
'• " l 

_il_.1: " .. 7.5 7.5 7.5 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 6.5 6.5 6.5 

,__!!_ 8.0 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.0 7.0 7.0 7.0 7.0 7.0 7.0 
1···.·· 

_:!1_ .. ; .. 8.0 8.0 8.0 8.0 8.0 8.0 8.0 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 

,_!§___ ... 8.5 8.5 8.5 8.5 8.5 8.5 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 7.5 7.5 

47 .. 9.0 9.0 9.0 9.0 9.0 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.0 8.0 8.0 8.0 _, .. .. 
~ "'- ,. ""~ ?~ 

,...:!§__ . .. .. 10.0 9.5 9.5 9.5 9.5 9.5 9.0 9.0 9.0 9.0 9.0 9.0 8.5 8.5 8.5 8.5 
.. ... 

./9 -'. 10.0 10.0 10.0 9.5 9.5 9.5 9.5 9.5 9.5 9.0 9.0 9.0 9.0 

__i!!_. 10.5 10.5 10.5 10.5 10.0 10.0 10.0 10.0 10.0 10.0 9.5 9.5 9.5 ... ... 
....J..!.._ .. 11.5 11.5 11.0 11.0 11.0 11.0 10.5 10.5 10.5 10.5 10.5 10.0 10.0 

Not Analyzed .. .. . 
52 12.0 12.0 12.0 11.5 11.5 11.5 11.0 11.0 11.0 11.0 11.0 10.5 - ... . '· 53 .. 

, . 13.0 12.5 12.5 12.5 12.0 12.0 12.0 12.0 11.5 11.5 11.5 11.5 -;;- ,, ..... ... 
- • Note: If irradiated stainless steel rods are 1-> p, 

13.5 13.5 13.0 13.0 13.0 12.5 12.5 12.5 12.5 12.5 12.0 

55 
present in the reconstituted fuel assembly, add an 1./.5 uo 14.0 14.0 13.5 13.5 13.5 13.5 13.0 13.0 13.0 - , .... 

56 .. additional year of cooling time for cooling times I• 
15.5 15.0 15.0 15.0 1./.5 14.5 14.5 14.0 14.0 14.0 13.5 - .... . . 

57 .. •·' ... less than 10 years. 1: 16.0 15.5 15.5 15.5 15.5 15.0 15.0 15.0 1./.5 -
58- 17.0 16.5 16.5 16.5 16.0 16.0 16.0 15.5 15.5 
~ 

~ .. ~ ,,, .• 18.0 17.5 17.5 17.5 17.0 17.0 17.0 16.5 16.5 .. ·1- H• 

60" ' 19.0 18.5 18.5 18.0 18.0 18.0 17.5 17.5 17.5 - .. ... .. .. . .... 19.5 -2!_. 20.0 19.5 19.0 19.5 19.0 18.5 18.5 18.5 

62' "' '• •, . .. 
'· 

..... .. 20.5 20.5 20.5 20.0 20.0 20.0 20.0 19.5 19.5 

Note: Table U2-12 provides the explanatory notes and limitations regarding the use of this table. 
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• 
43 4.4 4.5 4.6 4.7 ./.8 4.9 5.0 I 
3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 I 
3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 I 
3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 I 
3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 I 
3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 I 
4.0 ./.0 ./.0 ./.0 4.0 4.0 4.0 4.0 I 
4.5 4.0 4.0 4.0 4.0 4.0 4.0 4.0 I 
4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 I 
5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 I 
5.5 5.5 5.5 5.5 5.5 5.5 5.0 5.0 I 
5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 I 
6.0 6.0 6.0 5.5 5.5 5.5 5.5 5.5 I 
6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 I 
6.5 6.5 6.5 6.0 6.0 6.0 6.0 6.0 I 
6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 I 
7.0 7.0 7.0 7.0 7.0 6.5 6.5 6.5 I 
7.5 7.0 7.0 7.0 7.0 7.0 7.0 7.0 I 
7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 I 
8.0 8.0 8.0 8.0 8.0 8.0 7.5 7.5 I 
8.5 8.5 8.5 8.5 8.5 8.0 8.0 8.0 I 
9.0 9.0 9.0 9.0 8.5 8.5 8.5 8.5 I 
9.5 9.5 9.5 9.5 9.0 9.0 9.0 9.0 I 
10.0 10.0 10.0 10.0 9.5 9.5 9.5 9.5 

I 10.5 10.5 10.5 10.5 10.5 10.0 10.0 10.0 

11.5 11.0 11.0 11.0 11.0 11.0 11.0 10.5 I 
12.0 12.0 12.0 12.0 11.5 11.5 11.5 11.5 

13.0 12.5 12.5 12.5 12.5 12.5 12.0 12.0 

1./.0 13.5 13.5 13.5 13.5 13.0 13.0 13.0 

14.5 14.5 14.5 14.0 14.0 1./.0 14.0 13.5 

15.5 15.5 15.0 15.0 15.0 1./.5 14.5 14.5 

16.5 16.0 16.0 16.0 16.0 15.5 15.5 15.5 I 
17.5 17.0 17.0 17.0 16.5 16.5 16.5 16.5 I 
18.0 18.0 18.5 18.0 17.5 17.5 17.5 17.5 I 
19.5 19.0 19.0 19.0 18.5 18.5 18.5 18.5 I 
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• • • 
Table U.2-9 

PWR Fuel Qualification Table for Zone 5 Fuel with 1.3 kW per Assembly for the NUHOM~-32PTH1 DSC (Fuel without CCs) 

(Minimum required years of cooling time after reactor core discharge) 
BU Assembly Average Initial Enrichment (wt.% U-235) 

GWdlMTU 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3.0 3.1 

JO 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

15 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

20 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3;0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

25 . ; 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 ... " 
28 . 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 . 
30 4.0 4.0 4.0 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 

32 ·' 4.5 4.0 4.0 4.0 4.0 4.0 4.0 4.0 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 •. 
34 4.5 4.5 4.5 4.5 4.5 ./.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 ./.0 4.0 

36 5.0 5.0 5.0 4.5 4.5 4.5 4.5 ./.5 ./.5 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 

38 
•,;. •' 5.5 5.5 5.0 5.0 5.0 5.0 5.0 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 

39 
.'. 

6.0 5.5 5.5 5.5 5.0 5.0 5.0 5.0 5.0 ./.5 4.5 4.5 ./.5 ./.5 4.5 4.5 4.5 
,. ~ 

40 . ' 6.0 6.0 5.5 5.5 5.5 5.5 5.0 5.0 5.0 5.0 5.0 5.0 5.0 4.5 4.5 4.5 4.5 

41 6.5 6.0 6.0 6.0 5.5 5.5 5.5 5.5 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 
"' 42 5.0 5.0 5.0 5.0 5.0 .•. 

43 - 5.5 5.5 5.0 5.0 5.0 

' ; 
././ 5.5 5.5 5.5 5.5 5.5 . "~' 

. .. .. " 
45 ·. 5.5 5.5 5.5 5.5 5.5 

4 
46 6.0 6.0 6.0 6.0 6.0 

« '"' . 
47 6.0 6.0 6.0 6.0 6.0 

~ ; "'"' 
48 6.5 6.5 6.5 6.5 6.0 

~ .. 
49 

Not Analyzed 
6.5 6.5 

50 
.. 

7.0 6.5 

51 7.0 7.0 .. 
52 7.5 . , . . . "' 4 " "'"' 
53 7.5 .. .. .... . i !, '; ; 
54 .. 

55 Note: If irradiated stainless steel rods are present '· 

' 56 in the reconstituted fuel assembly, add an 
' "~- "' ,.,, 

57 . additional year of cooling time for cooling times 
58 less than 10 years. 
59 .. .. , 

" . '. :; . . \." .. ,. , . .. '"'" r 
66 . - ' •' ¥ 

61 .. 
-- . ·,,. ··- ~,·• .. - . . ~. 

62 . -
Note: Table U2-12 provides the explanatory notes and limitations regarding the use of this table. 

NUH-003 
Revision 13 Page U.2-26 

3.2 3.3 3.4 

3.0 3.0 3.0 

3.0 3.0 3.0 

3.0 3.0 3.0 

3.0 3.0 3.0 

3.0 3.0 3.0 

3.5 3.5 3.0 

3.5 3.5 3.5 

4.0 3.5 3.5 

4.0 4.0 4.0 

4.5 4.5 4.5 

4.5 4.5 4.5 

4.5 4.5 4.5 

5.0 4.5 4.5 

5.0 5.0 5.0 

5.0 5.0 5.0 

5.5 5.5 5.5 

5.5 5.5 5.5 

5.5 5.5 5.5 

6.0 6.0 6.0 

6.0 6.0 6.0 

6.5 6.5 6.5 

6.5 6.5 6.5 

7.0 7.0 7.0 

7.5 7.0 7.0 

7.5 7.5 7.5 

8.0 8.0 8.0 

8.5 8.0 8.0 

8.5 8.5 8.5 

9.0 

9.5 

10.0 .. .. 
10.5 

11.0 
.• 11.5 

3.5 3.6 3.7 3.8 .3.9 

3.0 3.0 3.0 3.0 3.0 

3.0 3.0 3.0 3.0 3.0 

3.0 3.0 3.0 3.0 3.0 

3.0 3.0 3.0 3.0 3.0 

3.0 3.0 3.0 3.0 3.0 

3.0 3.0 3.0 3.0 3.0 

3.5 3.5 3.5 3.5 3.5 

3.5 3.5 3.5 3.5 3.5 

4.0 4.0 4.0 4.0 4.0 

4.0 4.0 4.0 4.0 4.0 

4.5 4.5 4.5 4.5 4.5 

4.5 4.5 4.5 4.5 4.5 

4.5 4.5 4.5 4.5 4.5 

5.0 5.0 5.0 5.0 5.0 

5.0 5.0 5.0 5.0 5.0 

5.0 5.0 5.0 5.0 5.0 

5.5 5.5 5.5 5.5 5.5 

5.5 5.5 5.5 5.5 5.5 

6.0 5.5 5.5 5.5 5.5 

6.0 6.0 6.0 6.0 6.0 

6.5 6.0 6.0 6.0 6.0 

6.5 6.5 6.5 6.5 6.5 

7.0 6.5 6.5 6.5 6.5 

7.0 7.0 7.0 7.0 7.0 

7.5 7.5 7.0 7.0 7.0 

7.5 7.5 7.5 7.5 7.5 

8.0 8.0 8.0 8.0 8.0 

8.5 8.5 8.5 8.0 8.0 

9.0 8.5 8.5 8.5 8.5 

9.5 9.0 9.0 9.0 9.0 

10.0 9.5 9.5 9.5 9.5 

10.5 10.0 10.0 10.0 10.0 

11.0 11.0 10.5 10.5 10.5 

11.5 11.5 11.5 11.b 11.0 

4.0 4.1 ./.2 4.3 4.4 4.5 4.6 ./.7 4.8 4.9 5.0 I 
3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.o I 
3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.o I 
3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.o I 
3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 I 
3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 I 
3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 I 
3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 I 
3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 I 
./.0 4.0 4.0 4.0 4.0 4.0 ./.0 4.0 4.0 4.0 4.o I 
4.0 4.0 4.0 ./.0 ./.0 4.0 ./.0 4.0 4.0 4.0 4.o I 
4.5 4.5 4.5 4.0 4.0 4.0 4.0 ./.0 4.0 4.0 4.o I 
4.5 4.5 4.5 4.5 ./.5 4.5 4.5 4.5 4.5 4.5 4.5 I 
4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 I 
4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 I 
5.0 5.0 5.0 5.0 5.0 5.0 5.0 4.5 4.5 4.5 4.5 I 
5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.o I 
5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.o I 
5.5 5.5 5.5 5.5 5.5 5.5 5.0 5.0 5.0 5.0 5.o I 
5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 I 
6.0 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 I 
6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 5.5 , 

6.5 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 

6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.0 6.0 6.0 6.o I 
7.0 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 I 
7.0 7.0 7.0 7.0 7.0 7.0 7.0 6.5 6.5 6.5 6.5 I 
7.5 7.5 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.o I 
7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.0 7.0 7.0 

8.0 8.0 8.0 8.0 8.0 7.5 7.5 7.5 7.5 7.5 7.5 

8.5 8.5 8.5 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 

9.0 9.0 8.5 8.5 8.5 8.5 8.5 8.5 8.0 8.0 8.0 

9.5 9.0 9.0 9.0 9.0 9.0 9.0 8.5 8.5 8.5 8.5 

10.0 9.5 9.5 9.5 9.5 9.5 9.0 9.0 9.0 9.0 9.o I 
10.5 10.0 10.0 10.0 10.0 10.0 10.0 9.5 9.5 9.5 9.5 I 
11.0 10.5 10.5 10.5 10.5 10.5 10.0 10.0 10.0 10.0 10.0 I 
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Table U.2-10 

PWR Fuel Qualification Table for Zone 6 Fuel with 1.5 kW per Assembly for the NUHOMs®-32PTH1 DSC-(Fuel without CCs) 

(Minimum required years of cooling time after reactor core discharge) 

BU Assembly Average Initial Enrichment (wt. % U-235) 

GWd!MTU 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3.0 3.1 3.2 3.3 

JO 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

15 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

20 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

25 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 -
28 ,. 3.5 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

30 .• 3.5 3.5 3.5 3.5 3.5 3.5 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

32 4.0 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

34 4.0 4.0 4.0 4.0 4.0 4.0 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 

36 . 4.5 4.5 4.5 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 
.. 

38 5.0 5.0 4.5 4.5 4.5 4.5 4.5 4.0 4.0 4.0 ./.0 4.0 4.0 ./.0 4.0 4.0 4.0 4.0 4.0 --.- ,. 

39 5.0 5.0 5.0 5.0 4.5 ./.5 4.5 4.5 4.5 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 ./.0 . 
40 '.:/ 5.5 5.0 5.0 5.0 5.0 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.0 4.0 4.0 4.0 4.0 4.0 4.0 

41 5.5 5.5 5.5 5.0 5.0 5.0 5.0 4.5 ./.5 4.5 4.5 4.5 4.5 4.5 4.0 4.0 4.0 4.0 4.0 

42 4.5 4.5 4.5 4.5 4.5 4.5 4.5 

43 4.5 4.5 4.5 4.5 4.5 4.5 4.5 

44 5.0 4.5 4.5 4.5 4.5 4.5 4.5 
•"• '~ 

45 . 5.0 5.0 5.0 5.0 5.0 4.5 ./.5 
,, .. , 

46 5.0 5.0 5.0 5.0 5.0 5.0 5.0 . . . .. .. 
47 5.5 5.5 5.0 5.0 5.0 5.0 5.0 .. ~ . .. 
48 5.5 5.5 5.5 5.5 5.5 5.0 5.0 

49 5.5 5.5 5.5 5.5 . 
Not An~lyzed .. . . 

50 
" 

5.5 5.5 5.5 5.5 . 
51 6.0 6.0 6.0 6.0 . 
52 6.0 6.0 6.0 

I·• 
'• .,. , ~'; .. 

53 6.0 6.0 6.0 

54 . 6.5 6.5 

55 Note: If irradiated stainless steel rods are present 6.5 6.5 

56 in the reconstituted fuel assembly, add an 7.0 7.0 .. 
57 additional year of cooling time. .. ,., -·. . 
58 < •. .. 
59 : ... 
60 ' ~ .. . · .. .. . 
61 

62 . '.~~ .. . ': . . ,._,:, ·.· .. ',,-. .. · .. -"·" ·. ·. :' . .,, .. .. ........ 
Note: Table U.2-12 provides the explaf!atory notes and limitations regarding the use of this table. 
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3:4 3.5 3.6 3.7 3.8 

3.0 3.0 3.0 3.0 3.0 

3.'0 3.0 3.0 3.0 3.0 

3.0 3.0 3.0 3.0 3.0 

:3.0 3.0 3.0 3.0 3.0 

3.0 3.0 3.0 3.0 3.0 

3.0 3.0 3.0 3.0 3.0 

3.0 3.0 3.0 3.0 3.0 

3.5 3.5 3.5 3.5 3.5 

3.5 3.5 3.5 3.5 3.5 

4.0 3.5 3.5 3.5 3.5 

4.0 4.0 4.0 ./.0 4.0 

4.0 ./.0 4.0 4.0 4.0 

4.0 4.0 4.0 4.0 4.0 

4.5 4.0 4.0 4.0 4.0 

4.5 4.5 4.5 4.5 4.5 

4.5 4.5 4.5 4.5 4.5 

4.5 4.5 4.5 4.5 ./.5 

5.0 5.0 5.0 4.5 ./.5 

5.0 5.0 5.0 5.0 5.0 

5.0 5.0 5.0 5.0 5.0 

5.5 5.5 5.0 5.0 5.0 

5.5 5.5 5.5 5.5 5.5 

5.5 5.5 5.5 5.5 5.5 

6.0 6.0 6.0 5.5 5.5 

6.0 6.0 6.0 6.0 6.0 

6.5 6.5 6.0 6.0 6.0 

6.5 6.5 6.5 6.5 6.5 

7.0 6.5 6.5 6.5 6.5 

7.0 7.0 7.0 7.0 7.0 

7.5 7.5 7.5 7.0 7.0 

7.5 7.5 7.5 7.5 7.5 

8.0 8.0 8.0 7.5 7.5 

8.5 8.0 8.0 8.0 8.0 

$.5 8.5 8.5 8.5 8.5 

3.9 4.0 4.1 4.2 4.3 4.4 4.5 4.6 4.7 4.8 4.9 5.0 I 
3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 1.0 I 
3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 1.0 I 
3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 1.0 I 
3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 1.0 I 
3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 1.0 I 
3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 1.0 I 
3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 1.0 I 
3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 1.0 I 
3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 I 
3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 1.5 I 
4.0 4.0 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 1.5 I 
4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 1.5 I 
4.0 4.0 4.0 4.0 4.0 4.0 ./.0 4.0 4.0 4.0 4.0 4.o I 
4.0 4.0 ./.0 4.0 ./.0 4.0 ./.0 4.0 4.0 4.0 4.0 4.o I 
4.5 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.o I 
4.5 ./.5 ./.5 4.5 4.5 ./.5 4.5 4.5 4.0 4.0 4.0 4.o I 
4.5 ./.5 4.5 4.5 4.5 ./.5 4.5 4.5 4.5 4.5 4.5 4.5 I 
4.5 4.5 4.5 4.5 ./.5 ./.5 4.5 4.5 4.5 4.5 4.5 4.5 I 
5.0 5.0 5.0 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 I 
5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 4.5 4.5 I 
5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 

5.5 5.5 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 

5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.0 5.0 5.0 

5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 I 
6.0 6.0 6.0 6.0 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 I 
6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 5.5 5.5 5.5 I 
6.5 6.5 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 

6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.0 6.0 6.0 6.0 6.0 

7.0 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 

7.0 7.0 7.0 7.0 7.0 7.0 6.5 6.5 6.5 6.5 6.5 6.5 

7.5 7.5 7.5 7.0 7.0 7.0 7.0 7.0 7.0 7.0 6.5 7.o I 
7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.0 7.0 7.0 7.0 7.o I 
8.0 8.0 8.0 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 I 
8.5 8.0 8.0 8.0 8.0 8.0 8.0 8.0 7.5 7.5 7.5 7.5 I 
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Table U.2-11 

PWR Fuel Qualification Table for Zone 5 with Damaged Fuel with 1.2 kW per Assembly 
for the NUHOM~-32PTHJ DSC (Fuel without CCs) 

(Minimum required years of coo/inf! time after reactor core discharf!e) 
·- AssembfrAveraJ e Initial Em'.i~hment (wt.% U-235) BU 

GWd!MI'U 0.1 0.8 0.9 1 {1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3 3.1 3.2 '3.3 

10 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

15 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

20 3.5 3.5 3.5 3.5 3.5 3.5 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

25 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 

28 4.0 4.0 4.0 4.0 4.0 4.0 4.0 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 

30 4.5 4.5 4.5 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
'°"' 

32 5.0 5.0 4.5 4.5 4.5 4.5 4.5 4.5 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 

34 5.5 5.5 5.0 5.0 5.0 5.0 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 

36 6.0 6.0 5.5 5.5 5.5 5.5 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 4.5 4.5 4.5 

38 6.5 6.5 6.0 6.0 6.0 6.0 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.0 5.0 5.0 5.0 

39 7.0 6.5 6.5 6.5 6.0 6.0 6.0 6.0 6.0 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 
; 

40 7.0 7.0 6.5 6.5 6.5 6.5 6.0 6.0 6.0 6.0 6.0 6.0 6.0 5.5 5.5 5.5 5.5 5.5 5.5 
•, 

41 7.5 7.0 7.0 7.0 6.5 6.5 6.5 6.5 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 5.5 

42 '' 6.0 6.0 6.0 6.0 6.0 6.0 6.0 

43 6.5 6.5 6.0 6.0 6.0 6.0 6.0 

44 6.5 6.5 6.5 6.5 6.5 6.5 6.5 
;;'' "' !'· 

.,, ,, 

45 6.5 6.5 6.5 6.5 6.5 6.5 6.5 
•',. 

46 ., J• 7.0 7.0 7.0 7.0 7.0 7.0 6.5 

47 7.5 7.5 7.5 7.5 7.5 7.0 7.0 - ·" 

48 
·~, '· 8.0 8.0 8.0 8.0 7.5 7.5 7.5 

49 8.0 8.0 8.0 8.0 

50 8.5 8.0 8.0 8.0 
·" " •, 

51 9.0 9.0 8.5 8.5 

52 ,. NotA'nalywd 9.5 9.5 9.0 

53 ' ,C. 9.5 9.5 9.5 
~- '' 

54 ,• " 
10.0 10.0 

55 Note: If irradiated stainless steel rods are present 11.0 10.5 .,. 
56 in the reconstituted fuel assembly, add an 11.0 11.0 

' 

''.' 57 additional year of cooling time for cooling times 
58 .. '\J' less than 10 years. ; 

59 - , .. '" 
60 . "{ ... ' 

61 ··, •' 

62 ' ''• 

Note: Table U2-12 provides the explanatory notes and limitations regarding the use of this table. 
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3.4 3.5 3.6 3.7 

3.0 3.0 3.0 3.0 

3.0 3.0 3.0 3.0 

13.0 3.0 3.0 3.0 

3.5 3.5 3.5 3.5 

3.5 3.5 3.5 3.5 

3.5 3.5 3.5 3.5 

4.0 4.0 4.0 4.0 

4.5 4.0 4.0 4.0 

4.5 4.5 4.5 4.5 

5.0 5.0 5.0 5.0 

5.5 5.5 5.5 5.0 

5.5 5.5' 5.5 5.5 

5.5 5.5 5.5 5.5 

6.0 6.0 6.0 6.0 

6.0 6.0 6.0 6.0 

6.5 6.0 6.0 6.0 

6.5 6.5 6.5 6.5 

6.5 6.5 6.5 6.5 

7.0 7.0 7.0 7.0 

7.5 7.5 7.5 7.5 

8.0 8.0 7.5 7.5 

8.0 8.0 8.0 8.0 

8.5 8.5 8.0 8.0 

9.0 9.0 9.0 8.5 

9.5 9.5 9.5 9.0 

10.0 9.5 9.5 9.5 

10.5 10.5 10.0 10.0 

11.0 11.0 11.0 11.0 

11.5 11.5 11.0 11.0 

12.5 12.0 12.0 12.0 

13.0 13.0 12.5 12.5 

13.5 13.5 13.0 13.0 

14.5 14.0 14.0 13.5 

15.0 15.0 15.0 14.5 

3.8 3.9 4 

3.0 3.0 3.0 

3.0 3.0 3.0 

3.0 3.0 3.0 

3.5 3.5 3.5 

3.5 3.5 3.5 

3.5 3.5 3.5 

4.0 4.0 4.0 

4.0 4.0 4.0 

4.5 4.5 4.5 

5.0 5.0 5.0 

5.0 5.0 5.0 

5.5 5.5 5.5 

5.5 5.5 5.5 

6.0 6.0 5.5 

6.0 6.0 6.0 

6.0 6.0 6.0 

6.5 6.5 6.0 

6.5 6.5 6.5 

7.0 6.5 6.5 

7.5 7.0 7.0 

7.5 7.5 7.5 

8.0 8.0 8.0 

8.0 8.0 8.0 

8.5 8.5 8.5 

9.0 9.0 9.0 

9.5 9.5 9.5 

10.0 10.0 9.5 

10.5 10.5 10.5 

11.0 11.0 11.0 

11.5 11.5 11.5 

12.5 12.5 12.5 

13.0 13.0 13.0 

14.0 13.5 13.5 

14.5 14.5 14.5 

4.1 4.2 4.3 

3.0 3.0 3.0 

3.0 3.0 3.0 

3.0 3.0 3.0 

3.5 3.0 3.0 

3.5 3.5 3.5 

3.5 3.5 3.5 

4.0 4.0 4.0 

4.0 4.0 4.0 

4.5 4.5 4.5 

5.0 5.0 5.0 

5.0 5.0 5.0 

5.5 5.5 5.5 

5.5 5.5 5.5 

5.5 5.5 5.5 

6.0 6.0 6.0 

6.0 6.0 6.0 

6.0 6.0 6.0 

6.5 6.5 6.5 

6.5 6.5 6.5 

7.0 7.0 7.0 

7.5 7.5 7.5 

7.5 7.5 7.5 

8.0 8.0 8.0 

8.5 8.0 8.0 

9.0 9.0 9.0 

9.5 9.0 9.0 

9.5 9.5 9.5 

10.5 10.0 10.5 

11.0 11.0 10.5 

11.5 11.0 11.0 

12.0 12.0 12.0 

12.5 12.5 12.5 

13.0 13.0 13.0 

14.0 14.0 14.0 

-

4.4 4.5 4.6 4.7 4.8 4.9 5 I 
3.0 3.0 3.0 3.0 3.0 3.0 3.0 I 
3.0 3.0 3.0 3.0 3.0 3.0 3.0 I 
3.0 3.0 3.0 3.0 3.0 3.0 3.0 I 
3.0 3.0 3.0 3.0 3.0 3.0 3.0 I 
3.5 3.5 3.5 3.5 3.5 3.5 3.5 I 
3.5 3.5 3.5 3.5 3.5 3.5 3.5 I 
4.0 4.0 4.0 4.0 4.0 4.0 4.0 I 
4.0 4.0 4.0 4.0 4.0 4.0 4.0 I 
4.5 4.5 4.5 4.5 4.5 4.5 4.5 I 
5.0 5.0 5.0 5.0 5.0 4.5 4.5 I 
5.0 5.0 5.0 5.0 5.0 5.0 5.0 I 
5.5 5.5 5.0 5.0 5.0 5.0 5.0 I 
5.5 5.5 5.5 5.5 5.5 5.5 5.5 I 
5.5 5.5 5.5 5.5 5.5 5.5 5.5 I 
6.0 6.0 6.0 5.5 5.5 5.5 5.5 I 
6.0 6.0 6.0 6.0 6.0 6.0 6.0 I 
6.0 6.0 6.0 6.0 6.0 6.0 6.0 I 
6.5 6.5 6.0 6.0 6.0 6.0 6.0 I 
6.5 6.5 6.5 6.5 6.5 6.5 6.5 I 
7.0 7.0 7.0 7.0 6.5 6.5 6.5 I 
7.5 7.5 7.5 7.0 7.0 7.0 7.0 I 
7.5 7.5 7.5 7.5 7.5 7.5 7.5 I 
8.0 8.0 8.0 7.5 7.5 7.5 7.5 I 
8.0 8.0 8.0 8.0 8.0 8.0 8.0 I 
8.5 8.5 8.5 8.5 8.5 8.5 8.0 I 
9.0 9.0 9.0 9.0 9.0 9.0 9.0 I 
9.5 9.5 9.5 9.5 9.0 9.0 9.0 

10.0 10.0 10.0 10.0 9.5 9.5 9.5 

10.5 10.5 10.5 10.5 10.5 10.5 10.0 

11.0 11.0 11.0 11.0 10.5 10.5 10.5 

11.5 11.5 ll.5 11.5 11.0 11.0 11.0 

12.5 12.5 12.0 12.0 12.0 12.0 12.0 I 
13.0 13.0 13.0 12.5 12.5 12.5 12.5 I 
13.5 13.5 13.5 13.0 13.0 13.0 n.o I 
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Table U.2-12 

Notes for Tables U.2-6 through U.2-11 

• BU= Assembly Average burnup . 

• Use burnup and enrichment to look up minimum cooling time in years. Licensee is responsible for ensurinl{ that uncertainties in fuel enrichment 
and burnup are correctly accounted for duringfael qualification. 

• Round burnup UP to next higher entry, round enrichments DOWN to next lower entry. 

: . 
• 

For a fuel assembly with Control Components, for a given enrichment and burnup, increase the cooling time obtained.from an FQT by one year. 

Fuel with an assembly average initial enrichment less than 0. 7 (or less than the minimum provided above for each burnup) and greater than 5. 0 wt . 
% U-235 is unacceptable for storage. 

• Fuel with a burnup greater than 62 GWdJMTU is unacceptable for storage. 

• Fuel with a burnup less than JO GWd/MTU is acceptable for storage after 3-years cooling. 

• See Figure U2-l through Figure U2-3 for a description of the Heat Load Zones. 

• For reconstituted fuel assemblies with U02 rods and/or Zr rods or Zr pellets and/or stainless steel rods, use the assembly average equivalent 
enrichment to determine the minimum cooling time. 

• The cooling times for damaged and intact assemblies are identical. 

• &ample: An INTACT FUEL ASSEMBLY without CCs, with a decay heat load of 1.5 kW or less, an initial enrichment of 3.65 wt. % U-235 and a 
burnup of 41.5 GWd/MTUis acceptable for storage after a 4.0 year cooling time as defined by 3.6wt. % U-235 (rounding down) and 42 GWd/MTU 
(rounding up) in Table U2-JO. If the fuel assembly has CCs, the minimum cooling time is increased by an additional one year, resulting in five year· 
minimum cooling time prior to storage. 
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Table U.2-17 
BIO Specification for the NUHOMs®-32PTH1 Poison Plates 

NUHOMS®-32PTH1 DSC Minimum B10 Areal Density, (gramslcm2
) 

Basket Type Borated Aluminum or MMC Bora!® 

1A or2A 0.007 0.009 

1B or 2B 0.015 0.019 

1C or 2C 0.020 0.025 

: 10 pr2D 0.032 NIA -.•; --·---·-. 

1E or2E 0.050 NIA 

Table U.2-18 
Maximum Allowable Heat Load for the NUHOMS®-32PTH1 System 

System 32PTH1 
32PTH1 

HSM TC Max. Heat Load (kW) 
Basket 

Configuration DSC Type Type(1J,(2J Configuration Configuration per DSC 

08200FC 
40.8 (HLZC 1, with intact 
or damaged fuel) 

32PTH1-8, 1A, 18, or 08200FC 
31.2 (HLZC 2, with 

H8M-H/ damaged fuel) 
1 32PTH1-M 1C or 10 or 

or 32PTH1-L 1E H8M-H8 
08200 

31.2 (HLZC 2, with intact 
fuel) 

08200 
24 (HLZC 3 with intact or 
damaged fuel) 

32PTH1-8, 2A, 28, or H8M-H OS200FC 31.2 (HLZC 2) 
2 32PTH1-M 2C or 20 or 

or 32PTH1-L 2E H8M-H8 08200 24.0 (HLZC 3) 
. .. .. 

Notes: 

(1) Basket Type 1 (1A, 1 B, 1 C, 1 D 1 E) has aluminum transition rails in the DSC basket. 

(2) BaskefType 2 (2A, 28, 2C, 2D, 2E) has steel transition rails in the DSC basket. 

NUH-003 
Revision 13 Page U.2-39 January 2014 · 

S-

I ~-

I ~ I ~ 

d 
I 
I 



• 

• 

• 

Zone 6 Zone 6 Zone 6 Zone6 

Zone 6 Zone 5 
. 

Zone 5 
. 

Zone 5 
. 

Zone 5 
. 

Zone 6 

'' \::J' 

Zone 6 Zone 5 
. 

Zone 1 
. 

Zone 1 
. 

Zone 5 
. 

Zone 6 
: 

. - ,, ·' 
'/ --

., , ' '"'~ 

Zone 6 Zone 5·, · Zone 1 
. 

Zone 1 
. ':. z'orie 5* Zone 6 

Zone 6 Zones: . Zone 5 
. 

:zone 5 
. 

.Zeme 5 
. 

Zone 6 
,,:. '· 

Zone6 Zone 6 Zone 6 Zone 6 

*denotes location where intact or damaged fuel assembly can be stored. 

Zone 1 Zone 2 Zone 3 Zone4 Zone 5 Zone 6 

Max. Decay Heat I FA 
0.6 NIA NIA NIA 1.3(1) 1.5 

(kW) 

Max. Decay Heat I Zone 2.4 NIA NIA NIA 15.6 24.0 
(kW) 

Max. Decay Heat I DSC 40.8(Z) 
-- .. --

(kW) 

Notes: (1) 1.2 kW per FA is the maximum decay heat allowed for damaged fuel assemblies. 
(2) Adjust payload to maintain 40.8 kW heat load. 

Figure U.2-1 
Heat Load Zoning Configuration No.1for32PTH1-S, 32PTH1-M and 32PTH1-L DSCs 

(Type 1 Baskets) 
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Table U.3.1-1 
Alternatives to the ASME Code for the NUHOMS® 32PTH1 DSC Confinement Boundary 

(Part 1of2) 

Reference ASME 
Code Section/ Article 

NCA 

NCA-1140 

NB-1100 

.. 
NB-2130 

NB-4121 

NB-4243 and 
NB-5230 

NB-1132 

NUH-003 
Revision 13 

Code ReQuirement 

All 

Use of Code editions 
andaddenda 

Requirements for Code 
Stamping of 
Components, Code 
reports and certificates, 
etc. 
Material must be 
supplied by ASME 
approved material 
suooliers. 
Material Certification 
by Certificate Holder 

Category C weld joints 
in vessels and similar 
weld joints in other 
components shall be 
full penetration joints. 
These welds shall be 
examined by UT or RT 
and either PT or MT 

Attachments with a 
pressure retaining 
function, including 
stiffeners, shall be 
considered part of the 
component. 

Alternatives, Justification & Compensatorv Measures 
Not compliant with NCA. Quality Assurance is provided 
accordinf! to JO CFR 72 Subpart Gin lieu ofNCA-4000. 
Code edition and addenda other than those specified in 
Section V.2 may be used for construction, but in no case 
earlier than three years before that specified in Section V.2. 
Materials produced and certified in accordance with ASME 
Section II material specification from Code Editions and 
Addenda other than those specified in Section V.2 may be 
used, so long as the materials meet all the requirements of 
Article 2000 of the applicable Subsection of the Section III 
Edition and Addenda used for construction. 

Code Stamping is not required. As Code Stamping is not 
required, the fabricator is not required to hold an ASME "N" 
or "NPT" stamp, or to be ASME Certified. 

Material is certified to meet all ASME Code criteria but is 
not eligible for certification or Code Stamping if a non-
ASME fabricator is used. As the fabricator is not required to 
be ASME certified, material certification to NB-2130 is not 
possible. Material traceability & certification are maintained 
in accordance with TN's NRC approved QA program. 
The shell to the outer top cover weld, the shell to the inner 
top cover/shield plug weld (including optional design 
configurations for the inner top cover as described in the 
32PTH1 DSC drawings), the siphon/vent cover welds, and 
the vent and siphon block welds to the shell are all partial 
penetration welds. As an alternative to the NDE 
requirements ofNB-5230, for Category C welds, all of these 
closure welds are multi-layer welds and receive a root and 
final PT examination, except for the shell to the outer top 
cover weld. The shell to the outer top cover weld will be a 
multi-layer weld and receive multi-level PT examination in 
accordance with the guidance provided in ISG-15 for NDE. 
The multi-level PT examination provides reasonable 
assurance that flaws of interest will be identified. The PT 
examination is done by qualified personnel, in accordance 
with Section V and the acceptance standards of Section III, 
Subsection NB-5000. All of these welds are designed to 
meet the guidance provided in ISG-15 for stress reduction 
factor. 
Bottom shield plug and outer bottom cover plate are outside 
code jurisdiction; these components together are much larger 
than required to provide stiffening for the inner bottom cover 
plate; the weld that retains the outer bottom cover plate and 
with it the bottom shield plug is subject to root and final PT 
examinations. 
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Table U.3.1-1 
Alternatives to the ASME Code for the NUHOMS® 32PTH1 DSC Confinement Boundary 

(Part 2 of2) 

Reference ASME 
Code Section/ Article 

NB-6100 and 6200 

NB-7000 

NB-8000 

NB-5520 

NUH-003 
Revision 13 

Code ReQuirement 

All pressure retaining 
components and 
completed systems shall 
be pressure tested. The 
preferred method shall 
be hydrostatic test. 

Overpressure Protection 

Requirements for 
nameplates, stamping & 
reports per NCA-8000 

NDE Personnel must be 
qualified to a specific 
edition of SNT-TC-lA 

Alternatives, Justification & Compensatory Measures 
The NUHOMS® 32PTH1 DSC is not a complete vessel until 
the top closure is welded following placement of fuel 
assemblies within the DSC. Due to the inaccessibility of the 
shell and lower end closure welds following fuel loading and 
top closure welding, as an alternative, the pressure testing of 
the DSC is performed in two parts. The DSC shell and inner 
bottom plate/forging (including all longitudinal and 
circumferential welds), are pressure tested and examined at 
the fabrication facility. 
The shell to the inner top cover/shield plug closure weld 
(including optional design configurations for the inner top 
cover as described in the 32PTH1 DSC drawings) is pressure 
tested and examined for leakage in accordance with NB-
6300 in the field. 
The siphon/vent cover welds are not pressure tested; these 
welds and the shell to the inner top cover/shield plug closure 
weld (including Optional design configurations for the inner 
top cover as described in the 32PTH1 DSC drawings) are 
helium leak tested after the pressure test. 
Per NB-6324 the examination for leakage shall be done at a 
pressure equal to the greater of the design pressure or three-
fourths of the test pressure. As an alternative, if the 
examination for leakage of these field welds, following the 
pressure test, is performed using helium leak detection 
techniques, the examination pressure may be reduced to ::::1.5 
psig. This is acceptable given the significantly greater 
sensitivity of the helium leak detection method. 
No overpressure protection is provided for the NUHOMS® 
DSCs. The function of the DSC is to contain radioactive 
materials under normal, off-normal and hypothetical 
accident conditions postulated to occur during transportation 
and storage. The DSC is designed to withstand the maximum 
possible internal pressure considering 100% fuel rod failure 
at maximum accident temperature. 
The NUHOMS® DSC nameplate provides the information 
required by 10CFR71, 49CFR173 and 10CFR72 as 
appropriate. Code stamping is not required for the DSC. QA 
data packages are prepared in accordance with the 
requirements ofTN's approved QA program. 

Permit use of the Recommended Practice SNT-TC-lA to 
include up to the most recent 2011 edition. 
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Table U.3.1-2 
Alternatives to the ASME Code for the NUHOMS® 32PTH1 DSC Basket Assembly 

(Part I of2) 

Reference ASME 
Code Section/ Article 

NCA 

NCA-1140 

NG-1100 

NG-2000 

NG/NF-2130 

NG/NF-4121 

NG-8000 

NG-3000/ Section II, 
Part D, Table 2A 

NUH-003 
Revision /3. 

Code Requirement 

All 

Use of Code editions 
andaddenda 

Requirements for 
Code Stamping of 
Components, Code 
reports and 
certificates, etc. 

UseofASME 
Material 

Material must be 
supplied by ASME 
approved material 
suppliers. 

Material Certification 
by Certificate Holder 

Requirements for 
nameplates, stamping 
& reports per NCA-
8000 

Maximum temperature 
limit for Type 304 
plate material is 800°F. 

Alternatives, Justification & Compensatory Measures 
Not compliant with NCA. Quality Assurance is provided according to 
10 CFR 72 Subpart Gin lieu ofNCA-4000. 
Code edition and addenda other than those specified in Section U.2 
may be used for construction, but in no case earlier than 3 years before 
that specified in Section U.2. 
Materials produced and certified in accordance with ASME Section II 
material specification from Code Editions and Addenda other than 
those specified in Section U.2 may be used, so long as the materials 
meet all the requirements of Article 2000 of the applicable Subsection 
of the Section Ill Edition and Addenda used for construction. 

Code Stamping is not required. As Code Stamping is not required, the 
fabricator is not required to hold an ASME ''N" or "NPT" stamp or to 
be ASME Certified. 

Some baskets include neutron absorber and aluminum plates that are 
not ASME Code Class 1 material. They are used for criticality safety 
and heat transfer, and are only credited in the structural analysis with 
supporting their own weight and transmitting bearing loads through 
their thickness. Material properties in the ASME Code for Type 6061 
aluminum are limited to 400°F to preclude the potential for annealing 
out the hardening properties. Annealed properties (as published by the 
Aluminum Association and the American Society of Metals) are 
conservatively assumed for the aluminum transition rails for use above 
the Code temperature limits. 

Material is certified to meet all ASME Code criteria but is not eligible 
for certification or Code Stamping if a non-ASME fabricator is used. 
As the fabricator is not required to be ASME certified, material 
certification to NG-2130 is not possible. Material traceability & 
certification are maintained in accordance with TN's NRC approved 
QA program. .. 

The NUHOMS"" DSC nameplate provides the information required by 
IOCFR71, 49CFRl73 and IOCFR72 as appropriate. Code stamping is 
not required for the DSC. QA Data packages are prepared in 
accordance with the requirements ofTN's approved QA program. 
Not compliant with ASME Section II Part D Table 2A material 
temperature limit for Type 304 steel for the postulated transfer accident 
case (I 17°F, loss of sunshade, loss of neutron shield) and blocked vent 
accident (1I7°F, 40 hr). The calculated maximum steady state 
temperatures for transfer accident case and blocked vent accident case 
are less than 1000 °F. The only primary stresses in the basket grid are 
deadweight stresses. The ASME Code allows use of SA240 Type 304 
stainless steel to temperatures up to 1000°F, as shown in ASME Code, 
Section II, Part D, Table IA. In the temperature range of interest (near 
800°F), the Sm values for SA240 Type 304 shown in ASME Code, 
Section II Part D, Table 2A are identical to the allowable S value for 
the same material shown in Section II, Part D, Table IA. The recovery 
actions following these accident scenarios are as described in the 
UFSAR . 
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Table U.3.1-2 
Alternatives to the ASME Code for the NUHOMS® 32PTH1 DSC Basket Assembly 

(Page 2 o/2) 

Reference ASME 
Code Section/ Article 

i 

NG-3352 

NG-5520 

NUH-003 
Revision 13 

Code Requirement 

Table NG 3352-1 
lists the permissible 
welded joints. 

NDE personnel 
must be qualified to 
a specific edition of 
SNT-TC-1A 

Alternatives, Justification & Compensatory Measures 
The fusion welds between the stainless steel insert plates and the 
stainless fuel compartment tube are not included in Table NG-
3352-1. These welds are qualified by testing. The required 
minimum tested capacity of the welded connection (at each side 
of the tube) shall be 45 kips (at room temperature). The capacity 
shall be demonstrated by qualification and production testing. 
Testing shall be performed using, or corrected to, the lowest 
tensile strength of material used in the basket assembly or to 
minimum specified tensile strength. Testing may be performed on 
individual welds, or on weld patterns representative of one wall of 
the tube. -- -

ASME Code Section IX does not provide tests for qualification of 
these type of welds. Therefore, these welds are qualified using 
Section IX to the degree applicable together with the testing 
described here. 
The welds will be visually inspected to confirm that they are 
located over the insert plates, in lieu of the visual acceptance 
criteria ofNG-5260 which are not appropriate for this type of 
weld. 
A joint efficiency (quality) factor of 1.0 is utilized for the fuel 
compartment longitudinal seam welds. Table NG-3352-1 permits 
a joint efficiency (quality) factor of0.5 to be used for full 
penetration weld examined by ASME Section V visual 
examination (VT). For the 32PTH1 DSC, the compartment seam 
weld is thin and the weld will be made in one pass. Both surfaces 
of weld (inside and outside) will be fully examined by VT and 
therefore a factor of2 x 0.5=1.0, will be used in the analysis. This 
is justified as both surfaces of the single weld pass/layer will be 
fully examined, and the stainless steel material that comprises the 
fuel compartment tubes is verv ductile. 

Permit use of the Recommended Practice SNT-TC-1A to include 
up to the most recent 2011 edition. 
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Table U.3.1-3 
Alternatives to the ASME Code to the NUHOMS® 08200 and OS200FC Transfer Casks 

(Applies to TC structural components only; lead shielding, neutron shielding, and neutron shield jacket of the TC are 
not addressed by this table.) 

Reference ASME 
Code Section/ Article 

NCA 

NCA-1140 

NC-1100 

NC-2000-

NC-2130 

NC-4120 

NC-5254 

NC-6000 

NC-7000 

NC-8000 

NC-5520 

NUH-003 
Revision 13 

' 

Code Requirement 

All 

Use of code editions 
andaddenda 

Requirements for 
code stamping of 
components 

ASME code materials 
are to be used. 

Material must be 
supplied by ASME 
approved material 
suppliers. 

Material certification 
bv certificate holder 

Category D joints 
shall be RT or UT 
examined. 

All completed 
pressure retaining 
systems shall be 
pressure tested. 

Overpressure 
protection 

Requirements for 
nameplates, stamping 
& reports per NCA-
8000 
NDE personnel must 
be qualified to a 
specific edition of 
SNT-TC-JA 

Alternatives, Exception, Justification & Compensatory 
Measures 
Not compliant with NCA. Quality assurance is provided according to 
JO CFR 72 Subpart Gin lieu ofNCA-4000. 
Code edition and addenda other than those specified in Section U2 
may be used for construction, but in no case earlier than 3 years 
before that specified in Section U2. Materials produced and certified 
in accordance with ASME Section II material specification from code 
editions and addenda other than those specified in Section U2 may be 
used, so long as the materials meet all the requirements of Article 
2000 of the applicable subsection of the Section III edition and 
addenda usedfor construction. 
The OS200/0S200FC TC is designed and fabricated to the 
requirements of Subsection NC, to the maximum extent practical. 
However, the transfer cask does not have a code stamp. Code 
Stamping is not required by 10 CFR 72 regulation. Therefore, the 
fabricator is not required to be ASME Certified. 
The TC bottom ram access cover plate is made of ASTM A240, a 
non-ASME material. This cover plate is a water tight closure used 
during fuel loading/unloading operations in the fuel/reactor building 
only. This is not a pressure boundary component, and its failure does 
not result in any public safety concerns. 
Materials designated as ASME on the UFSAR Chapter U.1 drawings 
are obtained by TN approved suppliers with Certified Material Test 
Reports (CMTRs). Material is certified to meet all ASME code 
criteria but is not eligible for certification or code stamping, if a non-
ASME fabricator is used. As the fabricator is not required to be 
ASME certified, material certification to NC-2130 is not possible. 
Material traceability & certification are maintained in accordance with 
TN's NRC approved QA program. 
The trunnion-to-shell weld is a Category D joint which does not allow 
adequate UT or RT examination. This weld is not a pressure boundary 
but serves as lifting point for the TC. During fabrication, this weld is 
progressive PT examined and then load- tested to three times the 
design load. 
The weld between the ram access penetration forging and bottom end 
plate is a Category D joint which does not allow meaningful RT or 
UT examination. This weld is PT examined root and final layers. This 
is not a pressure boundary component and its failure does not result in 
any public safety concerns. 
With respect to pressure testing requirements, the transfer cask is not 
a pressure retaining component. Therefore, no pressure testing is 
required. However, the liquid neutron shield cavity, cask bottom 
neutron shield cavity, and the bottom cover plate assembly are 
pressure and leak tested. 
The TC is not a pressure retaining component. Therefore, no 
overpressure protection is provided for the transfer cask, except that a 
pressure relief valve is provided for the annular neutron shielding. 
The TC nameplate provides the information required by 10CFR72. 
Code stamping is not required for the TC. QA data packages are 
prepared in accordance with the requirements ofl0CFR72 and TN's 
NRC approved QA program. 

Permit use of the Recommended Practice SNT-TC-JA to include up to 
the most recent 2011 edition. 
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• • The welding and backfilling process takes 8 hours to complete. 
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Under these assumptions, the hydrogen concentration in the space between the water and the 
shield plug is a function of the time water is in the DSC prior to backfilling with helium. The 
hydrogen concentration is (0.313 ft3 H2/hr)*(8 hr) I (105.1ft3)=2.38%. Monitoring of the 
hydrogen concentration before and during welding operations is performed to ensure that the 
hydrogen concentration does not exceed 2.4%, which is well below the ignitable limit of 4%. If 

·the hydrogen concentration exceeds 2.4%, welding operations are suspended and the DSC is 
purged with an inert gas. In an inert atmosphere, hydrogen will not be generated. 

· Effect of Galvanic Reactions on the Performance of the System 

There are no significant reactions that could reduce the overall integrity of the DSC or its 
contents during storage. The DSC and fuel cladding thermal properties are provided in Chapter 
U.4. The surface emissivity of the fuel compartment tube is 0.46, which is typical for non
polished stainless steel surfaces. If the stainless steel is oxidized, this value would increase, 
improving heat transfer. The fuel rod emissivity value used is 0.80, which is a typical value for 
oxidized Zircaloy. Therefore, the passivation reactions would not reduce the thermal properties 
of the component cask materials or the fuel cladding. 

There are no reactions that would cause binding of the mechanical surfaces or the fuel to basket 
compartment boxes due to galvanic or chemical reactions. 

There is no significant degradation of anY- safety components caused directly by the effects of the 
reactions or by the effects of the reactions combined with the effects of long term exposure of the 
materials to neutron or gamma radiation, high temperatures, or other possible conditions. 

If an independent spent fuel storage installation site is located in a costal salt water marine 
· atmosphere, then any load-bearing carbon steel DSC support structure rail components of any 
associated HSM-H shall be procured with a minimum 0.20 percent copper content for corrosion 
resistance. 

U.3.4.2 Positive Closure 

Positive closure is provided by the OS200 TC. No change to Section 3.3.2. 

U.3.4.3 Lifting Devices 

The evaluations for the OS200 TC trunnions presented in Section U.3.6.1.6 are based on a 
critical lift weight of250,000 lb. As shown in Table U.3.2-1, the maximum critical lift weight 
with a NUHOMS® 32PTH1 DSC is approximately 241,300 lbs. 

U.3.4.4 Heat and Cold 

U.3.4.4.1 Summary of Pressures and Temperatures 

Temperatures and pressures for the 32PTH1 DSC and basket are calculated in Chapter U.4. 
Section U.4.4 provides the thermal evaluation of the HSM-H loaded with a 32PTH1 DSC . 
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U.3.7.11.2 DSC Fatigue Evaluation 

Although the normal and off-normal internal pressures for the NUHOMS® 32PTH1 DSC are 
higher relative to the NUHOMS® 24P DSC, the range of pressure fluctuations due to seasonal 
temperature changes are essentially the same as those evaluated for the NUHOMS® 24P DSC. 
Similarly, the normal and off-normal temperature fluctuations for the NUHOMS® 32PTH1 DSC 
due to seasonal fluctuations are essentially the same as those calculated for the NUHOMS® 24P 
DSC. Therefore, the fatigue evaluation presented in UFSAR Section 8.2.10.2 for the 24P DSC 
remains applicable to the NUHOMS® 32PTH1 DSC. 

U.3.7.11.3 TC Load Combination Evaluation 

The load combinations considered for the OS197/0S197H for normal, off-normal, and 
postulated accident loadings are shown in UFSAR Table 3 .2-7. Service Levels A and B 
allowables are used for all normal operating and off-normal loadings. Service Levels C and D 
allowables are used for load combinations which include postulated accident loadings. The TC 
load combinations presented in UFSAR Table 3 .2-7 are also applicable to the OS200 TC. For 
the OS200 TC evaluations, the load combinations Al through C2 in UFSAR Table 3.2-7 are 
addressed by the nine load cases for normal and off-normal loads in Section U .3 .6.1.5 .3. In these 
evaluations a bounding 2g load applied in the axial, transverse and vertical direction is used to 
bound the handling/transfer and Level C seismic load combinations in combination with 
deadweight. The bounding 2g load case is also combined with thermal loads resulting from the 
31.2 kW and 40.8 kW thermal distributions from the thermal analysis. Load combinations Dl 
through D3 in UFSAR Table 3.2-7 address the accident drop load combinations, evaluated in 
Section U.3.7.4.4. The high seismic criteria of l.Og maximum horizontal and vertical 
accelerations is a Level D event and is considered bounded by the 75g accident drop evaluations. 

U.3.7.11.4 TC Fatigue Evaluation 

No change to Section 8.2.10.3. 

U.3.7.11.5 HSM-H/HSM-HS Load Combination Evaluations 

U.3.7.11.5.1 HSM-H/HSM-HS Concrete Component Evaluation 

The required strength, U, for critical sections of concrete is calculated in accordance with the 
requirements of ANSI 57.9 [3.16] and Chapter 9 of ACI 349 [3.28], including the strength 
reduction factors defined in ACI 349, Section 9.3. 

The concrete design loads are multiplied by load factors and combined to simulate the most 
adverse load conditions. The load combinations described in Table U.3.7-23 are used to evaluate 
the concrete components. 

U.3.7.11.5.2 HSM-H/HSM-HS Support Structure Evaluation 

The required steel strength, S, and required shear strength, Sv for critical sections of steel 
structure are calculated in accordance with the requirements of AISC Allowable Stress Design 
(ASD) method [3.21]. 
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U.3.7.11.6.6 Evaluation of the HSM-H/HSM-HS Heat Shields 

The top and side heat shields of the HSM-HIHSM-HS loaded with a 32PTH1 DSC consist of flat 
stainless steel plates (Type 304). These heat shield are evaluated for bounding seismic loads. 
The maximum stresses in the top and side heat shields are 9.0 ksi and 3.1 ksi, respectively. The 
allowable stress for Type 3 04 stainless steel at temperature ( 400°F) is 15 .5 ksi. The studs 
supporting the side heat shields are also evaluated considering bounding seismic loads. The 
maximum axial and bending stress in the stud is 1.9 ksi and 106.2 ksi, respectively. For the stud 
material (ASTM A193, Gr B), the allowable axial and bending stress is 67.9 ksi (corresponding 
to a KL/r of 71) and 112.3 ksi, respectively. Thus the interaction ratio is 0.97. 

U.3.7.11.6.7 Evaluation of the HSM-H/HSM-HS Seismic Retainers 

The seismic retainer evaluation for the HM-His not changed from that described in Appendix P, 
Section P.3.7.11.6.7. 

For the HSM-HS the seismic restraint is similar to that described in [3.2] and consists of two 
drop~in retainers. Each retainer consists of a capped tube steel embedment located within each 
rail extension baseplate embedment and a tube retainer assembly that drops into the embedment 
cavity after the 32PTH1 transfer is complete. The maximum seismically induced load in the 
retainer is 76 kips. The maximum shear stress in the retainer is 19 ksi and the allowable stress 
(using ASTM A500, Gr Bat 300°F) is 22.7 ksi. 

U.3.7.11.6.8 Evaluation of Seismic Ties for HSM-HS 

To provide stability for an ISFSI array during a design basis seismic event, the HSM-HS's are 
tied together in a minimum array size of three HSM-HS's plus shield walls. The HSM-HS's are 
tied together using two tie beams at the roof and eight 2" diameter tie rods at the base. The top 
tie beams and tie rods resist module separation due to out of phase tipping and relative sliding 
between the modules in the transverse and longitudinal directions. The top tie beams are integral 
with the roof structure. The base tie rods are grouted to resist tipping and relative slipping 
between the modules. The top tie beams and the bottom tie rodss are also designed to 
accommodate a 5% accidental torsional load due to seismic excitation. 

The roof attachment to the base includes two shear keys located on the underside of the roof. 
The roof is also attached to the base in the vertical direction by four threaded rods or four 
stiffened brackets that attach the roof to the front and rear walls of the HSM-HS. 

The maximum tensile load per tie rod is 26.3 kips. The tensile load capacity of the tie rod is 
188.4 kips. The maximum shear force in the vertical and longitudinal direction is 134.2 kips and 
52.5 kips, respectively. The shear capacity per tie is 163.2 kips. The shear-tension interaction 
ratio is 0.96. Thus, the ties are qualified for the postulated seismic loads. 

. U.3.7.11.6.9 Thermal Cycling of the HSM-H 

No change to Section 8.2.10.5 . 
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U.8.1 Procedures for Loading the Cask 

U.8:1.1 Preparation of the TC and DSC 

1. Prior to placement in dry storage, the candidate intact and damaged fuel assemblies shall be 
evaluated (by plant records or other means) to verify that they meet the physical, thermal 
and radiological criteria specified in Technical Specification 2.1. 

2. Prior to being placed in service, the TC is to be cleaned or decontaminated as necessary to 
insure a surface contamination level of less than those specified in Technical Specification 
5.2.4.d. 

3. Place the TC in the vertical position in the cask decon area using the cask handling crane 
and the TC lifting yoke. 

4. Place scaffolding around the cask so that the transfer cask top cover plate and surface of the 
cask are easily accessible to personnel. 

5. Remove the TC top cover plate and examine the cask cavity for any physical damage and 
ready the cask for service. 

6. Examine the DSC for any physical damage which might have occurred since the receipt 
. inspection was performed. The DSC is to be cleaned and any loose debris removed . 

7. Record the DSC serial number which is located on the grapple ring. Verify the correct 
DSC type, basket type and poison material types against the DSC serial number. Verify 
that the DSC is appropriate for the specific fuel loading campaign per the criteria specified 
in Technical Specification 2.1. 

8. Using a crane, lower the DSC into the cask cavity by the internal lifting lugs and rotate the 
DSC to match the cask and DSC alignment marks. 

9. If damaged fuel assemblies are included in a specific loading campaign, place the required 
number of bottom end caps provided (up to a maximum of 16) into the cell locations per 
Technical Specification 2.1. Optionally, this step may be performed at any prior time. 

10. Fill the cask/DSC annulus with clean, demineralized water. Place the inflatable seal into the 
upper cask liner recess and seal the cask-DSC annulus by pressurizing the seal with 
compressed air. 

11. Fill the DSC cavity with water from the fuel pool or an equivalent source which meets the 
requirements of Technical Specification 3. 2.1. 

NOTE: A TC/DSC annulus pressurization tank filled with demineralized water as described 
above is-connected to the top vent port of the TC via a hose to provide a positive head above the 
level of water in the TC/DSC annulus. This is an optional arrangement, which provides 
additional assurance that contaminated water from the fuel pool will not enter the TC/DSC 
annulus, provided a positive head is maintained at all times . 
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4. Disengage the lifting yoke from the cask lifting trunnions and move the yoke clear of the 
cask. Spray the lifting yoke with clean demineralized water if it is raised out of the fuel 
pool. 

5. The potential for fuel misloading is essentially eliminated through the implementation of 
procedural and administrative controls. The controls instituted to ensure that damaged 

_ and/or intact fuel assemblies and control components (CCs ), if applicable, are placed into a 
-- known.cell location within a DSC, will typically consist of the following: 

• A cask/DSC loading plan is developed to verify that the damaged and/or intact fuel 
assemblies, and CCs, if applicable, meet the burnup, enrichment and cooling time 
parameters of Technical Specification 2.1. 

• The loading plan is independently verified and approved before the fuel load. 

• A fuel movement schedule is then written, verified and approved based upon the 
loading plan. All fuel movements from any rack location are performed under strict 
compliance of the fuel movement schedule. 

• If loading damaged fuel assemblies, verify that the required number of bottom end caps 
are installed in appropriate fuel compartment tube locations before fuel load. 

6. Prior to loading of a spent fuel assembly (and CCs, if applicable) into the DSC, the identity 
of the assembly (and CCs, if applicable) is to be verified by two individuals using an 
underwater video camera or other means. Verification of CC identification is optional if 
the CC has not been moved from the host fuel assembly since it's last verification. Read 
and record the identification number from the fuel assembly (and CCs, if applicable) and 
check this identification number against the DSC loading plan which indicates which fuel 
assemblies (and CCs, if applicable) are acceptable for dry storage. 

7. -Position the fuel assembly for insertion into the selected DSC storage cell and load the fuel 
assembly. Repeat Step 6 and7 for each SFA loaded into the DSC. A maximum of 16 
damaged fuel assemblies may be loaded into the basket per Technical Specification 2.1. 
After the DSC has been fully loaded, check and record the identity and location of each fuel 
assembly and CCs, if applicable, in the DSC. If loading damaged fuel assemblies, place top 
end caps over each damaged fuel assembly placed into the basket. 

8. After all the SF As and CCs, if applicable, have been placed into the DSC and their 
identities verified, position the lifting yoke and the top shield plug and lower the shield plug 
onto the DSC. Note that separate rigging may be used to install the shield plug prior to 
engaging the trunnions with the lifting yoke. 

CAUTION: Verify that all the lifting height restrictions as a function of temperature 
specified in Technical Specification 5.3.1.A can be met in the following steps which involve 
lifting of the TC. 

9. Visually verify that the top shield plug is properly seated onto the DSC. 

10. Position the lifting yoke with the TC trunnions and verify that it is properly engaged. 

11. Raise the TC to the pool surface. Prior to raising the top of the cask above the water 
surface, stop vertical movement. 

NUH-003 
Revision 13 Page U.8-4 January2014 J 

AMD 
11 

AMD 
11 
& 

72.48 

AMD 
11 



• 

• 

• 

12. Inspect the top shield plug to verify that it is properly seated onto the DSC. If not, lower 
the cask and reposition the top shield plug. Repeat Steps 8 through 12 as necessary. 

13. Continue to raise the TC from the pool and spray the exposed portion of the cask with water 
until the top region of the cask is accessible. 

14. Drain any excess water from the top of the DSC shield plug back to the fuel pool. 

15. Check the radiation levels at the center of the top shield plug and around the perimeter of 
the cask. Disconnect the top shield plug rigging. 

16. Drain a minimum of 50 gallons of water from the DSC cavity. Optionally, up to 
approximately 900 gallons of water (as indicated by the flowmeter) may be drained from 
the.DSC back into the pool or other suitable location to meet the weight limit on the crane. 
Use i to 3 psig of helium to backfill the DSC with helium per ISG-22 [8.2] guidance as 
water is being removed from the DSC cavity. 

17. Lift the TC from the fuel pool. As the cask is raised from the pool, continue to spray the 
cask with water and decon as directed. Provisions shall be made to assure that air will not 
enter the DSC cavity. One way to achieve this is by replenishing the helium in the DSC 
cavity during cask movement from the fuel pool to the decon area in case of malfunction of 
equipment used for cask movement. 

18. Move the TC with loaded DSC to the cask decon area. 

l 8a. Replace the water removed from the DSC cavity in Step 16 with water from the fuel pool 
or an equivalent source which meets the requirements of Technical Specifications 3.2.1. 

19. If applicable to keep the occupational exposure ALARA, temporary shielding may be 
installed as necessary to minimize personnel exposure. Install cask seismic restraints if 
required by Technical Specification 4.3.3 (required only on plant specific basis). 

U.8.1.3 DSC Drying and Backfilling 

CAUTION: During performance of steps listed in Section U.8.1.3, monitor the TC/DSC 
· anirn.lu~ water level and replenish as necessary to maintain cooling. 

1. Check the radiation levels along the perimeter of the cask. The cask exterior surface should 
be decontaminated as necessary. Temporary shielding may be installed as necessary to 
minimize personnel exposure. 

2. Place scaffolding around the cask so that any point on the surface of the cask is easily 
accessible to personnel. 

3. Disengage the rigging cables from the top shield plug and remove the eyebolts. Disengage 
the lifting yoke from the trunnions and position it clear of the cask. 

4. Decontaminate the exposed surfaces of the DSC shell perimeter and remove the inflatable 
TC/DSC annulus seal. 

4a. In accordance with Technical Specification 5.2.4.a, verifj; that the neutron shield (NS) is 
filled before the draining operation in Step 5 is initiated and continually monitored during 
the first five minutes of the draining evolution to ensure the NS remains filled. 
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• 5. Connect the cask drain line to the cask, open the cask cavity drain port and allow water 
from the annulus to drain out until the water level is approximately twelve inches below the 
top edge of the DSC shell. Take swipes around the outer surface of the DSC shell and 

AMD check for smearable contamination in accordance with the Technical Specification 5.2.4.d 11 
limits. 

CAUTION: Radiation dose rates are expected to be high at the vent and siphon port 
locations. Use proper ALARA practices (e.g., use of temporary shielding, appropriate 
positioning of personnel, etc.) to minimize personnel exposure. 

Sa. In accordance with Technical Specification 5.2.4.a, verify that the NS is filled before the 
draining operation in Step 6 is initiated and continually monitored during the first five AMD 

minutes of the draining evolution to ensure the NS remains filled. 
11 

6. Drain approximately 900 gallons of water (as indicated on a :flowmeter) from the DSC back 
into the fuel pool or other suitable location, if not drained in Section U8.l.2, Step 16. AMD 

11 
Consistent with ISG-22 [8.5] guidance, helium at 1-3 psig is used to backfill the DSC with 
an inert gas (helium) as water is being removed from the DSC. Only helium may be used 
to as~ist in the removal of water. 

7. Not used. 

8. Install the automatic welding machine onto the inner top cover plate and place the inner top 
cover plate with the automatic welding machine onto the DSC. Optionally, the inner top 
cover plate and the automatic welding machine can be placed separately. Verify proper fit-

• up of the inner top cover plate with the DSC shell. 

9. Check radiation levels along surface of the inner top cover plate. Temporary shielding may 
be installed as necessary to minimize personnel exposure. AMD 

11 

10. Insert a 1/4-inch tubing of sufficient length and adequate temperature resistance through the 
vent port such that it terminates just below the DSC shield plug. Connect the :flexible 
tubing to a hydrogen monitor to allow continuous monitoring of the hydrogen atmosphere 
in the DSC cavity during welding of the inner cover plate, in compliance with Technical 

AMD 
Specification 5.2.6. Optionally, other methods may be used for continuous monitoring of 11 
the hydrogen atmosphere in the DSC cavity during welding of the inner top cover plate, to 
comply with the Technical Specification. 

11. Cover the cask/DSC annulus to prevent debris and weld splatter from entering the annulus. 

12. Ready the automatic welding machine and tack weld the inner top cover plate to the DSC 
shell: Install the inner top cover plate weldment and remove the automatic welding 
machine. 

CAUTION: Continuously monitor the hydrogen concentration in the DSC cavity using the 
arrangement or other alternate methods described in Step 10 during the inner top cover 
plate cutting/welding operations. Verify that the measured hydrogen concentration does not 
exceed a safety limit of 2.4% [8.2 and 8.3]. If this limit is exceeded, stop all welding 
operations and purge the DSC cavity with approximately 2-3 psig helium via the tubing to 
reduce the hydrogen concentration safely below the 2.4% limit. 

13. Perform dye penetrant weld examination of the inner top cover plate weld in accordance 

• with the Technical Specification 5.2.4.b requirements . AMD 
11 
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• 14. Remcwe purge lines and connect the VDS to the DSC siphon and vent ports. 
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15. Install temporary shielding to minimize personnel exposure throughout the subsequent 
welding operations as required. 

15a. In accordance with Technical Specification 5.2.4.a, verify that the NS is filled before the 
draining operation in Step 16 is initiated and continually monitored during the first five 
minutes of the draining evolution to ensure the NS remains filled. 

16. a. If using blowdown method to remove water, engage helium supply (up to 15 psig) and 
open the valve on the vent port and allow helium to force the water from the DSC cavity 
through the siphon port. 

b. Alternatively a suction pump may be used to remove water from DSC. 

17. Once the water stops flowing from the DSC, close the DSC siphon port and disengage the 
helium source or tum off the section pump, as applicable. 

17 a. Verify that the TC axial surface dose rates are compliant with limits specified in Technical 
Specification 5.2.4.e. The configuration for determining the TC axial dose rates shall be in 
accordance with Technical Specification 5.2.4.e. 

18. Connect the hose from the vent port and the siphon port to the intake of the vacuum pump. 
Connect a hose from the discharge side of the VDS to the plant's radioactive waste system 
or spentfuel p_ool. Connect the VDS to a helium source. 

Note: Proceed cautiously when evacuating the DSC to avoid freezing consequences . 

CAUTION: During the vacuum drying evolution, personnel should be in the area of 
loading operations, or in nearby low dose areas in order to take proper action in the event 
of a malfunction. 

19. Open the valve on the suction side of the pump, start the VDS and draw a vacuum on the 
DSC cavity. The cavity pressure should be reduced in steps of approximately 100 mm Hg, 
50 mm Hg, 25 mm Hg, 15 mm Hg, 10 mm Hg, 5 mm Hg, and 3 mm Hg. After pumping 
down to each level (these levels are optional), the pump is valved off and the cavity 
pressure monitored. The cavity pressure will rise as water and other volatiles in the cavity 
evaporate. When the cavity pressure stabilizes, the pump is valved in to complete the 
vacuum drying process. It may be necessary to repeat some steps, depending on the rate 
and extent of the pressure increase. Vacuum drying is complete when the pressure 

AMD 
11 

AMD 
11 

stabilizes for a minimum of 30 minutes at 3 mm Hg absolute or less as specified in AMD 

Technical Specification 3.1.1. 11 

Note: The user shall ensure that the vacuum pump is isolated from the DSC cavity when 
demonstrating compliance with Technical Specification 3.1.1 requirements. Simply closing 
the valve between the DSC and the vacuum pump is not sufficient, as a faulty valve allows 
the vacuum pump to continue to draw a vacuum on the DSC. Turning off the pump, or 
opening the suction side of the pump to atmosphere are examples of ways to assure that the 
pump is not continuing to draw a vacuum on the DSC . 
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CAUTION: Radiation dose rates are expected to be high at the vent and siphon port 
locations. Use proper ALARA practices (e.g., use of temporary shielding, appropriate 
positioning of personnel, etc.) to minimize personnel exposure. 

20. Open the valve to the vent port and allow the helium to :flow into the DSC cavity. 

21. Pressurize the DSC with helium up to 0 to 15 psig. 

22. Helium leak test the inner top cover plate weld for a leak rate of 1 x 10-4 atm-cm3 /sec. This 
test is optional. 

23. If a leak is found, repair the weld, repressurize the DSC and repeat the helium leak test. 

24. Once no leaks are detected, depressurize the DSC cavity by releasing the helium through 
the VDS to the plant's spent fuel pool or radioactive waste system. 

25. Re-evacuate the DSC cavity using the VDS. The cavity pressure should be reduced in steps 
of approximately 10 mm Hg, 5 mm Hg, and 3 mm Hg. After pumping down to each level, 
the pump is valved off and the cavity pressure is monitored level (these levels are optional). 
When the cavity pressure stabilizes, the pump is valved in to continue the vacuum drying 
process. Vacuum drying is complete when the pressure stabilizes for a minimum of 30 
minutes at 3 mm Hg absolute or less in accordance with Technical Specification 3.1.1 
limits. 

Note: The user shall ensure that the vacuum pump is isolated from the DSC cavity when 
demonstrating compliance with Technical Specification 3.1.1 requirements. Simply closing 
the valve between the DSC and the vacuum pump is not sufficient, as a faulty valve allows 
the vacuum pump to continue to draw a vacuum on the DSC. Turning off the pump, or 
qpening the suction side of the pump to atmosphere are examples of ways to assure that the 
pump is not continuing to draw a vacuum on the DSC. 

26. Open the valve on the vent port and allow helium to flow into the DSC cavity to pressurize 
the DSC between 18.5 and 20.0 psig and hold for 10 min. Depressurize the DSC cavity by 
releasing the helium through the VDS to the plant spent fuel pool or radioactive waste 
system to about 2.5 psig in accordance with Technical Specification 3.1.2.b limits. 

CAUTION: Radiation dose rates are expected to be high at the vent and siphon port 
locations. Use proper ALARA practices (e.g., use of temporary shielding, appropriate 
positioning of personnel, etc.) to minimize personnel exposure. 

27. Close the valves on the helium source. 

U.8.1.4 DSC Sealing Operations 

CAUTION: During performance of steps listed in Section U.8.1.4, monitor the Cask/DSC 
annulus water level and replenish as necessary to maintain cooling. 

1, Disconnect the VDS from the DSC. Seal weld the prefabricated plugs over the vent and 
siphon ports. Inject helium into blind space just prior to completing welding, and perform a 
dye penetrant weld examination in accordance with the Technical Specification 5.2.4.b 
r,equirements. Use of an optional test head is acceptable to perform the helium leak test of 
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the inner top cover plate and vent/siphon port welds in accordance with Technical 
Specification 5.2.4.c. If an optional test head is not used, proceed to Step 2. 

2. Temporary shielding may be installed as necessary to minimize personnel exposure. Install 
the automatic welding machine onto the outer top cover plate and place the outer top cover 
plate with the automatic welding system onto the DSC. Optionally, outer top cover plate 
may be installed separately from the welding machine. Verify proper fit up of the outer top 
cover plate with the DSC shell. 

3. Tack weld the outer top cover plate to the DSC shell. Place the outer top cover plate weld 
root pass. 

4. Helium leak test the inner top cover plate and vent/siphon port plate welds using the leak 
test port in the outer top cover plate in accordance with Technical Specification 5.2.4.c 
limits. Verify that the personnel performing the leak test are qualified in accordance with 
SNT-TC-lA [8.4]. Alternatively this can be done with a test head in step 1 of Section 
U.8.1.4. 

5. If a leak is found, remove the outer cover plate root pass (if not using test head), the vent 
and siphon port plugs and repair the inner cover plate welds. Repeat procedure steps from 
U.8.1.3 Step 19. 

6. Perform dye penetrant examination of the root pass weld. Weld out the outer top cover 
plate to the DSC shell and perform dye penetrant examination on the weld surface in 
accordance with the Technical Specification 5.2.4.b requirements . 

7. Install and seal weld the prefabricated plug, if applicable, over the outer cover plate test 
port and perform dye penetrant weld examinations in accordance with Technical 

AMD 
11 
& 
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Specification 5.2.4.b requirement. AMD 

8. Remove the automatic welding machine from the DSC. 

8a. In acpordance with Technical Specification 5.2.4.a, verifo that the NS is filled before the 
draining operation in Step 9 is initiated and continually monitored during the first five 
minutes of the draining evolution to ensure the NS remains filled. 

9. Open the cask drain port valve and drain the water from the cask/DSC annulus. 

10. Rig the cask top cover plate and lower the cover plate onto the TC. 

11. Bolt the cask cover plate into place, tightening the bolts to the required torque in a star 
pattern. 

CAUTION: Monitor the applicable time limits of Technical Specification 3.1.3 until the 
completion of DSC transfer Step 6 of Section U.8.1.6. 

12. Verify that the TC radial dose rates measured at the surface of the Transfer Cask are 
compliant with limits specified in Technical Specification 5.2.4.e. The configuration for 
determining the TC radial surface dose rates shall be in accordance with Technical 
Specification 5.2.4.e . 
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U.8.1.5 TC Downending and Transfer to ISFSI 

Note: Alternate Procedure for Downending of Transfer Cask: Some plants have limited floor 
hatch openings above the cask/trailer/skid, which limit crane travel (within the hatch opening) 
that would be needed in order to downend the TC with the trailer/skid in a stationary position. 
For these situations, alternate procedures are to be developed on a plant-specific basis, with 
detailed steps for downending. 

1. 

2. 

3. 

4'. 

5. 

6. 

7. 

8. 

9. 

Re-attach the TC lifting yoke to the crane hook, as necessary. Ready the transfer trailer and 
cask support skid for service. 

Move the scaffolding away from the cask as necessary. Engage the lifting yoke and lift the 
cask over the cask support skid on the transfer trailer. 

The transfer trailer should be positioned so that cask support skid is accessible to the crane 
with the trailer supported on the vertical jacks. 

Position the cask lower trunnions onto the transfer trailer support skid pillow blocks. 

Move the crane forward while simultaneously lowering the cask until the cask upper 
trunnions are just above the support skid upper trunnion pillow blocks. 

Inspect the positioning of the cask to insure that the cask and trunnion pillow blocks are 
properly aligned . 

Lower the cask onto the skid until the weight of the cask is distributed to the trunnion 
pillow blocks. 

Inspect the trunnions to ensure that they are properly seated onto the skid. and install the 
trunnion tower closure plates, if required. 

Remove the bottom ram access cover plate from the cask if integral rem/trailer is not used. 
Install the two-piece temporary neutron/gamma shield plug to cover the bottom ram access. 
Install the ram trunnion support frame on the bottom of the TC. (The temporary shield plug 
and ram trunnion support frame are not required with integral ram/trailer.) 

U.8.L6 . DSC Transfer to the HSM 

1. Prior to transferring the cask to the ISFSI or prior to positioning the transfer cask at the 
HSM designated for storage, remove the HSM door using a porta-crane, inspect the cavity 
of the HSM, removing any debris and ready the HSM to receive a DSC . .The doors on 
adjacent HSMs should remain in place. 

CAUTION: The insides of empty modules have the potential for high dose rates due to 
adjacent loaded modules. Proper ALARA practices should be followed for operations 
inside these modules and in the areas outside these modules whenever the door from the 
empty HSM has been removed . 
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2. Inspect, the HSM air inlet and outlets to ensure that they are clear of debris. Inspect the 
screens on the air inlet and outlets for damage. 

CAUTION: Verify that the requirements of Technical Specification 5.3.1.B "TC/DSC 
Transfer Operations at High Ambient Temperatures (32PTH1 DSC only)" are met prior to 
next step. 

3. Using a suitable vehicle, transfer the cask from the plant's fuel/reactor building to the ISFSI 
along the designated transfer route. 

4. Once at the ISFSI, position the transfer trailer to within a few feet of the HSM. 

5. Check the position of the trailer to ensure the centerline of the HSM and cask 
approximately coincide. If the trailer is not properly oriented, reposition the trailer, as 
necessary. 

6. Using crane, unbolt and remove the cask top cover plate. 

CAUTION: Verify that the applicable time limits of Technical Specification 3.1.3 are met. 

7. Bac;k the transfer trailer to within a few inches of the HSM, set the trailer brakes and 
disengage the tractor. Drive the tractor clear of the trailer. Extend the transfer trailer 
vertical jacks . 

8. Connect the skid positioning system hydraulic power unit to the positioning system via the 
hose connector panel on the trailer, and power it up. Remove the skid tie-down bracket 
fasteners and use the skid positioning system to bring the cask into approximate vertical and 
horizontal alignment with the HSM. Using optical survey equipment and the alignment 
marks on the cask and the HSM, adjust the position of the cask until it is properly aligned 
with the HSM. 

9. Using the skid positioning system, fully insert the cask into the HSM access opening 
docking collar. 

10. Secure the cask trunnions to the front wall embedments of the HSM using the cask 
restraints. 

11. After the cask is docked with the HSM, verify the alignment of the TC using the optical 
survey equipment. 

12. Position the hydraulic ram behind the cask in approximate horizontal alignment with the 
cask and, level the ram. Remove either the bottom ram access cover plate or the outer plug 
of the two-piece temporary shield plug if installed. Power up the ram hydraulic power 
supply and extend the ram through the bottom cask opening into the DSC grapple ring. 

13. Activate the hydraulic cylinder on the ram grapple and engage the grapple arms with the 
DSC grapple ring . 
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• 14. 

15. 

16. 

17. 

18. 

19. 

20. 

Recheck all alignment marks in accordance with the Technical Specification 5.3.3 limits 
and ready all systems for DSC transfer. 

Activate the hydraulic ram to initiate insertion of the DSC into the HSM. Stop the ram 
when the DSC reaches the support rail stops at the back of the module. 

Disengage the ram grapple mechanism so that the grapple is retracted away from the DSC 
grapple ring. 

Retract and disengage the hydraulic ram system from the cask and move it clear of the cask. 
Remove the cask restraints from the HSM. 

Using the skid positioning system, disengage the cask from the HSM access opening. 

Install the DSC axial in retainer through the HSM door opening. 

Install the HSM door using a portable crane and secure it in place. Door may be welded for 
security. Verify that the HSM dose rates are compliant with the limits specified in 
Technical Specifications 5.4.1and5.4.2. 

21. Replace the TC top cover plate. Secure the skid to the trailer, retract the vertical jacks and 
disconnect the skid positioning system. 

22. Tow the trailer and cask to the designated equipment storage area. Return the remaining 
• transfer equipment to the storage area. 

• 

23. Close and lock the ISFSI access gate and activate the ISFSI security measures. 

24. Ensure the HSM-H maximum air exit temperature requirements of Technical Specification 
3.1.4 are met. 

U.8.1.7 Monitoring Operations 

1. Perform routine security surveillance in accordance with the licensee's ISFSI security plan. 

2. Perform one of the two alternate daily surveillance activities listed below: 

a. A daily visual surveillance of the HSM air inlets and outlets to insure that no debris is 
obstructing the HSM vents in accordance with Technical Specification 5.2.5.a 
requirements. 

b. A temperature measurement of the thermal performance, for each HSM, on a daily 
basis in accordance with Technical Specification 5.2.5.b requirements . 
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reloaded into a shipping cask using dry transfer techniques, or if the applicant so desires, the 
initial fuel loading sequence could be reversed and the plant's spent fuel pool utilized. 
Procedures for unloading the DSC in a fuel pool are presented here. However, wet or dry 
unloading procedures are essentially identical to those of DSC loading through the DSC weld 
removal (beginning of preparation to placement of the cask in the fuel pool). Prior to opening 
the DSC, the following operations are to be performed. 

CAUTION: Verify that the applicable time limits of Technical Specification 3.1.3 are met 
, until the completion of Step U.8.2.2.14. 

1. The TC may now be transferred to the cask handling area inside the plant's fuel/reactor 
building. 

2. Position and ready the trailer for access by the crane. 

3. Attach the lifting yoke to the crane hook. 

4. Engage the lifting yoke with the trunnions of the TC. 

5. 

6 . 

7. 

8. 

9. 

10. 

Visually inspect the yoke lifting hooks to insure that they are properly aligned and engaged 
onto the TC trunnions. 

Lift the TC approximately one inch off the trunnion supports. 

Move the crane backward in a horizontal motion while simultaneously raising the crane 
hook vertically and lift the TC off the trailer. Move the TC to the cask decon area. 

Lower the TC into the cask decon area in the vertical position. 

Wash the TC to remove any dirt Which may have accumulated on the TC during the DSC 
, loaqipg·and transfer operations. 

Place scaffolding around the TC so that any point on the surface of the TC is easily 
accessibleto personnel. 

11. Unbolt the TC top cover plate. 

12. Connect the rigging cables to the TC top cover plate and lift the cover plate from the TC. 
Set the TC cover plate aside and disconnect the lid lifting cables. 

13. Install temporary shielding to reduce personnel exposure as required. Fill the TC/DSC 
annulus with clean demineralized water and place a protective cover over the annulus. 

The process of DSC unloading is similar to that used for DSC loading. DSC opening operations 
described below are to be carefully controlled in accordance with plant procedures. This 
operation is to be performed under the site's standard health physics guidelines for welding, 
grinding, and handling of potentially highly contaminated equipment. These are to include the 
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U.8.3 Identification of Subjects for Safety Analysis 

No Change to Section 5.1.3. 

U.8.4 Fuel Handling Systems 

No Change to Section 5.2. 

U.8.5 Other Operating Systems 

No Change to Section 5.3. 

U.8.6 Operation Support System 

No Change to, Section 5.4. 

U.8.7 Control Room and/or Control Areas 

No Change to Section 5.5. 

No Change to Section 5.6 . 
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Personnel performing the leak test are qualified in accordance with SNT-TC-lA [9.2]. 

The weld between the DSC shell and inner top cover/shield plug and siphon/vent cover welds are 
also leak tested to an acceptance criteria of 1 x 10-7 ref cm3 Is at the field after the fuel assemblies 
are loaded in the canister. 

U.9.1.4 Components 

The NUHOMS® System does not include any components such as valves, rupture discs, pumps, 
or blowers. The gaskets in the Transfer Cask do not require acce£tance testing other than the 
leak testing cited above. No other components of the NUHOMS System require testing, except 
as discussed in this chapter. 

U.9.1.5 Shielding Integrity 

The Transfer Cask poured lead shielding integrity will be confirmed via gamma scanning prior to 
first use. The detector and examination grid will be matched to provide coverage of the entire 
lead-shielded surface area. For example, for a 6" x 6" grid, the detector will encompass a 6" x 
6" square. The acceptance criterion is attenuation greater than or equal to that of a test block 
matching the cask through-wall configuration with lead and steel thicknesses equal to the design 
minima less 5%. 

The radial neutron shielding is provided by filling the neutron shield shell with water during 
operations. No testing is necessary. The neutron shield material in the lid and bottom end is a 
proprietary polymer resin. The shielding performance of the resin will be assured by written 
procedures controlling temperature, measuring, and mixing of the components, degassing of the 
resin, and verification of the mass or volume of resin installed. 

The gamma and neutron shielding materials of the storage system itself are limited to concrete 
HSM components and steel shield plugs in the DSC. The integrity of these shielding materials is 
ensured by the control of their fabrication in accordance with the appropriate ASME, ASTM or 
ACI criteria. No additional acceptance testing is required. 

U.9.1.6 Thermal Acceptance 

No thermal acceptance testing is required to verify the performance of each storage unit other 
than that specified in the Technical Specifications for initial loading. 

The heat transfer analysis for the basket includes credit for the thermal conductivity of neutron
absorbing materials, as specified in Section U.4.3. Because these materials do not have publicly 
documented values for thermal conductivity, testing of such materials will be performed in 
accordance with Section U.9.1.7.6 . 
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U.9.1.7 Poison Acceptance 

CAUTION 

Sections U 9.1. 7.1 through U 9.1. 7. 4 below are incorporated by reference into the 
NUHOMSW CoC 1004 Technical Specifications 4.1 (Note 5) and shall not be deleted or 
altered in any way without approval from the NRC. The text of these sections is shown' in 
bold type to distinguish it from other sections. 

The neutron absorber used for criticality control in the DSC basket may consist any of the 
following types of material: 

(a) Borated aluminum 

(b) Boron carbide I aluminum metal matrix composite (MMC) 

(c) BORAL® 

The 32PTH1 DSC safety analyses do not rely upon the tensile strength of these materials. The 
radiation and temperature environment in the cask is not sufficiently severe to damage these 
metallic/ceramic materials. To assure performance of the neutron absorber's design function only 
the presence of B 10 and the uniformity of its distribution need to be verified, with testing 
requirements specific to each material. The boron content for these materials is given in Table 
U.9~1. 

References tO metal matrix composites throughout this chapter are not intended to refer to 
BORAL®, which is described later in this section. 

U.9.1.7.l Borated Aluminum 

See the Caution in Section U.9.1.7 before deletion or modification to this section. 

The material is produced by direct chill (DC) or permanent mold casting with boron 
precipitating primarily as a uniform fine dispersion of discrete AIB2 or TiB2 particles in the 
matrix of aluminum or aluminum alloy (other boron compounds, such as AIB 12, can also 
occur). For extruded products, the TiB2 form of the alloy shall be used. For rolled 
products, either the AIB2, the TiB2, or a hybrid may be used. 

Boron is added to the aluminum in the quantity necessary to provide the specified 
minimum BlO areal density in the final product. The amount required to achieve the 
specified minimum BlO areal density will depend on whether boron with the natural 
isotopic distribution of the isotopes BlO and Bll, or boron enriched in BlO is used. In no 
case shall the boron content in the aluminum or aluminum alloy exceed 5% by weight. 

The criticality calculations take credit for 90% of the minimum specified BlO areal density 
of borated aluminum. The basis for this credit is the BlO areal density acceptance testing, 
which shall be as specified in Section U.9.1.7. 7. The specified acceptance testing assures 
that at any location in the material, the minimum specified areal density of BlO will be 
found with 95% probability and 95% confidence . 

NUH-003 
Revision 13 Page U.9-3 January 2014 

...... 

...... 



• 

• 

• 

U.9.1.7.2 Boron Carbide I Aluminum Metal Matrix Composites (MMC) 

See the Caution in Section U.9.1.7 before deletion or modification to this section. 

The material is a composite of fine boron carbide particles in an aluminum or aluminum 
alloy matrix. The material shall be produced by either direct chill casting, permanent mold 
casting, p~wder metallurgy, or thermal spray techniques. The boron carbide content shall 
not exceed 40% by volume. The boron carbide content for MMCs with an integral 
aluminum cladding shall not exceed 50% by volume. 

The final MMC product shall have density greater than 98% of theoretical density 
demonstrated by qualification testing, with no more than 0.5 volume% interconnected 
porosity. For MMC with an integral cladding, the final density of the core shall be greater 
than 97% of theoretical density demonstrated by qualification testing, with no more than 0.5 
volume % interconnected porosity of the core and cladding as a unit of the final product. 

At least 50% by weight of the B 4C particles in MM Cs shall be smaller than 40 microns. No 
more than 10% of the particles shall be over 60 microns. 

Prior to use in the 32PTH1 DSC, MMCs shall pass the qualification testing specified in 
Section U.9.1.7.8, and shall subsequently be subject to the process controls specified in 
Section U.9.1.7.9. 

The criticality calculations take credit for 90% of the minimum specified BlO areal density 
of MM Cs. The basis for this credit is the BlO areal density acceptance testing, which is 
specified in Section U.9.1.7. 7. The specified acceptance testing assures that at any location 
in the final product, the minimum specified areal density ofBlO will be found with 95% 
probability and 95% confidence. 

U.9.1.7.3 . BORAL® 

See the Caution in Section U.9.1.7 before deletion or modification to this section. 

This material consists of a core of aluminum and boron carbide powders between two outer 
layers of aluminum, mechanically bonded by hot-rolling an "ingot" consisting of an 
aluminum box filled with blended boron carbide and aluminum powders. The core, which 
is exposed at the edges of the sheet, is slightly porous. Before rolling, at least 80% by weight 
of the B 4C particles in BORAL® shall be smaller than 200 microns. The nominal boron 
carbide content shall be limited to 65% (+ 2% tolerance limit) of the core by weight. 

The criticality calculations take credit for 75% of the minimum specified BlO areal density 
of BORAL®. BlO areal density will be verified by chemical analysis and by certification of 
the BlO isotopic fraction for the boron carbide powder, or by neutron transmission testing. 
Areal density testing is performed on a coupon taken from the sheet produced from each 
ingot. If the measured areal density is below that specified, all the material produced from 
that ingot will be either rejected, or accepted only on the basis of alternate verification of 
BlO areal density for each of the final pieces produced from that ingot . 
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U9.l.7.4 Visual Inspections of Neutron Absorbers 

See the Caution in Section U.9.1. 7 before deletion or modification to this section. 

Neutron absorbers shall be 100% visually inspected in accordance with the Certificate 
Holder's QA procedures. Material that does not meet the following acceptance criteria shall 
be reworked, repaired, or scrapped. Blisters shall be treated as non-conforming. Inspection 
of MMCs with an integral aluminum cladding shall also include verification that the matrix is 
not exposed through the faces of the aluminum cladding and that solid aluminum is not 
present at the edges. For BORAL®, visual inspection shall verifY that there are no cracks 
through the cladding, exposed core on the face of the sheet, or solid aluminum at the edge of 
the sheet. 

U9.l.7.5 Other Visual Inspections Criteria (non-Technical Specifications) 

For borated aluminum and MMCs, visual inspections shall follow the recommendations in 
Aluminum Standards and Data, Chapter 4, "Quality Control, Visual Inspection of Aluminum 
Mill Products" [9. 5}. Local or cosmetic conditions such as scratches, nicks, die lines, 
inclusions, abrasion, isolated pores, or discoloration are acceptable. 

U.9.1.7.6 Thermal Conductivity Testing 

Testing shall conform to ASTM E12251
, ASTM E1461 2

, or equivalent method, performed at 
room temperature on coupons taken from the rolled or extruded production material. Previous 
testing of borated aluminum and metal matrix composite shows that thermal conductivity 
increases slightly with temperature. Initial sampling shall be one test per lot, defined by the heat 
or ingot, and may be reduced if the first five tests meet the specified minimum thermal 
conductivity. 

If a thermal conductivity test result is below the specified minimum, at least four additional tests 
shall be performed on the material from that lot. If the mean value of those tests, including the 
original test, falls below the specified minimum, the associated lot shall be rejected. 

After twenty five tests of a single type of material, with the same aluminum alloy matrix, the 
same boron content, and the same primary boron phase, e.g., B4C, TiB2, or AIB2, if the mean 
value of all the test results less two standard deviations meets the specified thermal conductivity, 
no further testing of that material is required. This exemption may also be applied to the same 
type of material if the matrix of the material changes to a more thermally conductive alloy (e.g., 
from 6000 to 1000 series aluminum), or if the boron content is reduced without changing the 
boron phase. 

The measured thermal conductivity values shall satisfy the minimum required conductivities as 

1 ASTM El 225, "Thermal Conductivity of Solids by Means of the Guarded-Comparative-Longitudinal Heat Flow 
Technique. " 

2 ASTM El461, "Thermal Diffesivity of Solids by the Flash Method." 
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specified in Section U4.3. 

In cases where the specified thickness of the neutron absorber may vary, the equations 
introduced in Section U4.3 shall be used to determine the minimum required effective thermal 
conductivity. 

The thermal conductivity test requirement does not apply to aluminum that is paired with the 
neutron absorber. 

U.9.1.7.7 Specification for Acceptance Testing of Neutron Absorbers by Neutron 
Transmission 

CAUTION 

Portions of Section U9.l. 7. 7 are incorporated by reference into the NUHOMSID CoC 1004 
Tec~'l}-_ical Specification 4.1 (Note 5) and shall not be deleted or altered in any way without 
approval from the NRC. The text of this section is shown in bold type to distingu.ish it from 
other sections. 

a) Neutron Transmission acceptance testing procedures shall be subject to approval by 
the Certificate Holder. Test coupons shall be removed from the rolled or extruded 
production material at locations that are systematically or probabilistically distributed 
throughout the lot. Test coupons shall not exhibit physical defects that would not be 
acceptable in the finished product, or that would preclude an accurate measurement of the 
coupon's physical thickness. 

A lot is defined as all the pieces produced from a single ingot or heat or from a group of 
billets from the same heat. If this definition results in lot size too small to provide a 
meaningful statistical analysis of results, an alternate larger lot definition may be used, so 
long as it results in accumulating material that is uniform for sampling purposes. 

The sampling rate for neutron transmission measurements shall be such that there is at · 
least one neutron transmission measurement for each 2000 square inches of final product 
in each lot. 

The BlO areal density is measured using a collimated thermal neutron beam of up to 1.1 
inclt-dlameter. 

The neutron transmission through the test coupons is converted to BlO areal density by 
comparison with transmission through calibrated standards. These standards are 
composed of a homogeneous boron compound without other significant neutron absorbers. 
For example, boron carbide, zirconium diboride or titanium diboride sheets are acceptable 
standards. These standards are paired with aluminum shims sized to match the effect of 
neutron scattering by aluminum in the test coupons. Uniform but non-homogeneous 
materials such as metal matrix composites may be used for standards, provided that testing 
shows them to provide neutron attenuation equivalent to a homogeneous standard. 
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Standards will be calibrated, traceable to nationally recognized standards, or by attenuation of 
a monoe!"1erg~tic neutron beam correlated to the known cross section of Bl 0 at that energy. 

Alternatively, digital image analysis may be used to compare neutron radioscopic images of 
the test coupon to images of the standards. The area of image analysis shall be no more 
than 0. 75 sq. inch. 

The minimum areal density specified shall be verified for each lot at the 95% probability, 
95% confidence level or better. If a goodness-of-fit test demonstrates that the sample comes 
from a normal population, the one-sided tolerance limit for a normal distribution may be used 
for this purpose. Otherwise, a non-parametric (distribution-free) method of determining the 
one-sided tolerance limit may be used. Demonstration of the one-sided tolerance limit shall be 
evaluated for acceptance in accordance with the Certificate Holder's QA procedures. 

b) The following illustrates one acceptable method and is intended to be utilized as an 
example. Therefore, the following text is not part of the Technical Specifications. The 
acceptance criterion for individual plates is determined from a statistical analysis of the test 
results for their lot. The B 10 areal densities determined by neutron transmission are converted to 
volume density, i.e., the BlO areal density is divided by the thickness at the location of the 
neutron transmission measurement or the maximum thickness of the coupon. The lower 
tolerance limit of B 10 volume density is then determined, defined as the mean value of B 10 
volume density for the sample, less K times the standard deviation, where K is the one-sided 
tolerance limit factor with 95% probability and 95% _confidence [9.6]. 

Firially, the minimum specified value ofBlO areal density is divided by the lower tolerance limit 
of B 10 volume density to arrive at the minimum plate thickness which provides the specified 
B 10 areal density. 

Any plate which is thinner than the statistically derived minimum thickness from U.9.1. 7. 7 a) 
or the minimum design thickness, whichever is greater, shall be treated as non-conforming, 
with the following exception. Local depressions are acceptable, so long as they total no 
more than 0.5% of the area on any given plate, and the thickness at their location is not less 
than 90% of the minimum design thickness. Edge effects due to manufacturing operations 
such as shearing, deburring, and chamfering need not be included in this determination. 

Non-conforming material shall be evaluated for acceptance in accordance with the 
Certificate Holder's QA procedures. 

U.9.1.7.8 Specification for Qualification Testing of Metal Matrix Composites 

CAUTION 

Section U9.l. 7.8.3.1, Section U9.l. 7.8.4, and Section U9.l. 7.8.5, are incorporated by 
reference into the NUHOMfJID CoC 1004 Technical Specification 4.1(Note5) and shall not be 
deleted or altered in any way without approval from the NRC. The text of this section is shown 
in b_old type to distinguish it from other sections. 

U.9.1.7.8.1 Applicability and Scope 

• Metal matrix composites (MMCs) acceptable for use in the 32PTH1 DSC are described in 
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Section U9.1. 7.2. 

Prior to initial use in a spent fuel dry storage or transport system, such MMCs shall be subjected 
to qualification testing that will verify that the product satisfies the design function. Key process 
controls shall be identified per Section U .9 .1. 7 .9 so that the production material is equivalent to 
or better than the qualification test material. Changes to key processes shall be subject to 
qualification before use of such material in a spent fuel dry storage or transport system. 

ASTM test methods and practices are referenced below for guidance. Alternative methods may 
be used with the approval of the Certificate Holder. 

U.9.1.7.8.2 Design Requirements 

In order to perform its design functions the product must have at a minimum sufficient strength 
and ductility for manufacturing and for the normal and accident conditions of the storage/ 
transport system. This is demonstrated by the tests in Section U.9.1.7.8.4. It must have a 
uniform distribution of boron carbide. This is demonstrated by the tests in Section U.9.1.7.8.5. 

U.9.1.7.8.3 Durability 

There is no need to include accelerated radiation damage testing in the qualification. Such 
testing has already been performed on MM Cs, and the results confirm what would be expected 
of materials that fall within the limits of applicability cited above. Metals and ceramics do not 
experience measurable changes in mechanical properties due to fast neutron fluences typical over 
the lifetime of spent fuel storage, about 1015 neutrons/cm2 

• 

Thermal damage and corrosion (hydrogen generation) testing shall be performed unless such 
tests on materials of the same chemical composition have already been performed and found 
acce_ptable. The following paragraphs illustrate two cases where such testing is not required. 

Thermal damage testing is not required for uncladMMCs consisting only of boron carbide in an 
aluminum 1100 matrix, because there is no reaction between aluminum and boron carbide below 
842°F, well above the basket temperature under normal conditions of storage or transport3• 

Corrosion testing is not required for MM Cs (clad or unclad) consisting only of boron carbide in 
an aluminum 1100 matrix, because testing on one such material has already been performed by 
Transnuclear4

. 

U9.1. 7.8.3.1 Delamination Testing of Clad MMC 

Clad MMCs shall be subjected to thermal damage testing following water immersion to ensure 
that delamination does not occur under normal conditions of storage. 

3 Sung, C., "Microstructural Observation of Thermally Aged and Irradiated Aluminum/Boron Carbide (B4C) 
Metal Matrix Composite by Transmission and Scanning Electron Microscope," 1998 . 

4 Bon1lyn testing submitted to the NRC under docket 71-1027, 1998. 
,·I 
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• U.9.1.7.8.4 Required Qualification Tests and Examinations to Demonstrate Mechanical 
Integrity 

At least three samples, one each from approximately the two ends and middle of the 
qualification material run shall be subject to: 

a) room temperature tensile testing (ASTM- BS575
) demonstrating that the material has 

the following tensile properties: 

• Minimum yield strength, 0.2% offset: 1.5 ksi 

• Minimum ultimate strength: 

• Min.imum elongation in 2 inches: 
/ ,' 

5 ksi 

0.5% 

As an alternative to the elongation requirement, ductility may he demonstrated by bend testing 
per ASTM E2906

• The radius of the pin or mandrel shall he no greater than three times the 
material thickness, and the material shall he bent at least 90 degrees without complete 
fracture, 

h) Testing to verify more than 98% of theoretical density for non-clad MM Cs and 97% for 
the matrix of clad MMCs. Testing or examination for interconnected porosity on the 
faces and edges of unclad MMC, and on the edges of clad MMC shall be performed by a 
means to be approved by the Certificate Holder. The maximum interconnected 
porosity is 0.5 volume%, 

• and for at least one sample, 

• 

c) For MMCs with an integral aluminum cladding, thermal durability testing 
demonstrating that after a minimum 24 hour soak in either pure or borated water, then 
insertion into a preheated oven at approximately 825°F for a minimum of 24 hours, the 
specimens are free of blisters and delamination and pass the mechanical testing 
requirements described in test 'a' of this section. 

U.9.1.7,8.5 Required Tests and Examinations to Demonstrate BlO Uniformity 
... 
' . 

Uniformity of the boron distribution shall be verified either by: 

a) Neutron radioscopy or radiography (ASTM E947
, E1428

, and E5459
) of material from 

the ends an~ middle of the test material production run, verifying no more than 10% 
difference between the minimum and maximum BlO areal density, or 

b) Quantitative testing for the BlO areal density, BlO density, or the boron carbide 
weight fraction, on locations distributed over the test material production run, 

5 ASTM B557 Standard Test Methods of Tension Testing Wrought and Cast Aluminum and Magnesium-Alloy 
Products. 

6 ASTM E290, Standard Methods for Bend Testing of Materials for Ductility. 
7 ASTM E94, Recommended Practice for Radiographic Testing. 
8 ASTM El42, Controlling Quality of Radiographic Testing . 
9 ASTM E545, Standard Method for Determining Image Quality in Thermal Neutron Radiographic Testing. 

NillI-003 
Revision 13 Page U.9-9 January 2014 

...... ...... 

- J 



• 

• 

• 
L__ __ 

,,. .. , 

verifying that one standard deviation in the sample is less than 10% of the sample 
mean. Testing may be performed by a neutron transmission method similar to that 
specified in Section U.9.1.7. 7, or by chemical analysis for boron carbide content in the 
composite. 

U.9.1.7.8.6 Approval of Procedures 

Qualification procedures shall be subject to approval by the Certificate Holder. 

U.9.1.7.9 Specification for Process Controls for Metal Matrix Composites 

CAUTION 

Sections U9.1. 7.9.1 and U9.1. 7.9.2 are incorporated by reference into the NUHOM~ CoC 
1004 Technical Specification 4.1 (Note 5) and shall not be deleted or altered in any way without 
approval from the NRC. The text of this section is shown in bold type to distinguish it from other 
sections. 

U.9.1.7.9.1 Applicability and Scope 

Key processing changes shall be subject to qualification prior to use of the material 
produced by the revised process. The Certificate Holder shall determine whether a 
complete or partial re-qualification program per Section U.9.1.7.8 is required, depending 
on the characteristics of the material that could be affected by the process change. 

U.9.1.7.9.2 Definition of Key Process Changes 

Key process changes are those which could adversely affect the uniform distribution of the 
boron carbide in the aluminum, reduce density, reduce corrosion resistance, reduce the 
mechanical strength or ductility of the MMC. 

U.9.1.7.9.3 Identification and Control of Key Process Changes 

The manufacturer shall provide the Certificate Holder with a description of materials and process 
controls used in producing the MMC. The Certificate Holder and manufacturer shall identify 
key process changes as defined in Section U.9.1.7.9.2. 

An increase in nominal boron carbide content over that previously qualified shall always be 
regarded as a key process change. The following are examples of other changes that are 
established as key process changes, as determined by the Certificate Holder's review of the 
specific applications and production processes: 

a) Changes in the boron carbide particle size specification that increase the average particle 
size by more than 5 microns or that increase the amount of particles larger than 60 microns 
from the previously qualified material by more than 5% of the total distribution but less 
than the 10% limit, 
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b) .. Change of the billet production process, e.g., from vacuum hot pressing to cold isostatic 
pressing followed by vacuum sintering, 

c) Change in the nominal matrix alloy, 

d) Changes in mechanical processing that could result in reduced density of the final product, 
e.g., for PM or thermal spray MM Cs that were qualified with extruded material, a change to 
direct rolling from the billet, 

e) For MMCs using a magnesium-alloyed aluminum matrix, changes in the billet formation 
process that could increase the likelihood of magnesium reaction with the boron 
carbide, such as an increase in the maximum temperature or time at maximum temperature, 

f) Changes in powder blending or melt stirring processes that could result in less uniform 
distribution of boron carbide, e.g., change in duration of powder blending, and 

g) For MMCs with an integral aluminum cladding, a change greater than 25% in the ratio of 
the nominal aluminum cladding thickness (sum of two sides of cladding) and the nominal 
matrix thickness could result in changes in the mechanical properties of the final product. 

In no case shall process changes be accepted if they result in a product outside the limits in 
Sections 9.5.3.1and9.5.3.4 . 

.. .. , 
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Table U.9-1 
BlO Specification for the NUHOMS® 32PTH1 Poison Plates 

Poison Type 

Borated Aluminum 
/MMC 

BORAL® 

NUH-003 
Revision 13 

32PTH1 Basket Minimum Poison 
Loading Type 

(810 mg/cm2
) 

1A or 2A 7 
18 or 28 15 
1C or2C 20 
1D or 20 32 
1E or 2E 50 
1A or2A - 9 
18 or 28 19 
1C or 2C 25 
10 or 20 N/A 
1E or 2E N/A 

Page U.9-14 

% Credit Used in 
Criticality Analysis 

90 

75 
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U.11.1.2 Extreme Temperatures 

No change. The off-normal maximum ambient temperature of 125°F is used in UFSAR Section 
8.1.2.2. For the NUHOMS® 32PTH1 system, a maximum ambient temperature of 1l7°F is used. 
Chapter U.3, Section U.3.4.4.3 summarizes the thermal analysis for the 32PTH1 DSC, HSM-H 
(HSM-HS) and OS200 TC. 

U.11.1.2.1 Postulated Cause of Event 

No change. See UFSAR Section 8.1.2.2. 

U.11.1.2.2 Detection of Event 

No change. See UFSAR Section 8.1.2.2. 

U.11.1.2.3 Analysis of Effects and Consequences 

The thermal evaluation of the NUHOMS® 32PTH1 system for off-normal conditions is 
presented in Chapter U.4. The 106°F normal condition with insolation bounds the 1l7°F case 
without insolation for the DSC in the TC. Therefore the normal condition maximum 
temperatures are bounding. The 1l7°F case with the DSC in the HSM-H is not bounded by the 
normal conditions and therefore evaluated in Chapter U.4. 

The structural evaluation of the 32PTH1 DSC for off-normal temperature conditions is presented 
in Chapter U.3, Section U.3.6.2.2. The structural evaluation of the basket du~ to off-normal 
thermal conditions is presented in Chapter U.3, Section U.3.6.1.3. The structural evaluation of 
HSM-H and OS200 Transfer Cask for off-normal conditions with 32PTH1 DSC are presented in 
Chapter U.3, Section U.3.6.2.3 and Chapter U.3, Section U.3.6.2.4, respectively. 

U.11.1.2.4 Corrective Actions 

Restrictions for onsite handling of the TC with a loaded DSC under extreme temperature 
conditions are presented in Technical Specifications 5.3.1.A and 5.3.1.B. 

U.11.1.3 Off-Normal Releases ofRadionuclides 

The NUHOMS® 32PTH1 DSC is designed and tested to the leak tight criteria of ANSI N14.5 
[11.2]. Therefore the estimated quantity of radionuclides expected to be released annually to the 
environment due to normal or off-normal events is zero. 

U.11.1.3.1 Postulated Cause of Event 

In accordance with the Standard Review Plan, NUREG-1536 [11.3] and ISG-5 Rev. 1 [11.4] for 
off-normal conditions, it is conservatively assumed that 10% of the fuel rods fail. 

U.11.1.3.2 Detection of Event 

Failed fuel rods would go undetected, but are not a safety concern since the canister is designed 
• and tested to the leak tight criteria of ANSI N14.5 [11.2]. 
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V.1.2.2.2 Sequence of Operations 

The sequence of operations to be performed in loading a DSC containing spent nuclear fuel into 
the NUHOMS® HSM Model 202 is presented in Chapter V.8. 

V.1.2.2.3 Identification of Subjects for Safety and Reliability Analysis 

V .1.2.2.3 .1 Criticality Prevention 

No change to Section 5.1.3.1. 

V.1.2.2.3.2 Chemical Safety 

There are no chemical safety hazards associated with operations of the NUHOMS® HSM Model 
202 system. 

V.1.2.2.3.3 Operation Shutdown Modes 

The NUHOMS® HSM Model 202 is a totally passive system so that consideration of operation 
shutdown modes is unnecessary. 

V. l .2.2.3 .4 Instrumentation 

No change to Section 5.1.3.4 . 

V.1.2.2.3.5 Maintenance Techniques 

No change to Section 5.1.3.5. 

V.1.2.3 Cask Contents 

No change to Section 1.2.3. 

V.1.3 Identification of Agents and Contractors 

Transnuclear, Inc. (TN) provides the design, analysis, licensing support and quality assurance for 
the NUHOMS® HSM Model 202 system. Fabrication of the NUHOMS® HSM Model 202 is 
done by one or more qualified fabricators under TN's quality assurance program described in 
Chapter V .13. This program is written to satisfy the requirements of Subpart G of 1OCFR72, 
[1.2] and covers control of design, procurement, fabrication, inspection, testing, operations and 
corrective action. Experienced TN operations personnel will assist in the preparation of generic 
operating procedures and provide training to utility personnel prior to their first use of the 
NUHOMS® HSM Model 202 system. 

Managerial and administrative controls, which are used to ensure safe operation of the casks, will 
be provided by the host utility. NUHOMS® HSM Model 202 system operations and 
maintenance will be performed by utility personnel. Decommissioning activities will be 
performed by utility personnel in accordance with site procedures . 
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TN provides specialized services for the nuclear fuel cycle that support transportation, storage 
and handling of spent nuclear fuel, radioactive waste and other radioactive materials. TN is the 
holder of CoC 1004. 

V.1.4 . Generic Cask Arrays 

No change to Section 1.2.1. 

V.1.5 Supplemental Data 

The following Transnuclear drawing is enclosed: 

1. NUH-03-7002-SAR Standardized NUHOMS® ISFSI HSM Model 202 Main Assembly 

V .1.6 References 

[ 1.1] US Nuclear Regulatory Commission, Regulatory Guide 3 .61, Standard Format and 
Content for a Topical Safety Analysis Report for a Spent Fuel Dry Storage Cask, 
February, 1989. 

[1.2] 10CFR72, Rules and Regulations, Title 10, Chapter 1, Code of Federal Regulations -
Energy, U.S. Nuclear Regulatory Commission, Washington, D.C., "Licensing 
Requirements for the Independent Storage of Spent Nuclear Fuel and High-Level 
Radioactive Waste." 
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Table V.1-1 
Comparison of Key Parameters of NUHOMS® HSM Model 202 versus 

HSM Model 80 and Model 102 

Characteristic 

Overall Length (without Shield Walls) 

Overall Width (without Shield Walls) 

Overall Height 

Roof Thickness 

End Shield Wall Thickness 

Rear Shield Wall Thickness 

Side Wall Thickness 

Back Wall Thickness 

Front Wall Thickness 

Floor Thickness 

Door Construction 

Inlet Vent Configuration 

Inlet Vent Area 

Outlet Vent Configuration 

Outlet Vent Area 

Gap Between Adjacent Modules 
Placed Side-By-Side 

Bird Screen Type 

Weight - Base Unit (including HSM 
support steel) 

Weight- Roof 
Weight Door 

DSC Support Steel Configuration 

Heat Shield Thickness 
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HSM Model 80 

19'-10" (BWR) 

9'-8" 

15'-0" 

3'-0" 

2'-0" 

2'-0" 
1'-6" 

1 '-0" 

2'-6" 

1'-0" 

- 8" thick consisting of 
concrete core (- 6") 
encased by stainless 
steel (2") 

4 along lower side walls 

1200 in2
. 

4 along upper side walls 

1680 in2 

6" 

Wire Cloth 3/4" mesh x 
o.12a· wire 

164,403 lbs 

80,970 lbs 
6,556 lbs 

Structural steel frame 
with rails installed to 
permit sliding of DSC 

12 Gauge (0.1054") 
Galvanized Steel 

Page V.1-5 

HSM Model 102 HSM Model 202 

19'-10" (BWR) 20'-8" 

9'-8" 9'-8" 

15'-0" 
18' -6" (without vent 
cover) 

3'-0" 3'-8" 

2'-0" 3'-0" 

2'-0" 3'-0" 

1'-6" 1'-0 

1'-0" 1'-0" 

2'-6" 3'-6" 

1'-0" N/A 
Min. of 18-1/2"-thick · 
reinforced concrete 
attached to a 7-718" 

24" thick consisting of thick steel plate 

reinforced concrete Optional Door: 
Min. of 25 3/8" thick 
reinforced concrete 
attached to a 3" thick 
steel plate 

4 along lower side 2 along bottom of side 
walls walls 

1200 in2 2368 in2 

4 along upper side 2 along upper side walls 
walls 

1680 in2 2368 in2 

6" O" 

Wire Cloth 3/4" mesh Wire Cloth 3/4" mesh x 
x o. 12a· wire o.12a· wire 

167,267 lbs 178,424 lbs 

82,486 lbs 107,261 lbs 
11,200 lbs 21,510 lbs 

Structural steel frame Guide rails bolted to 
with rails installed to concrete to permit 
permit sliding of DSC sliding of DSC 

2" x 1/8" thick Aluminum 
Plates to form a 
Louvered Roof Heat 
Shield and 1/4" thick 
Anodized Aluminum 

12 Gauge (0.1054") Side Heat Shields 
Galvanized Steel 

Alternate Heat Shield 
Configuration: 
12 Gauge (0.1054") flat 
stainless steel top and 
side Heat Shields 
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V.2 Principal Design Criteria 

This section provides the principal design criteria for the NUHOMS® HSM Model 202 system. 
With the exception of the seismic design criteria and the tornado wind pressure loads, the 
principal design criteria for the NUHOMS® HSM Model 202 are the same as the NUHOMS® 
HSM Model 80 and Model 102 as described in Chapter 3. Section V.2.1 presents a general 
description of the spent fuel to be stored. Section V.2.2 provides the design criteria for 
environmental conditions and natural phenomena. Section V.2.3 provides a description of the 
systems which have been designated as important to safety. Section V.2.4 discusses 
decommissioning considerations. Section V.2.5 summarizes the NUHOMS® HSM Model 202 
design criteria. 

V.2.1 Spent Fuel To Be Stored 

The NUHOMS® DSCs are designed to store a total of24 or 32 PWR fuel assemblies and 52 or 
61 BWR fuel assemblies with the same characteristics as those described, respectively, in 
Chapter 3 and Appendices Chapters J.1.1, K.2, L.2, M.2, N.2, and P.2. 

V.2:1.1 General. Operating Functions 

No change to Section 3.1.2. 

V.2.2 Design Criteria for Environmental Conditions and Natural Phenomena 

The NUHOMS® HSM Model 202 is handled and utilized in the same manner as the existing 
NUHOMS® HSM Model 80 and Model 102 systems. The environmental conditions, natural 
phenomena and design criteria are the same as described for the NUHOMS® HSM Model 80 and 
Model 102 in Chapter 3. Design criteria for the NUHOMS® DSC and TC remain unchanged. 

V.2.2.1 Tornado Wind and Tornado Missiles 

No change. The applicable maximum design pressures for the design basis tornado evaluations 
are presented in Sections 3 .2.1.1 and 3 .2.1.2. The missile criteria used for the HSM Model 202 
bounds that provided in Section 3 .2.1.2. 

V.2.2.2 Water Level (Flood) Design 

No change to Section 3.2.2. 

V.2.2,3, Seismic Design 

No change to the seismic criteria described in Section 3.2.3. However, the HSM Model 202 is 
designed to withstand a horizontal ground acceleration of 0.30g and a vertical ground 
acceleration of 0.20g, which bounds the seismic criteria used in designing the NUHOMS® HSM 
Model 80 and Model 102 systems. The seismic design criteria for the HSM Model 80 and HSM 
Model 102 are 0.25g horizontal and O. l 7g vertical acceleration . 
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• The results of the frequency analysis of the HSM Model 202 structure (which includes a 
simplified model of the DSC having a bounding weight of 110,000 lbs which results in a lower 
bound frequency) yields a lowest frequency of 23.2 Hz in the transverse direction and 28.4 Hz in 
the r6ngit1Jdinal direction. The lowest vertical frequency exceeds 33 Hz. Thus, based ol) the 
R.G. 1.60 response spectra amplifications, the corresponding seismic accelerations used for the 
design of the HSM Model 202 are 0.37g and 0.33g in the transverse and longitudinal directions, 
respectively, and 0.20g in the vertical direction. These are conservative acceleration values since 
they are based on amplifications from R.G. 1.60 spectra, anchored at 0.3g horizontal and 0.2g 
vertical. The corresponding accelerations applicable to the DSC are 0.41g and 0.36g in the 
transverse and longitudinal directions, respectively, and 0.20g in the vertical direction. The 
seismic analysis of the HSM-H and 24PTH DSC are further discussed in Section P.3.7. 

From Section 3.2.3, the lowest frequency of the HSM Model 80 and Model 102 is 19.l Hz. 
Because the lowest frequency of the loaded HSM Model 80 and Model 102 is lower than the 
lowest frequency of HSM Model 202 (loaded with a bounding DSC weight of 110,000 lbs) of 
23.2 Hz, the seismic acceleration used for evaluation of the DSCs remain bounding relative to 
HSM Model 202 seismic accelerations. 

V.2.2.4 Snow and Ice Loading 

No change to Section 3.2.4. 

V.2.2.5 Combined Load Criteria 

• No change. The load combination criteria used for the HSM Model 202 has been reconciled and 
bound that given in Section 3 .2.5 .1. 

• 

V.2.3 Safety Protection Systems 

V.2.3.l General 

No change to Section 3.3.1. 

V.2.3.2 Protection By Multiple Confinement Barriers and Systems 

No change to Section 3.3.2. 

V.2.3.3 Protection By Equipment and Instrumentation Selection 

No change to Section 3.3.3. 

V.2.3.4 Nuclear Criticality Safety 

V .2.3 .4.1 Control Methods for Prevention of Criticality 

No change tq.Section 3.3.4. 

V.2.3.4.2 
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• No change to Section 3.3.4. 
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V.2.3.4.3 Verification Analysis-Benchmarking 

No change to Section 3.3.4. 

V.2.3.5 Radiological Protection 

No change to Section 3.3.5. 
~ . ' ' 

V.2.3.6 Fire and Explosion Protection 

No change to Section 3.3.6. 

V.2.4 Decommissioning Considerations 

No change to Section 3.5. 

V.2.5 Summary ofNUHOMS® HSM Model 202 Design Criteria 

The principal desi~n criteria for the NUHOMS® HSM Model 202 are based on those presented 
for the NUHOMS HSM-H shown in Table P.2-18, and reconciled against the HSM Model 80 
and Model 102 criteria in Table 3.2-1. The NUHOMS® HSM Model 202 is designed to store a 
DSC loaded with PWR or BWR fuel assemblies identical to those stored in a NUHOMS® HSM 
Model 80 or Model 102 as described in Chapter 3 and Appendices Chapters J.2, K.2, L.2, M.2, 
N.2, and P.2 . 
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V.3 Structural Evaluation 

V.3.1 Structural Design 

V .3 .1.1 Discussion 

This section describes the structural evaluation of the NUHOMS® HSM Model 202 system. The 
HSM Model 202 is based on to the NUHOMS® HSM-H described in Appendix P.3, and is 
capable of storing the 24P, 52B, 61BT, 24PT2, 32PT, 24PHB, and 24PTH-S-LC DSCs. Sections 
that do not have an effect on the evaluations presented in the UFSAR include a statement that 
there is no change to the UFSAR. 

V.3.1.1.1 General Description of the HSM Model 202 

Th~ HSM Model 202 is a freestanding reinforced concrete structure designed to provide· 
environmental protection and radiological shielding for the DSC. The HSM Model 202 is 
designed to accommodate all DSC configurations with a maximum heat-load of 24 kW (24P, 
52B, 61BT, 24PT2, 32PT, 24PHB, and 24PTH-S-LC DSC). Each HSM Model 202 provides a 
self-contained modular structure for the storage of a DSC containing up to 32 PWR spent fuel 
assemblies (SFAs) or 61 BWR SF As. The HSM Model 202 is based on the HSM-H described in 
Section P.3.1.1.2. 

V.3.1.2 Design Criteria 

The design criteria for the HSM Model 202 are provided in Section V.2.2. The design criteria 
for the DSCs, as presented in Chapter 3 and Appendices K, L, M, N and P (24PTH-S-LC only); 
and TC, as presented in Chapter 3, are not changed. 

V.3.2 HSM Weights 

Table V.3-1 shows the weights of the various components of the NUHOMS® HSM Model 202 
system. The dead weights of the components are determined based on the nominal dimensions. 

V.3.3 ' Mechanical Properties of Materials 

The mat~rial and section properties used for different components of the HSM Model 202 and 
the internal DSC support structure are identical to those used for the HSM-H as described in 
Section P.3.3.2. 

V .3 .4 General Standards for Casks 

No change to Sections 3.4.1, K.3.4, M3.4, P.3.4, T.3.4, and U3.4. 

V .3 .5 Fuel Rods 

No change to Section 3.1.1 . 
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• V.3.6 Structural Analysis (Normal and Off-Normal Operations) 

In accordance with NRC Regulatory Guide 3.48 [3.1] the design events identified by ANSI/ANS 
57.9-1984, [3.2] form the basis for the accident analyses performed for the Standardized 
NUHOMS® system. Four categories of design events are defined. Design event Types I and II 
cover normal and off-normal events and are addressed in Section 8.1. Design event Types III 
and IV cover a range of postulated accident events and are addressed in Section 8.2. The 
purpose of this section of the appendix is to present the structural analyses for normal and off
normal operating conditions for the NUHOMS® HSM Model 202 system using a format similar 
to the one used in Section 8.1 for analyzing the NUHOMS® HSM Model 80 and Model 102 
systems. 

V.3.6.1 Normal Operation Structural Analysis 

Table 8.1-1 shows the normal operating loads for which the NUHOMS® safety-related 
components are designed. The table also lists the individual NUHOMS® components which are 
affected by each loading. The magnitude and characteristics of each load are described in Section 
V.3.6.1.1. 

' .. 
The method of analysis and the analytical results for each load are described in Section 
V.3.6.1.4. 

V.3.6.1.1 Normal Operating Loads 

• The normal operating loads for the NUHOMS® system components are: 

• 

1. Dead Weight Loads 

2. Design Basis Internal and External Pressure Loads 

3. Design Basis Thermal Loads 

4. Operational Handling Loads 

5. Design Basis Live Loads 

These loads are described in detail in the following paragraphs. 

A. Dead Weight Loads 

Table V.'3-l·shows the weights of various components of the NUHOMS® HSM Model 202 
system. The deadweight of the component materials is determined based on nominal component 
dimensions. 

B. Design Basis Internal and External Pressure 

No change to Section 8.1.1.1.B . 
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V.3.7.5 Lightning 

No change to Section 8.2.6. 

V.3.7.6 Blockage ofHSM Model 202 Air Inlet and Outlet Openings 

This accident conservatively postulates the complete blockage of the HSM Model 202 
ventilation air inlet and outlet openings on the HSM Model 202. Since the NUHOMS® HSM 
Model 202s are located outdoors, there is a remote probability that the ventilation air inlet and 
outlet openings could become blocked by debris. The NUHOMS® design features such as the 
perimeter security fence, the above ground location of the air inlet opening and protected 
location of the outlet vent opening and the vent screens reduces the probability of occurrence of 
such an accident. Nevertheless, for this conservative generic analysis, such an accident is 
postulated to occur and is analyzed. 

The structural consequences due to the weight of the debris blocking the air inlet and outlet vent 
openings are negligible and are bounded by the HSM Model 202 loads induced for a postulated 
tornado (Section V.3.7.2) or earthquake (Section V.3.7.3). 

The thermal effects of this accident for various NUHOMS® DSCs with a 24 kW heat load are 
described in Sections V.4 and V.11. 

V.3.7.7 HSM Model 202 Load Combination Evaluations 

The load categories associated with normal operating conditions, off-normal conditions and 
postulated accident conditions are described and analyzed in previous sections. The load 
combination results for the NUHOMS® HSM Model 202 are presented in this section. The load 
combinations used for the evaluation of the HSM Model 202 are as described in Table P.3.7-16 
and P.3.7-17, and are equivalent to those shown in Table 3.2-5 and 3.2-8 for the concrete and 
steel components, respectively . 
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V.3.7.8.4 Evaluation of HSM Model 202 Support Steel 

The evaluation of the HSM Model 202 support steel is described in Section P.3.7.11.6.4 since the 
HSM Model 202 is based on the HSM-H. 

V.3.7.8.5 Evaluation of HSM Model 202 Shield Door 

The evaluation of the HSM Model 202 shield door is described in Section P.3.7.11.6.5 ~ince the 
HSM Model 202 is based on the HSM-H. 

V.3.7.8.6 Evaluation ofHSM Model 202 Heat Shields 

The evaluation ofHSM Model 202 heat shields is described in Section P.3.7.11.6.6 since the 
HSM Model 202 is based on the HSM-H. 

V.3.7.8.7 Evaluation ofHSM Model 202 Seismic Retainers 

The evaluation ofHSM Model 202 seismic retainers is described in Section P.3.7.11.6.7 since 
the HSM Model 202 is based on the HSM-H. 

V.3.7.8.8 Thermal Cycling of the HSM Model 202 

No change to Section 8.2.10.5. 

V.3.7.8.9 Evaluation of HSM Model 202 Concrete Components with Temperature Exceeding 
Code Limits 

The maximum concrete temperature under off-normal condition for the HSM Model 202 are 
238/243~F. (for 1l7°F and 125°F ambient conditions). The normal condition is bounded by the 
off.:.norma1 condition. Although the maximum concrete temperatures exceed 225°F in the 
off-normal condition, they do not exceed 300°F. Therefore, as specified in [3.4], no tests or 
reduction in concrete strength are required to demonstrate the capability of the concrete to 
adequately handle the elevated temperatures provided Type II cement is used and special 
aggregates are selected which are acceptable for concrete in this temperature range. This 
approach is consistent with standardized HSM design, for which special aggregates for the roof 
concrete mix are provided. 

The maximum concrete temperature for a 40-hour blocked vent condition is 376/381°F (for 
1l7°F and 125°F ambient conditions), which exceeds the 350°F limit specified in [3.4]. As noted 
in [3.4], use of any Portland cement concrete where accident temperature exceeds 350°F will 
require testing be performed on the exact concrete mix. Elevated temperature testing of the exact 
concrete mix (cement type, additives, water-cement ratio, aggregates, proportions) is to be 
performed for the HSM Model 202. The use of high temperature concrete testing is explicitly 
accepted by the NRC, as documented in the NRC's SER [3.4], Section 3.0, Page 3-5. The 
testing shall demonstrate the level of strength reduction is less than that which was applied, and 
show that the increased temperatures do not cause deterioration of the concrete . 

, : 
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V.9 Acceptance Tests and Maintenance Program 

V.9.1 Acceptance Tests 

The addition of the HSM Model 202 to the Standardized NUHOMS® system does not result in 
any change to the Pre-Operational Tests described in Section 9.2 since the transfer cask involved 
is not changed and the HSM Model 202 is. very similar to the HSM Model 102 from an 
operations perspective. 

Prior to operation of the ISFSI for a particular plant, the licensee should perform functional tests 
of the in-plant operations, the on-site transfer operations, and DSC insertion and retrieval 
(operations afthe ISFSI). These tests are intended to verify that the storage system components 
(e.g., DSC, HSM, transfer cask, transfer equipment, etc.) operate safely and effectively. Such a 
program has been successfully completed for the NUHOMS® ISFSis at Duke Power Company's 
Oconee Nuclear Station, Baltimore Gas and Electric Company's Calvert Cliffs Nuclear Power 
Plant, Toledo Edison's Davis Besse Nuclear Station and Pennsylvania Power and Light's 
Susquehanna Nuclear Station. 

V.9.1.1 Visual Inspection 

Visual inspections are performed at the fabricator's facility to ensure that the DSC and the HSM 
conform to the drawings and specifications. The visual inspections include verifying dimensions 
and the application of specified coatings and that the DSC is clean and free of defects. Visual 
inspections are performed in accordance with the requirements and acceptance criteria specified 
by the codes applicable to the associated components. 

Upon arrival at the site, the DSCs and HSMs are again inspected to ensure that they have not 
been damaged during shipment. Conditions which are not in conformance with the drawings and 
specifications will be repaired or evaluated, in accordance with 1 OCFR 72.48, for the effect of 
the condition on the safety function of the components. 

V.9.1.2 Structural Tests 

No change to Section 9.2 associated with the addition of the HSM Model 202. 

V.9.1.3 Leak Tests and Pressure Tests 

No change to Section 9.2 associated with the addition of the HSM Model 202. 

V.9.1.4 Component Tests 

No change to Section 9.2 associated with the addition ofHSM Model 202. 

V.9.1.5 Shielding Integrity Tests 

No change to Section 9.2 associated with the addition of the HSM Model 202 . 
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V.9.1.6 Thermal Acceptance Tests 

No change to Section 9.2 associated with the addition of the HSM Model 202. 

V.9.1.7 Neutron Absorber Tests 

No change to Section 9.2 associated with the addition of the HSM Model 202. 

V.9.2 Maintenance Program 

The NUHOMS® HSM Model 202 system is designed to be totally passive and require minimal 
maintenance. The DSC does not require any maintenance once it is loaded into the HSM Model 
202. 

V.9.3 Training Program 

No change to Section 9.3 . 
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W.l General Description 

Appendix W to the NUHOMS® updated.final safety analysis report (UFSAR) addresses the 
important to safety aspects of adding the OS 197L TC to the standardized NUHOMS® system 
described in the UFSAR. The OS197L TC is added to the UFSAR as an alternative to the 
OS197 and OS197H TCs. The primary reason for adding the OS197L TC design is to include a 
reduced weight transfer cask that can be used to transfer specific payloads at facilities. 

The format of this appendix follows the guidance provided in NRC Regulatory Guide 3.61 [1.1]. 
The analyses presented in this Appendix demonstrate that the OS197L TC system meets all the 
requirements of 10 CFR 72 [1.2]. 

Several sections of this appendix have been identified as "No Change." For these sections, the 
description or analysis presented in the identified sections of the UFSAR for the standardized 
NUHOMS® system is also applicable to the OS197L TC. In addition, tables and figures 
presented in the UFSAR which remain unchanged due to the addition of the OS197L TC to the 
standardized NUHOMS® system are not repeated in this appendix. Table W.1-2 provides a 
summary of the sections of the main body of the UFSAR applicable to the OS197 TC and 
addresses the impact of the OS 197L TC on these sections. 

Note: References to sections or chapters within this appendix are identified with a prefix W 
(e.g., Section W.2.3 or Chapter W.2). References to sections or chapters of the UFSAR outside 
of this appendix (i.e., main body of the UFSAR) are identified with the applicable UFSAR 
section, chapter number or appendix number (e.g., Section 2.3, Chapter 2 or Appendix K). The 
references used in this appendix are identified as [X.X] (e.g., [1.1] is Reference 1.1 at the end of 
Chapter W.l). 

OS197 and OS197H TCs in the remainder of this appendix will be referred to as OS197 TC. 

W .1.1 . Introduction 

As stated in Section 1.3.2.1, the body of this UFSAR is dedicated to four on-site transfer cask 
types: the standardized cask, NUHOMS®-OS197, NUHOMS®-OS197H, and OS200 TCs. The 
purpose of this appendix is to provide the safety analysis of the design of afifi;h type of on-site 
transfer cask, designated as the NUHOMS® OS197L TC, for use with the standardized 
NUHOMS® system. 

W.1.2 General Description of the NUHOMS® OS197L TC 

The OS197L TC on-site transfer cask is designed to accommodate fuel transfer needs of plants 
where the payload is limited to a maximum of 13. 0 kW. The major differences between the 
OS197L TC and the OS197 casks are: 

• reduced cask weight; 

. I 
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- no integral lead shielding (one 2.68" nominal thickness steel shell instead of a 
combination of a 0.5'' nominal thickness steel inner liner, 3.5" nominal thickness lead 
shield and 1.5" nominal thickness steel structural shell); 

• only authorized for transfer of the NUHOMs®-61BTand 32PT DSCs with a maximum heat 
load of 13. 0 kW; 

• one-piece solid trunnion configuration for the upper and lower ca'sk trunnions; 

• two-piece neutron shield (inner and outer shell of 1/4" nominal thickness versus an outer 
shell of 3/16" nominal thickness); 

• a 6" nominal thickness steel decontamination area supplemental shield (see Figure Wl-2) 
within which the cask is placed for personnel shielding during fuel loading operations; 

• a .cask support skid supplemental shielding (see Figure W 1-3), described in Section 
.1WI.2.1:1, to be used for personnel shielding during transfer operations; 

• remote crane operations in conjunction with laser/optical targeting and cameras are to be 
used for handling the OS197L TC when it is not within the decontamination area shielding. 

The OS197L TC key design parameters are compared to the OS197 TC in Table W.1-1. 

The OS 197L TC when used in conjunction with the supplemental shielding provided (see Figures 
Wl-2 and Wl-3), including the remote cask handling procedures described in Chapter W8, 
provides shielding and protection from potential hazards during the DSC fuel loading/unloading 
operations and transfer to the horizontal storage module (HSM). The design and configuration of the 
OS197L TC is a modified version of the NRC approved OS197 and OS197H TCs described in 
Section 1.3.2.1 of the UFSAR and is limited to on-site use under 10CFR72. The OS197L TC can be 
configured to meet a gross weight limit of 77 Te (85 tons). 

The empty weight of the OS197L, with the neutron shield full of water and the stainless steel top 
cask lid installed is approximately 62, 000 lb (31 tons). The nominal loaded weight in the "wet" 
configuration (water in the DSC, water in the DSC/TC annulus, top cask lid not installed) is 
approximately 85 tons. The nominal loaded weight in the "dry" configuration (after water in 
the DSC and DSC/TC annulus has been drained and the top cask lid is installed) is 
approximately 82 tons. SAR Table W3-l has been revised to provide this additional weight 
information. · 

Figure W.1-1 provides an overview of the OS197L TC without the supplemental shielding. The 
OS 197L TC configuration also requires the use of additional shielding in the decontamination area 
(see Figure W.1-2) and on the skid/trailer (see Figure W.1-3). 

W.1.2.1.1 Transfer Equipment · 

Transfer Trailer: The NUHOMS® OS 197L TC transfer trailer consists of a heavy industrial trailer 
with a payload capacity of 136 Te (150 tons), including the skid and loaded cask. The OS197L TC 
transfer trailer is the same as the one shown in Figure 1.3-7 of the UFSAR . 
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Cask Support Skid: The OS197L TC support skid differs from the OS197 TC support skid shown 
in UFSAR Figure 1.3-8 as described below: 

1. The OS197L TC support skid has permanently mounted 2.5" thick side shielding and 
accommodates an additional 3" thick side shielding bolted to the permanent shielding when 
transferring the OS 197L TC. 

2. The OS197L TC support skid also has a 2.5" shielding inner top cover and an additional 3" 
shielding outer top cover to shield the upper sections of the cask. 

The OS 197L TC support skid utilized for the standardized NUHOMS® system is illustrated in 
Figure W.1-3. 

Hydraulic Ram: The high capacity hydraulic ram system is similar to the hydraulic ram system · 
described in the UFSAR. The capacity of this ram is increased in order to increase the ram capacity 
margin (and to accommodate other future DSC designs). There is no change to the maximum ram 
forces allowed (80 kips) during system operation. 

A picture of the OS197L TC system is provided in Figure W.1-4. 

w:i:2.2. , Operational Features 

The primary operations with the OS197L TC (in sequence of occurrence) forthe NUHOMS® 
system are the same as the systems operation described in Section 1.3 .3 of the UFSAR except as 
noted below for operations 8 and 13 (of Section 1.3.3): 

Lifting Cask from Pool: The loaded OS197L TC is lifted out of the pool/or placement (in the 
vertical position) in a decontamination area shield on the drying pad in the decon pit. During bare 
cask movement from the fuel pool to the decontamination area, remote crane operations in 
conjunction wi.th laser/optical targeting and cameras or other similar equipment for coriflrmation of 
the cask locations are to be used to minimize personnel exposure due to the reduced shielding 
configuration of the OS197L TC during this transit movement. The licensee shall meet the specific 
radiation protection program requirements associated with the use of OS 197L TC as specified in 
applicable Technical Specification 5.2.4.a. 

The cask is then placed inside the decontamination area lower shield and the upper shield or bell is 
then placed on top (see Figure W 1-2). 

Placement of Cask on Transfer Trailer Skid: The OS197L TC is then lifted onto the cask support 
skid. The plant's crane is used to downend the cask from a vertical to a horizontal position. The 
inne,r top sP,d shielding is added to the skid and the cask is also covered with an additional outer top 
shielding .. The outer top additional skid shielding is to be installed inside the fuel handling building 
ifthe floor loads can accommodate it (if floor loading is a concern, the outer top trailer shielding 
may be placed on the skid outside the fuel handling building). The cask is then secured to the skid 
and readied for the subsequent transfer operations . 
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The "cask support skid supplemental shielding" described in the SAR drawing (NUH-03-8011-
SAR) refers to the temporary shielding required for the OS197L TC during transfer operations. 
This shielding is also referred to as "shielding, supplemental shielding, trailer area shielding, 
cask skid supplemental shielding, supplemental OSI 97L TC shielding, supplemental skid 
shielding, shield transfer trailer, auxiliary shielding, shielded transfer skid, transfer skid shields, 
supplementary shielding, supplemental trailer shields, skid shielding, and trailer shielding" in 
the safety analysis descriptions interchangeably through out this appendix. 

W .1.3 Identification of Agents and Contractors 

Transnuclear, Inc. (TN) provides the design, analysis, licensing support and quality assurance for 
the NUHOMS® OS197L TC. Fabrication of the NUHOMS® OS197L TC is done by one or 
more qualified fabricators under TN's quality assurance program described in Chapter W.13. 
This program is written to satisfy the requirements of Subpart G of 1OCFR72, [ 1.2] and covers 
control of design, procurement, fabrication, inspection, testing, operations and corrective action. 

TN provides specialized services for the nuclear fuel cycle that support transportation, storage 
and handling of spent nuclear fuel, radioactive waste and other radioactive materials. TN is the 
holder ofNUHOMS® CoC 1004 [1.3]. 

W.1.4 Generic Cask Arrays 

No change. The content presented in Sections 1.2.1and1.3.4 remains applicable and is not 
affected by the use of the OS197L transfer cask. 
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W.1.5 . Supplemental Data 

The following TN drawings are enclosed: 

1. NUHOMS® OS197L Onsite Transfer Cask, Cask Body Assembly, Drawing 

NUH-03-8008-SAR. 

2. NUHOMS® OS197L Onsite Transfer Cask, Light Neutron Shield Assembly, Drawing 

NUH-03-8009-SAR. 

3. NUHOMS® OS197L Onsite Transfer Cask, OS197L Main Assembly, Drawing 

NUH-03-8010-SAR. 

4. NUHOMSW OS197L Onsite Transfer Cask Support Skid Supplemental Shielding, Drawing 
NUH-03-8011-SAR. 

5. NUHOMSW OS197L Onsite Transfer Cask Decon Area Cask Shielding Assemblies, 
Drawing NUH-03-8012-SAR. 

W .1.6 · References 

1.1 U.S. Nuclear Regulatory Commission, Regulatory Guide 3.61, Standard Format and 
Content for a Topical Safety Analysis Report for a Spent Fuel Dry Storage Cask, 
February, 1989. 

1.2 10CFR72, Rules and Regulations, Title 10, Chapter 1, Code of Federal Regulations -
Energy, U.S. Nuclear Regulatory Commission, Washington, D.C., "Licensing 
Requirements for the Independent Storage of Spent Nuclear Fuel and High-Level 
Radioactive Waste." 

1.3 NUHOMS® Certificate of Compliance for Dry Spent Fuel Storage Casks, Certificate 
Number 1004, Amendment No. 9, April 2007 (Docket 72-1004) . 
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Table W.1-1 
c ompanson o fK P ev t f NUHOMS® 08197 V arame ers o ersus OS197LTC s 

Same? 
Characteristic 08197 TC · OS197L TC (Yes/No) 

Note No . 

Physical Data ;~.: 
«:;'.: i .... · r:· .·'. ' ~~:.~;·, ..... :. ~J .. .... ;l i;,,,?'" ··: .. ; 

. } .. . :.· .. . .. .,,-. .. . .. 
Outside Diameter 85.50" 80.36" No (1) 

Outside Length .207.22" 207.22" Yes 

Cavity Diameter 68" 68" Yes 

Cavity Length 197.75" 197.75" Yes 

Ram Access 22" 22" Yes 
Penetration Diameter 

106,670 lbs 57,400 lbs 
Weight, Empty (includes cask top cover plate assembly (includes cask top cover plate assembly No (2) 

and neutron shield without water) and neutron shield without water) 

Cask Materials ;; '.i5•'.: .;: ,: : ·~·,/: .· i i ;'. '; i?'': ;:~;(, >:.. ,' .· 1:.i'.: " 

Outer Jacket 3/16" thick plate, ASTM A240, Type 304 1/4" thick plate, ASTM A240, Type 304 No (3) 

Neutron Shielding 3" of Water in annulus 3" of Water in annulus Yes 

Structural Shell 
1-1/2" thick plate, ASME 2.68" thick plate, ASME 

No (4) 
SA-240 Type 304 SA-240 Type 304 

Gamma Shielding 
3.56" thick, ASTM B29 Chemical Copper No lead shielding No (4) Lead 

Inner Liner 1/2" thick plate, ASME SA-240 Type 304 
No separate inner liner 

No (4) 
(consists of structural shell) 

Consists of 3" thick ASME SA-240, Type 
· Consists of 3" thick ASME 

SA-240, Type 304 structural plate with a 
Top Cover Assembly 

304 structural plate with a·thin 1/4" thick thin 1/4" thick shell encapsulating a solid Yes 
shell encapsulating a solid Neutron Neutron Absorbing Material (NS-3) 

Absorbing Material (NS-3) 

Top Flange ASME SA-182, Type F304N ASME SA-182, Type F304N Yes 

ASME SA-564, Grade 630 steel trunnion 
.. ---· 

Solid monolithic Trunnion made of ASME 
Upper Lifting Trunnion with sleeve encapsulating a solid 

SA-182, Type FXM-19 No 
Neutron Absorbing Material (NS-3) 

Lower Support 
ASME SA-240, Type F304 steel trunnion 

Solid monolithic Trunnion made of ASME 
Trunnion 

with sleeve encapsulating a solid SA-182, Type F304 No 
Neutron Absorbing Material (NS-3) 

Canister Rails ASTM A240 Nitronic 60 ASTM A240 Nitronic 60 Yes 

Bottom End Plate 
2" thick, ASME SA-240, 2" thick, ASME SA-240, 

Yes Type 304 Type 304 

Bottom Support Ring ASME SA-182, Type F304N ASME SA-182, Type F304N Yes 

Ram Access ASME SA-182, Type F304N ASME SA-182, Type F304N Yes 
Penetration Ring 

Cask Payload 
"i ' ' '?~:: i;,'. ····.· • cc' ;t!~;! ;),1 ~;~~ <.i;/ / ,,'~\' )~~I ", ..... ··o:. .··c,·r ... , .. ··'>". •,,;;,, -..•:>:-:. ,.· . .,'..< .,, ., :'. ,, ' • i 

DSC Type 
24P, 52B, 61 BT, 61BTH Type 1, 24PHB, 61 BT and 32PT 

No 
24PT2,24PTH,32PT Only with modified payloads 

Heat Load 24kW 13kW No 

Notes: 
1. The diameter of the OS197L TC is smaller, reflecting the reduced radial shielding. The 2.68" thick SS structural shell replaces the 

combined thickness of%" of inner liner, 3.50" of lead, and 1.50" of structural shell, a reduction of approximately 5.5" diametrical. 
2. The reduced weight of the OS197L TC reflects the reduced radial shielding. I 
3. The outer panel of the neutron shield is increased in thickness to stiffen the assembly. 
4. The reduced shielding is a result of the lead shielding that is eliminated and the combined inner liner and structural shell. 
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Table W.1-2 
OS197L TC UFSAR Sections Affected 

(Part 1of3) 
Description OS197L 

Description of TC for transfer of DSC No Change 
NUHOMS® System Components including TC See Section W.1 
NUHOMS® System Components including TC See Section W.1 
Description of Operating and Handling Systems Changes addressed in 
including TC Section W.1. 
Kev Design Parameters for NU HOMS® System See Section W.1 
NUHOMS® System Operations Overview See Section W.8 
Description of On-Site TC See Section W.1 
Description of Transfer Equipment (Trailer and Skid) See Section W.1 
Components, Structures and Equipment for the 

See Section W.1 .. 

Standardized NUHOMS® System 
NU HOMS® On-Site TC See Section W.1 
Cask Support Skid for NUHOMS® System See Section W.1 
NUHOMS® System Operational Overview See Section W.1 
Site Characteristics No Change 

No change to loading 

On-Site Transfer Cask conditions 
See Section W.1 for OS197L 
description. 

NU HOMS® Transfer Eouipment Criteria No Change 
No Change to load 

On-Site Transfer Cask Load Combinations and combinations or criteria. 
Structural Design Criteria See Section W.3 for OS197L 

structural results 
Summary of NUHOMS® Component Design 

No Change Loadings 

On-Site Transfer Cask Load Combinations and No Change 
Service Levels 
Structural Desian Criteria for On-Site Transfer Cask No Chanae 
Structural Design Criteria for Bolts No Chanoe 
Radioloaical Protection-Shieldina See Section W.5 
NUHOMS® System Components Important To 

See Table W.2-1 I Safety 
Classification of Structures, Components, and 

No Change 
Systems- Transfer Cask and Yoke 

Classification of Structures, Components, and 
No Change 

Systems- Other Transfer Equipment 
NUHOMS® Major Components and Safety 

See Table W.2-1 
Classification 
Storaae Structures - Structural Specifications No Change 

Individual Unit Description - On-Site Transfer Cask 
See Sections W.1 and W.3 

I for trunnion load test. 
Composite View of NU HOMS® Transfer Cask-24P Not Aoolicable I 
Composite View of NU HOMS® Transfer Cask-528 Not Aoolicable I 
NUHOMS® On-Site Transfer Cask with BWR Collar Not Aooficable I 
NU HOMS® OS197L Transfer Cask Lifting Yoke 

Figure title revised to 
indicate that this is an 
alternate liftinq voke 
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Table W.1-2 
OS197L TC UFSAR Sections Affected 
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Individual Unit Descriptions - Transfer Cask 
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OS197L 
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Table W.1-2 
OS197L TC UFSAR Sections Affected 

• I 

(Part 3 of3) 
Description OS197L 

NUHOMS® -61BT evaluation for storage in HSM 
No Change 

and transfer in OS197 TC 

NUHOMS®-24PT2 evaluation for storage in 
HSM and transfer in standardized TC and No Change 
OS197 TC 

NUHOMS®-32PT evaluation for storage in HSM 
No Change 

and transfer in OS197/0S197H TC 

NUHOMS®-24PHB evaluation for storage in 
No Change 

HSM and transfer in OS197/0S197H TC 

NUHOMS®-24PTH evaluation for storage in 
HSM and transfer in OS197/0S197H No Change 
TC/OS197FC 

Evaluation ofNUHOMS® HSM Model 152 No Change 

NUHOMS®-61BTH evaluation for storage in 
HSM and transfer in OS197/0S197H No Change 
TCIOS197FC 

NUHOMS®-32PTH1 evaluation for storage in 
No Change 

HSM and transfer in OS200 or OS200FC 

Evaluation of NUHOMS® HSM Model 202 No Change 
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Figure W.1-4 
OS197L TC System on Transfer Trailer with Shielding 
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• W.2 Principal Design Criteria 

This section provides the principal design criteria for the NUHOMS® OS197L TC System. The 
principal design criteria for the NUHOMS® OS197L TC are the same as the NUHOMS® OS197 
TC-as described in Chapter 3. However, OSI97L TC shall only be used for the handling and 
transfer ofNUHOM~-6IBTor 32PT DSC with a heat load of 13 kW or less. Section W.2.1 
presents a genei:al description of the spent fuel to be stored in 6IBT and 32PT DSC when using 
OSI97L TC. Section W.2.2 provides the design criteria for environmental conditions and natural 
phenomena. Section W.2.3 provides a description of the systems which have been designated as 
important to safety. Section W.2.4 discusses decommissioning considerations. Section W.2.5 
summarizes the NUHOMS® OS 197L TC design criteria. 

W.2.1 Spent Fuel To Be Stored 

When using the OSI 97L TC for loading and transfer activities, the number of PWR and BWR 
fuel assemblies authorizedfor storage in the NUHOM~ 32PTand 6IBT DSCs remain 
unchanged at up to a total of 32 and 6I, respectively with the same physical characteristics as 
those described in Appendix M2 and K.2 respectively. However, the thermal and radiological 
characteristics of the spent fuel authorized for storage have been modified as described in the 
following sections. 

W.2.I.I NUHOM~-6IBT DSC Contents 

• The physical characteristics of the intact and damaged spent fuel assemblies authorized for 
storage in the NUHOM~-6IBT DSC are as described in Appendix K, Tables K.2-I and K.2-2, 
respectively. However, to minimize the dose consequences when using the OSI 97[TCfor the 
loading and transfer of the 6IBT DSC, the contents allowed shall meet the Heat Load Zoning 
Configuration requirements of Figure W.2-I and the DSC heat load shall be limited to I2.0 kW 
or less. The intact and damaged BWRfuel assembly characteristics allowed for storage'in the 
NUHOM~-6IBTwhen using the OSI97L TC are summarized in Tables W.2-2 and Table W.2-3, 
respectively. Tables W.2-4 and W.2-5 provide the Fuel Qualification Tables for the Zone I and 
Zone 2 fuel assemblies, respectively. 

• 

There is no change in the design configuration of the 6IBT DSC or the three 6IBT DSC basket 
types (Type A, B or C) relative to that described in Section K. 2. I. Finally, the following criteria 
described in Section K.2.I also remain unchanged: 

• The maximum fuel cladding temperatures allowed for normal, off-normal, and accident 
conditions, and 

• The maximum DSC internal pressures for normal, off-normal, and accident conditions. 

W.2.I.2 NUHOM~-32PT DSC Contents 

The physical characteristics of the intact spent fuel assemblies, with or without control 
components (CCs), authorized for storage in the NUHOM~-32PT DSC are as described in 
Appendix M, Tables M2-I. However, to minimize the dose consequences when using the 
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OSI 97L TC for the loading and transfer of the 32PT DSC, the contents allowed shall meet the 
Heat Load Zoning Configuration requirements of Figure W.2-2 and the DSC heat load shall be 
limited to I 3. 0 kW or less. The intact PWRfuel assembly characteristics allowed for storage in 
the NUHOM~-32PTwhen using the OSI97L TC are summarized in Tables W.2-6. Tables W.2-
7 and W.2-8 provide the Fuel Qualification Tables for the Zone I and Zone 2fuel assemblies, 
respectively. 

When using the OSI97L TC, all four 32PT DSC design configurations (32PT-SIOO, 32PT-LIOO, 
32PT-S-125 and 32PT-L-125) are allowed. There is no change in these 4 DSC design 
configurations or in the four DSC basket configurations (Type A, B, C or D) relative to those 
described in Section M 2. I. The minimum boron-I 0 content for the poison plates is-unchanged 
at 0.0070 g/cm2

. The number of reconstituted fuel assemblies allowed also remains unchanged. 

Finally, the following criteria described in Section M2. I also remain unchanged: 

• The maximum fuel cladding temperatures allowed for normal, off-normal and accident 
conditions, and 

• The maximum DSC internal pressures for normal, off-normal and accident conditions. 

W.2.1.3 General Operating Functions 

No change. The content presented in Section 3.I.2 remains applicable and is not affected by the 
use of the OSI97L transfer cask. Additional operational features applicable to the OSI97L are 
presented in Section W.I.2.2 . 

W.2.2 Design Criteria for Environmental Conditions and Natural Phenomena 

The NUHOMS® OS 197L TC is in general handled and utilized in the same manner as the 
existing NUHOMS® OS197 TC System. Differences in the operation/handling of the OSI97L 
TC include: 

• Increased use of plant ALARA measures such as remote monitoring devices to keep 
exposures ALARA due to the high dose rates on the bare OSI 97L TC during lifts from the 
fuel pool to the decontamination area and from the decontamination area to the transfer 
trailer, 

• Placement of the bare OSI97L TC into the decontamination area shield and placement of 
"shield bell, " and 

• Placement of the bare OSI97L TC on the transfer trailer with supplemental shielding. 

The above differences are described in detail in Chapter W.8. 

The environmental conditions, natural phenomena and design criteria are the same as described 
for the NUHOMS® OS197 TC in Chapter 3 . 
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W.2.2.1 Tornado Wind and Tornado Missiles 

No change. The tornado wind and tornado missiles criteria presented in Section 3.2.1 remains 
applicable and are not affected by the use of the OS197L transfer cask. 

W.2.2.2 Water Level (Flood) Design 

No change. The flood design criteria presented in Section 3.2.2 remains applicable and are not 
affected by the use of the OS197L transfer cask. 

W.2.2.3 Seismic Design 

No change. The seismic design criteria presented in Section 3.2.3 remains applicable and are 
not affected by the use of the OSl 97L transfer cask. 

W.2.2.4 Snow and Ice Loading 

No change. The snow and ice loading criteria presented in Section 3.2.4 remains applicable and 
are not affected by the use of the OS197L transfer cask. 

W.2.2.5 Combined Load Criteria 

No change. The loads, load combinations, and design criteria for the OS197 summarized in 
Tables 3.2-1, 3.2-7, 3.2-11, and 3.2-12 remain applicable and are not affected by the use of the 
OS197L transfer cask. Additional design criteria applicable to the OS197L are presented in 
Section W.3.2. 

W.2.3 Safety Protection Systems 

W.2.3.1 General 

The discussion presented in Section 3.3.1 is applicable, except for Table 3.3-1 which is replaced 
with Table W.2-1. 

Table W.2-1 provides the safety classification of the OS197L TC system components. 

W.2:3'.2 Protection By Multiple Confinement Barriers and Systems 

No change. The content presented in Section 3.3.2 remains applicable and is not affected by the 
use of the OS197L transfer cask. 

W.2.3.3 Protection By Equipment and Instrumentation Selection 

No change. The content presented in Section 3.3.3 remains applicable and is not affected by the 
use of the OS197L transfer cask. 
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• W.2.3.4 Nuclear Criticality Safety 

The content presented in Section 3.3.4 remains applicable and is not affected by the use of the 
OS197L transfer cask. As referenced in Sections 3.3.4.4 and 3.3.4.6, the criticality evaluations 
for the 61BT, and 32PT DSCs are contained in Appendices Kand M, respectively. 

W.2.3.5 Radiological Protection 

The bare OSJ97L TC provides less shielding than the OS197 TC system. The reduced shielding 
of the bare TC results in higher dose rates on and around the TC when being lifted from the fuel 
pool to the decontamination area and from the decontamination area to the transfer trailer. To 
mitigate the effect of these high dose rates on occupational workers, these operations are done 
remotely as described in Chapter W8. Jn addition, when the TC is in the decontamination area 
and on the transfer trailer, supplemental shielding is used to reduce the dose rates down to those 
commensurate with the OSJ97 TC System. Therefore, with the use of remote crane handling 
operation in combination with the decontamination area and skid shielding features of the 
OSJ97L TC, the occupational workers and members of the public are protected against direct 
radiation and releases of radioactive material. 

W.2.3.6 Fire and Explosion Protection 

No change. The fire and explosion protection discussion presented in Section 3. 3. 6 remains 
applicable and is not affected by the use of the OSJ97L transfer cask. 

• W.2.4 Decommissioning Considerations 

• 

No change. The content presented in Section 3.5 remains applicable and is not affected by the 
use of the OSJ97L transfer cask. 

W.2.5 Summary ofNUHOMS® OS197L TC Design Criteria 

The principal design criteria for the NUHOMS® OS 197L TC are the same as those presented for 
the NUHOMS® OS197 TC in Chapter 3. The NUHOMS® OS197L TC is designed to handle a 
6JBT or 32PTDSC loaded with BWR or PWR fuel assemblies, respectively, as described in this 
appendix . 
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Table W.2.:.l 
OS197L TC System Components ~nd Safe ty Classification 

OS197L TC System Components Safe ty Classification 

Onsite Transfer Cask 

- Structural Shell and Cover Plates 

- Upper and Lower Trunnions 

- Decontamination Area Shield 

- Cask support skid supplemental 
shielding 

Transfer Equipment 

- Cask Lifting Yoke 

- Transfer Trailer/Skid 

- Ram Assembly 

- Dry Film Lubricant 

Notes: 

lmporta nt to Safety<1
> 

. lmporta nt to Safety<1
> 

; lmporta nt to Safety<1
> 

,lmporta nt to Safety<1
> 

Safety Related<2> 

Not Im portant to Safety<1> 

Not Im portant to Safety<1
> 

Not Imp ortant to Safety<1> 

ant to safety" are (1) Structures, systems and components "import 
defined in 1 OCFR 72.3 as those features oft 
function is (1) to maintain the conditions requ 
fuel safety, (2) to prevent damage to the spe 
during handling and storage, or (3) to provide 
assurance that spent fuel can be received, h 
stored, and retrieved without undue risk to th 

he ISFSI whose 
ired to store spent 

nt fuel container 
reasonable 

andled, packaged, 
e health and safety 

of the public. 

(2) Yoke and rigid or sling lifting members are cl 
Related" in accordance with 10 CFR 50 . 
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Table W.2-2 
Intact BWR Fuel Assembly Characteristics (NUHOMsY-61BT DSC) 

PHYSICAL PARAMETERS: 
7x7, BxB, 9x9, or 10x10 intact BWR fuel assemblies 
manufactured by General Electric or Exxon!ANF or 

Fuel Design: equivalent reload fuel that are enveloped by the 
Fuel assembly design characteristics listed in 
Aooendix K, Table K.2-3. 

Claddina Material: Zircaloy 
Cladding damage in excess of pinhole leaks or 

Fuel Damage: hairline cracks is not authorized to be stored as 
"Intact BWR Fuel." 

Channels: Fuel may be stored with or without fuel channels 
Maximum Assembly lenath (Unirradiated) 176.2 in 
Nominal Assembly Width (excluding 5.44 in 

channels) 
Maximum Assemblv Weight 705 lbs 

Thermal/Radiological Parameters: 
Maximum Initial Enrichment: See Aooendix K, Table K.2-1 
Fuel Burnup, Initial Assembly Average Per Table W2-4, Table W2-5 and Figure W2-1. 

Enrichment and Coolina Time: 
Maximum Initial Uranium Content: 198 kalassembly 
Maximum Decay Heat: 300 W/assembly 1

J 

Note: 

(1) For FANP9 9x9-2 fuel assemblies, the maximum decay heat is limited to 0.21 kW/assembly . 
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TableW.2-3 
Damaged BWR Fuel Assemblies Characteristics (NUHOMs®-6JBT DSC) 

PHYSICAL PARAMETERS: 
7x7, BxB BWR damaged fuel assemblies 
manufactured by General Electric or Exxon!ANF or 

F.uel Design: equivalent reload fuel that are enveloped by the 
Fuel assembly design characteristics listed in 
Appendix K, Table K.2-3 for the 7x7 and BxB 
desiqns onlv. 

Claddina Material: Zircaloy 
Damaged BWR fuel assemblies are fuel 
assemblies containing fuel rods with known or 
suspected cladding defects greater than hairline 
cracks or pinhole leaks or with cracked, bulging, or 
discolored cladding. Missing cladding and/or crack 
size in the fuel pins is to be limited such that a fuel 

Fuel Damage: pellet is not able to pass through the gap created 
by the cladding opening during handling and 
retrievability is assured following Normal/Off-
Normal conditions. Damaged fuel shall be stored 
with Top and Bottom Caps for Failed Fuel. 
Damaged fuel may only be stored in the 2x2 
compartments of the ''Type C" NUHOMS®-61BT 
Canister. 

Channels: Fuel may be stored with or without fuel channels. 
Maximum Assembly Length (unirradiated) 176.2 in 
Nominal Assembly Width (excluding 5.44 in 

channels) 
Maximum Assembly Weiqht 7051bs 

THERMAURADIOLOG/CAL PARAMETERS: 
Maximum Initial Lattice Average 

4.0 wt. % U-235 Enrichment: 
Fuel Burnup, Initial Bundle Average 

Per Table W2-4, Table W2-5 and Figure W2-1. Enrichment, and Cooling Time: 
Maximum Pellet Enrichment: 4.4 wt. % U-235 
Maximum Initial Uranium Content: 198 kg!assemblv 
Maximum Decav Heat: 300 W!assemblv 
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TableW.2-4 

Fuel Qualification Table for 0.3 kW BWR FAs in Zone 1 of a NUHOMs®-6JBT DSC Contained in an OS197L TC 

(Minimum required years of cooling time after reactor core discharge) 

BU Assemblv Averaw Initial Enrichment7wt. % U-235) 
GWd/MTU 1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3.0 3.1 3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9 4.0 4.1 4.2 4.3 

10 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 
15 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 
20 5 5 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 
25 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 4 
28 6 6 6 6 6 6 6 6 6 6 6 6 6 5 5 5 5 5 5 5 5 5 5 5 5 
30 . 7 7 7 7 7 7 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 
32 8 8 8 8 8 7 7 7 7 7 7 7 7 7 7 7 7 7 6 6 6 6 6 6 6 
34 . Not Analyzed 9 9 9 9 9 9 8 8 8 8 8 8 8 8 8 7 7 7 7 7 7 7 7 7 7 
36 Domain. 11 11 11 10 10 10 10 10 9 9 9 9 9 9 9 9 8 8 8 8 8 8 8 8 8 
38 . •, .~:r.' 14 13 13 12 12 12 12 11 11 11 11 11 10 10 10 10 10 10 9 9 9 9 9 9 9 .. 
39 

" .!:, 15 14 14 14 13 13 13 12 12 12 12 11 11 11 11 10 " 11 10 10 10 10 10 10 9 9 
40 16 16 15 15 15 14 14 14 13 13 13 12 12 12 12 12 11 11 11 11 11 10 10 10 10 

Notes for Tables W.2-4 and W.2-5: 

• BU= Assembly average burnup. 
• Use burnup and enrichment to look up minimum cooling time in years. Licensee is responsible for ensuring that uncertainties in fuel 

enrichment and burnup are conservatively applied in determination of actual values for these two parameters. 
• Round burnup UP to next higher entry, round enrichments DOWN to next lower entry. 
• Fuel with an initial enrichment less than 1. 4 and greater than 4. 4 wt. % U-235 is unacceptable for storage. 
• Fuel with a burnup greater than 40 GWd/MTU is unacceptable for storage. 
• Fuel with a burnup less than 10 GWd!MTU is acceptable for storage after 4 years cooling. 
• Example: An assembly with an initial enrichment of 3. 75 wt. % U-235 and a burnup of 39.5 GWd!MTU is acceptable for storage after a 

eleven-year cooling time as defined by 3. 7 wt. % U-235 (rounding down) and 40 GWd!MTU (rounding up) on the qualification table. 

4 
4 
4 
4 
5 
6 
6 
7 
8 
9 
9 
10 

• 
4.4 
4 
4 
4 
4 
5 
6 
6 
7 
8 
9 
9 
10 
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Table W.2-5 

Fuel Qualification Table for 0.17 kW BWR FAs in Zone 2 of a NUHOMs®-61BT DSC Contained in an OS197L TC 

(Minimum required years of cooling time after reactor core discharge) 

BU • I . , Assemblv Avera_qe Initial Enrichment wt. % U-235) 

GWd/MTIJ 1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3.0 3.1 3.2 3.3 3.4 3.5 3.6 
10 21.5 20.5 20.5 20.5 20.5 19.5 19.5 19.5 19.5 19.5 19.5 18.5 18.5 18.5 18.5 18.5 18.5 17.5 17.5 17.5 17.5 17.5 17.5 
11 22.0 22.0 22.0 22.0 21.0 21.0 21.0 21.0 21.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 19.0 19.0 19.0 19.0 19.0 19.0 19.0 
12 23.0 23.0 23.0 23.0 22.0 22.0 22.0 22.0 22.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 
13 24.0 24.0 24.0 23.0 23.0 23.0 23.0 23.0 23.0 22.0 22.0 22.0 22.0 22.0 22.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 
14 25.0 25.0 25.0 24.0 24.0 24.0 24.0 24.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 22.0 22.0 22.0 22.0 22.0 22.0 22.0 22.0 
15 26.0 26.0 25.0 25.0 25.0 25.0 25.0 25.0 24.0 24.0 24.0 24.0 24.0 24.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 
16 27.0 26.0 26.0 26.0 26.0 26.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 24.0 24.0 24.0 24.0 24.0 24.0 24.0 24.0 23.0 23.0 
17 27.0 27.0 27.0 27.0 27.0 26.0 26.0 26.0 26.0 26.0 26.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 24.0 24.0 24.0 
18 28.0 28.0 27.0 27.0 27.0 27.0 27.0 27.0 26.0 26.0 26.0 26.0 26.0 26.0 26.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 
19 28.0 28.0 28.0 28.0 28.0 28.0 27.0 27.0 27.0 27.0 27.0 27.0 27.0 26.0 26.0 26.0 26.0 26.0 26.0 26.0 26.0 26.0 25.0 
20 29.0 29.0 29.0 29.0 28.0 28.0 28.0 28.0 28.0 28.0 28.0 27.0 27.0 27.0 27.0 27.0 27.0 27.0 27.0 26.0 26.0 26.0 26.0 
21 30.0 29.0 29.0 29.0 29.0 29.0 29.0 29.0 28.0 28.0 28.0 28.0 28.0 28.0 28.0 28.0 28.0 27.0 27.0 27.0 27.0 27.0 27.0 
22 30.0 30.0 30.0 30.0 30.0 29.0 29.0 29.0 29.0 29.0 29.0 29.0 29.0 29.0 28.0 28.0 28.0 28.0 28.0 28.0 28.0 28.0 28.0 
23 - 30.5 30.5 30.5 30.5 30.5 30.5 30.5 29.5 29.5 29.5 29.5 29.5 29.5 29.5 29.5 29.5 28.5 28.5 28.5 28.5 28.5 28.5 28.5 
24 31.5 31.5 31.5 31.5 30.5 30.5 30.5 30.5 30.5 30.5 30.5 30.5 29.5 29.5 29.5 29.5 29.5 29.5 29.5 29.5 29.5 29.5 29.5 
25 31.5 31.5 31.5 31.5 31.5 31.5 31.5 31.5 30.5 30.5 30.5 30.5 30.5 30.5 30.5 30.5 30.5 30.5 29.5 29.5 29.5 29.5 29.5 
26 31.5 31.5 31.5 31.5 31.5 31.5 31.5 31.5 31.5 31.5 30.5 30.5 30.5 30.5 30.5 30.5 30.5 30.5 30.5 
27 .. '' 32.5 32.5 32.5 32.5 32.5 31.5 31.5 31.5 31.5 31.5 31.5 31.5 31.5 31.5 31.5 31.5 31.5 30.5 30.5 
28 32.5 32.5 32.5 32.5 32.5 32.5 32.5 32.5 32.5 32.5 32.5 31.5 31.5 31.5 31.5 31.5 31.5 31.5 31.5 
29 ; 33.5 33.5 33.5 33.5 33.5 32.5 32.5 32.5 32.5 32.5 32.5 32.5 32.5 32.5 32.5 32.5 32.5 32.5 32.5 .. 
30 33.5 33.5 33.5 33.5 33.5 33.5 33.5 33.5 33.5 33.5 33.5 33.5 32.5 32.5 32.5 32.5 32.5 32.5 32.5 
31 

"; .. ·. . < 34.5 34.5 34.5 34.5 34.5 34.5 33.5 33.5 33.5 33.5 33.5 33.5 33.5 33.5 33.5 33.5 33.5 33.5 33.5 
32 : ·No(Analyzed · · 

34.5 34.5 34.5 34.5 34.5 34.5 34.5 34.5 34.5 34.5 34.5 34.5 34.5 33.5 33.5 33.5 33.5 33.5 33.5 
33 35.5 35.5 35.5 35.5 34.5 34.5 34.5 34.5 34.5 34.5 34.5 34.5 34.5 34.5 34.5 34.5 34.5 34.5 34.5 
34 

,pomain.;·'· 
35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 34.5 34.5 34.5 34.5 34.5 34.5 34.5 34.5 ',, "'',,",,ih :/ : 

35 / ?;(j~;' . 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 
36 36.5 36.5 36.5 36.5 36.5 36.5 36.5 36.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 
37 •, 36.5 36.5 36.5 36.5 36.5 36.5 36.5 36.5 36.5 36.5 36.5 36.5 36.5 36.5 36.5 36.5 36.5 36.5 35.5 
38 ' 37.5 37.5 36.5 36.5 36.5 36.5 36.5 36.5 36.5 36.5 36.5 36.5 36.5 36.5 36.5 36.5 36.5 36.5 36.5 
39 i 37.5 37.5 37.5 37.5 37.5 37.5 37.5 37.5 37.5 37.5 37.5 37.5 36.5 36.5 36.5 36.5 36.5 36.5 36.5 
40 . '· .' .. ; 37.5 37.5 37.5 37.5 37.5 37.5 37.5 37.5 37.5 37.5 37.5 37.5 37.5 37.5 37.5 37.5 37.5 37.5 37.5 

Note: The explanatory notes and limitations provided for Table W2-4 are also applicable to this table. 
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3.7 3.8 3.9 4.0 4.1 4.2 4.3 4.4 
17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 
19.0 18.0 18.0 18.0 18.0 18.0 18.0 18.0 
20.0 19.0 19.0 19.0 19.0 19.0 19.0 19.0 
21.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 
22.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 
22.0 22.0 22.0 22.0 22.0 22.0 22.0 22.0 
23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 
24.0 24.0 24.0 24.0 24.0 24.0 24.0 23.0 
25.0 24.0 24.0 24.0 24.0 24.0 24.0 24.0 
25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 
26.0 26.0 26.0 26.0 26.0 26.0 26.0 26.0 
27.0 27.0 27.0 27.0 26.0 26.0 26.0 26.0 
28.0 27.0 27.0 27.0 27.0 27.0 27.0 27.0 
28.5 28.5 28.5 28.5 27.5 27.5 27.5 27.5 
28.5 28.5 28.5 28.5 28.5 28.5 28.5 28.5 
29.5 29.5 29.5 29.5 29.5 29.5 29.5 29.5 
30.5 30.5 30.5 29.5 29.5 29.5 29.5 29.5 
30.5 30.5 30.5 30.5 30.5 30.5 30.5 30.5 
31.5 31.5 31.5 31.5 31.5 31.5 31.5 30.5 
31.5 31.5 31.5 31.5 31.5 31.5 31.5 31.5 
32.5 32.5 32.5 32.5 32.5 32.5 32.5 32.5 
33.5 33.5 33.5 32.5 32.5 32.5 32.5 32.5 
33.5 33.5 33.5 33.5 33.5 33.5 33.5 33.5 
34.5 34.5 34.5 33.5 33.5 33.5 33.5 33.5 
34.5 34.-5 34,5 34.5 34.5 34.5 34.5 34.5 
35.5 35.5 34.5 34.5 34.5 34.5 34.5 34.5 
35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 
35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 
36.5 36.5 36.5 36.5 36.5 36.5 36.5 36.5 
36.5 36.5 36.5 36.5 36.5 36.5 36.5 36.5 
37.5 37.5 37.5 37.5 37.5 37.5 37.5 37.5 
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TableW.2-6 
Intact PWR Fuel Assembly Characteristics (NUHOMsY-32PT DSC) 

PHYSICAL PARAMETERS: 
Fuel Class Only intact (including reconstituted) B&W 15x15, 

WE 17x17, CE 15x15, WE 15x15, CE 14x14 and 
WE 14x14 class PWR assemblies or equivalent 
reload fuel manufactured by other vendors that are 
enveloped by the fuel assembly design 
characteristics listed in Aooendix M, Table M.2-2. 

Reconstituted Fuel Assemblies 5~2 assemblies per DSC with up to 56 stainless 
steel rods per assembly or unlimited number of 
lower enrichment U02 rods per assembly. 

Fuel Cladding Material Zircaloy 
Cladding damage in excess of pinhole leaks or 

Fuel Damage hairline cracks is not authorized to be stored as 
"Intact PWR Fuel." 
• Up to 32 CCs are authorized for storage in 32PT 

DSC. 
• Authorized CCs include Burnable poison Rod 

Assemblies (BPRAs), Thimble Plug Assemblies, 
(TPAs), Control Rod Assemblies (CRAs), Rod 
Cluster Control Assemblies (RCCAs), Axial 

Control Components (CCs) Power Shaping Rod Assemblies (APSRAs), 
Orifice Rod Assemblies (ORAs), Vibration 
Suppression Inserts (VSls), Neutron Source 
Assemblies (NSAs), and Neutron Sources . 

• Design basis thermal and radiological 
characteristics for the CCs are listed in Appendix 
M, Table M.2-2a. 

-1365 lbs for 32PT-S100 & 32PT-L 100 DSC System 
Maximum Assembly plus CC Weight -1682 lbs for 32PT-S 125 & 32PT-L 125 DSC 

Svstem. 

CC Damage 
CCs with cladding failures are acceptable for 
loading. 

THERMAURADIOLOG/CAL PARAMETERS: 
Fuel Burnup and Cooling Time with or without Per Table W2-7, Table W2-8 and Figure W2-2. 
CCs 
Maximum Planar Average Initial Fuel Appendix M, Table M.2-3 and Figure M.2-4 or 
Enrichment Fiaure M.2-5 or Fiaure M.2-6 . 
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• 
TahleW.2-1 

Fuel Qualification Table for d.6 kW PWR FAs in Zone 1 of a NUHOMSID-32PT DSC Contained in an OS197L TC 
(Fuel with or without CCs) 

(Minimum required years of cooling time after reactor core discharge) 

Assemblv Average Initial Enrichment (wt. % U-235) 

1.1 1.2 1.4 1.6 1.8 1.9 2.0 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3.0 3.1 3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9 4.0 4.1 4.2 4.3 4.4 4.5 4.6 4.7 4.8 
5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 
5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 
5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 
5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 
5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 
6.5 6.5 6.5 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 5.0 5.0 
8.0 8.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 
9.0 9.0 9.0 9.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 
10.5 10.5 9.5 9.5 9.5 9.5 9.5 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 
12.0 12.0 12.0 11.5 11.0 11.0 11.0 11.0 11.0 11.0 11.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 9.0 9.0 9.0 9.0 
14.5 14.5 14.0 14.0 13.5 13.5 13.0 13.0 13.0 13.0 13.0 12.0 12.0 12.0 12.0 12.0 12.0 12.0 12.0 12.0 12.0 12.0 12.0 11.0 11.0 11.0 11.0 11.0 11.0 11.0 11.0 11.0 11.0 11.0 11.0 
17.5 17.5 16.5 16.5 16.5 16.0 16.0 15.5 15.5 15.0 15.0 15.0 15.0 14.0 14.0 14.0 14.0 14.0 14.0 14.0 14.0 14.0 14.0 14.0 14.0 13.0 13.0 13.0 13.0 13.0 13.0 13.0 13.0 13.0 13.0 
19.5 19.0 18.5 18.0 17.0 16.5 16.5 16.5 16.5 16.0 16.0 16.0 16.0 16.0 16.0 16.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 14.0 14.0 14.0 14.0 14.0 14.0 14.0 
20.5 20.0 20.0 19.0 19.0 18.5 18.5 18.5 18.0 18.0 18.0 17.0 17.0 17.0 17.0 17.0 17.0 17.0 16.0 16.0 16.0 16.0 16.0 16.0 16.0 16.0 16.0 16.0 16.0 16.0 16.0 15.0 15.0 15.0 15.0 
22.5 21.5 21.0 21.0 20.0 20.0 19.5 19.5 19.5 19.0 19.0 19.0 19.0 19.0 18.0 18.0 18.0 18.0 18.0 18.0 18.0 18.0 17.0 17.0 17.0 17.0 17.0 17.0 17.0 17.0 17.0 17.0 17.0 17.0 17.0 
24.0 22.5 22.5 21.5 21.5 21.5 21.0 21.0 21.0 21.0 21.0 20.0 20.0 20.0 20.0 20.0 20.0 19.0 19.0 19.0 19.0 19.0 19.0 19.0 19.0 19.0 18.0 18.0 18.0 18.0 18.0 18.0 18.0 18.0 18.0 
25.0 24.5 24.5 23.5 23.5 23.0 22.0 22.0 22.0 21.5 21.5 21.5 21.0 21.0 21.0 21.0 21.0 21.0 21.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 19.0 19.0 19.0 19.0 
26.5 26.5 25.0 25.0 24.0 24.0 24.0 24.0 23.5 23.5 23.5 23.0 23.0 23.0 23.0 22.0 22.0 22.0 22.0 22.0 22.0 22.0 22.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 
27.5 27.5 27.0 26.0 26.0 25.0 25.0 25.0 25.0 24.5 24.5 24.5 24.0 24.0 24.0 24.0 24.0 24.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 22.0 22.0 22.0 22.0 22.0 22.0 22.0 22.0 

Note: The page that follows Table W2-B provides the explanatory notes and limitations regarding the use of this table. 

• 

4.9 5.0 
5.0 5.0 
5.0 5.0 
5.0 5.0 
5.0 5.0 
5.0 5.0 
5.0 5.0 
6.0 6.0 
7.0 7.0 
8.0 8.0 
9.0 9.0 
11.0 11.0 
13.0 13.0 
14.0 14.0 
15.0 15.0 
17.0 16.0 
18.0 18.0 
19.0 19.0 
20.0 20.0 
22.0 22.0 
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• 
TableW.2-8 

Fuel QualificatiOn Table for 0.4 kW PWR FAs in Zone 2 ofaNUHOMs®:.32PT DSC Contained in an OS197L TC 
(Fuel with or without CCs) 

(Minimum required years of cooling time after reactor core discharge) 

Assemblv AveraQe Initial Enrichment 'wt. % U-235) 

1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3.0 3.1 3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9 4.0 4.1 4.2 4.3 4.4 4.5 4.6 4.7 4.8 
17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 
17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 
17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 
17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 
17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 
17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 
17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 
17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 
17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 
17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 
17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 1.7.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 
17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 
17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 
18.0 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 
18.0 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 
18.5 18.0 18.0 18.0 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 
19.0 18.5 18.5 18.0 18.0 18.0 18.0 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 
19.5 19.0 19.0 19.0 18.5 18.5 18.5 18.0 18.0 18.0 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 
19.0 19.0 19.0 18.5 18.5 18.5 18.5 18.0 18.0 18.0 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 
19.5 19.5 19.5 19.5 19.5 19.5 19.0 19.0 19.0 19.0 19.0 19.0 19.0 19.0 19.0 18.5 18.5 18.5 18.5 18.5 18.5 18.5 18.5 18.5 18.5 18.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 
21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 20.5 20.5 20.5 20.5 20.5 20.5 20.5 20.5 20.5 20.0 20.0 19.5 19.5 19.5 19.5 19.5 19.5 19.5 19.5 19.5 19.5 19.5 19.5 19.5 19.5 19.5 19.5 19.5 
23.5 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 22.5 22.5 22.5 22.5 22.5 22.5 22.5 22.5 22.5 22.5 22.0 22.0 22.0 22.0 22.0 22.0 22.0 22.0 22.0 22.0 22.0 21.5 21.5 21.5 21.5 21.5 21.5 21.5 
25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 24.5 24.5 24.5 24.5 24.5 24.5 24.5 24.5 24.0 24.0 24.0 24.0 24.0 24.0 24.0 24.0 24.0 24.0 23.5 23.5 23.5 23.5 23.5 23.5 23.5 23.5 23.5 23.5 23.5 
28.0 28.0 27.5 27.5 27.5 27.5 27.5 27.0 27.0 27.0 27.0 27.0 27.0 26.5 26.5 26.5 26.5 26.5 26.5 26.5 26.5 26.5 26.5 25.5 25.5 25.5 25.5 25.5 25.5 25.5 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 
29.0 29.0 29.0 29.0 29.0 29.0 29.0 29.0 29.0 29.0 29.0 28.5 28.5 28.5 28.5 28.5 28.5 28.5 28.5 28.5 27.5 27.5 27.5 27.5 27.5 27.5 27.5 27.5 27.5 27.5 27.0 27.0 27.0 27.0 27.0 27.0 27.0 27.0 
31.0 31.0 31.0 31.0 31.0 31.0 31.0 31.0 31.0 31.0 31.0 31.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 29.5 29.5 29.5 29.5 29.5 29.5 29.5 29.5 29.0 29.0 29.0 29.0 29.0 29.0 29.0 29.0 29.0 
32.5 32.5 32.5 32.5 32.5 32.5 32.5 32.5 32.5 32.5 32.5 32.5 32.5 32.5 32.5 32.0 32.0 32.0 32.0 32.0 32.0 32.0 32.0 32.0 31.5 31.5 31.5 31.5 31.5 31.5 31.5 31.5 30.5 30.5 30.5 30.5 30.5 30.5 
34.5 34.5 34.5 34.5 34.5 34.5 33.5 33.5 33.5 33.5 33.5 33.5 33.5 33.5 33.5 33.5 33.5 33.5 33.0 32.5 32.5 32.5 32.5 32.5 32.5 32.5 32.5 32.5 32.5 32.5 32.5 32.5 32.5 32.5 31.5 31.5 31.5 31.5 
36.0 36.0 36.0 35.5 35.5 35.5 35.0 35.0 35.0 35.0 35.0 35.0 35.0 35.0 35.0 35.0 35.0 35.0 35.0 35.0 34.5 34.0 34.0 34.0 34.0 34.0 34.0 34.0 34.0 34.0 34.0 34.0 34.0 34.0 34.0 34.0 34.0 33.0 
37.5 37.5 37.5 37.5 37.0 37.0 37.0 37.0 37.0 37.0 37.0 37.0 37.0 37.0 37.0 37.0 37.0 37.0 37.0 37.0 37.0 37.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0 
39.5 39.0 39.0 39.0 39.0 38.5 38.5 38.5 38.5 38.5 38.5 38.5 38.5 38.5 38.5 38.5 38.5 38.5 38.5 38.5 38.5 38.5 38.5 38.5 37.5 37.5 37.5 37.5 37.5 37.5 37.5 37.5 37.5 37.5 37.5 37.5 37.5 37.5 
41.0 41.0 40.5 40.5 40.5 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 39.0 39.0 39.0 39.0 39.0 39.0 39.0 39.0 39.0 39.0 39.0 39.0 
42.5 42.5 42.5 42.5 42.5 42.5 42.5 42.5 42.5 41.5 41.5 41.5 41.5 41.5 41.5 41.5 41.5 41.5 41.5 41.5 41.5 41.5 41.5 41.5 41.5 41.5 41.5 41.5 41.5 41.5 41.5 41.5 40.5 40.5 40.5 40.5 40.5 40.5 
44.0 44.0 43.5 43.5 43.5 43.5 43.5 43.0 43.0 43.0 43.0 43.0 43.0 43.0 43.0 43.0 43.0 43.0 43.0 43.0 43.0 43.0 43.0 43.0 43.0 43.0 43.0 43.0 43.0 43.0 43.0 43.0 42.0 42.0 42.0 42.0 42.0 42.0 
45.5 45.5 45.5 45.5 45.5 45.5 45.5 45.5 45.5 45.5 45.5 45.5 45.5 45.5 45.5 45.5 45.5 45.5 45.5 45.5 45.5 44.0 44.0 44.0 44.0 44.0 44.0 44.0 44.0 44.0 44.0 44.0 44.0 44.0 44.0 44.0 44.0 44.0 
47.5 46.5 46.5 46.5 46.5 46.5 46.5 46.5 46.5 46.5 46.5 46.5 46.5 46.5 46.5 46.5 46.5 46.5 46.5 46.5 46.5 46.5 46.5 46.5 46.5 46.5 46.5 46.5 46.5 46.5 46.5 46.5 46.5 45.5 45.5 45.5 45.5 45.5 

Explanatory notes and limitations regarding the use of this table follow. 

• 

4.9 5.0 
17.5 17.5 
17.5 17.5 
17.5 17.5 
17.5 17.5 
17.5 17.5 
17.5 17.5 
17.5 17.5 
17.5 17.5 
17.5 17.5 
17.5 17.5 
17.5 17.5 
17.5 17.5 
17.5 17.5 
17.5 17.5 
17.5 17.5 
17.5 17.5 
17.5 17.5 
17.5 17.5 
17.5 17.5 
17.5 17.5 
19.5 19.5 
21.5 21.5 
23.5 23.0 
25.0 25.0 
27.0 27.0 
29.0 29.0 
30.5 30.0 
31.5 31.5 
33.0 33.0 
36.0 35.0 
37.5 37.5 
39.0 39.0 
40.5 40.5 
42.0 42.0 
44.0 44.0 
45.5 45.5 
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Notes for Tables W.2-7 and W.2-8: 

• 

• 
• 

• 
• 
• 
• 

BU= Assembly Average burnup . 
Use burnup and enrichment to look up minimum cooling time in years. Licensee is responsible for ensuring that uncertainties in fuel, 
enrichment and burnup are correctly accounted for during fuel qualification. 
For fuel assemblies with CCs, increase the indicated cooling time by 1.5 years. This applies to 0.6 kW FAs only . 
For fuel assemblies reconstituted with up to 10 stainless steel rods, increase the indicated cooling time by 1. 5 years. If more than 10 
stainless steel rods are present, increase the indicated cooling time by 6 years. 
Round burnup UP to next higher entry, round enrichments DOWN to next lower entry . 
Fuel with an initial enrichment less than 1. 1 and greater than 5. 0 wt. % U-235 is unacceptable for storage . 
Fuel with a burnup greater than 45 GWd/MTU is unacceptable for storage . 
Fuel with a burnup less than 10 GWd!MTU is acceptable for storage after 5-years cooling . 

• 

Example: An assembly with an initial enrichment of 3. 75 wt. % U-235 and a burnup of 41.5 GWd/MTU is acceptable for storage after a nineteen
year cooling time as defined by 3. 7 wt. % U-235 (rounding down) and 42 GWd!MTU (rounding up) on the qualification table. 
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Heat Zone Level Zone 1 Zone2 
Max. Decay Heat/FA (kW) 0.3 0.17 
Number of FAs/Zone 13 48 
Max. Decay Heat/Zone (kW) 3.9 8.2 
Max. Decay Heat/DSC (kW) 12.0 

Figure W.2-1 
Heat Load Zone Configuration for the 61BT DSC 
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2 2 2 2 

Zone 1 Zone 2 
0.6 0.4 
12 20 
7.2 8.0 

13.0 (1) 

r1J Maximum decay heat load allowed in the OS197L TC. 

Figure W.2-2 
Heat Load Zone Configuration for the 32PT DSC 
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W.3 Structural Evaluation 

This section describes the structural evaluation of the NUHOMS® OS197L Transfer Cask (TC). 
The OS197L TC is a modified version of the OS197/0S197H TCs (henceforth referred to as the 
OS 197 TC) designed to handle a loaded weight of up to 125 tons. The OS 197L TC may only be 
used for the loading and transfer of61BTor 32PT DSCs with a heat load of 13kW or less as 
described in Chapter W2, Figures W2-l and W2-2. The structural evaluation for the OS197L 
TC is based on the OS197 TC evaluations documented in Chapter 8 and in Appendices K andM 
for payloads associated with the 61BT and 32PT, respectively. The additional evaluations 
provided in this section address specific design differences between the OS 197L TC and the 
OS197 TC. 

The OSI 97L TC requires use of supplemental shielding when the transfer cask is in the 
decontamination area during handling operations and when the transfer cask is placed on the 
transfer trailer skid. The structural evaluation of the supplemental shielding is summarized in 
Section W3.9. 

-· . -

W.3.1 OS 197L TC Description 

The specific design differences in the OS 197L TC relative to OS 197 TC are summarized below: 

• The 1.5" thick structural shell and the 0.5'' thick inner liner (both SA-240 stainless steel) 
are replaced with a single thicker 2.68" thick shell of the same material. This represents 
an increase in the TC shell structural capacity relative to the OS197 TC. 

• The encapsulated 3.56" thick lead thickness in the OS197 TC is eliminated to achieve the 
desired weight reduction. 

• A neutron shield assembly is provided with the inner and outer shells made from 114'' 
thick plate material instead of a neutron shield assembly that is integral to the structural 
shell on the inside and a 3/16" thick outer shell. The neutron shield materials (type 304), 
total annulus water thickness of 3" and the configuration of the internal stiffening 
elements remain essentially unchanged. 

• The two-piece upper trunnions assemblies made from SA-564 Type 630 steel trunnion 
and welded into a forged Type 304 steel trunnion sleeve with encapsulated NS-3 for the 
OS197 TC are replaced with one solid trunnion design made from SA-182 Type FXM-19 
stainless steel. This modified trunnion design results in a stronger trunnion as it 
eliminates the SA564, Type 630 to SA 240, Type 304 weld. 

• The two-piece lower trunnions made from Type 304 stainless with encapsulated NS-3 are 
replaced with solid Type 304 forgings. 

Specific evaluations are performed to address the modified OS197L TC trunnion configuration. 
The evaluations also address the effect on local shell stresses. Thermal stresses of the cask are 
also evaluated. All other structural analyses for the OS 197 TC bound the OS 197L TC because 
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the cask structural shell capacity of the OS197L TC is higher than that provided by the OS197 
and the top and bottom forging assemblies are unchanged. 

W.3.2 Design Criteria 

The structural design criteria for the OS197L TC are the same as that applicable to the OS197 
TC as summarized in Chapter 3. Similar to the OS197 TC, the OS197L TC is designed to meet 
the stress allowables of the ASME Code [3.2] Subsection NC for Class 2 components. The 
OS197 TC criteria summarized in Table 3.2-1 (component design loadings, as applicable), Table 
3.2-7 (load combinations), Table 3.2-11 (stress criteria) and Table 3.2-12 (bolts design criteria) 
are applicable to the OS 197L TC. The OS 197 TC ASME Code exceptions described in Table 
4.9-1 are also applicable to the OS197L TC . 

. The test load criteria for the upper trunnions of the OS 197L TC are the same as described in 
Section 4.2.3.3, except that the test load is conservatively equal to 300% of the design load 
(instead of 150% for the OS197 TC). 

The supplemental shielding is designed in accordance with AISC Code, Manual of Steel 
Construction, Ninth Edition [3.4]. 

W.3.3 OS197L TC Weight 

The empty and loaded weights of the OS197L TC are presented in Table W.3-1. The total empty 
weight of the cask(without any payload but including neutron shield full of water and the cask 
lid) is approximately 62,000 lb. This compares with the corresponding weight of 111,250 lb for 
the OS197 TC. 

The OS197L TC weights as described in Table W.3-1 are to be used in conjunction with the 
payload weights for the various DSCs as described in the applicable sections in Appendices K.3 
andM.3. Each specific user is to evaluate the total under-the-hook lift weights against plant 
specific crane capacity limits in accordance with the requirements of 10CFR72.212. 

W.3.4 Mechanical Properties of Materials 

The materials properties for the OS197L TC are specified in Section 8.1, Table 8.1-3. 

W.3.5 General Standards for Casks 

The OS 197L is fabricated using the same materials as the OS 197 TC. Thus, there are no changes 
to the documentation in Appendices K.3 and M.3 relative to chemical and galvanic reactions. 

The evaluation of the OS197L TC is based on critical lift weights of250,000 lb (125 tons). 

The thermal analysis of the OS 197L along with a summary of the effect on pressures and 
temperatures is described in Chapter W.4 . 
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As reported in Section 8.2.5.lC, the g loads for the OS197 TC were determined to be 59 g for the 
end drop, 49 g for the side drop and 25 g for a corner drop. Based on these accelerations, 
bounding accelerations of 75g for the horizontal (side) and vertical drops and 25g for the corner 
drop were used for the OS197 TC drop evaluations. The OS197 TC evaluations are documented 
in Chapter 8. Using the same methodology as that described in Section 8.2.5.lC for the OS197 
TC, the equivalent loads for the OS197L TC are 75 g for an end drop, 61 g for a side drop and 25 
g for a corner drop. Therefore, the 75g accident drop evaluation results for the side and end 
drops and the 25gevaluations for the corner drop performed for the OS197 TC and reported in 
Section 8.2 remain bounding and are applicable to the OS197L TC. These g-loads are 
conservative with respect to shell stresses since the thicker OS 197L TC shell has a higher load 
capacity than the OS197 TC shell configuration. Hence, all the cask accident drop results 
reported in Section 8.2 (8.2.5.2), and Appendices K.3 (K.3. 7.5) and M.3 (M3. 7.5) remain 
bounding and, thus, are not affected. 

As with the OS197 TC and as documented in UFSAR Section 8.2.5.3, complete loss of neutron 
shield is postulated for the OS197L TC as a consequence of the drop accident event. This event 
is evaluated in Sections W.4 and W.5 for thermal and shielding effects, respectively. The post 
accident recovery actions as discussed in Section 8.2.5.4 are applicable to the OS197L TC. 

• W.3.8 Effect of OS197L Temperatures on DSC Shell and Basket Components 

Based on the thermal analysis documented in Chapter W.4, the maximum temperatures 
applicable to the 61BT and 32PTDSC shell and basket components for transfer in the OS197L 
TC (normal, off-normal, and accident conditions) are much lower than the corresponding 
temperatures for transfer in the_ OS197 TC presented in Appendices K.4 and M4. Thus, there is 
no adverse affect on the material properties or the allowables used for the evaluations of 61BT 
and },'.?PTDSCs as documented in Appendix K, Chapter K.3 and Appendix M, Chapter M.3, 
respectively. Furthermore, the accident pressures used in the structural evaluations bound those 
calculated in Chapter W.4. 

W.3.9 Structural Evaluation o(OS197L TC Supplemental Shielding Components 

The OS197L TC supplemental shielding when the transfer cask is placed in the decontamination 
area consists of an upper cask shield (shielding bell) and a lower cask shield (shielding sleeve) 
made from carbon steel plate 6" thick. The supplemental shielding when the transfer cask is 
mounted on the trailer's skid consists of massive (2. 5" thick combined with additional 3" thick) 
carbon steel plates which are integral (i.e., welded) to the skid or bolted to each other. The 
supplemental shielding components are evaluated using the stress allowable criteria of AISC 
Code, Manual of Steel Construction, Ninth Edition, summarized in Table W.3-5. The 
decontamination area shielding is evaluated for deadweight, lifting loads, and seismic loads. 
The skid-mounted supplemental shielding is evaluated for deadweight and conservatively defined 
(2g) handling loads. Conservatively evaluated bounding stresses are summarized in Table W.3-
6 and Table W.3-7. 

The above evaluations assume that the supplemental shielding components are handled using a 
single failure proof crane when these components are handled inside the fuel/reactor building. 

• If a single failure proof crane is not used, the licensee is to evaluate the accidental drop of these 
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shielding components under the provisions of 10 CFR 50.59 and 10 CFR 72.212, and evaluate 
consequences of the accident drops. 

The only component that may be handled outside the fuel/reactor building is the top (outer) skid 
shielding. The evaluation of accidental drop of this component is provided in Section Wl 1.1.5. 

W.3.10 References 

3.1 Not used. 

3.2 American Society of Mechanical Engineers, ASME Boiler and Pressure Vessel Code, 
Section III, Division 1, 1983 Edition with Winter 1985 Addenda. 

3.3 American National Standard, "For Radioactive Materials - Special Lifting Devices for 
Shipping Containers Weighing 10,000 Pounds (4500 Kg) or More," ANSI N14.6-1986, 
American National Standards Institute, Inc. New York, New York (1993) 

3.4 AISC Manual of Steel Construction, Ninth Edition, 1989 . 
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Table W.3-1 
Summary of OS197L TC Weights 

Item 
Weight Configuration 

Wet (lbs) Dry(/bs) 
OS197L Cask Body with 

52,236 52,236 Neutron Shield Assembly 
Neutron Shield Water 4,606 4,606 
Too Cask Lid - 5, 147 
Water in DSC and DSC/TC 

12,708 Annulus -
Bounding Nominal 
Payload r1J 99, 133 102,222 

Loaded OS197L TC 168,683 164,211 
Total Nominal Weight r2J (84.3 tons) (82.1 tons) 

Notes: 

. (1) Bounding of 32PTand 61BT DSCs 
(2) The weight does not include the decontamination area shielding or the support skid 

supplemental shielding 
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Table W.3-5 
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Item/Component 

Steel plates 

Steel plates 

Steel plates 

Welds (groove or fillet) 

Welds (groove or fillet) 
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TableW.3-6 
Summary of Results for Decon Area Cask Supplemental Shielding 

Maximum Allowable Stress 
Component I Evaluation Description Stress Stress Ratio 

(ksi) (ksi) 
Decon Area Cask Shieldinq Deadweiqht Axial Stress 0.29 21.18 0.014 
Decon Area· Cask Shieldinq Seismic Axial Stress 8.02 28.23 0.284 

Table W.3-7 
Summary of Results for C.ask Skid Supplemental Shielding for 2g Handling Loads 

Component I Evaluation Description 

Skid Shield Plate Bendinq Stress 
Skid Shield Weld Shear Stress 
Skid Shieldinq Bolt Shear Stress 
Skid Tie-Down Plate Bendinq Stress 
Skid Tie-Down Plate Weld Shear Stress 
Skid Tie-Down Connection Bolt Shear Stress 
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Maximum 
Stress 

(ksi) 
6.85 
8.37 
10.01 
8.93 
11.17 
8.37 

Allowable Stress 
Stress Ratio 

(ksi) 
21.18 0.323 
21.00 0.399 
21.25 0.471 
21.18 0.422 
21.00 0.532 
21.25 0.394 
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ANSYS 8.1 
FEB 23 2006 
11: 34: so 
ELEMENTS 
MAT NUM 

x:v =.58512 
YV =.18969 
zv =-.78845 

*DIST=85 
*XF =21.769 
*YF =3.082 
*ZF =99.515 

Z-BUFFER 
EDGE 

OS197L_Thermal_Stress_l, Thermal Stress Analysis (Temps from Coa r d2) 

Note: 

Material properties were assigned as follows: 

Purple= SA-182 Type F304N (forgings) 
Gray = SA-240 Type 304 
Blue= SA-182 Type FXM-19 (TypeXM-19 Forging) 

Figure W.3-1 
OS197L TC ANSYS Stress Analysis Model 
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Upper Trunnion 

Lower Trunnion 

Figure W.3-2 

AllSYS 8 . 1 
F!:B 24 2006 
12:03:32 
ELEMENTS 
MAT mm: 

xv •.881203 
YV • - . 384434 
zv • .275123 

•DIST•l6.929 
• XF •-186 .417 
•YF •100.252 
•zr ·99.218 

VUP =Z 
A-ZS=- . 759291 
Z-BUFFER 

IJISYS 6. 1 
F!:B 24 2006 
12:05:17 
l:LEllEllTS 
l'IAT llUM 

xv • , 861203 
YV =-.364434 
zv • . 275123 

•DI ST•l6. 929 
•xr •-149 .41 
•Yr =65.222 
•zr =-40 . 315 

VUP •Z 
A- ZS• -.759291 
Z-BUfFER 

OS197L TC ANSYS Analysis Model- Upper and Lower Trunnions Detail 
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ANSYS 6.1 z FEB 23 2006 Lx 14:29:39 
NODAL SOLlITION 
STEP•l 
SUB •l 
TillE•l 
SINT (AVG) 
DKX •. 024506 
SMN •31.662 
SKX =17233 -31. 662 

1943 -3654 
CJ 5765 -7677 

9566 
CJ 11499 
D 13411 
CJ 15322 -17233 

ook/Littinq Load~, Ca~k V~rtical 

Figure W.3-3 
ANSYS Model Stress Analysis Results - Upper Trunnion Region 
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W.4 Thermal Evaluation 

W.4.1 Discussion 

' '· 
This chapter documents the thermal evaluation of the OS197L TC for the loading and transfer of 
the NUHOMsY 6JBT and NUHOMsY 32PT DSCs with a heat load of 13 kW or less. The 
authorized contents of the 61BT and 32PT DSC are as described in Appendix W2. 

The OS 197L TC is a modified version of the OS 197/OS197H TCs (henceforth referred to as 
OS 197 TC). From a thermal analyses perspective, the following relevant modifications are 
implemented in the OS197L TC relative to the OS197 TCs: 

• The 1.5" thick structural shell, the encapsulated 3.56" thick lead and the 0.5'' thick inner 
liner (both SA-240, Type 304 stainless steel) in the OS197 are replaced with a single 
2.68" thick shell made of SA-240, Type 304 stainless steel material. 

• The neutron shield assembly that is integral to the structural shell on the inside and 
includes a 3/16" thick outer shell in the OS 197 TC is replaced with a neutron shield 
assembly consisting of inner and outer shells made from W' thick plate material in the 
OS 197L TC. The neutron shield materials, total water annulus thickness of 3" and the 
configuration of the internal stiffening elements remain essentially unchanged . 

• Supplemental shielding is used around the OS 197L TC as part of the OS 197L TC system, 
when the TC is in the vertical orientation in the decontamination area and when the TC is 
in the horizontal orientation on the transfer trailer/skid. 

• The supplemental OS 197L TC shielding system in the decontamination area consists of a 
two-part assembly, with 6" thick cylindrical shaped upper and lower shields made from 
A-36 steel with rectangular openings at the top and at the bottom that allow free 
convection boundary layer development along the DSC shell. The decontamination area 
supplemental shielding is shown in Figure W.1-2. 

• The supplemental OS 197L TC shielding system used on the transfer skid consists of a 
series of plates that are attached to the sides and ends of the transfer skid. Two upper 
sections fit like a clamshell over the cask and skid after the cask is placed on the transfer 
skid. Clearances provided at the support legs of the skid and other openings at the ends 
of the skid permit cooling airflow to enter the enclosure and pass around the enclosed 
cask and exit via a long slot opening at the top of the upper sections of the shielding. The 
transfer skid supplemental shielding is shown in Figure W.1-3. 

• The loading procedures when using the OS 197L TC are modified as described in 
Appendix W8. See Section W.4.8 for the effects of these modifications on the thermal 
analysis . 
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The applicable normal, off normal and accident conditions for the transfer of 6 lBT and 32PT 
DSCs when using OS 197L TC remain unchanged from those defined in the UFSAR for the 
transfer of these payloads when using OS197 TC. 

The OS 197L TC without the supplemental shielding has less radial thermal resistance than the 
OS 197 TC since the thermal resistance associated with the lead to shell gaps and the 
combination of lead and steel in the OS 197 TC is larger than the thermal resistance due to the 
gap between the neutron shield assembly and the structural shell in the OS197L TC. Therefore, 
OS197L TC will result in lower DSC shell temperatures compared to the OS197 TC for the same 
heat load and ambient conditions. 

W.4.2 Summary of Thermal Properties of Materials 

The thermal properties of the materials (including the effective thermal conductivity of fuel with 
helium backfill) used in the thermal evaluation in this section are the same as those specified in 
Appendix M, Section M.4.2 for 32PT DSC and Appendix K, Section K.4.2 for 61BT DSC. 

The effective thermal conductivity of water and air-filled neutron shield of OS 197L TC, are 
calculated based on the same methodology as described in Appendix M, Section M.4-9. The 
effective thermal conductivity of water and air-filled neutron shield are listed in Table W.4-1. 

W.4.3 Specifications for Components 

The mechanical properties of the materials applicable to the OS 197L TC are the same as those 
described in Section 8.1, Table 8.1-3 for the 0Sl97 TC. 

W.4.4 Effect of the Decontamination Shield on OS197L TC Thermal Performance 

An evaluation is performed to confirm that the radial gap between the OS197L TC and the inner 
diameter of the decontamination shield is sufficiently large, and that the size of the top and 
bottom cut out openings are of sufficient size and does not adversely affect the thermal 
performai.~ce. of the OS197L TC. The evaluation is based on analysis of the free convection 
turbulent houndary layer development along the outer OS 197L TC surface during vacuum drying 
and helium backfilling operations. The results of the evaluation confirm that the DSC shell
decontamination shield gap and the area of the inlet and outlet openings are adequate and, thus, 
the decontamination area shield does not adversely impact the cask boundary conditions assumed 
in the thermal analysis. 

W.4.5 Effect of the Supplemental Skid Shielding on OS197L TC Thermal Performance 

As discussed above, supplemental shielding is installed on the OS 197L skid to compensate for 
the reduced shielding capability of the OS197L TC. Three-dimensional views of the 
supplemental skid shielding are shown in Figure W.4-3. The shielding enclosure is provided 
with openings between the skid beams and the trailer deck to allow air to enter the enclosure, 
flow around the OS 197L TC, and exit the enclosure through an opening at the top . 
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To address the potentially offsetting effect of the supplemental skid shielding on the thermal 
performance of the OS197L TC with a 13 kW heat load DSC, a computational fluid dynamics 
(CPD) analysis is performed for the OS197L TC with the supplemental shielding. 

The FLUENT™ and GAMBIT™ codes [4.1] are used for this analysis. The FLUENT™ code is 
a general-purpose computational fluid dynamics (CPD) code that is recognized internationally as 
one of the premier codes in its class. The general modeling capabilities of the code as they relate 
to this application include: 

• Meshing flexibility using structured and unstructured mesh generation with 
hexahedra, non-hexahedra, and tetrahedral mesh types 

• Capability to model low speed, buoyancy driven flow regimes 

• Steady-state and transient flows 

• . Inviscid, laminar, and turbulent flows 

· • Heat t~ansfer including forced, natural, and mixed convection, conjugate heat 
transfer, and radiation 

• Custom materials property database 

• Integrated problem set-up and post-processing 

GAMBIT™ is an interactive, object-based software code that allows complex geometries to be 
modeled and meshed using a combination of shapes. Quadrilateral and triangular elements are 
used for 2D simulations, while hexahedra, tetrahedra, prisms, and pyramid shaped elements are 
available for 3D simulations. The GAMBIT™ module does not perform any CPD related 
numerical calculations itself, but serves as a preprocessor to the FLUENT™ code to generate a 
computational mesh. GAMBIT™ has many automated features for building or joining hybrid 
meshes with attention to boundary layers, non-uniform sizing, and core regions of hexahedral 
cells. 

The verification and validation of the FLUENT™ and GAMBIT™ codes for the computation of 
generic buoyancy driven convection heat transfer within an enclosure is documented in [4.2]. 

The FLUENT CPD methodology is used to compute the neutron shield shell temperatures for the 
OS197L TC while on the shielded transfer trailer. The computed neutron shield shell 
temperatures ~re then used as boundary temperatures for the detailed ANSYS model of the 
OS197L TC described in Section W.4.6. 

CFD Model of OS197L TC and Transfer Skid 

A three-dimensional model of the OS 197L TC and transfer skid was created using GAMBIT™ 
using the drawings provided in Section W.1.5. For the purposes of this analysis, the cask is 
represented as a surface with a uniform heat flux simulating the outer shell of the liquid neutron 
shield. 

The methodology of using a uniform heat flux for the evaluation of the heat transfer mechanisms 
outside of the DSC shell and the determination of the canister shell temperature distribution has 
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been used for numerous safety analyses previously approved by the NRC. These safety analyses 
include the following approved applications: 

1) 

2) 

3) 

Standardized Advanced NUHOM~ Horizontal Storage System (Docket No. 72-1029) for 
models NUHOM~-24PT1 and -24PT4, 

NUHOM~ HD System (Docket No. 72-1030); models NUHOM~-32PTH, 

Standardized NUHOM~ Horizontal Modular Storage System for Irradiated Nuclear 
Fuel (Docket No. 72-1004); models NUHOM~-24P, -24PHB, -32PT, and-24PTH 

In each of these safety analyses, the canister shell temperature distribution was determined using 
a uniform heat flux boundary condition on the canister shell. Further, for the NUHOM~ HD 

·System (Docket No. 72-1030) thermal evaluation, the effective thermal conductivity within the 
neutron shield of the OS187H transfer cask (i.e., a water filled annular region that surrounds the 
cask's structural shell) is based on the use of a uniform heat.flux boundary condition applied to 
the cask's structural shell. In each case, the resulting peak fuel cladding and system 
temperatures predicted using this methodology were validated by NRC models that included the 
effects of non-uniform heat.fluxes. 

As described·in Section W.4.6, a separate model of the OS197L TC is used to evaluate the heat 
transfer within the TC using the computed temperatures on the neutron shield as a boundary 
condition. Based on a 183.85-inch length for the water cavity in the neutron shield, an outside 
radius of 40.18-:inches for the neutron shield shell, and a design decay heat loading of 13 kW for 
the 32PT DSC, the uniform heat flux applied over the surface area of the shell is computed as: 

13kW ·3412.1415~ B 

q ~ ( 2 ·" · 40. I 8in · 183.85in/~:4 ~:) ~ !37.62 -hr--t-~-2 

A 12-inch long segment at the center of the OS197L TC on the shielded transfer trailer (see 
Figure W4-4) is used to compute the flow field around the TC. Radiation exchange is modeled 
using the discrete ordinate methodology. 

The computational mesh extends 660-inches in the x-direction and 1, 000-inches in the 
y-direction. Figure W4-5 illustrates perspective and plane views of the computational mesh at 
the centerline. Figure W4-6 presents enlarged views of the computation mesh illustrating the 
boundary layer mesh on the cask shell and the inner surface of the shields. A grid sensitivity 
study, conducted as part of the analysis for a variant of the OS197L TC design, demonstrated 
that the m'eshing used for this evaluation was appropriate. 

While the computational model is 3-D in its construction, the resulting analysis is effectively 2-D 
since symmetry conditions are assumed at the axial ends of the model and a uniform heat flux is 
assumed at the inner surface . 
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Assumptions Used in CFD Modeling 

The general assumptions used in the CPD modeling are: 
1. Heat removed through the cask end plugs and by conduction via trunnion contact with the 

ttahsfer skid is conservatively neglected. 

2. The total decay heat is considered to be evenly distributed over the outer surface of the 
cask's liquid neutron shield shell. The assumption of uniform heat flux is consistent with 
previous OS197 analysis methodology (See Chapter M.4) and reflects the axial spreading 
of the decay heat load due to the high axial conductivity of the DSC basket and rails, and 
the water filled neutron shield. 

3. The CPD modeling need only address the geometry of the OS197L TC and its shielded 
transfer skid as it exists between the front and rear trunnion towers. See the justification 
of this assumption provided below. 

4. The outer surfaces of the auxiliary shielding on the transfer skid are assumed to be 
finished with a 'dark blue' color coating that yields a solar absorptivity of 0.90 or less 
and an emissivity of 0.85 or greater. Similarly, the inner surface of the auxiliary 
shielding is assumed to have a similar finish that yields an emissivity of 0.85 or greater. 

5. The regulatory insolation [1 OCPR Part 71] averaged over 24 hours is applied to the outer 
surfaces of the auxiliary shielding. The thickness of the auxiliary shielding, combined 
with the thermal mass of the OS197 cask and payload, justifies the use of 24-hour · 
averaged values. The 24-hour average insolation on the roof of the transfer skid is 
assumed to be 122.9 Btu/hr-ft2, 30.75 Btu/hr-ft2 on the vertical surfaces, and_61.45 
Btu/hr-ft2-on the angled portion of the auxiliary shielding. These incident heating values 
are reduced by 10% to account for the assumed solar absorptivity of 0.90 for the coating 
used on the shields (see Assumption 4). 

6. The ground is conservatively treated as an adiabatic surface. 

The analysis for the off-normal ambient condition of 1 l 7°P is conducted assuming a 24 hour 
average steady-state ambient temperature of 107°P. A steady-state analysis at this temperature 
level has been shown by previous analyses to bound the transient thermal performance achieved 
using a diurnal cycle for ambient air with a peak temperature of 1 l 7°P. 

Justification of CFD Model Segmentation 

The use of a quasi 2-D thennal model located at the center of the OS 197L TC to evaluate the 
bounding thermal performance of the OS 197L TC on its shielded transfer skid is justified for the 
following reasons: 

1. Heat transfer near the center of the OS197L TC is via radiation and convection, 
while heat transfer near the ends of the cask also involves direct heat transfer through 
the trunnions to the transfer skid. In addition, the cask's lid and end closures add 
additfonal heat transfer area. As such the peak temperatures on the OS 197L-TC will 
occur near its center. 
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2. A flow area clearance of approximately 3 .8 inches will exist in the vicinity of the 
cask trunnions vs. approximately 3 .3 inches at the center of the cask. 

3. The 113.5 inches between the front and rear trunnion towers spans 62% of the liquid 
neutron shield length, over which the majority of the heat rejection occurs. 

4. The assumption of a uniform heat flux means there will be no significant variation in 
thermal conditions between the front and rear trunnion towers. Thus, modeling a 
short segment will yield similar results to modeling the entire length. 

5.' The &irflow through the shielded transfer skid is driven by buoyancy forces which, in 
turn, are driven by the temperature on the shell of the neutron shield. As such, the 
convective airflow over the surface of the TC is self-correcting, with the level 
achieved representing a balance between the local flow resistance and surface heat 
flux. For this reason the use of a relatively short axial segment to represent the flow 
regime within the transfer skid enclosure does not entail a risk of over-estimating the 
prototypic airflow since the computed airflow results from the computed local 
temperatures and not as the result of airflow occurring at another axial location. 

CFD Analysis Results 

The FLUENT™ model of the OS197L cask and transfer skid described above was used to 
compute the flow and temperature distribution for the bounding normal and off-normal hot 
transfer conditions with a decay heat load of 13 kW. A second order discretization scheme for 
energy, momentum, turbulence, and the discrete ordinate calculation, and the PRESTO solution 
scheme for pressure are used for the solution. Since the boundary layer mesh yields y+ values of 
approximately 1.0, the standard turbulence model with enhanced wall functions is used to 
compute the turbulent heat transfer at the surface of the cask. 

Figure W4-7 and Figure W4-8 present the temperature distribution for the surface of the cask 
exterior shelJ and the transfer skid shields, respectively, for normal ambient condition of 100°F 
with insol~tion and with a 13 kW decay heat loading. The peak temperature on the cask shell is 
predicted to occur back from the centerline of the cask, at the point where the flow separates 
from the cask and heads towards the exit. The fact that the cask shell temperature reaches a peak 
and then decreases slightly at the very top of the cask is attributed to the presence of flow 
recirculation in this region. Because of this recirculation, the surface flow does not stagnate at 
the top, center of the cask as it would for an isolated cask and a lower surface temperature is 
achieved. Instead, the peak temperature point occurs away from the centerline of the cask, where 
the flow separation point is predicted to occur. 

Figure W4-9 illustrates the velocity profiles at the centerlines of the model. The minimum cask
shield gap for the modeled section of the OS 197L cask and transfer skid combination is 
approximately 3.3-inches. Figure W4-10 illustrates an enlarged view of the velocity profile at 
the exit from the auxiliary shielding enclosure. The predicted region of flow stagnation and flow 
recirculation under the hat section of the enclosure can be seen in lower left region of the figure . 
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The peak neutron shield shell temperature with a 13 kW decay heat loading and a normal 100°F 
ambient condition is predicted to be 248°F, while the area-weighted average temperature is 
predicted to be 2 l 7°F. 

The evaluation was repeated for the bounding off-normal hot condition of 1l7°F ambient with 
insolation. Figure W.4-11 presents the temperature distribution for the surface of the cask 
exterior shell. The peak neutron shield cask temperature predicted for this condition is 253°F, 
while the area-weighted average temperature over the cask's exterior shell is predicted to be 
222°F. The velocity profiles developed are similar to those presented in Figure W.4-9 and Figure 
W.4-10. 

The computed temperatures on the neutron shield from the CFD analysis are used as boundary 
conditions for the thermal analysis of the OS 197L TC using the ANSYS model described in 
Section W.4.6 . 

.. . 1, .,.. . . 

W.4.6 Thermal Analysis of OS197L TC with 13 kW Heat Loads 

A two-dimensional model of the OS 197L TC and DSC shell is developed using ANSYS 
Computer Code [4.3]. The 2D model considers the hottest cross-section of the fuel and 
conservatively neglects heat transfer in the axial direction. The model represents the neutron 
shield, the cask structural shell, cask rails, and the DSC shell. The OS197L TC model is shown 
in Figure W.4-12. The TC thermal model and analysis methodoiogy are consistent with the 
methodology described in Appendix M, Section M.4.4.1.6 for the OS197 TC with a 32PT DSC 
payload with changes implemented to account for the configuration changes in the OS 197L TC 
relative to the OS197 TC. 

The justification for the use of a uniform heat flux on the inner shell of the DSC for predicting 
the temperature distribution on the outside of the DSC shell is based on the discussion provided 
for Section W.4.5. The effects of the non-uniform gap between the DSC and the TC inner shell is 
addressed by 2D ANSYS OSJ97L TC model and is reflected in the predicted DSC surface 
temperature distribution. The effects of the support rails (and other fuel basket details) plus the 
positioning of the active fuel region and the fuel peaking factor are addressed by the 3D ANSYS 
model of the DSC described in Section W.4. 7. 

The heat flux applied to the DSC outer shell in OSI 97 TC model for the 13 kW heat load is 
calc~lated using method described in Appendix M, Section M 4. 4.1. 6 using corresponding DSC 
shell inner diameter and DSC cavity length as follows. 

1) For 32PT DSC in OS197L TC 

Btu/ 
l3kW ·3412.3 ____lhr 

kW Btu q = • = 0.0213 • • 2 I 

60 mm· (n- · 66in · 167.lin) mm· m 
hr 

Note: Conservative inner diameter of 66" of 32PT DSC shell is used similar to Appendix M, Section M4.4.l.6, 
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2) For 61BT DSC in OSJ97L TC 

· Btu/ 
13kW ·3412.3 _____& 

k\V Btu q= . =0.0198 .. 2' 

60 mm· (n- · 66.25in · 179.31in) mm· m 
hr 

Note: Conservative inner cavity length of 179.31"for61BT DSC is used similar to Appendix K, Section K.4.4.1. 

The following table summarizes the OS 197L TC dimensions (See OS 197L TC Drawings 
included in Section \V .1.5) used in the thermal analyses. 

Dimensions used in OS197L TC ANSYS Thermal Analysis Model 

DSC/Cask Component OS197L 

DSC Shell Outside Diameter, in. 67.19/67.25<1
> 

DSC Shell Thickness, in. 0.5<2
> 

Cask Inner Radius, in. 34.0 

Structural Shell Thickness, in. 2.68 

Structural Shell Outside Radius, in. 36.68 

Structural Shell-Neutron Shield Inner Panel 
0.01 

Gap, in. 

Neutron Shield Inside Radius, in . 36.39 

Neutron Shield Inner Panel Thickness, in. 0.25 

Neutron Shield Inner Radius, in. 36.94 

Neutron Shield Thickness, in. 3.0 

Neutron Shield Outside Radius/Neutron Shield 
39.94 

Outer Panel Inner Radius, in. 

Neutron Shield Outer Panel Thickness, in. 0.25 

Neutron Shield Outer Panel Outside Radius, 
40.19 

in. 

Note: 

1) 67.19 in. is used for the 32PT DSC and 67.25 in. is used for the 
61BT DSC. 

2) The DSC shell temperature obtained from the OS197L model for 
13 kW heat load are based on a DSC shell thickness of 0.5". 

As discussed in Section \V.4.5, the CFD analyses consider the effect of the supplementary 
shielding and insolance on the OS 197L TC thermal performance. A separate analysis of the 
OS197L TC loaded with a 13 k\V heat load is performed using the neutron shield outer skin 
temperature distribution calculated from the CFD analysis discussed in Section W.4.5. 

The temperatures of the neutron shield outer skin obtained from the CFD analysis are applied as 
boundary conditions over the outermost nodes of the 2D model of the OS197L TC and analyses 
are performed for normal, off-normal and accident conditions. Conservatively, the CFD analysis 
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for off-normal 1l7°F ambient temperature condition includes the effect of insolation on the 
supplemental shielding. 

Two hypothet~cal accident scenarios for loss of neutron shield and sun shade are considered. In 
the first sJenario, the supplementary shielding remains intact while the liquid neutron shield and 
sunshade is lost. The supplementary shielding is exposed to direct solar impact in this scenario. 
In the second sc_enario, the supplementary shielding and the liquid neutron shielding are both 
lost and no sun shade is available to protect the neutron shield shell from the insolation. While 
the supplementary shielding prevents direct insolation heating of the cask surface, it also affects 
the convective and radiative heat transfer from the cask. Based on thermal analysis results in 
Section W.4.5, the presence of the supplementary shielding results in higher cask surface 
temperatures compared with the situation without the supplementary shielding. Therefore, the 
first hypothetical accident scenario (i.e., loss of neutron shield and sun shade when the 
supplementary shielding remains in place) represents the bounding accident condition and is 
chosen in this calculation to provide the bounding cask and DSC component temperatures. 

The results of the analysis in terms of maximum TC component temperatures are summarized in 
Table W.4-2 for the 13 kW case. The maximum temperatures at the top, side, and bottom of the 
DSC shell retrieved from the 2D model of the TC are also summarized in Table W.4-2. These 
temperatures are used to define the boundary conditions for the analysis of the 3D models of the 
DSC shell/basket assemblies as discussed in Section W.4.7. 

The 2D model analysis results of the 1l7°F ambient with insolence and accident case for the 
OS197L TC are also shown in Figure W.4-13 for the 32PT DSC with 13 kW head load case. 

,. ) .. · 

W.4.7 Thermal Analysis ofNUHOMS® DSCs 

W.4.7.1 Thermal Analysis of 32PT DSC inside the OS197L TC 

The maximum temperatures at the top, side, and bottom of the DSC shell calculated in Section 
W.4.6 above define the boundary conditions for the analysis of the 3D ANSYS model of the 
DSC shell and basket assembly described in Appendix M, Section M.4.4.1.1. The methodology 
used for the analysis, including the application of the temperature boundary conditions on the 
DSC shell, is identical to that used for the 32PT DSC and documented in Appendix M. 

The 32PT DSC heat load zoning configuration allowed for transfer in OSI 97L is shown in 
Figure W. 4-1. DSC shell temperature distribution is calculated in Section W. 4. 6 for the 
maximum heat load of 13 kW allowed/or OS197L TC. Additional conservatism is included in 
32PT DSC analyses using the maximum heat load of 16 kW per 32PT DSC based on maximum 
heat load per fuel assembly shown in Figure W.4-1. The calculation of heat load per fuel 
assembly is similar to one used in Appendix M, Section M 4. 4.1. 4. It is to be noted that the heat 
load zone configuration used for 32PT DS,C thermal analysis shown in Figure W.4-1 is 
conservative relative to the heat load zone configuration shown in Chapter W.2, Figure W.2-2. 

The peaking factor profile used in Appendix M is used in this analysis to determine the bounding 
basket component and fuel cladding temperatures . 
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The fuel cladding and 32PT DSC maximum component temperatures for 13 kW heat load are 
summarized in Table W4-3. Typical component temperatures are shown in Figure W4-14 for 
the off-normal 1l7°F ambient condition. · 

The average cavity gas temperatures are determined from the analysis model results using the 
same methodology as that used in Appendix M. Based on the ideal gas law, the DSC internal 
pressure is proportional to the absolute temperature. Thus the 32PT DSC pressures evaluated in 
Appendix Mare multiplied by the ratio of the absolute temperatures obtained from this analysis 
(OS197L) to those in Appendix M (OS197) to determine the pressures when the 32PTDSC is 
transferred-in the OS197L TC. The resulting maximum pressures are tabulated in Table W4~4. 

W.4.7.2 Thermal Analysis of 61BT DSC Inside the OS197L TC 

The maximum temperatures at the top, side, and bottom of the DSC shell calculated in Section 
W.4.6 above define the boundary conditions for the analysis of the 3-dimensional, 180° 
symmetric model of the 61BTDSC shell and basket assembly documented in Appendix K, 
Section K.4.4.1. 

The 61BT DSC heat load zoning configuration alk;JWedfor transfer in OS197L is shown in 
Figure W4-2. DSC shell temperature distribution is calculated in Section W4.6for the 
maximum heat load of 13 kW allowed for OS197L TC. Additional conservatism is included in 
61BT DSC analyses using the maximum heat load of 14. 7 kW per 61BT DSC based on maximum 
heat load per fuel assembly shown in Figure W4-2. The calculation of heat load per fuel 
assembly is similar to one used in Appendix K, Section K. 4. 4.1. It is to be noted that the heat 
load zone configuration used for 61BT DSC thermal analysis shown in Figure W4-2 is 
conservative relative to the heat load zone configuration shown in Chapter W2, Figure W2-1. 

The peaking factor profile used in Appendix K is used in the analysis to provide basket and fuel 
cladding temperatures. 

The.-thermal analysis methodology used, including the application of the temperature boundary 
conditions on the DSC shell in the 3D model, is identical to that used for the 32PT DSC and 
documented in Appendix M. 

The fuel cladding and DSC components maximum temperatures for the controlling (bounding) 
conditions are summarized in Table W4-5. Typical component temperatures are shown in 
Figure W 4-15 for the off-normal 1 l 7°F ambient condition. 

As discussed in Section K.4.8.2, up to sixteen damaged fuel assemblies in specified positions are 
allowed for the 61BT DSC basket. As shown in Section K.4.8.2.4, including damaged fuel 
assemblies has a negligible impact on the fuel cladding and basket material temperatures when 
compared with the all-intact fuel assembly case and none of the material temperature limits are 
exceeded for 18. 3 kW heat load per DSC. This conclusion remains valid for a lower heat load of 
13 kW per DSC with heat load zone configuration shown in Figure W4-2. 

The average cavity gas temperatures are determined from the analysis model results using the 
same methodology as that used in Appendix K. Based on the ideal gas law, the DSC internal 
pressure is proportional to the absolute temperature. Thus the 61BT DSC pressures evaluated in 
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Appendix Kare multiplied by the ratio of the absolute temperatures obtained from this analysis 
(OS197L) to those in Appendix K (OS197) to determine the pressures when the 6IBTDSC is 
transferred in the OS197L TC. The resulting maximum pressures are tabulated in Table W.4-7. 

W.4.7.3 Thermal Gradients tor 32PTand 6IBT DSCs 

To provide input for structural evaluation of 32PT DSC and 6IBT DSC (Chapter W3), Table 
W4-7 summarizes the thermal gradients in the 32PT and 6IBT DSCsfor 13 kW heat load in 
comparison to the thermal gradients calculated/or 24 kW for 32PT DSC and I8.3 kW for 6IBT 
DSC for maximum off-normal transfer conditions. 

As seen.from Table W4-6 the maximum fuel cladding and DSC shell temperatures and thermal 
gradients are lower for a I 3 kW heat load for 32PT and 6I BT DSCs, compared to values 
calculated/or 24 kW for the 32PT DSC and I8.3 kW for the 6IBT DSC. Therefore, the existing 
strµcturql,analyses using 24 kW for the 32PT DSC and I8.3 kW for the 6IBT DSC presented in 

__ J .. . - -·--· - • -

Appendix M, Chapter M3 and Appendix K, Chapter K.3, respectively, are bounded (Section 
W3). 

W.4.8 Effect of Modification of Loading Procedures on OS197L TC Thermal Performance 

Following the completion of loading fuel inside the DSC, the OSI 97L TC is lifted out of the fuel 
pool with the TC neutron shield and the DSC cavity full of water. This configuration bounds the 
configuration analyzed for 32PT DSC and 6IBT DSC in Appendix M4 and K.4 where a small 
quantity of DSC cavity water is drained. 

• For completion of subsequent operations such as DSC drying and sealing, the OSI 97L TC is 
placed inside the decontamination area supplemental shield as described in Appendix W8. As 
discussed in Section W 4.4, its thermal performance with the decontamination area shields 
during such operations, is bounded by the thermal analysis presented in Sections K.4. 7 and 
M4.7. 

• 

W.4.9 Thermal Performance of Various DSCs during 32PT and 6IBTVacuum Drying 
Operation 

As described in Chapter W.8, helium will be used for the blowdown/draindown of water in the 
DSC cavity. Therefore, subsequent vacuum drying operations occur with a helium environment 
in the DSC cavity .. Water will be maintained in the DSC/TC annulus during vacuum drying . 
operations. Therefore, the fuel cladding temperatures calculated when the OS 197L TC is loaded 
with a DSC during transfer conditions and with the supplemental trailer shields in place will 
bound the vacuum drying condition. 

W.4.10 Thermal Performance of OS197L TC during Fire Accident Conditions 

Based on the operating procedures described in Chapter W.8, the OS197L TC will be transferred 
back to the handling building after any accident case and will not remain within the 
supplementary shielding for an extended period of time . 
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The analysis performed for OS197 TC in Appendix K, Chapter K.4 and Appendix M, Chapter 
M.4 shows that the bounding temperatures for accident conditions occur after an extended period 
of time during post accident steady state conditions. 

As discussed in Appendix W, Section W.4.1, the thermal resistance of the OS197 TC is larger 
than the thermal resistance of the OS197L TC. Therefore, the maximum temperatures for 
OS197L TC after an extended period of time are bounded by the steady state temperatures 
obtained for accident conditions of the OS197 TC discussed in Appendix K, Chapter K.4 and 
Appendix M, Chapter M.4. 

W.4.11 References 

4.1 FLUENT™ CFD Code Version 6.2, and Gambit Version 2.2, Fluent Inc., 10 Cavendish 
Court, Lebanon, NH 03766. 

4.2 V&V Test Report, FLUENT™ Version 6.2 I GAMBIT™ Version 2.2, Transnuclear, 
Inc., File Number QA040.231.0001, Revision 0. 

4.3 ANSYS Computer Code and On-line User's Manuals, Version 8.1 and Version 10.0Al. 
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Table W.4-1 
Effective Thermal Conductivity for Water and Air-Filled Neutron Shield 

of the OS197L TC 

NUH-003 
Revision 13 

Angle from the Top 
of Neutron Shield 

0 

30 

60 

90 

120 

150 

180 

For 13 kW 

Keffwaterfilled NS, Keff air filled NS, 

Btu/(min-in-°F) Btu/(min-in-°F) 

1.241E-02 3.379E-04 

1.240E-02 3.569E-04 

1.309E-02 3.774E-04 

1.361E-02 3.848E-04 

1.187E-02 3.617E-04 

7.123E-03 2.986E-04 

6.378E-04 2.125E-04 

Page W.4-13 January 2014 J 

0 
::; 

...... ...... 



• Table W.4-2 
Maximum Component Temperatures for OS197L TC with 13 kW Heat Load 

(Supplemental Skid Shielding Effect Included) 

Cask Components DSC Shell Temperatures 

Operating Conditions 
Tstrsh1 TNs,max T NSavg1 T1op1 Tside1 Tbot. 

(oF) (oF) (oF) (oF) (oF) (oF) 

32PTDSC 

Normal, transfer OS197L 251 246 221 359 332 291 

Off-normal, transfer OS197L 256 251 226 362 336 297 

Accident, transfer OS197L 
(Loss of sun shade and liquid neutron 

430 418 303 469 455 460 shield - with supplementary shielding 
intact) 

61BTDSC 

Normal, transfer OS197L 250 246 220 349 323 286 

Off-normal, transfer OS197L 255 251 226 353 327 291 

Accid~nt, transfer OS197L 
(Loss of sun shade and liquid neutron 

415 404 297 454 439 444 shield - with supplementary shielding 
intact) 

• where 

• 

Ttop. Tside. Tbot - DSC shell top, side, and bottom maximum temperatures, respectively, 

Tstrsh - cask structural shell maximum temperature, 

T Ns - neutron shield maximum temperature (water or air), 

T Ns avg - neut.ran shield average temperature (water or air) . 
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Table W.4-3 
Maximum Temperatures for 32PT DSC with 13 kW inside OS197L TC I 

(Supplemental Skid Shielding Effect Included) 

Maximum Fuel Cladding 
Temoeratures 

Operating Conditions 
Tmax,fue/ Limit 

("FJ ("FJ 
Normal, transfer, 0 "F without insolation <606 752 I 
Normal, transfer, 100"F with lnsolation 606 752 I 
Off-normal, transfer, 117 "F without insolatiod1

J 609 752 I 
Accident, transfer 
(Loss of sun shade and liquid neutron shield - 710 1058 
with supplementary shielding intact) 

Maximum Component Temperatures 
Operating Conditions 

Tmax,bskt Tmax,AI Tmax,rail Tmax,DSC 

('FJ ("FJ ("FJ f"FJ 
Normal, transfer, 

<588 <588 <372 <359 0 "F without insolation 
Normal, transfer, 

588 588 372 359 100 "F with lnsolation 

Off-normal, transfer, 
591 591 376 362 

117 "F without insolatiod1J 

Accident, transfer 
(Loss of sun shade 
and liquid neutron shield - 697 696 487 469 
with supplementary 
shieldina intact) 

Note: 
(1) Conservatively the CFO analysis included insolation on the supplemental shielding . 
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Table W.4-4 
Maximum Pressures of32PT DSC with 13 kW in OS197L TC 

Operating DSC Pressure in OS197L TC 
Design Pressure 

[Appendix M, Section M.4.1] 
Conditions (psig) (psiaJ 

Normal 4.0 15.0 
Off-normal 10.8 20.0 
Accident 86.4 105.0 

--
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Table W.4-5 
Maximum Temperatures for 61BT DSC with 13 kW inside OSJ 07L TC 

(Supplemental Skid Shielding Effect Included) 

Maximum Fuel Cladding 

Operating Conditions 
Temoeratures 

Tmax,fuel Limit 
(OF) (OF) 

Normal, transfer, 0 "F without insolation <561 752 
Normal, transfer, 100 "F with lnsolation 561 752 
Off-normal, transfer, 117 'F without insolatiod1

! 565 752 
Accident, transfer 
(Loss of sun shade and liquid neutron shield - 666 1058 
with suoolementarv shieldina intact) 

Maximum Component Temperatures 
Operating Conditions T max,bskt/AI Tmax,rail Tmax,DSC 

("F) ("F) ("FJ 
Normal, transfer, 

<538 <430 <349 
0 "F without insolation 
Normal, transfer, 

538 430 349 
100 "F with lnsolation 
Off-normal, transfer, 

542 434 353 
117 "F without insolatiod1! 

Accident, transfer 
(Loss of sun shade 
and liquid neutron shield - 644 533 454 
with supplementary 
shieldina intact) 

Note: 
(1) Conservatively the CFO analysis included insolation on the supplemental shielding . 
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Table W.4-6 
Thermal Gradients for 32PT and 61BT DSCs for Different Heat Load 

Heat load per DSC 

Maximum fuel cladding 
temperature, Ttue1, °F 
Maximum DSC shell 
temperature, Tosc, °F 
Ttue1 -T osc, ° F 

NUH-003 
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32PTDSC 

13kW 

609 

362 

247 

24kW 
[Table M.4-8, Table 

M.4-9 of Appendix M, 
Chapter M.47 

715 

433 

282 

Page W.4-18 

61BTDSC 
18.3 kW 

13kW 
[Table K.4-2 of 

Appendix K, Chapter 
K.47 

565 638 

353 378 

212 260 
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Table W.4-7 
Maximum Pressures of61BT DSC with 13 kWin OS197LTC 

Operating 
Conditions 

Normal 

Off-normal 

Accident 
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DSC Pressure in OS197L TC 
Design Pressure 

(psig) [Appendix K, Section K.4.1] 
(psig) 

6.2 10.0 

8.5 20.0 

36.9 65.0 
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Table W.4-8 
Deleted 

Page W.4-20 January 2014 J 

0 
::i 



• 

• 

• NUH-003 
Revision 13 

Table W.4-9 
Deleted 

Page W.4-21 January 2014 I 

_j 



• 

• 

• NUH-003 
Revision 13 

[] 1 I 1 

I 
1 
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1 2 2 2 2 1 

1 2 2 2 2 1 

1 2 2 2 2 1 

1 1 1 1 

Heat Zone Level Zone 1 Zone2 

0.4 0.6 
Max. Decay Heat/ FA (kW) 

Number of FAs I Zone 16 16 

Max. Decay Heat /Zone 
6.4 9.6 

{kW} 

Max. Decay Heat/ DSC 13.0 (t} 
(kW} 

Note (1) : Maximum decay heat load allowed in the 05197L TC. 

Figure W.4-1 
Heat Load Zone Configuration for the 32PT DSC 
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1 1 2 2 2 2 2 1 1 

1 1 2 2 2 2 2 1 1 

1 1 2 2 2 2 2 1 1 

1 2 2 2 2 2 1 

1 [] 1 I 1 I 1 
I 

1 1 

1 1 1 

Heat Zone Level Zone 1 Zone2 

Max. Decay Heat I FA 
0.2 0.3 

(kW} 

Number af FAs I Zone 36 25 

Max. Decay Heat /Zone 
7.2 7.5 

(kW) 

Max. Decay Heat I DSC 13.0 (t) 
(kW} 

Note (1) : Maximum decay heat load allowed in the OS197L TC. 

Figure W.4-2 
Heat Load Zone Configuration for the 61BT DSC 
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Exploded Side View Exploded Bottom View 

Figure W.4-3 
OS197L TC Supplemental Shielding 
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Figure W.4-4 

Wire Frame Representation of OS197L Cask and Transfer Skid CFD Model 
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Figure W.4-5 
Perspective and Elevation Views of OS197L Cask/Transfer Skid Mesh 
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Interior Mesh 
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Edge ol Aul. Shield Bl Wnh 

Enlarged View at Side of Cask 

Figure W.4-6 
Views of OS197L Cask/Transfer Skid Mesh 
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Note: Temperature is in units of °F 

Figure W.4-7 
Temperature Distribution over OS197L TC Exterior Shell 

with 32PT DSC (13 kW), 100°F Ambient 
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Figure W.4-8 
Temperature Distribution for OS197L TC Transfer Skid Shields 

with 32PT DSC (13 kW) , 100°F Ambient 
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4.48e+DD 
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4.D1e+ DD ~::::~ 

3.79e+ DD 
3.57e+ DD 
3.34e+DD 
3.12e+ DD 
2.9De+ DD 
2.87e+ DD 
2.45e+DD 
2.23e+ DD 
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1.34e+ DD 
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8.91e-D1 
8.89e- D 1 
4.48e-D1 
2.23e- D 1 
2.81 e- DE 

Note: Velocity is in units of ft/sec 

Figure W.4-9 
Velocity Distribution at OS197L TC Model Centerline for 32PT DSC (13 kW) , 

100°F Ambient, Plan View 
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3.34e+ DO .... 

3.12e+ DO 
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2. 01e+0 0 

..... ..... 
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8.91e-01 
6.69e- 01 
4.46e-01 
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2.61 e- DE 

Note: Velocity is in units of ft/sec 

Figure W.4-10 
Velocity Distribution at OS197L TC Exit with 32PT DSC (13kW), 

100°F Ambient, Plan View 
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Figure W.4-11 
Temperature Distr ibution over OS197L TC Exterior Shell with 

32PT DSC (13 kW), 117°F Ambient 
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Geometry of 051 97- L ca ~k 

Figure W.4-12 
OS197L TC ANSYS Model 
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32PI' in a:>l97L TC, 13kW, Off-Normal @ 117F arrbient 

32PI' in a:>l97L TC, 13kW, loss of NS @ 117F arrbient 

Figure W.4-13 

ANSYS 10 .0Al 
PIDr 00. 1 -211.558 -228.386 
CJ 245.215 

262.043 -278 .872 
295.7 CJ 

CJ 312.529 
CJ 329.357 -346. 186 

363 .014 

ANSYS 10. OAl 
PIDr 00. 1 
- 211 .558 
- 240 .264 

CJ ~~~:~i7 
- 326 . 383 CJ 355.089 
CJ 383 .795 
CJ 412 .502 
- 441. 208 

469 .914 

Temperature Distribution on OS197L TC with 32PT DSC (13 kW) and 
Supplemental Shielding, T amb=ll 7°F, Insolation 
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32?1' [5C in C6191L TC, 13kW, Off-NcmMl @ 117!' onb 

Fuel Assemblies 

32PI' r5C in C6191L TC, 13kW, Of~x:mtl 8 117!' Mb 

MIS'fS 10. OAl 
PWr 00. 1 
!all>.l. soumoo 
S'llP-1 
SUB •l 
TIMJ=l 
nM' 
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SI-fl -293.538 
!Ml "'591. 216 
- 293 .538 
- 326.613 
CJ 359 .689 
Ill 392.164 
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- ~:m 

Basket Aluminum/Poison 

32?1' [5C in C6l 91L TC, 13kW, Off-«oOMl @ 117!' onb 

Basket Grid 

32?1' r5C in C6191L TC, 13kW, Off-«ox:mtl 8 ll'JF onb 

Basket Rails 

Figure W.4-14 
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Temperature Plots for 32PT DSC (13 kW) in OS197L TC with 
Supplemental Shielding, T amb=l l 7°F, Off-Normal Transfer Conditions 
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61BT I.EC 1n C6197L 'IC, 13kW, Off-Noaml @ 11 lr h1b 

Fuel Assemblies 

61BT I.EC 1n C6197L 'IC, 13kW, Off-NoDn!ll. @ 11 lr -
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Figure W.4-15 
Temperature Plots for 61BT DSC (13 kW) in OS197L TC with 

Supplemental Shielding, Tamb=ll 7°F, Off-Normal Transfer Conditions 
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W.5 Shielding Evaluation 

This Appendix presents the shielding evaluation of the OS l 97L TC when used for fuel loading 
and transfer of 32PT and 61BTDSCs. 

The shielding analysis is performed for various configurations of the OS197L TC during loading 
and transfer operations containing a fully loaded 32PT or 6JBT DSC with a maximum 
13 kW/DSC heat load for PWR and BWRfuel assemblies, respectively. Bounding dose rates for 
the OS197L TC with the 32PT and 61BT DSC payloads are evaluated. The dose rates on and 
around the bare OSI 97L TC are dominated by primary gamma sources during normal, off
normal and accident conditions of loading and transfer. The results for normal operations 
demonstrate that exposures for OS197L TC activities with operational personnel present are 
bounded by OS197 TC exposures (remote crane operation is used and no personnel are present 
in the immediate vicinity of the OSJ97L TC while the cask is on the crane hook during normal 
operations and decontamination area shielding is used). 

The physical characteristics of the intact and damaged spent fuel assemblies authorized for 
storage in the_ NUHOMsY-6JBT DSC are as described in Appendix K.2, Tables K.2-1 and K.2-2 
respectively: However, to minimize the dose consequences when using the OSI 97L TC for the 
loading and transfer of the 61BT DSC, the contents allowed shall meet the heat load zoning 
configuration requirements of Figure W.2-1 and the DSC heat load shall be limited to 12.0 kW 
or less. The intact and damaged BWRfuel assembly characteristics allowed for storage in the 
NUHOMsY-61BTwhen using the OSJ97L TC are summarized in Table W.2-2 and Table W.2-3, 
respectively. Tables W.2-4 and W.2-5 provide the fuel qualification tables (FQTs) for the Zone I 
and Zone 2 fuel assemblies, respectively. 

The physical characteristics of the intact spent fuel assemblies, with or without control 
components (CCs), authorized for storage in the NUHOM~-32PT DSC are as described in 
Appendix M, Table M2-l. However, to minimize the dose consequences when using the OSJ97L 
TC for the loading and transfer of the 32PT DSC, the contents allowed shall meet the heat load 
zoning configuration requirements of Figure W.2-2 and the DSC heat load shall be limited to 
13. 0 kW or less. The intact PWRfuel assembly characteristics allowed for storage in the 
NUHOMsY-32PTwhen using the OSJ97L TC are summarized in Table W.2-6. Tables W.2-7 
and W.2-8 provide the FQTs for the Zone 1 and Zone 2 fuel assemblies, respectively. 

The bounding dose rates for normal and accident conditions of transfer are due to radiological 
sources specified in Section W.5.2. The sources are shown in Table W.5-1 and Table W.5-2. 
These tables represent radiological sources at burnup and enrichment combinations from 32PT 
and61BT DSC transfer FQTs. 

The FQTsfor the 6JBT DSC when using the OS197L TC are presented in Appendix W.2, Table 
W.2-4 and Table W.2-5. The FQTsfor the 32PT DSC when using the OSJ97L TC are presented 
in Appendix W.2, Tables W.2-7 and W.2-8. These tables assure that the total dose rate during 
normal condition of transfer on the bare cask surface does not exceed the calculated maximum 
dose rates (shown in Tables W.5-8 and W.5-11) as well as assuring that the maximum decay heat 
load per DSC is not greater than 13 kW/DSC for the 32PT DSC and 12 kW/DSC for the 61 BT 
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DSC. These tables also provide assurance that single fuel assembly decay heat limits shown in 
Appendix W2, Figure W2-1 and Figure W2-2 are not exceeded. 

W 5.1 Discussion and Results 

A summary of the bounding maximum dose rates on and around the OSI 97L TC with the 61 BT 
or 32PT DSC during loading and transfer operations during normal and accident conditions are 
shown in Table W5-3 and Table W5-4, respectively. The bounding maximum dose rates for 
various shielding configurations of the OSJ97L TC with the 61BT or 32PT DSC during the 
various operational evolutions for normal, off-normal and accident conditions, at various 
locations are shown in Table W5-6 through Table W5-14. The total dose rates shown in these 
tables correspond to the maximum dose rates for the various shielding configurations. A brief 
description of the various shielding configurations evaluated herein for various loading and 
transfer operations is provided in Figure W5-1 and in Section W5.4.10. 

A discussion of the method used to determine the bounding source terms for this evaluation is 
included in Section W5.2. The shielding material densities are given in Section W5.3. The 
model specification and the method used to determine the dose rates due to 32 PWR or 61 BWR 
allowedfuel assemblies in the various OSJ97L TC design configurations with 32PT DSC and 
61BT DSC payload is provided in Section W5.4. The radiological source terms are calculated 
with the SAS2H/ORJGEN-S modules of SCALE 4.4 [5.1] for the spent fuel contents. The 
shielding evaluation is performed with the MCNP 5 [5.2} code with the END FIB-VI cross section 
library . 

W5.1.1 Dose Rates Near Shielding Configurations Containing 32PT and 6JBT DSC 

In general, the intensity and shape of the radiation field distribution around a shielding 
configuration is determined by two factors: (1) the intensity and spatial distribution of 
radiological sources, and (2) the shielding properties and spatial configuration of shielding 
materials. Also note that the maximum of gamma and neutron radiation dose rates may occur at 
different locations. Therefore the maximum of total dose rate is not necessarily equal to the sum 
of the maximum gamma and maximum neutron dose rates. 

The bounding radiological source terms employed herein are shown in Table W5-1 and Table 
W5-2for the 32PT DSC and 61BT DSC, respectively. Such sources result in bounding dose 
rates from 32PT and 61 BT DSC contents of the cask when compared with other radiological 
sources at various burnup, enrichment, and cooling time combinations shown in the FQTs. 
Neutron radiation dose rates near the OS197L bare cask containing a 32PT DSC bounding 
sources are boundingfor the neutron radiation dose rates.from the cask containing the 61BT 
DSC bounding sources. 

The data presented in Tables W5-6 through Table W5-14 are based on MCNP calculated dose 
rates. There is always a statistical uncertainty in the results obtained using a Monte Carlo 
method like MCNP. 

Because of axial symmetry of the shielding materials distribution on the side of the cask and the 
DSCs and in the distribution of radiological sources, it is convenient to consider dose rate 
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distribution along the cask side in a cylindrical coordinate system with an axis that coincides 
with the axis of the cask/DSC. In general, dose rate is dependent on all three coordinates: axial, 
radial and angular. Dose rate distribution along the side of the cask has an angular symmetry. 
The 32PT DSC has R45 and R90 solid aluminum rails on its periphery which provide noticeable 
shielding at the periphery of the DSC where the rails are present. There is no such shielding on 
the periphery of the 6IBT DSC. Therefore, the primary gamma radiation (PGR) dose rate on 
and near the side of the cask has a pronounced angular dependence with the 32PT DSC. 
Further, the 32PT DSC can contain stronger radiological sources. As a result, maximum values 
near the cask surface occur when the cask is loaded with a 32PT DSC. Aluminum does not 
affect the shape of the neutron radiation dose rate distribution as dramatically as it does the 
PGR. 

Two sets of dose rates near the bare cask at various axial and radial distances are calculated for 
the OSI 97L TC for both the 32PT and 6I BT DSCs at normal and accident conditions. Normal 
conditions are modeled with a dry DSC and DSC/TC annulus with a water-filled neutron shield 
and accident conditions are modeled with a dry neutron shield. These dose rates are presented 
in Table W.5-6 through Table W.5-I I. For the other shielding configurations described in 
Section W.5.4. 7 (to determine dose rate distributions during the various operational evolutions 
with the OSI 97L TC), only bounding dose rates at distances up to I 0 meters are presented. They 
are from a 32PT DSC payload of the cask. The dose ratesfor the various operational evolutions 
at distances greater than I 0 meters do not have pronounced axial and angular variations and 
are presented in Table W.5-6 and Table W.5-7 for the 32PT DSC, and Table W.5-9 and Table 
W.5-IOfor the 6IBT DSCs . 

W.5.I.2 Bounding Dose Rates as a Function o(Distance 

Dose rates as a function of distance for various shielding configurations of the OSI 97L TC 
und~r normal conditions of transfer are plotted on Figure W.5-2. 

Figure W.5-2 displays five dose rate versus radial distance curves from the side for 4 shielding 
configurations: (1) bare cask, (2) cask with 2.5" thick steel shell; (3) the cask on a trailer 
platform with 2.5" thick inner top support skid supplemental shielding and without 3" thick 
outer top steel shielding; and (4) the cask ready for transfer (i.e., cask with both inner and outer 
top trailer shielding installed). Dose rates shown in Figure W.5-2 are boundingfor the OSI97L 
containing either a 32PT or a 6IBT DSC. 

Note that the support skid supplemental shielding is referred to as trailer shielding or trailer 
area shielding throughout this chapter. 

The bare cask dose rate curve (curve I) as a function of distance shown in Figure W.5-2 is 
bounding for all other configurations. It is included to provide a comparative understanding of 
the shielding effectiveness of the trailer shielding. These dose rates are based on results shown 
in Table W.5-6. 

The dose rate curve (curve 2), as a function of distance corresponding to the "Cask with 
Additional 2.5" thick Steel Shell Only" shown in Figure W.5-2, is based on an MCNP model that 
includes a 2.5" thick steel cylindrical shell around the OSI97L TC (see description "Pre-
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Transfer" in.figure W5-J). This configuration is a simplified representation of the OSJ97L TC 
prior to the placement of the outer top trailer shielding. These dose rates are based on results 
shown in Table W5-12. 

The dose rate curves for the three remaining configurations correspond to the cask on the 
transfer trailer platform. Geometry of the modeled shielding configuration (only the inner top 
trailer shielding is modeled) is depicted on Figure W5-5. These plots display the maximum dose 
rates in the horizontal direction from the side of the transfer package. Note that there is no 
shielding underneath the cask in the computational model, except for the 0.25" thick steel plate 
representing the trailer platform. 

The dose rate curve (curve 3) as a function of distance corresponding to the "Cask on Trailer 
with 2.5" thk. Inner Top Trailer Area Shielding" is for the configuration where the cask is on 
the irailerplatform where the 2.5" inner top trailer shielding is installed and the 3" thick steel 
outer top trailer shielding is not yet installed. The dose rate maximum is near the interface 
between the 2.5_" thick inner top trailer shielding over the cask side and the 5.5" thick side trailer 
shielding (side shielding plates in Figure W5-5). These dose rates are nearly identical to those 
shown in curve 2 because the maximum dose rates occur around the 2.5" thick shielding. 

The dose rate curves for the two remaining configurations correspond to calculated maximums 
at a vertical elevation between the ISFI concrete pad and the trunnions. 

The dose rate curve (curve 4) as a function of distance corresponding to the "Cask on Trailer 
with 2.5" thick Inner and 3.0" thick Outer Trailer Top Shielding" is the maximum dose rate at a 
vertical elevation between the bottom of the 5.5" thick trailer shielding along the side of the cask 
and trunnions level. These dose rates are based on results shown in Table W5-l 3. 

These dose rates are bounding for the cask in the decontamination area for the following 
reasons. First, these dose rates are for 5. 5" thick steel shielding along the side of the cask, while 
the decontamination area shield thickness is 6.0". Second, the cask is in a horizontal position on 
the trailer platform with no shielding underneath the trailer platform modeled when calculating 
the dose rates. This causes substantial radiation streaming and scattering.from the ISFSI 
concrete pad surface which are accounted for in the calculated dose rates. On the other hand, 
the cask in the decontamination area is in a vertical position and entirely surrounded with a 6" 
thick steel cylindrical shell. 

The dose rate curve (curve 5) as a function of distance corresponding to the "Below Cask 
Support Skid when Cask is on Trailer with Inner and Outer Trailer Top Shielding" is the 
maximum dose rate at the vertical elevation between the ISFSI concrete pad and the cask 
support skid. As expected, this distribution shows fairly high dose rates at short distances. This 
is because of direct radiation from underneath the cask, where no shielding is present, except for 
the 0.25" thick steel plate representing the trailer platform, and radiation scattered.from 
concrete. The dose rates shown in Table W5-14 are employed to plot this curve. The dose rate 
distribution at this elevation is not significantly dependent on the outer top trailer shielding and 
therefore, the dose rates shown in Table W5-14 are applicable . 
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The dose rate distributions (curve 2 through curve 5) shown in Figure W.5-2 indicate that the 
maximum dose rates decrease to approximately 100 mrem/hr at a distance of 2 m from the cask 
transfer trailer. 

W.5.1.3 Bounding Dose Rates as a Function of Axial Distance 

For the dose rates on top of the cask, two radial regions need to be considered: within and 
beyond the cask radius. These radial regions are depicted in Figure W.5-3. Dose rates beyond 
the cask radius are due to radiation from the side of the cask and through shielding on its top. 
Because there is substantially less shielding and sources are stronger (because of the in-core 
region) on the side, the contribution by radiation from the side is dominating. On the other 
hand, dose rates just over the ends of the cask at radial distances within the cask radius are 
contributed due to radiation through shielding over the ends of fuel assemblies. Further, the 
contribution to the top end dose rates due to scattering through the radial shielding layers, 
including the water neutron shield, is minimized at distances within the radius of the cask. It is 
assumed that the water neutron shielding on the side of the cask is lost during the accident. 
Therefore, accident and normal condition dose rates on top of the cask are not different when 
radial distances less than the radius of the cask are under consideration. Hence, the dose rates 
on the TC axis (r=O) and at r<= TC radius are applicable for both normal and accident 
conditions at "short" or relatively "closer" axial distances. Here the axial distance is the 
distance from the cask end when dose rate distribution becomes uniform (i.e., maximum and 
average dose rates are approximately the same). For the axial dose rates, this occurs at 
distances greater than 10. 0 meters. Because shielding properties on the top of the various 
coeflgurations are identical, dose rates at these axial distances are the same for various 
shielding configurations when radial distances less than the cask radius are considered. 

When the cask is ready for transfer to the ISFSL there is at least 12.1" of steel and 2. 0" of NS3 
over the top of the fuel assemblies for the 32PT DSC. The shielding of steel on top of the 61 BT 
DSC is 1.5" thinner. At the same time, primary gamma and neutron radiation sources (in the 
two energy groups that are the dominant contributors to the PGR dose rates, 1.00 to 1.33 and 
1.33to1.66 MeV) are by a/actor of ~3.1and4.8 stronger in the central compartments of the 
32PT DSC, respectively. It is established in the shielding analysis that such a difference makes 
the TC dose rates with the 32PT DSC source, bounding. Also, dose rates in Chapter MS, Table 
M5-5 are calculated with a model having the geometry depicted in Figure MS-24. The model 
uses 2.45" of NS3 but only 9. 75" of steel. The model distributes 32PT DSC design basis (DB) 
radiological sources from 1.2 kW/FA assemblies (conservatively) in 16 peripheral fuel 
compartments instead of 8 peripheral compartments at the corners of the DSC basket structural 
grid. 

This makes the. total top dose rates predicted with the shielding model of UFSAR Appendix M 
very conservative. For the OS197L TC, the dose rates on top of the cask depicted on Figure 
MS-24 and presented in Table M5-5 are bounding for the dose rates on top of the OS197L cask 
containing a 32PT DSC when radial locations bounded by the bare cask radius are under 
consideration. Therefore, dose rates on the top of the reference shielding configuration 
presented in Table M5-5 are bounding/or dose rates on the top of the OS197L containing a 
61BT or 32PT DSC with contents bounded by source terms presented in Table W.5-1 and Table 
W.5-2, respectively . 

NUH-003 
Revision 13 PageW.5-5 January 2014 I 

0 
:::: 

------ ___ _J 



• 

• 

• 

W5.2 Source Specification 

The radiological source terms are calculated with the SAS2HIORIGEN-S modules of SCALE 4.4 
[5.1] for the fuel. The computational model of the DB PWRfaelfrom Appendix M5 is directly 
utilized, as appropriate, to calculate the bounding radiological source terms due to assemblies 
in the 12 central (Zone I) and 20 peripheral (Zone 2) fuel compartments of the 32PT DSC shown 
in Figure W2-2. Similarly, the computational model of the DB BWRfuelfrom Appendix T, 
Chapter T.5, is directly utilized to calculate bounding radiological source terms for the 
assemblies in the 48 peripheral (Zone 2)fuel compartments of the 61BT DSC shown in Figure 
W2-I. The sources for the central 13 fuel compartments (Zone I) of the DSC are unchanged 
and are obtained directly from Appendix K.5, Table K.5-7. 

FQTs for various decay heat values are presented in Appendix M2, Appendix P.2 and Appendix 
U2 for PWRfuel assemblies, and Appendix T for BWRfuel assemblies. The minimum required 
cooling times in order not to exceed the desired decay heat limits were determined using the 
SAS2H\ORIGEN-S models of the corresponding DB fuel assemblies. Also, radiological source 
terms were obtained as a "side" product during the calculation for all burnup, enrichment and 
cooling time (BECT) combinations evaluated for the OSI 97L TC. Important observations 
regarding the radiological source terms and their applicability to the OSl97L TC provide the 
foundation for the determination of the bounding radiological sources. These observations are 
summarized below. 

The dosr: rates along the side of the OSl97L TC are mainly dominated by assemblies 
located in peripheral fuel compartments. This is especially true when all the fuel 
compartments contain the same radiological sources. Because of that, it is desirable to 
keep "hot" assemblies closer to the cask axis in order to minimize dose rates. 

• The PGR dose rates are dominated by the radiological sources in the 1.0 to 3.0 MeV 
energy groups. 

• 
106Rh (T112=29.8 second) and 144Pr (T112=17.3 minutes) isotopes are the major contributors 
to the intensity of the PGR source term in the 2.0 to 3.0 MeVenergy group. The 
contribution to the PGR dose rates by the sources in this energy range is more prominent at 
cooling times below 3.0 years. These isotopes are products from 106Ru (T112=1.015 years) 
and 144Ce (T112= 0. 7805 years) decay, respectively. 

• The PGR dose rate is dominated by radiological sources in the 1.00 to 1.66 MeVenergy 
range at cooling times greater than 5. 0 years. The contribution is greater than 70%. The 
intensity of the PGR source in this energy range is mainly due to the 6°Co (T112=5.27 years) 
isotope. 

• Both the intensity of the PGR source in the 1.00to1.66 MeVenergy range and its fraction 
in the total PGR source intensity are importantjor this purpose. Any of the BECT 
combinations may be selected to yield the bounding PGR source terms if the difference in 
the calculated dose rates falls within an acceptable band of I 0%. This approach is 
adequate for selecting a bounding source for assemblies in a group of fuel compartments 

NUH-003 
Revision 13 PageW.5-6 January2014 I 

...... ...... 



• 

• 

• 

whose contribution to the total dose rate is substantially less than assemblies in other 
compartments. 

• A description of shielding for the bare OS197L cask can be found in various sections of this 
chapter. Normal and accident conditions dose rate for such a shielding corifiguration is 
essentially dominated by PGR sources. Therefore, one can use, without introducing 
significant conservatism, the largest neutron radiation source among considered BECT 
combinations. 

The methodology to calculate the FQTs for the bounding BWR assemblies is described in 
Appendix K, Chapter K.5 and Appendix T, Chapter T5. The methodology to calculate the FQTs 
for the bounding PWR assemblies is described in Appendix M, Chapter M5; Appendix P, 
Chapter P.5; and Appendix U, Chapter U5. The term "bounding assemblies" means that 
radiological and decay heat sources from such assemblies are bounding/or qualified BWR and 
PWR classes of assemblies. However, these FQTs provide only minimum required cooling times 
at various burnup and enrichment combinations such that the resulting decay heat per fuel 
assembly is below a specified maximum. The difference between the reference FQT 
methodology and that employed for the OS197L TC is that one also needs to ensure that the 
resulting dose rates are below a specified maximum limit (bare cask maximum dose rate below 
10 rem/hr). Note that radiological sources at various cooling times for each decay heat FQT 
burnup and enrichment combination are also determined as part of the FQT methodology. This 
implies that the results of the SAS2HIORJGEN-S evaluations employed to determine the FQTs 
for the bounding BWR and PWRfuel assemblies for a variety of decay heat values and BECT 
combinations can be utilized for the OS197L TC evaluations. Additional observations can be 
made from radiological sources data related to the decay heat FQTs generated in these 
calculations and summarized as follows: 

• For.-alf.the burnup and enrichment combinations presented in a decay heat FQ!, the 
bounding neutron radiation source occurs at a combination at the lowest enrichment and at 
the highest burnup. This statement can be easily verified by simply looking at a set of 
neutron radiation sources relevant to any FQT presented in the above referenced 
appendices. 

• For a set of burnup and enrichment combinations with cooling times greater than a certain 
value in an FQT for a given decay heat restriction, the bounding PGR source occurs at the 
lowest enrichment, and the highest burnup and the lowest cooling time combination in that 
set. This is illustrated by the following example. 

For the 0.40 kW/PWR FA FQT presented in Appendix W.2, Table W.2-8, set the minimum 
threshold cooling time at 10. 0 years. This ensures that all the entries in the FQT can be 
included in this example. Since the minimum cooling time is greater than 5 years, the 
contribution to the total dose rates due to PGR sources are dominated by the source terms in the 
1. 00 to 1. 66 Me V energy range. The burnup and enrichment combinations with the minimum 
cooling time are selected for further evaluation thereby limiting the search to within those 
combinations with cooling times equal to 17. 5 years (minimum cooling time to ensure that the 
dose rates are below the limits). For these combinations, the maximum burnup is 24 GWd/MTU 
and the minimum enrichment is 1.1 wt. % U-235. Therefore, the radiological source associated 

, , 
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with 24 GWd/MTU and 1.1 wt. % can be considered as bounding because, (1) it has the 
strongest intensity in the 1.00 to 1.66 MeVenergy range that contributes the most to the PGR 
dose rate on the surface of the OSJ97L TC, and (2) the intensity of the PGR source in the 1.66 to 
3.0 MeVenergy range is not substantially (greater than 19%) less than the intensity in the same 
energy groups at 1.2 and 1.3 wt. % enrichments. This also illustrates that when cooling times 
are greater than 15 years (approximately 3 half-lives for Co-60), the variation in the source 
strength with enrichment is not as pronounced as it is at lower cooling times, particularly at low 
to moderate burnups. 

All the observations summarized herein are part of the methodology to determine a bounding 
radiological source and FQTs for on-site transfer. Since the bare cask dose rate is nearly 
completely dominated by the PGR source, the BECT combination resulting in the bounding 
radiologicalsource can be identified as that resulting in the highest PGR source intensity iri the 
1. 00 to 1. 66 Me V range. By placing a restriction on the dose rate at the side of the cask, one can 
search for a desired combination through successive iterations by considering the sources at 
cooling times equal to some threshold value. Based on the discussion in the previous .section, the 
bounding combination will be the highest burnup and the lowest enrichment at a cooling time 
equal to the threshold value. The !teration is terminated when the combination resulting in the 
maximum dose rate less than or equal to the dose rate limit is obtained for all the entries in the 
FQT Since the intensity of a gamma radiation source in the 1. 00 to 1. 66 Me V energy range at 
cooling times greater than 5.0 years is mostly dominated by 6°Co (T112=5.27 years) and the 
majority of the dose rate on the side of the cask is from assemblies in peripheral fuel 
compartments, the educated guess for a minimum threshold time can be easily obtained after 
calculating the maximum dose rate from any radiological source in a set of peripheral fuel 
compartments at cooling time greater than 5.0 years that is generated as a "side product" when 
determining a decay heat FQT in the various appendices referenced above. 

W5.2.1 Methodology for Determination of Bounding Radiological Source Terms 

The evaluation to obtain the bounding radiological sources can be started with identifying BECT 
combination(s) in the decay heat FQTs that result in the bare cask normal condition dose rates 
less than or equal to a predetermined limiting value of 10. 0 rem/hr. After that a trial and error 
process is .. used to prove that either the calculated BECT(s) combination results in the bounding 
dose rate or adjust cooling times in the decay heat FQTs in a manner that assures that the 
radiological sources from the BECT become bounding, as shown in the following steps: 

1. Set an MCNP model for the OSJ97L bare cask containing 32PTand 61BT DSCs. Continue 
with the next JO steps startingfrom the 32PT DSC payload of the cask. A description of the 
MCNP models is provided in Section W5.4. 7. 

2. The models should allow one to determine the contribution to the maximum dose rate on the 
side of the cask due to sources in certain groups of fuel compartments. Because of the axial 
symmetry of the canister, it is convenient to group the compartments within certain radial 
zones (in this case, two radial zones). 

3. Obtain the maximum of PGR dose rate on the side of the cask when all the fuel 
• compartments contain the same radiological sources. Start from radiological sources that 
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result in the maximum PGR dose rate greater than the desired limit. Determine groups of 
fuel compartments from which the contribution to the maximum dose rate is not significant 
in comparison with the sources in peripheral compartments. Quantify their contribution. 
Such compartments can be designated to hold the "hotter" radiological sources. 

4. A contribution to the maximum dose rate on side of the cask due to sources in peripheral 
fuel compartments is also identified by this point. Estimate the intensity of the PGR source 
term strength in the I. 00 to I. 66 Me V range that is needed in order not to exceed the 
desired dose rate limit. Use an exponential decay formula with a decay constant relevant to 
6°Co (T112=5.27 years) to estimate the change in source term intensity as a function of 
cooling time. 

5. Find a burnup enrichment and cooling time combination in existing decay heat FQTs that 
have intensity of the PGR source in the I.00 to I.66 MeVrange that is the closest and 
bounded by the intensity evaluated in step 4. 

6. . °Include the source terms in the MCNP models set up in step I. Calculate the maximum dose 
rate value. 

7. If the maximum dose rate obtained in step 6 is greater or substantially lower than the 
desired limit, repeat steps 4 through 6. Otherwise, proceed with the next step (step 8). 

8. An acceptable BECT combination for assemblies in the peripheral fuel compartments 
generating sources resulting in dose rates on the side of the cask below the desired limit at 
the normal conditions is achieved by this step. Since the dose rate near the OSI 79L bare 
cask is nearly entirely dominated by the PGR source, it is conservative to use the absolute 
bounding neutron radiation source. That source occurs at the lowest enrichment and the 
highest burnup when considering BECT combinations relevant to decay heat FQTs of the 
appendices mentioned in the introduction to Section W.5.2. 

9. Utilize the neutron and the PGR source obtained so far and repeat steps 6 and 7 until the 
maximum of the total (due to neutron and gamma radiation) dose rate on the side of the 
cask is below the desired limit. Then, proceed with the next step (step I OJ. Note, when 
dealing with the OSI97L TC containing a 6IBT DSC, ensure that the maximum dose rate is 
bounded by that obtained while performing a similar qualification of the radiological 
.s.ou.rces for the OSI 97L TC containing a 32PT DSC. 

IO. The intensity of the PGR source in the I.00 to I.66 MeVenergy range at the bounding 
BECT combination for assemblies in peripheral fuel compartments that result in (when 
combined with the bounding neutron source) dose rates on the side of the cask below the 
desired limit is establishedat this stage. 

I I. Consider the BECT combinations that are intended for assemblies in peripheral fuel 
compartments. Adjust, if necessary, cooling times for burnup and enrichment combinations 
that generate greater intensity of the PGR source in the I.00 to I.66 MeVenergy range than 

• the bounding source obtained by step I 0. 
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A similar sequence of steps is used for the OS197L TC bare cask configuration containing a 
61BT DSC. . 

Finishing step 11 completes an adjustment of cooling times in select decay heat FQTs. The 
adjusted FQTs are referred to as the transfer FQTs. They assure that both the decay heat limit 
and a restriction for the maximum dose rate on the side of the OS197L bare cask at normal 
condition of transfer are satisfied. The decay heat FQTs are adjusted in such a manner that the 
maximum of the total dose rate on the surface of the OS197L bare cask containing a 32PT DSC 
is bounding for the cask containing a 61BT DSC at normal conditions of transfer. Therefore, the 
payload of the cask for the bounding shielding evaluation and the bounding radiological sources 
are identified. Also, normal conditions of transfer dose rates for the OS197L bare cask shielding 
configuration are calculated for 32PT and 61 BT payloads after completion of step 9. 

Note, in general, that there are plenty of options for an arrangement of radiological sources 
within fuel compartments of the DSCs contained in the cask that would result in the dose rates 
below the desired limit. This shielding analysis investigates the arrangement of the sources 
within fuel compartments grouped in two radial zones. It is assumed that loading of the radial 
zones is uniform, i.e., all the decay heat and radiological sources within each zone are the same. 

Numerous iterations employing the MCNP models mentioned in step 1 above determined that the 
arrangement of fuel assemblies as shown in Chapter W.2, Figure W.2-1 for the 61BT DSC and 
Chapter W.2, Figure W.2-2for the 32PT DSC result in maintaining the maximum dose rate on 
the side oj the bare cask below the 10 mrem/hr limit under normal conditions. The fuel . 
assemblies shown as Zone 1 in these figures are limited to a maximum decay heat of 0. 60 kW/FA 
for the 32PT DSC and 0.30 kWIFAfor the 61BT DSC. The fuel assemblies shown as Zone 2 in 
these figures are limited to a maximum decay heat of0.40 kW/FA for the 32PT DSC and 0.17 
kWIFAfor the 61BT DSC. 

The minimum required cooling times shown in Table W.2-4 ensure that the decay heat.from Zone 
1 FAs does not exceed the limit of0.30 kW/FA for the 61BT DSC. The minimum required 
cooling times shown in Table W.2-5 ensure that the decay heat.from Zone 2 FAs does not exceed 
the limitof0.17 kW/FAfor the 61BT DSC. 

The minimum required cooling times shown in Table W.2-7 ensure that the decay heat.from Zone 
1 FAs does not exceed the limit of0.60 kW/FAfor the 32PT DSC. The minimum required 
cooling times shown in Table W.2-8 ensure that the decay heat.from Zone 2 FAs does not exceed 
the limit of0.40 kW IF A for the 32PT DSC. 

Note that neutron shielding material on the side of the cask is assumed lost during accident 
conditions. Since implementation of the methodological steps in the current section results in 
bounding primary gamma and bounding neutron radiation sources, these are also bounding for 
accident conditions of transfer . 
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W.5.2.2 Primary Gamma and Neutron Source Terms 

The major contributors to the PGR source due to LWRfuel assemblies as well as uncertainties in 
calculating the intensity of the source are identified in Section P.5.2.1.3, Section T.5.2.1.2 and 
Section U5.2.1.3. 

W.5.2.2.1 1
- Bounding Radiological Sources for FAs in 12Zone1 Fuel Compartments ofthe 

32PTDSC 

The radiological source terms are calculated when preparing the 0. 60 kW/FA decay heat FQT in 
Table W.2-7. These radiological sources at cooling times greater than or equal to 5. 0 years are 
employed for further analysis. Based on the discussion in the introduction to Section W.5.2 it is 
identified that the bounding source occurs at a burnup of 20 GWd/MTU, an enrichment of 1.1 
wt. % U-235 and a cooling time of 5. 0 years. As can be observed from intensities, PGR source 
term.from such a BECT combination are bounding because they yield the highest intensity in the 
1.66 to 3.0 MeVrange, and intensities in the 0.8 to 1.66 MeVrange are approximately 3% lower 
than the absolute maximum of the PGR source intensity in that energy range. As stated in 
Section W.5.2, bullet item 4, the PGR source in the 1. 00 to 1. 66 Me V range contributes 
significantly to the PGR dose rate at cooling times greater than 5.0 years. The "weight" of the 
1. 0 to 1. 66 Me V energy range in the total intensity of the PGR source is the largest at a burnup 
of25 GWd/MTU, an enrichment of 1.1 wt.% U-235 and a cooling time of6.4 years. The 
absolute maximum of the total intensity of the PGR source, 3.33e+ 15 gammas per second per 
assembly, is at a burnup of25 GWd/MTU, an enrichment of 1.6 wt. % U-235 and a cooling time 
of 6. 0 years. The intensities of the PGR source in the most important energy groups are not very 
different for assemblies in the burnup range of 20 to 25 GWd/MTU,enrichment range of 1.1 to 
1.9 wt. % U-235 and cooling times in the range of 5.0 to 6.5 years. Sensitivity MCNP runs 
showed-that Zone ]·compartments with these sources contribute about 500 mremlhr to the 
maximum dose rate on the surface of the bare OSJ97L TC containing a 32PT DSC. 
Radiological sources.from 0.60 kW/FA assemblies are intendedfor Zone 1 fuel compartments in 
the 32PT DSC. Therefore, the choice of the exact BECT combinations to determine the 
radiological source terms for Zone 1 locations does not significantly affect the dose rates. 
Therefore, a hybrid source is utilized for Zone I locations. Intensities and spectrum of the PGR 
source in the bottom nozzle, plenum, and top nozzle are due to fuel assemblies with a burnup of 
25 GWd/MTU, an enrichment of 1.6 wt. % U-235 and a cooling time of 6.0 years. Intensity of 
the source in the in-core region is also due to the same combination but the spectrum is 
conservatively "hardened" by assigning the fraction of the total source intensity at 2. 0-2. 5 Me V 
energy range obtained.from a fuel assembly with a burnup of20 GWd/MTU, an enrichment of 
1.9 wt.% U-235 and a cooling time of 5.0 years. When used in MCNP calculations, this 
hardening decreases the frequency of the radiological source spectrum sampling in the most 
important energy range, J. 00-1. 66 Me V, by 0. 03% while increasing the sampling frequency of 
the 2.0-2.5 MeVenergy range by 5 times. Therefore, the "hardened" spectrumfor the incore 
region, the region which essentially dominates dose rates at various radial distances from the 
side of the cask, is bounding. 

The combined intensity of the PGR "hybrid" source.from all the axial exposure regions is 
3.34e+ 15 gammas per second per assembly. As mentioned in Section W.5.2, bullet item 8, the 
bounding rieutron source is due to a BECT combination at the lowest enrichment and the highest 
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burnup when considering a set of the BECTs represented in the decay heat FQT This source is 
due to a fuel assembly with a burnup of 45 GWd/MTU, an enrichment of I.I wt. % U-235 and a 
cooling time of 27.2 years. Its intensity is 6.86e+8 neutrons per second per FA. The source 
terms are summarized in Table W5-I. These source terms are bounding for the 32PT DSC DB 
fuel assemblies for loading in Zone I (Figure W2-2) with an initial loading of0.475 MTU 

The decay heat due to the fuel assembly parameters employed in the PGR source term 
calculations is 571 watts. The decay heat due to the fuel assembly parameters employed in the 
neutron source term calculations is 597 watts. 

W5.2.2.2 Bounding Radiological Sources for FAs in Zone 2 Fuel Compartments ofthe 32PT 
·Dsc 

The radiological source terms were generated when preparing the 0.40 kW/FA decay heat FQT 
in Table W2-8. An iterative process was employed to determine the minimum cooling time of 
17.5 years for the Zone 2fuel assemblies. This ensures that the maximum total dose rate on the 
side of the OSI 97L TC containing a 32PT DSC is below the limit of I 0 rem/hr. 

The fuel assembly with a burnup of29 GWd/MTU, an enrichment of 5.0 wt.% U-235 and a 
cooling time of 17. 5 years results in source terms with the largest PGR source intensity and the 
largest fraction of the PGR source intensity in the 1.66 to 2.50 MeVenergy range. The fuel 
assembly with a burnup of29 GWd!MTU, an enrichment of I.I wt.% U-235 and a cooling time 
of 19.3 years results in source terms with the largest fraction of the PGR source intensity in the 
1.00 to 1.66 MeVenergy range. Even though the total intensity of the PGR source intensity of 
this BECT combination is 21% lower than that of the previous combination, the intensity in the 
1.00 to 1.66 MeVenergy range is 35% higher. Therefore, this combination can be considered as 
resulting in the bounding PGR source for FAs in the peripheral fuel compartments. To provide 
more assurance that this combination provides the bounding PGR source, the spectrum in the in
core region is artificially hardened by employing the larger fraction of the total source intensity 
in the 1.66 to 2.5 MeVenergy range from the 29 GWd/MTU, 5.0 wt.% and 17.5 years 
combination. When used in MCNP calculations, this hardening decreases· the frequency of 
radiological source spectrum sampling in the most important energy range, I. 00 to 1.66 Me V, by 
0.002% while doubling the samplingfrequency in the 1.66 to 2.5 MeVenergy range. Therefore, 
the "hardened" spectrum for the in-core region, the region which essentially dominates dose 
rates at various radial distances from side of the cask, is bounding. 

The combined intensity of the PGR "hybrid" source from all the axial regions is I. 724e+ 15 
gammas per second per assembly. As mentioned in Section W5.2, bullet item 7, the bounding 
neutron source is due to a BECT combination at the lowest enrichment and the highest burnup 
when considering a set of the BECTs represented in the decay heat FQT This source is due to a 
fuel assembly with a burnup of 45 GWd/MTU, an enrichment of I.I wt.% U-235 and a cooling 
time of 47.3 years with an intensity of 3.34e+8 neutrons per second. However, it is slightly, 
-1%, lower than the intensity (3.37e+8 neutrons per second) of the fuel assembly at a burnup of 
44 GWd/MTU, an enrichment of I.I wt.% U-235 and a cooling time of 45.I years. This 
difference is within the uncertainty of the SAS2H\ORIGEN-S sequence of the SCALE [5.1} 
package for calculation of radiological source terms, however the higher source term is 
employed as bounding . 
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The source terms for the DB fuel assembly for the 32PT DSC with an initial loading of0.475 
MTU are summarized in Table W.5-1. As stated in Section W.5.2, bullet item 4, the dose rate 
near the OSI 97L TC is largely dominated by the PGR source and the dose rate due to that 
source is mostly contributed to by the I. 00-1. 66 Me V energy group. The intensity of the PGR 
source at 29 GWd/MTU, I.I wt.% and 19.3 years combination BECTin this energy group is 
4.572E+ 13 gammas per second per FA. To assure that sources in Table W.5-1 are bounding for 
assemblies designated as Zone 2 in Figure W.2-1, cooling times for 0.40 kW/FA decay heat FQT 
presented in Table W.2-8 are adjusted such that the intensity of the PGR source terms in the 
1.00-1.66 MeVenergy range for all the BECTcombinations does not exceed 4.572E+ 13 
gammas per second per FA. Such an adjustment in the cooling times affects combinations with 
burnups less than or equal to 28 GWd/MTU Adjusted cooling times are shown in Table W.2-8. 

In summary, the bounding PGR source for the 20 Zone 2 locations within the 32PT DSC is based 
on a 32PT DB FAs with 0.475 MTU at a burnup of29 GWd/MTU, an enrichment of I.I wt. % U-
235, with a cooling time of 19.3 years generating 0.398 kW/FA of decay heat. However, the 
spectrum in the in-core region is artificially hardened by assigning a larger fraction to the 
intensity .in the 1.66 to 2.5 Me V energy range (corresponding to a fuel assembly with a burnup of 
29 GW d!MTU, an enrichment of 5. 0 wt. % U-235, and a cooling time of 17. 5 years). The SAS2H 
input file for the in-core region at a burnup of 29 GWd/MTU and an enrichment of I.I wt. % U-
235 is included in Section W.5.6.1. 

W.5.2.3 Bounding Radiological Sources for FAs in Fuel Compartments of61BT DSC 

As mentioned in Section W.5.2.1, the dose rates on the side of the bare OSl97L TC do not exceed 
the limit of JO rem/hr when the central fuel compartments (designated as Zone I in Figure 
W.2-1) contain 61BT DSC DB sources if the peripheral fuel compartments (designated as Zone 2 
in Figure W.2-1) contain radiological sources.from assemblies generating less than 0.17 kW/FA. 

The DB gamma radiation source terms are based on 2 7 GW d!MTU burnup, an initial 
enrichment of2.00 wt.% and a 5 years cooled 6JBT DB BWR assembly. The source terms are 
shown in Table K.5-7 of the UFSAR and replicated in Table W.5-2. The DB neutron source term 
strength is l.427e+8 neutrons per second per assembly. It is due to 35 GWd/MTU burnup, an 

I 

initial enrichment of 2. 65 wt. % and an 8 years cooled DB fuel assembly. The MCNP built-in 
Cm-244 fission spectrum is utilized in the MCNP models for the current analysis. 

Fuel qualification for 61BT FQT for Zone I assemblies is provided in Chapter W.2, Table W.2-4 
(identical .to that shown in Appendix K, Table K.2-11). It was determined through multiple 
iterations that radiological sources in fuel compartments designated as Zone 2 in Figure W.2-1 
due to 40 GWd/MTU, 1.8 wt. % and 37.0 years cooled (DB BECT) assemblies result in dose 
rates on the side of the OSI 97L TC below I 0. 0 rem/hr when the Zone I fuel compartments 
contain 6JBT design basis radiological source terms. On the other hand, the largest cooling 
time in the 61 BT DSC FQT based on the decay heat restriction is 16. 0 years and is due to a fuel 
assembly with a burnup of 40 GWd/MTU and an enrichment of 1.8 wt. % U-235. To assure that 
radiological source.from DB BECT is bounding for the 48 Zone 2fuel compartments of the 61BT 
DSC, cooling times in Table W.2-4 are adjusted. The adjustment is implemented in such a 
manner that the intensity of the PGR source in the 1.0-1.66 MeVenergy range is bounded by the 
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corresponding intensity at DB BECT, 3.118E+ 12 gamma/(sec*FA). Adjusted cooling times are 
shown in Chapter W.2, Table W.2-5. 

The bounding radiological source terms for the Zone 2 locations of the 61BT DSC used in the 
shielding evaluation are shown in Table W.5-2. Note that the neutron radiation source 
corresponds to 35. 0 years of cooling, not 3 7. 0 years. Since the dose rate is dominated by the 
PGR source, this adds additional conservatism in the evaluated dose rates. 

The SAS2H input file for the in-core region at a burnup of 40 GWd/MTU and an enrichment of 
1.8 wt. % U-235 is included in Section W.5.6.2. 

W.5.2.4 Spectral Distributions o(Neutron Source Terms and the Main Contributors 

The major contributors to the neutron radiation source.from LWR FAs as well as uncertainties 
in calculating the intensity of the source are identified in Section P.5.2.2, Section T.5.2.2 and 
Section U5.2.2. 

The fixed source spectrum in MCNP is assumed to follow a 244 Cm spontaneous fission spectrum 
for all of the calculations in this chapter. This approach to neutron dose rate calculations is 
identical to that employed in Appendix P, Section P.5.2 for the MCNP dose rate evaluation of 
the 24PTH DSC. It is based on the following relationship: 

p(E) ~ exp(-E/a)sinh(bE/12 

The input parameters: a=0.906 Me V and b=3.848 Me V 1
, as given in the MCNP manual Volume 

I (Appendix H) [5.2}. 

W.5.2.5 Axial Peaking 

The axial peaking factors for both neutron and gamma sources in PWRfuel utilized herein are 
directly obtained.from those utilized in the 32PT DSC shielding evaluation. These factors are 
shown in Appendix M, Table M5-15. 

The axial peaking factors for both neutron and gamma sources in B'WRfuel are provided as a 
function of active fuel height in Appendix K, Section K.5.2.3. The same peaking factors are used 
in the MCNP analysis presented herein. These factors are directly applied to MCNP source 
input for the fuel region. More details about treatment of the peaking/actors in the MCNP 
models are provided in Section T.5.2.3. 

W.5.3 Material Densities 

The material masses given in Appendix M, Table M5-6 for the fuel are used to calculate 
materiai densities for in-core, plenum, top, and bottom regions of fuel assemblies inside. the 
32PT DSC. The material densities utilized in the MCNP calculations are shown in Appendix M, 
Table M5-19 . 
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The material masses given in Appendix T, Table T. 5-6 for the fuel are used to calculate material 
densities for in-core, plenum, top, and bottom regions of fuel assemblies inside the 6JBT DSC. 
The material densities utilized in the MCNP calculations are shown in Appendix T, Table T.5-19. 

Densities for miscellaneous materials like air, water, aluminum, carbon steel, stainless steel, etc. 
are obtained,Jrom Appendix M, Table M5-16. 

W5.4 Shielding Evaluation 

Dose rate contributions from the bottom, in core, plenum and top regions, as appropriate, from 
fuel assemblies in 32PT and 61 BT DSCs within the OSI 97L TC are calculated with the MCNP 
Code [5.2} at various locations on and around the various evaluated shielding configurations. 

The following shielding evaluation discussion specifically addresses the NUHOMSID 32PT and 
6JBT DSC in an OSJ97L TC using the design-basis source terms described in Section W5-2. 

W5.4.1 Computer Program 

MCNP [5.2} is a general-purpose Monte Carlo N-Particle code that can be used for neutron, 
photon, electron, or coupled neutron/photon/electron transport. The code treats an arbitrary 
three-dimensional configuration of materials in geometric cells bounded by first- and second
degree surfaces and some special fourth-degree surfaces. Pointwise (continuous energy) cross
section data are used. For neutrons, all reactions given in a particular cross-section evaluation 
are accounted for in the cross section set. For photons, the code takes account of incoherent 
and coherent scattering, the possibility of fluorescent emission after photoelectric absorption, 
absorption in pair production with local emission of annihilation radiation, and bremsstrahlung. 
Important1standardfeatures that make MCNP very versatile and easy to use include a powerful 
general source, an extensive collection of cross-section data, and an extensive collection of 
variance reduction techniques that can be employed to track particles through very complex 
deep penetration problems. MCNP was employed to take advantage of its mesh tallies 
capabilities in calculating dose rates distributed over the surface of the TC. 

W5.4.2 Spatial Source Distribution 

The source components are: 

• The neutron sources due to the active fuel region, 

• The gamma source due to the active fuel region, 

• The gamma source due to the plenum, 

• The gamma source due to the top region, and 

• The gamma source due to the bottom region. 

Axial peaking is accounted for in the active fuel region by inputting an axial shape, as discussed 
in Sf!ction, W5.2.5 . . 
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W.5.4.3 Cross-Section Data 

The cross-section data used is the continuous energy END FIB-VI provided with the MCNP code 
[5.2}. The cross-section data allows coupled neutron/gamma-ray dose rate evaluation to be 
made to account for secondary gamma (n,y) radiation. All of the OS197L TC dose rate 
calculations account for the dose rate due to secondary gamma radiation. 

W.5.4.4 Flux-to-Dose-Rate Conversion and MCNP Tallies 

The flux distribution calculated by the MCNP code is converted to dose rates using flux-to-dose 
rate/onversionfactors.from ANSJ/ANS-6.1.1-1977 [5.4] given in Appendix P, Table P.5-19. 
The same flm-to-dose rate conversion factors have been employed in the 32PT and 61 BT 
shielding analysis with the OSI 97 TC documented in Appendix M5 and K.5, respectively. 

Dose rates are computed at various distances from the cask in various shielding configurations 
described in Section W.5.1.2. Mesh tallies calculate neutron, primary and secondary gamma 
radiation dose rate distributions at various distances from the side and ends of the 
configurations. Cylindrical and rectangular mesh types are used. Locations of mesh nodes are 
defined either in cylindrical or rectangular Cartesian coordinate systems. 

The rectangular mesh tallies are employed to obtain dose rate distributions at various horizontal 
distances from the side of the shielding configurations corresponding to the cask on a trailer 
platform. The Z-axis of the rectangular coordinate system is along the cask axis. The X-axis is 
on an imaginary plane through the cask axis and trunnions, perpendicular to the cask axis. The 
XZ plane is a horizontal plane and the Y axis runs in vertical elevation when the cask is in the 
transfer position. Rectangular (Z-Y,! mesh tallies are used to calculate spatial distributions over 
5. 5 11 thick shielding plates on the trailer skid side and down to the ground below the trailer. Y=O 
corresponds to the TC axis. The surface of the JSFSI concrete pad or ground level is at Y= -
263.91 cm. Y=-140.08 cm corresponds to the bottom of the 5.5 11 thick shield plate along the TC 
side on the trailer and Y=-157.23 cm is related to the top of the 0.25 11 thick plate on top of the 
traifer. There are three distinct Y regions for segmentation: (1) [O -14 0. 08} cm- along the 5. 5 11 

thick plate on,the side of the trailer skid; (2) [-140.08, -157.23} cm, just over the 6. 75 11 wide gap 
between the bottom of the 5.5 11 thick plate along the TC side and the top of the 0.25 11 thick plate 
on the top of the trailer platform (see Figure W.5-5); (3) [-157.23, 263.91] cm slightly over the 
42" wide clearance between the top of the trailer platform and the surface of the ISFSI concrete 
pad. 

Because the dose rate around the cask is the highest along the cask side, the cylindrical 
(angular-axial) mesh tallies along the side of the cask between its ends were also employed. The 
cylindrical (angular-axial) mesh is used for determining the dose rate distribution along the cask 
side between the ends at various radial distances from the side. The Z axis of the cylindrical 
coordinate system coincides with the cask axis. The axial coordinates of the mesh nodes are 
measured from the bottom end. The axial distance between nodes of the cylindrical mesh is 
about 30 cm. The angular coordinate is measured in counter-clockwise direction.from an 
imaginary plane through the cask axis and trunnions, which is the XZ plane in the rectangular 
coordinate system . 
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A set of mesh tallies with various segmentation is used The fine segmentation is used for dose 
rates at close distances and the regions where radiation streaming is expected. A segment size 
for the fine segmentation is about 30x30 cm but even finer Y segmentation, about 8 cm, is used 
for the Yregionjust over the 6. 75"wide gap between the bottom of the 5.5" thick plate along the 
TC side and the top of the 0.25" thick plate on top of the trailer platform. When the distance 
from the side increases, the dose rate distributions become uniform. One can use coarse or no 
segmentation at all. This is true for distances beyond 50.8 meters. 

W.5.4.5 Methodology 

The MCNP computer code was utilized to analyze shielding performance of the cask in various 
shielding configurations. MCNP allows for explicit 3-D modeling of any shielding and source 
configuration. The methodology used herein is summarized below. 

I. Sources are developedfor all fuel regions using the source term data described in Section 
·_,W.52 Source-regions include the active fuel region, bottom endfitting (including all 

materials below the active fuel region), plenum, and top endfitting (including all materials 
above the plenum region). 

2. Suitable shielding material densities are calculated for all regions modeled. 

3. The 3-D Monte Carlo code MCNP is used to calculate dose rates on and around the 
OSI 97L TC loaded with the bounding, from a shielding standpoint, fuel and DSC designs . 
The MCNP code is selected because of its ability to handle thick, multi-layered shields and 
account for streaming through the TC/DSC annulus and TC neutron shielding using 3-D 
geometry. 

4. MCNP results are used to calculate occupational and offsite exposures (see Chapter W. I 0). 

5. MCNP models are also generated to determine the effects of off-normal and accident 
scenarios, such as loss of cask neutron shield and the support skid supplemental shielding 
for the OSI 97L TC. 

6. The relative error in the total dose rate is calculated using the square root of the sum of the -
§quares method as shown below: 

: '()(n+;)·=/((jn*Dn/ + (()y*D//2/(Dn +Dy) 

where 

(Jn and ()y are the MCNP calculated relative errors in the neutron and gamma dose rates, 
respectively, and ()(n+y) is the relative error in the total dose rate 

Dn and Dy are the MCNP calculated neutron and gamma dose rates, respectively, and (Dn + 
Dy) is the calculated total dose rate 
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W.5.4.6 Assumptions in MCNP Calculations 

The following general assumptions are used in the analyses. Some of these assumptions are 
generic in nature and are similar to those employed to calculate the dose rates with systems in 
Appendix P, T and U 

W.5.4.6.1 Source Term Assumptions 

• The primary neutron source in LWR spent fuel is the spontaneous fission of244Cm. For the 
ranges of exposures, enrichments, and cooling times in the fuel qualification tables, 244Cm 
represents more than 85% of the total neutron source. The neutron spectrum is, therefore, 
relatively constant for the fuel parameters addressed herein and is assumed to follow the 
244Cmfission spectrum provided in Section W.5.2.4. 

• Due to large cooling times.from a fuel qualification standpoint, the BECT combinations 
with bounding intensity of the PGR source in the 1.00-1.66 MeVenergy range provide for 
the design basis source terms. 

• Surface gamma dose rates are calculated for the TC surfaces using the actual photon 
spectrum applicable for each case. 

W.5.4.6.2 OS197L TC Dose Rate Analysis Assumptions 

• The 32PT and 61BT DSC models in MCNP include features like the basket structure and 
fuel compartments of the 61 BT and 32PT DSCs and solid aluminum peripheral rails for the 
32PT DSC 

• The borated neutron absorber sheets are modeled as aluminum. 

• Axial peaking factors assumed as described in Section W.5.2.5. 

• Fuel is homogenized within the fuel assembly perimeter, although the baskets of the DSCs 
are modeled explicitly. 

• Axial dose rates during normal conditions of operation are discussed in Section W.5.1.3. 
The results with the OSl 97 TC are bounding to the OSl 97L TC because there is no change 
in the axial shielding design in the OSl 97L TC compared to the OSl 97 TC In addition, the 
axial dose rates calculated with the OSl 97 TC are due to stronger radiological sources and 
include conservatism in the determination of OSl 97 TC dose rates using the 32PT and 
61BT DSCs. 

• All nprmal condition operations require water to be present in the neutron shielding. All 
calculations under normal conditions are performed with a water-filled neutron shield. 
Dose rate results (if any) calculated with a dry neutron shield are therefore conservative. 

• For the design basis accident case, the cask neutron shield (water) along with the support 
skid supplemental shielding is assumed to be lost . 
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W.5.4. 7 Summary o(the Calculational MCNP Models 

Explicit computational models containing a 32PT DSC for various shielding configurations are 
utilized. A computational model for the bare cask containing a 6IBT DSC is also developed. 
The MCNP model of the 6IBT DSC is taken directly from the MCNP model used for the . 
bounding shielding evaluation in Section T.5. The numbering convention for cells, surfaces, and 
materials was modified to that used in MCNP models for the 32PT DSC. Dose rates from the 
bare cask containing the 32PT DSC were also calculated. Because dose rates at radial 
distances greater than I 0. 0 meters are low, dose rates from these two sets can be used as a 
conservative representation of the radiation field around various shielding configurations 
described in this chapter. The radial dose rate results for the bare cask configuration 
containing the 32PT DSC are bounding/or the 6IBT DSC except at locations near the top of the 
TC. This is inferred by comparing the dose rates shown in Tables W.5-8 and W.5-I I at axial 
distances greater than 500 cm. This is due to the differences in the basket design between the 
6IBT and the 32PT DSCs. However, for all configurations where the maximum dose rates are 
employed/or comparison, the dose rates calculated with the 32PTremain bounding. Where 
appropriate, the results of shielding calculations with both the 6I BT and 32PT DSCs are 
described. 

The following is a summary of the various MCNP models utilized to obtain the results for the 
various loading and transfer configurations. All the models employ quarter-symmetry except 
those which model the OSI97L TC in the trailer prior to placement of the top trailer shield 
where a half-symmetry model is employed. A brief description of the various shielding 
configurations evaluated herein is provided in Figure W.5-I. The basket and source layout 
geometry for the quarter-symmetry MCNP models are based on sketches shown in Figure W. 5-I, 
Figure W2-l and Figure W.2-2. The bare cask model includes models of both 32PT and 6IBT 
DSCs. Bounding radial dose rates for other shielding configurations are calculated using 
considerations presented at the end of Section W.5.I.I. All the dose rate results shown are 
radial dose rates unless explicitly specified as axial. For most configurations of loading and 
transfer the axial (ends of the TC) dose rate results from the OSI 97 calculations are directly 
applicable. The dose rate results as a function of distance for various shielding configurations 
of the OSI97L TC are also shown in Figure W.5-2. The various shielding configurations for 
which the dose rates are determined are described below. 

I. OSI97 TC under normal conditions with water in the neutron shield using the MCNP 
calculational methodology. The results for this case are shown in Table W.5-3 in the row 
corresponding to the OSI97 TC transfer cask configuration (Case #3-2). Dose rates are 
due to 32PT DSC design basis radiological sources. The results for this configuration 
illustrate the conservatism inherent in the results documented for the 32PT DSC in the 
UFSAR (Case #3-I). 

2. OSI 97L TC without any supplemental shielding and with water in the neutron shield. The 
DSC is assumed to be dry. This configuration is expected during the remote handling 
operations when the cask is lowered into the transfer trailer from the decontamination area 
cask shield after the DSC welding and sealing operations. The summary results are shown 
in Table W.5-3 in the row corresponding to the OSI97L TC bare cask transfer cask 
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configuration (Case #3-3). Detailed results for this case are shown in Table W.5-6for the 
32PT DSC and Table W.5-9 for the 61BT DSC. 

3. OSI 97L TC without any supplemental shielding and without water in the neutron shield. 
This configuration conservatively bounds that expected during the remote handling 
operations when the cask is lowered into the transfer trailer during accident conditions. 
The summary results are shown in Table W.5-4 in the row corresponding to the OSl97L TC 
bare cask transfer cask configuration (Case #4-5). The radial dose rate results for this case 
we~shown in Table W.5-7 for the 32PT DSC and Table W.5-IOfor the 61BT DSC. The 
axial dose rate results for this case are discussed in Section W.5.1.3 and geometric 
locations for axial dose rate calculations are shown in Figure W.5-3. 

4. Corifiguration is similar to 3, above, except that both the inner and outer liners of the 
neutron shielding are absent. This configuration provides for the worst case accident for 
shielding purposes. The results for this case can be inferred from Table W.5-4, using the 
first note under the table. 

5. OSI 97L TC with 2. 5 inches of supplemental shielding and no water in the neutron shield 
during accident conditions. The maximum of neutron, gamma and total dose rate on the 
side surface of this configuration are bounded by 1466, 540 and 1543 mrem/hr, 
respectively. The summary results are presented in Table W.5-4 in the row corresponding 
to the OSl97L TC (with supplemental inner top trailer shielding only) transfer cask 
corifiguration (Case #4-4). The axial dose rates for this corifiguration are discussed in 
Section W.5.1.3. Geometric locations for axial dose rate calculations are shown in Figure 
W.5-3. 

6. OSI 9 7L TC with the inner top supplemental trailer shielding (2. 5 inches of shielding in the 
top and 5. 5 inches of shielding in the side of the trailer) only and water in the neutron shield 
. (s.ee the "Section B-B" view of Figure W. 5-5). The calculational model does not consider 
any shielding beneath the cask in the horizontal orientation except for the trailer platform 
(see notes 3 and 4 for Table W.5-3). This configuration is expected prior to the installation 
of the additional 3 inches of the outer top supplemental trailer shielding prior to the 
commencement of transfer operations. The MCNP model details including geometrical and 
material descriptions are shown in Figure W.5-5. The summary results are shown in Table 
W.5-3 in the row corresponding to the OSl97L TC (without the outer top supplemental 
trailer shielding) transfer cask corifiguration (Case #3-5). The results that bound this case 
are shown in Table W.5-12. The bounding axial dose rate results applicable for this 
configuration are discussed in Section W.5.1.3. 

7. OSl97L TC with 5.5 inches of supplemental trailer shielding and with water in the neutron 
shield. This is the transfer configuration under normal conditions and bounds that during 
decontamination operations since credit is taken for 5. 5 inches of supplemental shielding 
instead of 6. 0 inches for the decontamination area cask shield. The summary results are 
shown in Table W.5-3 in the row corresponding to the OSl97L TC (with decontamination 
area cask or supplemental trailer shielding) transfer cask corifiguration (Case #3-4). The 
results for this case are shown in Table W.5-13 . 
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8. Con.figuration is similar to 7, above, except that there is no water in the neutron shield. 
This represents a loss of neutron shielding accident during transfer operations with the 
support skid supplemental shielding present. The maximum of neutron, gamma and total 
dose rate on side surface of this con.figuration are bounded by 727, 134 and 791 mrem/hr, 
respectively. The summary results are presented in Table W.5-4 in the row corresponding 
to the OSI 97L TC (with supplemental inner and outer trailer shielding) transfer cask 
configuration (Case #4-3). 

The MCNP model to determine the dose rates shown in Table W.5-13 and Table W.5-14 are 
based on a geometry shown in the "Section B-B" view of Figure W.5-5. Three different dose 
rate distributions are obtained depending on the location of the dose rate tallies as described in 
Section W.5.4.4. 

Radial dose rates calculated at an elevation near the cask axis provide an estimate of the dose 
rate,distdl;m(ion representative of the con.figuration with the inner top trailer shielding installed. 
These dose rates are also compared to the dose rates from a simplified model (results shown in 
Table W.5-12) in Figure W.2-1 (curve #2 and curve #3). This comparison indicates that the 
simplified model is sufficient for this purpose. 

Radial dose rates calculated at an elevation below the cask axis and above the bottom of the skid 
platform provide an estimate of the dose rate distribution representative of the con.figuration 
with the inner and outer top trailer shielding installed. These dose rates are shown in Table 
W.5-13 . 

Radial dose rates calculated at an elevation between the top of the concrete ISFSI pad and the 
bottom of the skid platform provide an estimate of the dose rate distribution representative of the 
con.figuration with the inner and outer top trailer shielding installed. The dose rate distribution 
at this elevation is not significantly dependent on the outer top trailer shielding. Therefore, the 
MCNP model employed for this purpose is appropriate. These dose rates are shown in Table 
W.5-14. 

Note that the bounding radial dose rates for the shielding con.figurations with water in the 
neutron shield are also plotted on Figure W.5-2 and discussed in Section W.5.1.2. The MCNP 
neutron input file for the 61 BT DSC in the bare cask con.figuration is included in section 
W.5.6.3;. The MCNP gamma input.file for the 32PT DSC in the transfer trailer con.figuration is 
included in Section· w. 5. 6. 4. · 

W.5.4.8 Normal Condition Models 

Various MCNP models are developed to perform the shielding evaluation of the 32PT DSC in 
the OSJ97L TC. Normal conditions include the 32PT DSC, the OS197L TC with the water filled 
neutron shield and 5. 5 inches of supplemental trailer shielding. Due to the capability of 
modeling complex geometry in 3-D, several modeling conservatisms, originally employed in the 
2-D DORT calculations (Section M5 for 32PT DSC) are eliminated. However, the conservative 
estimates for axial end dose rates are still employed as discussed in Section W.5.1.3. The 
resulting MCNP model is also employed to determine the dose rates on and around the OS197 
TC for comparison. These results are shown in Table W.5-3 (Case #3-1); see rows marked 
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• "UFSAR (Table M5-5 and Section MI I.2.5.3)" and "OSI97 TC." The computational models 
with the OSI 97L TC are described in the subsequent sections. 

The neutron shield remains filled at all times and therefore any configuration involving an empty 
neutron shield is considered an accident condition. 

W.5.4.8.I 32PT DSC in OSI 97L TC 

Two three-dimensional MCNP models with quarter-symmetry are employed for shielding 
analyses of the 32PT DSC within an OSI 97L TC, one model for neutrons and the other for 
gammas. The z-axis in the MCNP models coincides with the axis of rotation of the cask and the 
32PT DSC. The MCNP geometry of the DSC basket structure and the source representation is 
shown inFigure W.5-4. Note, the lattice cell (2 I OJ and (I 2 OJ are loaded with I.2 kW/FA 
assemblies and the other cells are loaded with 0.6 kW/FA assemblies when determining "OSI97 
TC" dose rates presented in Table W.5-3 (Case #3-2) and Table W.5-4 (Case #4-6). Those dose 
rates are due to 32PT DSC design basis radiological sources that are used in Appendix M, 
Section M5 of the UFSAR. Select features within the cask and on its surface are neglected 
because they produce only localized effects and have minimal impact on operational dose rates. 
Examples of neglected features include the relief valves, clevises, and eyebolts. The TC 
trunnions are not explicitly modeled, however, a sensitivity evaluation on the effect of trunnion .. { . 
design is discussed in Section W.5.4.8.2. For the purpose of this evaluation, the trunnions 
represent areas of increased gamma shielding and are located in regions of relatively low 
importance for shielding. 

• In addition, a separate set of 3D MCNP models, similar to the calculational 2D DORT models 
(Appendix M, Section M5 of the UFSAR)for the 32PT DSC in the OSI97 TC, are also employed 
for comparison. These models provide a measure of the amount of conservatism present in the 
DORT models. 

• 

Design features relevant to the shielding analysis of the OSI97L TC and 32PT DSC are modeled 
in MCNP. The cask shell is modeled with a thickness of 2.68", the neutron shield inner and 
outer shells are modeled with thicknesses of 0.26"and O. I 9 ': respectively with a liquid water 
neutron shield thickness of 3. 00". The effect of the two-piece neutron shield on the normal 
condition dose rates is discussed in Section W.5.4.8.3. 

The supplemental trailer shielding is modeled as a half cylinder with full design thickness to 
determine transfer condition dose rates. The bounding results for this configuration are 
provided in Table W.5-I 3. In addition, calculations are performed to determine the dose rates 
as a function of distance using a transfer configuration model with only the inner top trailer 
shielding installed. The MCNP model description for this configuration is provided in Figure 
W.5-5. The bounding results for this configuration are shown in Table W.5-I 2. 

W.5.4.8.2 Solid One-Piece Trunnion Dose Rate Evaluation 

Analyses are performed to compare the effect of the solid steel trunnion design to the original 
trunnion design (multiple pieces) which used NS-3 neutron absorber to reduce neutron dose 
rates. The result of this analysis indicates that this change does result in an increase in neutron 
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• dose rate; however, since the majority of the dose rate contribution is gamma, the overall dose 
rate is reduced in the solid steel trunnion configuration. A comparison of the dose rates is 
provided in Table W.5-5. 

In summaty,- the use of a one-piece trunnion reduces the total calculated dose rate by a factor 
greater than ten, thus providing a beneficial impact on occupational exposures. 

W.5.4.8.3 Removable Two-Piece Neutron Shield Dose Rate Evaluation 

The two-piece neutron shield provides the same level of shielding as the OSI 97 TC neutron 
shield. The water cavity thickness is unchanged. The outer shell of the OSI97L TC neutron 
shield is slightly thicker than that used in the OSI 97 TC (0.25" versus O. I 8 1

'). The addition of 
the seam between the two halves would reduce gamma dose rate in the vicinity of the seam but 
would increase neutron dose rate due to less water in the vicinity. As discussed for the trunnion 
modification above, the cask surface dose rate is dominated by gamma. The presence of steel 
will result in a net reduction in the total dose rate in the vicinity of the seams. 

The seam between the two halves of the neutron shield is I.5 inches wide and is ''filled" with 3 
inches of steel instead of water. The calculational MCNP model did not explicitly include the 
seam between the two halves of the neutron shield. Instead, the neutron shield shell is modeled 
as if it was continuous. This is conservative as the region around the weld seams represents an 
area of dose rate depression due to superior gamma shielding. The justification for such a 
representation is provided below. 

• The maximum dose rate at the surface of the OSI97L cask with water in the neutron shield, from 
Table W.5-3 (Case #3-3), is approximately 9,840 mrem/hr (320 mrem/hr neutron and 9520 
mrem/hr gamma). The maximum dose rate at the surface of the OSI97L cask in the vicinity of 
the seams, from Table W.5-4 (Case #4-4), is approximately I550 mrem/hr (1470 mrem/hr 
neutron and 540 mrem/hr gamma). Note that the dose rate values shown herein are rounded up 
from those shown in Table W.5-3 and Table W.5-4. This dose rate is not calculated using an 
explicit model of the weld seams but calculated with an equivalent (conservative) model. For 
this model, the OSI 97L cask model includes no water in the annulus and neutron shield shell 
and also includes a 2.50" thick steel shell. This is a conservative representation of the weld 
seam region with no water and a thickness of 3. 00" of steel. These results are conservative since 
the thickness of the seam is 3.00" instead of 2.50" employed in the model. These results 
demonstrate that there is a substantial dose rate reduction in the vicinity of the seams since the 
dose rate distribution on and around the cask is dominated (>95%) by gamma sources. 

• 

W.5.4.9 Accident Models 

Accident condition models are those where the OSI97L cask and its contents (32PT or 6IBT 
DSC with design basis fuel) are modeled with loss of shielding arising out of hypothetical 
accident conditions. Loss of water in the neutron shielding is the most common consequence of 
these accidents. The accident condition MCNP models are similar to the normal condition 
MCNP models except that the water in the neutron shield is replaced with air . 
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• The radial dose rates as a function of distance for selected distances are summarized in Table 
W.5-4. The bounding axial dose rates are discussed in Section W.5.I.3. These accident 
configurations are described below: 

• The first configuration involves the OSI 97L cask in the supplemental trailer shielding with 
loss of water in the neutron shield. Dose rates at certain radial distances for this 
corrfiguration are shown in Table W.5-4 (Case #4-3) (see data related to OSI97L TC (with 
supplemental inner & outer trailer shielding)). 

• .·The second configuration involves the OSI97L cask in the supplemental trailer shielding 
without the outer top supplemental trailer shielding and without water in the neutron 
shield. Dose rates at certain radial distances for this corrfiguration are shown in Table 
W.5-4 (Case #4-4) (see data related to OSI97L TC (with supplemental inner trailer 
shielding only)). 

• The third corrfiguration involves the OSI 97L bare cask with loss of supplemental trailer 
shielding and loss water in the neutron shielding. This configuration can only occur during 
the handling of a bare cask with loaded fuel and is not likely to occur during transfer 
operations. Dose rates at certain radial distances for this configuration are shown in 
Table W.5-4 (Case #4-5) (see data related to OSI97L TC (bare cask)). Detailed radial 
dose rate results for this configuration are obtained from the results shown in Table W.5-7 
(for 32PT DSC) and Table W.5-IO (for 6IBT DSC). The maximum dose rates (neutron, 
gamma, and total) from these tables are reported in Table W.5-4. 

• • The fourth configuration involves the loss of inner and outer neutron steel shells (liners) in 
addition to the loss of supplemental trailer shielding and without water in the neutron 
shielding as described above. This configuration has not been evaluated in an accident 
dose rate calculation with any other transfer cask design and is evaluated herein for 
conservatism. The bounding radial dose rate results for this configuration can be inferred 

• 

·from Table W.5-4, per the first note below the table. Dose rates associated with this 
configuration have not been used for the evaluation discussed in Chapters W. l 0 or W. I I. 

The accident condition dose rate results are compared to those for the 32PT DSC/OSI 97 TC 
calculations documented in Appendix M, Chapter M5, Table M5-3. Note that these dose rates 
are also shown in Appendix M, Chapter MI I, Table MI I-2. These dose rates are also shown 
in Table W.5-4 as Case #4-I for the 32PT DSC (see data related to UFSAR). The accident 
condition dose rate results are compared to those for the 6I BT DSC/OSI 97 TC calculations 
documented in Appendix K, Chapter K.5 Table K.5-2. Note that these dose rates are also shown 
in Appendix K, Chapter K.11, Table K.11-4. These dose rates are also shown in Table W.5-4 as 
Case #4-2for the 6IBT DSC (see data related to UFSAR). 

W.5.4. I 0 OSI 97L TC Models During Fuel Loading and Transfer Operations 

MCNP models are developed for the various operational evolutions during fuel loading and 
transfer using the 32PT or 6IBT DSC. For most of the operational sequences, water is always 
present in the DSC/TC annulus, however, the dose rates are calculated using models that, 
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conservatively, do not credit the presence of water in the annulus. These operational sequences 
and their modeling are described below. 

W.5.4.10.I TC Loading and Placement in Decontamination Area 

This operation involves the loading of fuel in the DSC and the movement of the loaded DSC in 
the OSl97L TC to the decontamination area that houses the 6" supplemental decontamination 
area cask shielding. The decontamination area cask shielding is a two-piece shielding structure 
where the upper portion (shield bell) is placed qfter the OSI 97L with the loaded DSC is placed 
into the lower portion of the shielding. The DSC cavity, DSC/TC annulus and the TC neutron 
shield are filled with water. The actual lifting and transfer operations are performed using 
remote crane operation using a laser/optical targeting system and cameras for confirmation of 
the cask location without the need for personnel in the vicinity of the cask. Should a failure of 
the crane occur during these operations, procedures will be in place to either repair the crane 
using proper ALA.RA practices and resume remote operations, or manually position the load in a 
safe, shielded location. Therefore, the dose received by operations personnel resulting.from this 
high dose operation will be minimal as these operations are short duration and are performed 
remotely with no personnel in the vicinity. The applicable bounding dose rate distributions in 
the radial direction for estimating the dose rates for ALARA planning of repair and recovery 
operations during malfunctions are shown in Tables W.5-7 and W.5-8for the 32PT DSC and 
Tables W.5-10 and W.5-11 for the 61BT DSC One can also conservatively apply those dose 
rates to axial locations at radial distances beyond the perimeter (as R=TC Radius on Figure 
W.5-3). Bounding axial dose rates at R< TC radius are discussed in Section W.5'.1.3 . 

W.5.4.10.2 Cask Decontamination 

The DSC and the OSl97L TC are placed inside the decontamination area shield. The top shield 
plug is assumed to be in place and the DSC/TC annulus and the neutron shielding are filled with 
water. This is identical to the decontamination operation documented in Appendix M, Chapter 
M5for the 32PT DSC/OSl97 TC in the axial direction. This is also identical to the 
decontamination operation documented in Appendix K, Chapter K.5 for the 61 BT DSC/OSI 97 
TC in the axial direction. Therefore, the axial dose rate results.from Appendix M, Figure M5-
26 or Appendix K, Figure K.5-13 can be conservatively applied. The top end dose rate for the 
32PT DSC with the OSI 97 TC is slightly less than 7000 mremlhr at the DSC axis and is less 
than Io; 5 QO mrem/hr at the DSC periphery and DSC/TC annulus. The top end dose rate for the 
61BT DSC with the OSI 97 TC is slightly less than 7000 mremlhr at the DSC axis and DSC 
periphery and is less than 11,000 mrem/hr at the DSC/TC annulus. 

For the OSl97L TC, the qualification of fuel to be loaded within the 32PT or the 61BT DSC is 
limited to fuel that will result in significantly lower dose rates than calculated with the OSI 97 
TC. Further, the results in Table W.5-8 and Table W.5-11 show that the maximum radial dose 
rates near the axial ends (approximately 500 cm.from the cask bottom) are less than 3000 
mrem/hr and are clearly bounded by the I 0, 000 mrem/hr dose rate results from the Appendix K 
and Appendix M calculations. Therefore, the axial dose rates calculated with the OSI 97 TC 
remain boundingfor the OSl97L TC 

Cask decontamination operations are described in SAR Section W.8.1.3 . 
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The only additional step that is not evaluated is the operation involving the "inspection" of the 
upper and lower openings of the decontamination area cask shielding for blockage. The 
maximum radial surface dose rates for normal conditions at the axial locations of these openings 
are conservatively utilized to determine the dose rates for this operation. The radial dose rates 
as a function of axial height for the bare OSI 97L cask (with and without water in the neutron 
shield) are shown in Table W5-8for 32PT DSC and Table W5-I I for 6IBT DSC and are 
utilized to determine the dose rates at the upper and lower openings of the decontamination area 
shield. 

The decontamination area cask shielding completely covers the DSC cavity. The upper and 
lower openings of the decontamination area cask shielding are at axial locations of 
approximately I 0 inches from the top and bottom of the TC. A separate MCNP model is not 
developed to determine the actual dose rate distribution for the purpose of decontamination, in 
particular, the dose rate distribution near the openings of the decontamination area cask 
shielding. The dose rates at these locations initially increase with radial distance (due to 
contribution from the middle regions). Therefore, the Im dose rate results shown in Table W5-8 
and W5-I I are employed to determine the maximum dose rates near these openings. From 
Table W5-I I, the maximum dose rate is approximately 3000 mrem/hr. Note that this is based 
on a very conservative estimate of a bare cask configuration. With the decontamination area 
cask shielding in place, the maximum dose rate from Table W 5-3 (Case #3-4) is 61 mrem/hr. To 
calculate an average dose rate for the purpose of occupational exposure, a simplified 
calculation is performed. A scaling factor to determine the effect of the presence of the 
decontamination area cask shielding on the dose rates in the vicinity of the openings is 
estimated. Considering the fact that the maximum dose rate reduces by approximately a factor 
of I 5 0 due to the presence of the decontamination area cask shielding, a scaling factor of 4. 5 
(volumetric scaling) is considered conservative. Therefore, it is estimated that the average dose 
rate is less than 700 mrem/hr. 

W5.4.I0.3 Welding Operations 

The 32PT DSC and the OSI 97L TC are still inside the decontamination area cask shielding 
area. The 32PT DSC top shield plug and inner top cover plate are assumed to be 'in place for 
inner top cover welding operation. The DSC cavity is assumed to be dry (for modeling 
simplicity) and the DSC/TC annulus and the neutron shielding are filled with water. Temporary 
shielding consisting of three inches of NS-3 and one inch of steel is assumed to cover the 32PT 
DSC inner top cover plate. In addition, the DSC outer top cover plate is not present. This is 
identical to the inner top cover welding operation documented in Appendix M, Chapter M 5 for 
the 32PT DSC/ OSI97 TC in the axial direction. This is also identical to the decontamination 
operation documented in Appendix K, Chapter K5 for the 6I BT DSC/OSI 97 TC in the axial 
dir~'ctzon., Therefore, the axial dose rate results from Appendix M, Figure M5-27 or Appendix 
K, Figure K5-I4 can be conservatively applied. The maximum top end dose rate at the DSC/TC 
annulus for both the 32PT DSC and the 6IBT DSC is approximately 5000 mrem/hr. Since these 
dose rates are also calculated using design basis source terms, they can be utilized 
conservatively for the OSI 97L TC. 
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W.5.4.10.4 TC Placement in the Transfer Trailer 

Following welding and sealing of the DSC, the TC is lifted and placed horizontally on the 
transfer trailer containing the supplemental trailer shielding. The supplemental trailer shielding 
consists ofa 5.5" side shielding attached to the trailer where the TC is lowered Subsequently, 
the 2. 5" "inner" top trailer shielding encloses the TC and prepares the system for transfer. An 
MCNP model, employing half-symmetry, representing this configuration is utilized to determine 
the dose rates as a function of distance. This model also considers the absence of shielding 
beneath the cask except for the 0.25" thick plate representing the trailer platform as shown in 
Figure W.5-5. The vents in the trailer shielding are not modeled explicitly; however, the details 
in the MCNP model are sufficient to obtain a conservative calculation of the radial dose rates. 
The MCNP model details including geometrical and material descriptions are shown in Figure 
W.5-5. Additional description is provided in Section W.5.4. 7. The bounding radial dose rate 
results/or this configuration are shown in Table W.5-12 and also plotted on Figure W.5-2 
(described as curve 3 in Section W.5.1.2). The dose rates below the cask support skid are 
expected to be maximized, in particular at closer distances, because of the absence of shielding 
between the trailer deck and trailer shield. The results demonstrate that this effect diminishes 
with distance and at distances greater than 2m the dose rate peaking is minimized. The 
maximum radial neutron, gamma and total dose rate for this configuration below the cask 
support skid are bounded by 1466, 540, and 1543 mrem/hr, respectively. The bounding dose 
rates for this configuration when the neutron shield is filled with water are plotted on Figure 
W.5-2 (described as curve 5 in Section W.5.1.2). The maximum dose rate at 100 m prior to the 
installation of the outer top trailer shielding is about 0.1 mrem/hr thereby ensuring that off-site 
dose$ are not significantly affected during the placement of the outer top trailer shielding. 

. . 
It is expected that the actual lifting and transfer operations are performed using remote crane 
operation using cameras for confirmation of the cask location without the need for personnel in 
the vicinity of the cask. Should a failure of the crane occur during these operations, procedures 
will be in place to either repair the crane using proper ALARA practices and resume remote 
operations, or manually position the load in a safe, shielded, location. Therefore, the dose 
received by operations personnel resulting from this high dose operation will be minimal as 
these operations are short duration and are performed remotely with no personnel in the 
vicinity. The applicable dose rate distributions for estimating the dose rates for ALARA 
planning of repair and recovery operations during malfunctions are shown in Table W.5-6 and 
Table W.5-8 in the radial direction for the 32PT DSC and in Table W.5-9 and Table W.5-11 in 
the radial direction for the 61BT DSC. Geometric locations for axial dose rate calculations are 
shown in Figure W.5-3. The dose rate distribution for accidental configurations during these 
operations bound those during decontamination. The results of these calculations are shown in 
Table W.5-14. As discussed previously, the maximum radial neutron, gamma and total dose rate 
for this configuration with empty neutron shield below the cask support skid are bounded by 
1466, 540, and 1543 mremlhr, respectively. 

W.5.4.10.5 Cask Transfer to ISFSI Operations 

These· operations are performed outside the fuel building when the DSC is actually transferred to 
the HSM ·For this purpose, the neutron shielding is filled with water and the cask lid is in place. 
The additional 3" of "outer" top shielding is also in place. The loss of neutron shielding 
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accident or the loss of "outer" shielding accidents are bounded by the dose rates calculated for 
the ''pre-transfer" operations described in Section W5.4.I0.4. The dose rates are calculated 
assuming that the OSI 97L cask is completely enclosed by supplemental trailer shielding. The 
results for this configuration with water in the neutron shield are shown in Table W 5-13. Dose 
rates at certain radial distances from the same shielding configuration but without water in the 
neutron shield are provided in Table W5-4 (Case #4-3), see data relevant to OSl97L TC (with 
supplemental inner & outer trailer shielding). Applicable bounding axial dose rates are 
discussed in Section W5.J.3. Dose rates shown in Table W5-6 and Table W5-9 can be 
conservatively applied to determine the axial dose rates for this configuration with water in the 
neutron shield at radial distances beyond the edge of the transfer trailer. Dose rates shown in 
Table W5-7 and Table W5-IO can be conservatively applied to determine the axial dose rates 
for this configuration without water in the neutron shield at radial distances beyond the edge of 
the transfer trailer. 

The dose rates at the axial ends of the OSl97L TC within the radius of the TC are bounded by 
those for the transfer operation documented in Appendix M, Chapter M5 for the 32PT 
DSC/OSl97 TC. This is also identical to the transfer configuration documented in Appendix K, 
Chapter K5for the 61BT DSCIOSl97 TC in the axial direction. Therefore, the axial dose rate 
results from Appendix M, Table M5-5 or Appendix K, Table K5-4 can be conservatively 
applied. The maximum top end dose rate within the radius of the TC for the 32PT DSC is 107 
mrem/hr and that for the 61 BT DSC is 132 mrem/hr. The maximum bottom end dose rate within 
the radius of the TC for the 32PT DSC is 1710 mrem/hr and that for the 61 BT DSC is 2540 
mrem/hr. Since these dose rates are also calculated using design basis source terms, they can be 
utilized conservatively for the OSI 97L TC . 
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W5.6 List oflnput Files 

The list of input files begins on the next page. 
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TableW.5-1 

Bounding Radiological Source for Fuel Assemblies in the 32PT DSC within the OS197L TC 

PGR Spectrum 
E,,,;,.,MeV to EmaXJMeV 

0.00 to 0.05 
0.05 to 0.10 
0.10 to 0.20 
0.20 to 0.30 
0.30 to 0.40 
0.40 to 0.60 
0.60 to 0.80 
0.80 to 1.00 
1.00 to 1.33 
1.33 to 1.66 
1.66 to 2.00 
2.00 to 2.50 
2.50 to 3.00 
3.00 to 4.00 
4.00 to 5.00 
5.00 to 6.50 
6.50 to 8.00 
8.00 to 10.0 

Total Gamma, f!/(sec*FA) 
Total Neutrons, n/(sec* FA) 

NUH-003 
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Bottom Nozzle 
2.072e-2 
2.60le-3 
6.275e-4 
3.118e-5 
4.086e-5 
2.584e-6 
7.70le-5 
2.502e-3 
7.590e-l 
2.144e-l 
l.997e-12 
5.087e-6 
7.887e-9 

9.082e-24 
0.0 
0.0 
0.0 
0.0 

l.2862e+13 

Normalized Spectrum and Total Strengths per Assembly for PGR in Each Axial Region. 
Total Neutron Source Strenf!th per Assembly. 

12 Zone 1 Fuel Compartments 20 Zone 2 Fuel Compartments 
In-core Plenum Top Nozzle Bottom Nozzle In-core Plenum 
2.880e-l 3.299e-2 2.073e-2 2.172e-2 3.254e-l 2.435e-2 
5.674e-2 2.613e-3 2.60le-3 2.608e-3 6.637e-2 2.610e-3 
4.338e-2 l.615e-3 6.277e-4 6.295e-4 4.203e-2 8.209e-4 
l.242e-2 9.036e-5 3.120e-5 3.140e-5 l.259e-2 4.302e-5 
8.460e-3 2.765e-4 4.088e-5 4.092e-5 8.216e-3 8.637e-5 
8.636e-2 5.267e-3 2.584e-6 2.584e-6 8.855e-3 l.018e-3 
4.027e-l 2.882e-3 8.684e-5 4.293e-4 5.043e-l l.414e-3 
3.746e-2 4.090e-4 2.239e-3 4.472e-4 5.700e-3 8.895e-4 
5.019e-2 7.438e-l 7.592e-l 7.596e-l 2.190e-2 7.555e-1 
1.367e-2 2.JOOe-1 2.144e-l 2.145e-l 4.628e-3 2.133e-l 
1.228e-4 6.120e-12 l.988e-12 l.392E-15 2.825e-5 2.258E-11 
4.640e-4 4.985e-6 5.088e-6 5.091e-6 1.519e-6 5.063e-6 
9.45le-6 7.729e-9 7.890e-9 7.894e-9 6.128e-8 7.850e-9 
l.192e-6 1.848e-23 l.020e-23 5.792e-24 1.38le-8 1.217e-23 
2.393e-9 0.0 0.0 0.0 4.529e-9 0.0 
9.604e-10 0.0 0.0 0.0 1.817e-9 0.0 
l.884e-10 0.0 0.0 0.0 3.565e-10 0.0 
4.000e-11 0.0 0.0 0.0 7.569e-l l 0.0 

3.3097e+J5 5.0346e+J2 7.9104e+J2 2.9087e+12 1.7183e+15 l.1213e+J2 
6.86e+8 3.37e+8 

Page W.5-76 

• 
Top Nozzle 
2.178e-2 
2.608e-3 
6.296e-4 
3.142e-5 
4.092e-5 
2.584e-6 --
4.845e-4 
5.004e-4 
7.594e-l 
2.145e-l 

1.572E-15 
5.090e-6 
7.892e-9 

6.279e-24 
0.0 
0.0 
0.0 
0.0 

l.7895e+12 
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TableW.5-2 

Bounding Radiological Source for Fuel Assemblies in the 61BT DSC within the OS197L TC · 

Spectrum and Total Strengths per Assembly for PGR in Each Axial Region. 
Total Neutron Source Strenf(tfl per Assembly. 

48 Periofleral Fuel Co11wartments fJJ 13 Inner Fuel Co11wartments 
PGR Spectrum, Total Source 

Strenf(tfl per Assembly PGR Spectru11i, Bottom 
Em;mMeV to Emox.MeV Bottom Nozzle In-core Plenum Top Nozzle E ... .,MeV Nozzle 

0.00 to 0.05 2.881le+9 2.1727e+l4 8.1557e+8 2.0220e+9 0.01 l.113e+ll 

0.05 to 0.10 2.6683e+8 4.6909e+J3 7.9633e+7 l.9827e+8 0.025 3.023e+IO 

0.10 to 0.20 6.4317e+7 2.6703e+l3 2.1269e+7 4.8066e+7 0.0375 l.342e+IO 

0.20 to 0.30 3.1990e+6 8.3024e+l2 l.0856e+6 2.407Je+6 0.0575 l.190e+JO 

0.30 to 0.40 4.2356e+6 5.6236e+12 l.7628e+6 3.1695e+6 0.085 4.683e+ 9 

0.40 to 0.60 1.7739e+6 3.9877e+l2 l.1541e+7 J.6655e+6 0.125 l.866e+9 

0.60 to 0.80 l.0805e+7 3.29Jle+l4 5.9619e+6 5.0905e+7 0.225 l.614e+9 

0.80 to 1.00 J.3025e+7 l.6177e+l2 l.0281e+6 5.0851e+7 0.375 6.267e+9 

1.00 to 1.33 7.7394e+ JO 2.6000e+12 2.3057e+IO 5.7562e+IO 0.575 7.853e+9 

1.33 to 1.66 2.1856e+IO 3.1550e+ll 6.5113e+9 l.6256e+ 10 0.85 2.222e+IO 

1.66 to 2.00 2.2526e+O l.4279e+IO l.8180e+l 2.3428e+O 1.25 4.000e+l2 

2.00 to 2.50 5.1867e+5 7.4338e+8 J.5452e+5 3.8577e+5 1.75 2.51 le+2 

2.50 to 3.00 8.0426e+2 6.0989e+7 2.3960e+2 5.9817e+2 2.25 2.120e+7 

3.00 to 4.00 2.2255e-12 9.3055e+6 9.4410e-16 1.4295e-l I 2.75 6.560e+4 

4.00 to 5.00 0.0 3.1409e+6 0.0 0.0 3.5 9.733e-15 

5.00 to 6.50 0.0 l.2604e+6 0.0 0.0 5.0 0.0 

6.50 to 8.00 0.0 2.4723e+5 0.0 0.0 7.0 0.0 

8.00 to 10.0 0.0 5.2487e+4 0.0 0.0 9.5 0.0 
Total Gmmna, J!/(sec*FA) l.0250e+ll 6.4245e+14 3.0506e+JO 7.6196e+JO TotalPGR 4.21le+12 

Total Neutrons, 11/(sec*FA) 9.86e+7 Total Neutrons 

(J) This is a 61BT design basis radiological source from Table K.5-7 from the UFSAR. It is replicated here for convenience. 
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In-core Plenum 

4.864e+l4 3.892e+IO 

l.220e+l4 6.659e+IO 

l.270e+14 l.825e+IO 

9.809e+l3 3.894e+9 

6.835e+l3 l.556e+9 

6.506e+J3 9.486e+8 

5.372e+l3 5.482e+9 

3.555e+J3 3.160e+IO 

8.468e+l4 4.055e+IO 

l.923e+l4 6.666e+9 

6.670e+l3 l.152e+l2 

J.395e+12 8.200e+J 

6.823e+ll 6.103e+6 

2.634e+JO J.889e+4 

3.386e+9 l.944e-18 

4.127e+6 0.0 

4.759e+5 0.0 

5.468e+4 0.0 
2.160e+l5 l.366e+12 

l.427e+8 

• 

Too Nozzle 

8.060e+IO 

2.145e+ JO 

9.680e+9 

8.759e+9 

3.447e+9 

l.369e+9 

l.J 18e+9 

4.193e+9 

5.240e+9 

6.970e+9 

2.947e+l2 

l.896e+2 

l.562e+7 

4.833e+4 

2.559e-14 

0.0 

0.0 

0.0 
3.090e+12 
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TableW.5-3 
Summary ofOS197L TC Normal Condition Bounding Dose Rates 

Dose Rates (mremlhr) 
at Different Distances from Side Surface 
Normal Condition-Water in Neutron Shield 

Transfer Cask DoseRati5J On Side 609.9 meters 
Case# Conji~uration Comoonent Sur.face 4.57 meters (15') 100 meters (2000') 

UFSAR (Table M5-5 and 
Neutron 261 Not calc. Not calc. Not calc. 

3-1 Gamma 784 Not calc. Not calc. Not calc. 
Section M 11.2. 5. 3) 

Total 950 Not calc. Not calc. 0.01 
OS197 Td1J Neutron 102 7.20 0.006 7.09e-6 

3-2 Results are directly Gamma 248 20.3 0.03 5.29e-5 
shown in this table. Total 346 25.9 0.03 5.67e-5 
OS197L TC Neutron 323 22 .. 4 0.022 l.5le-5 

3-3 
bare cask (Maximum Gamma 9,521 824 1.41 l.45e-3 
from Table W.5-6 and 

Total 9,835 845 1.42 l.46e-3 Table W.5-9) 
OS197L TC with Neutron 27.9 4.00 0.02 l.32e-5 
decontamination area Gamma 39.5 25.0 0.08 l.83e-4 

3-4 cask or supplemental 
trailer shielding2

•
4
) Total 60.6 29.0 0.10 l.96e-4 

Table W.5-13 
OS197L TCwithoutthe Neutron 58.6 4.30 0.02 8.20e-5 

3-5 
outer top supplemental Gamma 336 36.7 0.17 6.32e-4 
trailer shielding3

•
4
) 

Total 394 40.8 0.20 7.14e-4 Table W.5-12 

(J) Dose rates are due to 32PT DSC design basis radiological sources. These are calculated to compare against those shown 
for the OS197 TC in the UFSAR, shown in this table as Case #3-1. 

(l) The dose rates are also applicable to the cask on trailer at vertical elevations above the trailer support skid. These are 
dose rates a person could potentially be exposed when doing manual operations at altitudes above the trunnions level; for 
example, traversing the crane bridge above the OS197L. Use data in Table W.5-14 for dose rates below the trailer support 
skid. 

(J) The dose rates are applicable for radial locations over the 2.5" thick inner top supplemental trailer shielding prior to the 
installation of the outer top trailer shielding. These dose rates do not reflect those at radial distances from the side of the 
trailer. Use data in Table W.5-14 for dose rates below the trailer support skid. 

(
4

) Table W.5-14 dose rates below the trailer support skid do not account for shielding/ram the trailer gear boxes, wheels 
assembly that may provide substantial shielding at certain locations near the trailer platform. Therefore, they represent a 
conservative estimate. 

(
5
) Gamma and neutron dose rate peaks do not always occur at the same location; therefore, the maximum total dose rate (as 

reported} is not always the sum of the maximum gamma plus maximum neutron dose rate . 

NUH-003 
Revision 13 Page W.5-78 January 2014 I 



• 

• 

• 

TableW.5-4 
Summary of OS197L TC Accident Condition Bounding Dose Rates 

Dose Rates (mremlhr) 
at Different Distances from Side Surface 
Accident Condition-No Water in Neutron Shield 

Trans/ er Cask DoseRat/5) On Side 4.57 meters 609.9 meters 
Case# Col!fif?uration Comoonent Surface (15') 100 meters (2000') 

UF8AR Neutron 3,780 Not calc. Not calc. Notcalc. 
4-1 (Table M5-3, Gamma 1,070 Not calc. Not calc. Notcalc. 

Table M 11-2) Total 4,640 Not calc. Not calc. < 0.02 
UF8AR Neutron 3,700 Not calc. Not calc. Not calc. 

4-2 (Table K.5-2, Gamma 4,820 Not calc. Not calc. Not calc 
Table K.11-4) Total 8,520 Not calc Notcalc < 0.02 
08197L TC1

• 
3J Neutron 727 79.0 0.32 2.3le-4 

(with supplemental inner & Gamma 134 40.0 0.14 3.04e-4 
4-3 outer trailer shielding) 

Results are directly shown Total 791 104 0.46 5.34e-4 
in this table. 
OSl 97L Tcri. 4J Neutron 1466 87.0 0.48 7.36e-4 
(wi(h supplemental inner Gamma 540 59.0 0.29 1.07e-3 

4-4 trailer shielding only) 
Results are directly shown Total 1543 129 . 0.77 1.8le-3 
in this table. 
08197L TC1

) Neutron 4,194 175 0.20 4.97e-5 

4-5 
(bare cask) Gamma 15,305 1,332 2.30 2.43e-3 
(Maximum from Table W.5-

Total 18,210 1,438 2.48 2.46e-3 7 and Table W.5-10) 
08197 TC(2) 

4-6 Results are directly shown Neutron 1,282 66.0 0.07 1.87e-5 
in this table. 

(J) 0.19" thick neutron shield shell(s) are credited in the calculations. To obtain a rough and conservative estimates for dose 
rates without the neutron shield shells one can scale the dose rates by the factor of exp(ln(2)*0.19/0.85)=1.17, where 0.85" is a 
half layer thickness of steel for Co-60 radiation. 

(Z) Dose rates are due to 32PT DSC design basis radiological sources. Those sources would result in nearly 87 rem/hr maximum 
dose rate on the side of the bare 08197L cask without water in the neutron shield. These are calculated to compare against 
those shown for the 08197 TC, shown in this table as Case #4-1. 

(
3
) The dose rates are also applicable to the cask on the trailer at vertical elevations above the trailer support skid. 

(
4
) The dose rates are applicable for radial locations around the 2.5" thick inner top supplemental trailer shielding prior to the 

installation of the outer top supplemental trailer shieldi_/Jg. These dose rates do not reflect those at radial distances from the side 
of the trailer. 

(SJ Gamma and neutron dose rate peaks do not always occur at the same location; therefore, the maximum total dose rate (as 
reported) is not always the sum of the maximum gamma plus maximum neutron dose rate . 
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TableW.5-5 
Dose Rate Results for Two Trunnion Designs (mremlhr) 

Neutron Gamma Total 
Trunnion Tvve Dose Rate Dose Rate Dose Rate 
Orif<inal uvver 0.20 621 621 
Solid steel uvver 51.1 .14 51.2 
Ori)!inal lower 1.00 1702 1703 
Solid steel lower 79.5 1.30 80.8 

Note that the dose rates presented are due to 32PT DSC design basis sources and are conservative for 
this purpose . 
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TableW.5-6 
Bounding Radial Dose Rates for the Bare OS197L TC with 32PT DSC 

(Normal Condition, Water in Neutron Shield) 

Neutron Radiation Gamma Radiation - Tota/ Radiation 
Distance from Dose Rate, Relative Dose Rate, Relative Dose Rate, Relative 

TC Side, m. mremlhr Error mremlhr Error mremlhr Error 
0 323 0.010 9,521 0.004 9,835 . 0.004 
1 136 0.003 4,022 0.002 4,158 0.002 
2 71.8 0.003 2,306 0.002 2,378 0.002 
3 42.7 0.003 1,463 0.002 1,506 0.003 

4.57 (15') 22.4 0.005 824 0.003 845 0.007 
10 5.63 0.005 217 0.003 223 0.010 

50.8 (2000") 0.16 0.010 7.52 0.010 7.67 0.010 
100 0.02 0.020 0.98 0.010 1.01 0.010 
200 2.30E-03 0.070 0.11 0.020 0.11 0.020 
300 5.02E-04 0.130 0.02 0.030 0.02 0.030 

609.6 (2000') 1.51E-05 0.290 6.37E-04 0.060 6.45E-04 0.060 

Note: Gamma and neutron dose rate peaks do not always occur at the same location; therefore, the maximum total 
dose rate (as reported) is not always the sum of the maximum gamma plus maximum neutron dose rate. 

Table W.5-7 
Bounding Radial Dose Rates for the Bare OS197L TC with 32PT DSC 

(Accident Condition, No Water in Neutron Shield) 

Neutron Radiation Gamma Radiation Total Radiation 
Distance from Dose Rate, Relative Dose Rate, Relative Dose Rate, Relative 

TC Side, m mremlhr Error mremlhr Error mremlhr Error 
0 2,904 0.003 15,305 0.010 18,210 0.008 
1 968 0.002 6,522 0.004 7,491 0.003 
2 470 0.002 3,755 0.004 4,225 0.004 
3 271 0.002 2,378 0.004 2,649 0.010 

4.57 (15') 141 0.003 1,333 0.010 1,430 0.011 
10 34.6 0.003 351 0.010 386 0.010 

50.8 (2000") 0.99 0.010 12.2 0.030 13.2 0.030 
100 0.14 0.010 1.56 0.020 1.70 0.020 
200 1.22E-02 0.020 0.19 0.080 0.21 0.076 
300 2.02E-03 0.030 0.04 0.040 0.04 0.040 

609. 6 (2000') 3.85E-05 0.120 9.53E-04 0.100 9.88E-04 0.100 

Note: Gamma and neutron dose rate peaks do not always occur at the same location; therefore, the maximum total 
dose rate (as reported) is not always the sum of the maximum gamma plus maximum neutron dose rate . 
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Table W.5-8 
Bounding Radial Dose Rates for the OS197L TC with 32PT DSC 

as a Function of Axial Height 

Axial Bare Cask Dose Rates (mrem!hour) Bare Cask Dose Rates (mrem!hour) 
Distance Normal Condition with Water in Accident Condition without Water in 
from TC Neutron Shield Neutron Shield 

Bottom, (cm) Surface 1 M from Surface Surface 1 M from Surface 

2.5 73 568 91 1,039 

16.5 60 747 108 1,336 

39.5 252 1, 134 539 1,982 
-

62:5 3, 142 1,649 4,904 2,874 

85.5 5, 148 2, 196 8,393 3,797 

108.5 6,824 2,740 11,563 4,722 

131.5 8,745 3,202 15,251 5,558 

154.5 9,505 3,554 17,077 6,207 

177.5 9,809 3,825 17, 787 6,704 

200.5 9,809 3,978 18,046 7,030 

223.5 9,742 4,095 18, 123 7,264 

246.5 9,835 4, 140 18,128 7,375 

269.5 9,811 4, 158 18,210 7,416 

292.5 9,782 4, 129 18, 180 7,371 

315.5 9,781 4,069 18, 184 7,223 

338.5 9,828 3,961 17,976 7,002 

361.5 9,723 3,794 17,608 6,611 

384.5 9, 130 3,525 16, 100 6,082 

407.5 7,832 3,201 13,408 5,463 

430.5 5,607 2,809 9,559 4,750 

453.5 5,900 2,399 8,991 4,028 

476.5 5,610 1,984 8,380 3,284 

499.5 3,807 1,574 5,761 2,584 

522.5 911 1,208 1,498 1,994 

545.5 50 860 140 1,448 

568.5 38 560 63 959 

Maximum 9,835 4, 158 18,210 7,416 

Average 6, 183 2,695 10,926 4,696 

Note: Bottom of the TC is at 0 cm. Top of the TC is at 500 cm . 
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TableW.5-9 
Bounding Radial Dose Rates for the Bare OS197L TC with 61BT DSC 

(Normal Condition, Water in Neutron Shield) 

Neutron Radiation Gamma Radiation Total Radiation 
Distance from Dose Rate, Dose Rate, Dose Rate, 

TC Side, m mrem!hr Relative Error mrem!hr Relative Error mremlhr Relative Error 
0 311 0.010 8,817 0.010 9, 129 0.010 
1 116 <0.01 3,566 <0.01 3,682 0.010 
2 56.5 <0.01 2,030 <0.01 2,083 0.010 
3 32.6 <0.01 1,326 <0.01 1,357 0.010 

4.57 (15') 14.3 0.006 621 0.010 641 0.013 
10 4.16 0.010 222 0.010 226 0.010 

50.8 (2000") 0.12 0.020 8.00 0.020 8.12 0.020 
100 0.02 0.040 1.41 0.020 1.42 0.020 
200 2.05E-03 0.120 0.18 0.050 0.18 0.050 
300 3.98E-04 0.090 0.04 0.080 0.04 0.078 

609.6 (2000') 1.50E-05 0.280 1.45E-03 0.140 1.46E-03 0.140 

Noie: Gamma and neutron dose rate peaks do not always occur at the same location; therefore, the·maximum total 
dose rate (as reported) is not always the sum of the maximum gamma plus maximum neutron dose rate. 

Table W.5-10 
Bounding Radial Dose Rates for the Bare OS197L TC with 61BT DSC 

(Accident Condition, No Water in Neutron Shield) 

Neutron Radiation Gamma Radiation Total Radiation 
Distance from Dose Rate, Relative Dose Rate, Dose Rate, Relative 

TC Side, m mrem!hr Error mrem!hr Relative Error mremlhr Error 
0 4, 194 0.004 14,816 0.010 18, 141 0.008 
1 1279 0.003 6,080 0.003 7,359 0.003 
2 596 0.003 3,444 0.003 4,038 0.003 
3 339 0.003 2,228 0.004 2,559 0.010 

4.57 (15') 175 0.005 1,304 0.010 1,438 0.010 
10 42.7 0.005 366 0.010 408 0.010 

50.8 (2000") 1.26 0.010 13.4 0.020 14.7 0.020 
100 0.20 0.010 2.30 0.030 2.48 0.030 
200 1.68E-02 0.030 0.28 0.050 0.29 0.050 
300 2.89E-03 0.040 0.06 0.080 0.07 0.080 

609.6 (2000') 4.97E-05 0.140 2.43E-03 0.190 2.46E-03 0.190 

Note: Gamma and neutron dose rate peaks do not always occur at the same location; therefore, the maximum total 
dose rate (as reported) is not always the sum of the maximum gamma plus maximum neutron dose rate.· 
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Table W.5-11 
Bounding Radial Dose Rates for the OSI 97L TC with 61BT DSC 

as a Function of Axial Height 

Bare Cask Dose Rates (mremlhour) Bare Cask Dose Rates (mrem/hour) 
Normal Condition with Water in Accident Condition without Water in 

Axial Distance from Neutron Shield Neutron Shield 
TC Bottom, (cm) Surface 1 M from Surface Surface 1 M from Surface 

2.5 29 379 72 835 

16.5 26 489 84 1,053 

39.5 68 753 260 1,561 

62.5 736 1, 120 1,527 2,273 

85.5 2,330 1,589 4,478 3,160 

108.5 5,403 2, 129 9,988 4, 169 

131.5 7,589 2,625 14,231 5, 146 

154.5 8,458 3,039 16,226 5,925 

177.5 8,843 3,334 17,329 6,490 

200.5 9,044 3,542 17,866 6,919 

223.5 9, 129 3,657 18, 141 7, 136 

246.5 9, 103 3,682 18,021 7,207 

269.5 8,994 3,666 17,899 7, 138 

292.5 8,747 3,600 17,086 6,994 

315.5 8,346 3,488 16,219 6,729 

338.5 8,077 3,337 15,453 6,361 

361.5 7,676 3, 168 14,318 5,951 

384.5 6,701 2,976 12,220 5,482 

407.5 5,345 2,885 9,535 5, 124 

430.5 3,360 2,931 5,848 4,978 

453.5 3, 134 3, 141 6,503 4,994 

476.5 3,393 3,404 4,917 5, 179 

499.5 3,405 3,414 4,862 5, 119 

522.5 3,378 3,386 4,741 4,979 

545.5 2,687 2,696 3,778 3,989 

568.5 1,612 1,617 2,234 2,392 

Maximum 9, 129 3,682 18, 141 7,207 

Averaqe 5,216 2,694 9,763 4,896 

Note: Bottom of the TC is at 0 cm. -Top of the TC is at 500 cm . 
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Table W.5-12 
OS197L TC Radial Dose Rates over 2.5" Inner Top Trailer Area Shielding 

(Normal Condition, Water in Neutron Shield) 

Neutron Radiation Gamma Radiation Total Radiation 
Distance from Inner Top Trailer Dose Rate, Relative Dose Rate, Relative Dose Rate, Relative 

Area Shieldinq Side, m mremlhr Error mremlhr Error mrem/hr Error 
0 58.6 0.010 336 0.010 394 0.010 
1 22.2 0.010 156 0.004 178 0.004 
2 12.0 0.010 94.4 0.004 106 0.004 
3 7.60 0.010 62.9 0.005 70.2 0.005 

4.57 (15') 4.30 0.010 36.7 0.010 40.8 0.010 
10 1.30 0.010 11.0 0.010 12.2 0.010 

Note: Gamma and neutron dose rate peaks do not always occur at the same location; therefore, the maximum total 
dose rate (as reported) is not always the sum of the maximum gamma plus maximum neutron dose rate . 
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Table W.5-13 
OS197L TC Radial Dose Rates with 5.5" Trailer Area Shielding 

(Normal Condition, Water in Neutron Shield) 

Neutron Radiation Gamma Radiation Total Radiation 
Distance from Outer Top Dose Rate, Relative Dose Rate, Relative Dose Rate, Relative 

Trailer Area Shieldina Side, m mremlhr Error mremlhr Error mremlhr Error 
0 27.9 0.010 39.5 0.004 60.6 0.010 
1 17.4 0.010 81.9 0.010 97.3 0.009 
2 10.6 0.010 52.6 0.010 63.0 0.009 
3 6.90 0.010 39.3 0.010 46.2 0.010 

4.57 (15') 4.00 0.020 25.0 0.010 29.0 0.010 
10 1.10 0.030 7.10 0.020 8.20 0.020 

Note: Dose rates presented are bounding/or 08197 L TC radial dose rates above cask support skid. 
There is no shielding underneath in the computation model used for determination of the dose rates 
presented in the tables except for only 0.25" thick steel plate on top of the trailer platform. Geometry of 
the model is depicted on sketches of Figure W.5-5. Contribution of scattered radiation is pronounced at 
short (less than 2 meters) radial distances. The presented maximum values of the dose rate are 
determined at vertical elevations above the cask support skid and they account for radiation scattered 
from concrete at grade level. Gamma and neutron dose rate peaks do not always occur at the same 
location; therefore, the maximum total dose rate (as reported) is not always the sum of the maximum 
gamma plus maximum neutron dose rate . 
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Table W.5-14 
OS197L TC Radial Dose Rates below Cask Support Skid 

(Prior to Installation of Outer Top Trailer Area Shielding, 
Water in Neutron Shielding) 

Neutron Radiation Gamma Radiation Total Radiation 
Distance in horizontal 
direction from side of 

5.5" thick Side Dose Rate, Relative Dose Rate, Relative Dose Rate, Relative 
Shieldina Plates, m mremlhr Error mremlhr Error mremlhr Error 

0 56.8 0.010 1878 0.006 1934.3 0.01 
1 20.1 0.020 475 0.010 494.0 0.01 
2 8.50 0.010 79.3 0.010 87.7 0.01 
3 5.50 0.010 31.2 0.010 36.3 0.01 

4.57 (15') 3.20 0.020 14.2 0.010 17.3 0.01 
10 1.00 0.030 4.50 0.020 5.50 0.02 

Note:. Gamma and neutron dose rate peaks do not always occur at the same location; therefore, the maximum total 
dose rate (as reported) is not always the sum of the maximum gamma plus maximum neutron dose rate . 
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-+-Bare Cask Only. 

--cask with Additional 2.5" thk Steel Shell Only. 

-0-Cask on Trailer with 2.5" thk. Inner Trailer Top Shielding.Horizontal Direction. 

-a-cask on Trailer with 2.5" thk. Inner and 3.0" thk. Outer Trailer Top Shielding. 

-0-Below Cask Support Skid when Cask is on Trailer with Inner and Outer Trailer Top Shielding. 
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Figure W.5-2 
Bounding Radial Dose Rate Results for the Various OS197L TC Shielding Configurations 
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Figure W.5-3 
Geometrical Layout for OS197L Axial Dose Rate Calculations 
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Figure W.5-4 
MCNP Geometry of the 32PT DSC Basket Structure and Source Region 
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2.5" THK 
INNER TOP SUPPLEMENTARY TRAILER SHIELDING 

0.19" THK. NEUTRON SHIELD PANEL 

3" WATER JACKET 

3" THK. CASK STRUCTURAL STELL 

0.47" WIDE ANNULUS BETWEEN DSC AND TC 

0.5" THK. DSC SIDE SHELL 

DETAIL 

Figure W.5-5 
Description of the Trailer Area Shielding Calculational Model 

(continued) 

PageW.5-93 January 2014 I 

--









• 

• 

• NUH-003 
Revision 13 

STAINLESS STEEL 

ALUMINUM 

WATER 

CARBON STEEL 

Figure W.5-5 

+ + + 
+ + + 

+ + + 

Description of the Trailer Area Shielding Calculational Model 
(concluded) 
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W.8 Operating Systems 

The following is a description of the operational sequences for use of the OS197L TC. In 
general, the steps are similar to those for the OS 197 TC, described in detail in Appendix K. 8 or 
M8 of the UFSAR. This chapter consolidates these procedures and includes the differences in 
operational steps when using OS197L TC relative to the OS197 TC. Figures are provided to 
illustrate the differences in operational steps. 

Notes: A general licensee shall meet the requirements of applicable Technical Specifications
(such as 4. 4. I - 4. 4. 4) prior to the use of OS 197L TC for onsite transfer of an authorized 
payload. 

The generic term "DSC" used throughout this chapter may be the 6IBTor 32PT DSC. The term 
"cask" or "TC" is used for the OSI97L TC. 

Discussion o[Similarities and Differences Between Use of the OSI 97 TC and OSI 97L TC 
Systems: 

Placement of the DSC into the OS197L TC and preparations for placement of the TC into the 
fuel pool are the same as for the OS 197 TC. The DSC/TC annulus is filled with clean water and 
sealed with the annulus seal. The TC neutron shield is also tilled with clean water. The DSC 
may be filled with fuel pool water either prior to lowering OSI97L TC into the pool, or the 
OS 197L TC lowered to within a few feet of submergence and the DSC filled at that time. The 
OS 197L TC with DSC is then lowered to the fuel pool bottom and landed, and the yoke 
removed. Sequence 1 below shows the cask as it enters the pool. 
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f FUEL POOL _./ 

r "" '"' 
F6615 

. " 
8 OS197L IS LOWERED INTO FUEL POOL 

Selectedfeel assemblies (FAs) are then placed into the DSC. Following fuel verification, the top 
shield plug is lowered into place and set. This is shown as Sequences 2 and 3. The yoke is then 
lowered and connected to the OS197L TC . 
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The cask is then lifted until the cask top just breaks the surface of the fuel pool . 

CAUTION: Prior to performing the next step of lifting OS197L TC from the pool, the licensee 
shall meet the specific radiation protection program requirements of applicable Technical 
Specifications associated with the use of OS197L TC and remote monitoring devices. The 
licensee shall develop appropriate measures to keep the dose rates ALARA during recovery from 
a potential malfunction of these devices, such as cameras for monitoring, targeting devices, 
remote controls, etc. 

CAUTION: The dose rates during the movement of a bare loaded TC from the spent fuel pool to 
the decontamination area supplemental shielding may be as high as 9.8 rem/hr. 

The OS197L TC is next lifted from the fuel pool to the decontamination area. The TC itself has 
significantly reduced shielding. However, the OS197L TC system utilizes supplementary 
shielding and additional operational measures to achieve acceptable shielding capacity. The 
OS197L TC system consists of the bare cask and the upper and lower cask shielding utilized in 
the decontamination area and the additional shielding provided on the cask support skid. The 
bare cask is in this reduced shielding configuration ONLY during the movement of the cask from 
the fuel pool to the decontamination area and from the decontamination area to the transfer 
trailer. Both of these operations are of short time duration (i.e. minutes). 

During bare cask movement from the fuel pool to the decontamination area and from the 
decontamination area to the trailer, remote crane operation and an optical targeting system with 
remote camera monitoring is used to minimize personnel exposure to the reduced shielding 
configuration. This remote operation is shown in Sequence 4 . 
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CASK IS MOVED FROM 
FUEL POOL TO DECON AREA 
(REMOTE OPERATION) 

,,----n----====-----j . · .. 

0 FROM FUEL POOL TO DECONTAMINATION AREA, 
OS197L IS PLACED IN SHIELDING SLEEVE 
(PART OF OS197L CASK SYSTEM) 

F6616 

In the decontamination area, the bare cask is placed in a shielding sleeve (lower cask shield) 
which provides shielding below the trunnions. An upper cask shield (shielding bell) is then 
placed on top of the shielding sleeve to shield the upper section of the cask. The shielding sleeve 
and shield bell are nominally 6" thick carbon steel. Placement of the cask in the shielding sleeve 
and placement of the shielding bell on the cask is performed using remote crane operation and an 
optical targeting system with remote camera monitoring. The OS197L TC system configuration 
of the cask, shielding sleeve and bell is shown as Sequences 4 and 5 . 
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F6617 

TOP SHIELDING BELL COMPONENT OF OS1 97L IS PLACED 
(REMOTE OPERATION) 

While in the shielding sleeve and bell, the canister is vacuum dried, helium backfilled, and all 
top covers welded in place. During these operations the DSC/TC annulus nearly remains full 
(approximately 12" drained from the top of the DSC) similar to OS197 TC operations. The 
OS 197L TC neutron shield will remain filled and vented, similar to OS 197 TC operations, 
during these steps. During these operations, the cask and the shielding sleeve and bell provide 
occupational radiation shielding for personnel necessary to perform the canister closure 
operations. These operations are essentially unchanged from those listed in Appendix K.8 and 
M8for the 61BT and 32PT DSCs, respectively. The shielding sleeve and the bell are designed 
to not interfere with the NUHOMS® AWS system or other equipment of the canister sealing 
operations. This is shown in Sequence 6 . 
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F6609-6 

0 CANISTER IS PREPARED FOR CLOSURE OPERATIONS 

• Once the DSC is sealed, the DSC/TC annulus will be drained and the casktop cover installed 
prior to downending onto the transfer trailer. 

• 

CAUTION: The dose rates during the movement of the bare TC from the decontamination area 
to the transfer trailer may be as high as 9. 8 rem/hr. 

During the downending process, the bare OS 197L TC movement is of short time duration and is 
performed using remote crane operation and/or an optical targeting system with remote camera 
monitoring. This remote operation is shown in Sequence 7 . 
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F6609-7 

0 CASK IS MOVED FROM DECON AREA TO TRANSFER TRAILER 
(REMOTE OPERATION) 

J 

Once on the transfer trailer, the skid provides 5.5'' of carbon steel shielding to the sides of the 
cask up to the trunnions. A 2.5" thick carbon steel shield will be placed over the cask/skid inside 
the fuel building, after which a 3" thick carbon steel shield will be placed over the 2.5" thick 
shield providing a total of 5 .5" of shielding on the skid. These shields may be placed on the skid 
inside the fuel handling building, or if load limits exist within the building, the 3" outer shield 
may be placed on the skid immediately after the trailer exits the building. Placement of the inner 
shields and outer shields on the skid inside the fuel handling building will be performed in 
accordance with the plants heavy loads procedures, and is evaluated within the plant 72.212 
(50.59) for the dry fuel loading process. Sequence 8 shows this remote operation . 
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F6609-8 

0 INSTALLATION OF SUPPORT ~KID INNER TOP SHIELDING 

As previously indicated, if the fuel building weight limits preclude placement of the outer top 
skid shielding inside the fuel building, the OSI 97L 'FC may be moved out of the fuel building and 
the outer top skid shielding installed outside the fuel building. This is shown in Sequence 9 . 
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FUEL BUILDING 
(PART 50 AND 72) 

.. 

l ~ 
~ ~ 

F6609-9 

INSTALLATION OF PART 72 SUPPORT SKID OUTER TOP 
SHIELDING 

CAUTIQN: Visually monitor the outer top trailer skid vents and the openings around the cask 
ends for any sign of steaming which may indicate leakage of water from the cask neutron shield. 
If steaming is determined to be due to leakage of neutron shield water and not due to any rain or 
snow or other ambient conditions, then Licensee must take appropriate corrective actions 
including terminating the transfer operation and returning the loaded cask to the fuel handling 
building for further assessment. 

The transfer trailer, with loaded OS l 97L TC including the supplemental shielding, is then 
moved to the ISFSI and the cask docked with the HSM. The DSC is then inserted into the RSM 
using the same methods as the OS197 TC. This is shown in Sequence 10 . 
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F6609-10 

~----~_, ...... . 

(,;\ TRANSFER TRAILER IS DOCKED TO HSM AND CANISTER 
V IS TRANSFERRED 

W.8.I Procedures for Loading the Cask 

Prior to transfer of the loaded OSI 97L TC from the fuel pool to the decontamination area or 
from the decontamination area to the transfer trailer, procedures for recovery from a crane 
malfunction and failure of other remote operations equipment such as the optical targeting 
system, cameras, etc. shall be developed and in place. The procedures should be developed 
based on the existing site emergency operating and response procedures which provide guidance 
for any probable set of events including failure of crane components. 

The procedures include preparation of the DSC and fuel loading, closure of the DSC, transfer to 
the ISFSI using the OSI 9 7L TC, DSC transfer into the HSM, monitoring operations, and DSC 
retrieval from the HSM The NUHOM!19 OSI 97L transfer equipment, and the existing plant 
systems and equipment are used to accomplish these operations. Procedures are delineated here 
to describe how these operations are to be performed and are not intended to be limiting. 
Standard fuel and cask handling operations performed under the plant's IOCFR50 operating 
license are described in less detail. Existing operational procedures may be revised by the 
licensee and new ones may be developed according to the requirements of the plant, provided 
that the limiting conditions of operation specified in Technical Specifications and the Functional 
and Operating Limits of the NUHOM!19 CoC are not exceeded. 

The following sections outline the typical operating procedures for the NUHOM!19 OSI 97L TC 
system. These generic NUHOM!19 procedures have been developed to minimize the amount of 
time required to complete the subject operations, to minimize personnel exposure, and to assure· 
that all operations required for DSC loading, closure, transfer, and storage are performed 
safely. Plant specific ISFSI procedures are to be developed by each licensee in accordance with 
the requirements of IOCFR72.2I2 (b) and the guidance of Regulatory Guide 3.6I [8.I]. The 
generic procedures presented here are provided as a ptide for the preparation of plant specific 
procedures and serve to point out how the NUHOMS9 OSI 97L system operations are to be 
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accomplished, They are not intended to be limiting, in that the licensee may evaluate that 
alternate acceptable means are available to accomplish the same operational objective. 

W8.1.1 Preparation of the TC and DSC 

1. Prior to placement in dry storage, the candidate intact and damaged fuel assemblies shall 
be evaluated (by plant records or other means) to verify that they meet the physical, 
thermal and radiological criteria specified in Technical Specification 2.1. 

2. Prior to being placed in service, the TC is to be cleaned or decontaminated as necessary to 
insure a surface contamination level of less than those specified in Technical Specification 
5.2.4.d. 

3. 

4. 

5. 

6. 

7. 

Place the TC in the vertical position in the cask decon area using the cask handling crane 
and the TC lifting yoke. 

Place scaffolding around the cask so that the transfer cask top cover plate and surface of 
the cask are easily accessible to personnel. 

Remove the TC top cover plate and examine the cask cavity for any physical damage and 
ready the cask for service. 

Examine the DSC for any physical damage which might have occurred since the receipt 
inspection was performed. The DSC is to be cleaned and any loose debris removed. 

Record the DSC serial number which is located on the grapple ring. Verify the correct 
DSC type, basket type and poison material types against the DSC serial number. Verify 
that the DSC is appropriate for the specific fuel loading campaign per the criteria specified 
in Technical Specification 2.1. 

8. Using a crane, lower the DSC into the cask cavity by the internal lifting lugs and rotate the 
DSC to match the cask and DSC alignment marks. 

9. If damaged fuel assemblies are included in a specific loading campaign, place the required 
number of bottom end caps provided into the cell locations per Technical Specification 2.1. 
Optionally, this step may be performed at any prior time. 

10. Fill the cask/DSC annulus with clean, demineralized water. Place the inflatable seal into 
the upper cask liner recess and seal the cask-DSC annulus by pressurizing the seal with 
compressed air. 

For the 32PT DSC, fill the DSC cavity with water from the fuel pool, or an equivalent 
source which meets the requirements of Technical Specification 3.2.1. 

11. For the 61BT DSC, fill the DSC cavity with water from the fuel pool, an equivalent source, 
or demineralized water. (Note: this step may be accomplished in the fuel pool). 

NOTE: A TC/DSC annulus pressurization tank filled with demineralized water as 
described above is connected to the top vent port of the TC via a hose to provide a positive 
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head above the level of water in the TC/DSC annulus. This is an optional arrangement, 
which provides additional assurance that contaminated water from the fuel pool will not 
enter the TC/DSC annulus, provided a positive head is maintained at all times. 

I 2. If not done previously, place the top shield plug onto the DSC and examine the top shield 
·plug to ensure a proper fit. The top shield plug, once fitted is removed and disconnected 
from· the yoke. 

I 3. Position the cask lifting yoke above the transfer cask and engage the cask lifting trunnions 
and the rigging cables to the DSC top shield plug. Adjust the rigging cables as necessary 
to obtain even cable tension. 

I 4. Visually inspect the yoke lifting hooks to insure that they are properly positioned and 
engaged on the cask lifting trunnions. 

I 5. Provide for later connection to the vacuum drying system (VDS) or an optional water 
draining/pumping device to the siphon port of the DSC and position any connecting hose 
such that the hose will not interfere with loading (yoke, fuel, shield plug, rigging, etc.). A 
flowmeter or other suitable means for measuring the amount of water removed must be 
installed at a suitable location as part of this water removal system. 

I 6. Move the scaffolding away from the cask as necessary. 

I 7. Lift the cask just far enough to allow the weight of the cask to be distributed onto the yoke 
lifting hooks. Reinspect the lifting hooks to insure that they are properly positioned on the 
cask trunnions. 

I 8. a. Optionally, secure a sheet of suitable material to the bottom of the TC to minimize the 
potential for ground-in contamination. This may also be done prior to initial placement of 
the cask in the decon area. 

b. Fill the TC liquid neutron shield. This step may be completed at any time prior to 
immersion of the TC/DSC into the pool. 

I 9. Prior to the cask being lowered into the fuel pool, the water level in the pool should be 
adjusted as necessary to accommodate the cask/DSC volume. If the water placed in the 
DSC cavity was obtained from the fuel pool, a level adjustment may not be necessary. 

W8.I.2 DSC Fuel Loading 

Note: The licensee shall verify that the lifting device used for handling the OSI 97L TC meets the 
requirements of the sites lifting program. Licensee shall use remote operations and optical 
targeting system and other mitigating ALARA practices when handling the bare OSI 97L TC 
when loaded with fuel as required by the sites ALARA program and the Radiation Protection 
Program requirements of Technical Specification 5.2.4.a. 

I. Lift the cask/DSC and position it over the cask loading area of the spent fuel pool in 
· acc,ordance with the plant's I OCFR5 0 cask handling procedures . 
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2 . 

3. 

4. 

Lower the cask into the fuel pool until the bottom of the cask is at the height of the fuel pool 
surface. As the cask and yoke are lowered into the pool, spray the exterior surfaces with 
demineralized water. 

Place the cask in the designated location of the fuel pool. 

Disengage the lifting yoke froni the cask lifting trunnions and move the yoke clear of the 
cask. Spray the lifting yoke with clean demineralized water if it is raised out of the fuel 
pool. 

5. The potential for fuel mis loading is essentially eliminated through the implementation of 
procedural and administrative controls. The controls instituted to ensure that damaged 
and/or intact fuel assemblies and control components (CCs), if applicable, are placed into 
a known cell location within a DSC, will typically consist of the following: 

• A cask/DSC loading plan is developed to verify that the damaged and/or intact fuel 
assemblies and CCs, if applicable, meet the burnup, enrichment, and cooling time 
parameters of Technical Specification 2.1. 

• The loading plan is independently verified and approved before the fuel load. 

• A fuel movement plan is then written, verified, and approved based upon the loading 
plan. All fuel movements from any rack location are performed under strict 
compliance of the fuel movement plan . 

• For 61BT DSC only, if loading damaged fuel assemblies, verify that the required 
number of bottom end caps is installed in appropriate fuel compartment tube 
locations of 61 BT DSC before fuel load. 

6. Prior to loading of a spent fuel assembly (and CCs, if applicable) into the DSC, the identity 
of the assembly (and CCs, if applicable) is to be verified by two individuals using an 
underwater video camera or other means. Verification of CC identification is optional if 
the CC has not been moved from the host fuel assembly since its last verification. Read and 
record the identification number from the fuel assembly (and CCs, if applicable) and check 
this identification number against the DSC loading plan which indicates which fuel 
assemblies (and CCs, if applicable) are acceptable for dry storage. 

7. Move a candidate fuel assembly from a fuel rack in accordance with the plant's 10CFR50 
fuel handling procedures. 

8. Position the fuel assembly for insertion into the selected DSC storage cell and load the fuel 
assembly. Repeat Step 5 through 7 for each SF A loaded into the DSC. After the DSC has 
been fully loaded, check and record the identity and location of each fuel assembly and 
CCs, if applicable, in the DSC. If loading damaged fuel assemblies, place top end caps 
over each damaged fuel assembly placed into the basket. 

9. After all the SF As and CCs, if applicable, have been placed into the DSC and their 
identities verified, place the hold down ring (61BT only), position the lifting yoke and the 
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top shield plug and lower the shield plug onto the DSC. Note that separate rigging may be 
used to install the shield plug prior to engaging the trunnions with the lifting yoke. 

CAUTION: Verify that all the lifting height restrictions as a function of temperature 
specified in Technical Specification 5. 3.1 A. can be met in the following steps which involve 
lifting of the TC. 

I 0. Visually verify that the top shield plug is properly seated onto the DSC. 

11. Position the lifting yoke with the TC trunnions and verify that it is properly engaged. 

12. Raise the TC to the pool surface. Prior to raising the top of the cask above the water 
surface, stop vertical movement. 

13. Inspect the top shield plug to verify that it is properly seated onto the DSC. If not, lower 
the cask and reposition the top shield plug. Repeat Steps 9 through 13 as necessary . 

. / 

14. Continue to raise the TC from the pool until the top region of the cask is accessible and 
spray the e.xposed portion of the cask with water. 

15. Drain any excess water from the top of the DSC shield plug back to the fuel pool. 

16. Take a preliminary measurement of the OSI 97L TC dose rates at 3 feet from the top of the 
cask with the shield plug installed and water in the DSC cavity. 

• I 6a. Disconnect the top shield plug rigging from the shield plug. 

• 

CAUTION: Prior to the next step, evacuate personnel from the area, as specified by plant's 
ALARA practices, due to the high cask dose rates. Crane operations shall be performed 
remotely and an optical targeting system with remote camera monitoring shall be used to 
minimize personnel exposure. 

CAUTION: The surface dose rates during the movement of a bare loaded TC from the spent 
fuel pool to the decontamination area supplemental shielding may be as high as 9.8 rem/hr. 

17. Lift the TC from the fuel pool. 

18. Move the TC ,with loaded DSC to the cask decon area and carefully place it in the 
decontamination area shielding sleeve. 

I 8a. Disengage the lifting yoke from the trunnions and position it clear of the cask. 

19. Place the decontamination area shielding bell over the side of the cask above the upper 
trunnions. Placement of the shielding bell shall be performed in accordance with the 
plant's heavy load procedures. The shielding sleeve and bell provide the additional 
shielding to produce similar shielding as the OSI 97 TC. 
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• 20. If appltcable to keep the occupational exposure ALARA, temporary shielding may be 
installed as necessary to minimize personnel exposure. Install cask seismic restraints if 
required by Technical Specification 4.3.3 7. (Required only on plant specific basis). 

21. Remove the lifting lugs from the top shield plug. 

W8.1.3 DSC Drying and Backfilling 

CAUTION: During performance of steps listed in Section W8.1.3, monitor the TC/DSC 
annulus water level and replenish if necessary until drained. 

CAUTION: During performance of steps listed in Section W 8.1. 3, the opening at the top 
and bottom of the decontamination area shielding shall be monitored (visual inspection) to 
assure no significant blockage of openings. Although blockage is improbable as all 16 
openings would require sealing, personnel shall perform visual inspection of shielding 
sleeve and bell openings during the operations when DSC is in the sleeve. 

1. Check the radiation levels along the perimeter of the cask/shields. The cask exterior 
surface should be decontaminated by providing spray mechanisms on the inside of the 
shield bell or other methods, using good ALARA practices. Water mixed with a commercial 
decontamination agent may be used for decontamination. Install additional temporary 
shielding as necessary to minimize personnel exposure. 

2. Place scaffolding around the cask so that any point on the surface of the cask is easily 
• accessible to personnel. 

• 

3. Decontaminate the exposed surfaces of the DSC shell perimeter above the TC/DSC annulus 
seal. Remove the inflatable TC/DSC annulus seal. 

3a. In accordance with Technical Specification 5.2.4.a, verify that the neutron shield (NS) is 
filled before the draining operation in Step 4 is initiated and continually monitored during 
the first five minutes of the draining evolution to ensure the NS remains filled. 

4. Connect the cask drain line to the cask, open the cask cavity drain port and allow water 
from the annulus to drain out until the water level is approximately twelve inches below the 
top edge of the DSC shell. Take swipes around the outer surface of the DSC shell and 
check for smearable contamination in accordance with Technical Specification 5.2.4.d, 
taking corrective actions in accordance with that technical specification, if required, 
potentially involving removal of the fuel assemblies, removal of the DSC from the TC, and 
decontamination of the entire length of the DSC outer surface. 

CAUTION: Radiation dose rates are expected to be high at the vent and siphon port 
locations. Use proper ALARApractices (e.g., use of temporary shielding, appropriate 
positioning of personnel, etc.) to minimize personnel exposure. 

4a. In accordance with Technical Specification 5.2.4.a, verify that the NS is.filled before the 
draining operation in Step 5 is initiated and continually monitored during the first five 
minutes of the draining evolution to ensure the NS remains filled. 
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5. Drain approximately the number of gallons of water shown in the table below (as indicated 
on a flowmeter) from the DSC back into the fuel pool or other suitable location. Consistent 
with ISG-22 [8.5} guidance and Technical Specification 3.1.1, helium at 1-3 psig is used to 
baclfzll the DSC with an inert gas (helium) as water is being removed from the DSC. Only 
heliu,m may be, used to assist in the removal of water. 

DSC Gallons of Water 

32PT 750 

61BT 1100 

Alternatively, if a slow helium purge is used while monitoring for hydrogen, less than these 
amounts of water may be drained, because this approach will prevent buildup of flammable 
gas to a flammability limit. 

6. Disconnect hose from DSC siphon port. 

7. Install the automatic welding machine onto the inner top cover plate and place the inner 
top cover plate with the automatic welding machine onto the DSC. Optionally, the inner 
top cover plate and the automatic welding machine can be placed separately. Verify 
proper fit-up of the inner top cover plate with the DSC shell . 

8. Check radiation levels along surface of the inner top cover plate. Temporary shielding 
may ,be,installed as necessary to minimize personnel exposure. 

9. Insert tubing of sufficient length and adequate temperature resistance through the vent port 
such that it terminates just below the DSC shield plug. Connect the tubing to a hydrogen 
monitor to allow continuous monitoring of the hydrogen atmosphere in the DSC cavity 
during welding of the inner cover plate, in compliance with Technical Specification 5.2.6. 
Optionally, other methods may be used for continuous monitoring of the hydrogen 
atmosphere in the DSC cavity during welding of the inner top cover plate, to comply with 
the Technical Specification. 

10. Cover the cask/DSC annulus to prevent debris and weld splatter from entering the annulus. 

11. Ready the automatic welding machine and tack weld the inner top cover plate to the DSC 
shell. Install the inner top cover plate weldment and remove the automatic welding 
machine. 

CAUTION: Continuously monitor the hydrogen concentration in the DSC cavity using the 
arrangement or other alternate methods described in Step 9 during the inner top cover 
plate cutting/welding operations. Verify that the measured hydrogen concentration does 
not exceed a safety limit of 2.4% [8.2 and 8.3}. If this limit is exceeded, stop all welding 
operations and purge the DSC cavity with approximately 2-3 psig helium via the tubing to 
reduce the hydrogen concentration safely below the 2.4% limit . 
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12. Perform dye penetrant weld examination of the inner top cover plate weld in accordance 
with the Technical Specification 5.2.4.b requirements. 

13. Remove purge lines and connect the VDS to the DSC siphon and vent ports. 

14. Install temporary shielding to minimize personnel exposure throughout the subsequent 
welding operations as required. 

15. Install Strongbackon 61BT. (Strongback is optional for 32PT.) 

16. 

a. ' Place strongback so that it sits on the inner top cover plate and is oriented such that: 

• the DSC siphon and vent ports are accessible 

• the strongback stud holes line up with the TC lid bolt holes. 

b. Lubricate the studs and, using a cross pattern, adjust the strongback studs to snug 
tight ensuring approximately even pressure on the cover plate. 

a. In accordance with Technical Specification 5.2.4.a, verify that the NS is filled 
before the draining operation in this step is initiated and continually monitored during the 
first jive minutes of the draining evolution to ensure the NS remains filled. 

b. If using blowdown method to remove water, engage helium supply (up to 15 psig) and 
open the valve on the vent port and allow helium to force the water from the DSC cavity 
through the siphon port. Use of helium is required per Technical Specification 3.1.1. 

c. If using water pumps to remove water without blowdown, pump water from DSC. Use 
1 to 3 psig of helium to bacifill the DSC with helium per ISG-22 [8. 5} guidance and 
Technical Specification 3.1.1 as water is being removed.from the DSC cavity. 

. -/ ' 

17. Once the water stops flowing.from the DSC, close the DSC siphon port and disengage the 
helium source and/or turn off the suction pump, as applicable. Verify that the TC axial 
surface dose rates are compliant with limits specified in Technical Specification 5.2.4.e. 
The configuration for determining the TC axial surface dose rates shall be in accordance 
with Technical Specification 5.2.4.e. 

CAUTION: Radiation dose rates are expected to be high at the vent and siphon port 
locations. Use proper ALARApractices (e.g., use of temporary shielding, appropriate 
positioning of personnel, etc.) to minimize personnel exposure. 

18. Connect the hose from the vent port and the siphon port to the intake of the vacuum pump. 
Connect a hose from the discharge side of the VDS to the plant's radioactive waste system 
or spent fuel pool. Connect the VDS to a helium source. 

Note: Proceed cautiously when evacuating the DSC to avoid .freezing consequences. 

19. Open the valve on the suction side of the pump, start the VDS and draw a vacuum on the 
DSC cavity. The cavity pressure should be reduced in steps of approximately 100 mm Hg, 

NUH-003 
Revision -J J 1 

/ ' . 
Page W.8-18 January 2014 I 

0 
::; 



• 

•••. ,f 

50 mm Hg, 25 mm Hg, 15 mm Hg, 10 mm Hg, 5 mm Hg, and 3 mm Hg. After pumping 
down to each level (these levels are optional), the pump is valved off and the cavity 
pressure monitored. The cavity pressure will rise as water and other volatiles in the cavity 
evaporate. When the cavity pressure stabilizes, the pump is valved in to complete the 
vacuum drying process. It may be necessary to repeat some steps, depending on the rate 
and extent of the pressure increase. Vacuum drying is complete when the pressure 
stabilizes for a minimum of 30 minutes at 3 mm Hg absolute or less as specified in 
Technical Specification 3.1.1. 

Note: The user shall ensure that the vacuum pump is isolated.from the DSC cavity when 
demonstrating compliance with Technical Specification 3.1.1 requirements. 
Simply closing the valve between the DSC and the vacuum pump is not sufficient, 
as a faulty valve allows the vacuum pump to continue to draws a vacuum on the 
DSC. Turning off the pump, or opening the suction side of the pump to 

· atmosphere are examples of ways to assure that the pump is not continuing to 
draw a vacuum on the DSC. 

20. Open the valve to the vent port and allow the helium to flow into the DSC cavity. 

Note: Steps 21through25 which follow are optional steps that provide an initial check 
of the inner top cover plate weld. 

21. Pressurize the DSC with helium up to about 24 psia not to exceed 34 psia. 

• 22. Helium leak test the inner top cover plate weld to a leak rate of 1 x 10-5 atm cm3 I sec. 

23. If a leak is found, repair the weld, repressurize the DSC and repeat the helium leak test. 

• 

24. Once no leaks are detected, depressurize the DSC cavity by releasing the helium through 
the VDS to the plant's spent fuel pool or radioactive waste system. 

25. Re-evacuate the DSC cavity using the VDS. The cavity pressure should be reduced in steps 
of approximately 10 mm Hg, 5 mm Hg, and 3 mm Hg. After pumping down to each level, 
the pump is valved off and the cavity pressure is monitored level (these levels are optional). 
When the cavity pressure stabilizes, the pump .is valved in to continue the vacuum drying 

·process.:· Vacuum drying is complete when the pressure stabilizes for a minimum of 30 -
minutes at 3 mm Hg absolute or less in accordance with Technical Specification 3.1.1 
limits. 

CA UTJON: Radiation dose rates are expected to be high at the vent and siphon port 
locations. Use proper ALARApractices (e.g., use of temporary shielding, appropriate 
positioning of personnel, etc.) to minimize personnel exposure. 

Note: 
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26. 

/ .' . 

atmosphere are examples of ways to assure that the pump is not continuing to 
draw a vacuum on the DSC. 

Open the valve on the vent port and allow helium to flow into the DSC cavity to pressurize 
the DSC as shown in the table below (Value A) and hold/or 10 min. Depressurize the DSC 
cavity by releasing the helium through the VDS to the plant spent fuel pool or radioactive 
waste system to value shown in table below (Value BJ in accordance with Technical 
Specification 3.1.2 limits. 

DSC 
Value A Value B 
(pSif!) (psi!!) 

32PT 16.5-18.0 2.5±1.0 

61BT 11.0-12.5 2.5±1.0 

27. Close the valves on the helium source. 

28. Remove,the strongback, decontaminate as necessary, and store (if used). 

W.8.1.4 DSC Sealing Operations 

CAUTION: During performance of steps listed in Section W.8.1.4, monitor the cask/DSC 
annulus water level and replenish as necessary to maintain cooling . 

CAUTION: During performance of steps listed in Section W 8.1. 4, the opening at the top 
and bottom of the decontamination area shielding shall be monitored (visual inspection) to 
assure no significant blockage of openings. Although blockage is improbable as all 16 
openings would require sealing, personnel shall perform visual inspection of shielding 
sleeve and bell openings during the operations when DSC is in the sleeve. 

1. Disconnect the VDS from the DSC. Seal weld the prefabricated plugs over the vent and 
siphon ports. Inject helium into blind space just prior to completing welding, and perform 
a dye penetrant weld examination in accordance with the Technical Specification 5.2.4.b 
requirements. 

2. Temporary shielding may be installed as necessary to minimize personnel exposure. Install 
the automatic welding machine onto the outer top cover plate and place the outer top cover 
plate with the automatic welding system onto the DSC. Optionally, outer top cover plate 
may be.installed separately from the welding machine. Verify proper fit up of the outer top 
cover plate with the DSC shell. 

3. Tack weld the outer top cover plate to the DSC shell. Place the outer top cover plate weld 
root pass. 

4. Perform a helium leak test of the DSC inner top cover plate and vent/siphon port plate 
welds using the leak test port in the outer top cover plate in accordance with Technical 
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Specification 5.2.4.c limits. Verify that the personnel performing the leak test are qualified 
in accordance with SNT-TC-JA [8.4}. Alternatively this can be done with a test head in 
step 1 of Section W.8.1.4. 

5. If a leak is found, remove the outer cover plate root pass (if not using test head), the vent 
and siphon port plugs and repair the inner cover plate welds. Repeat procedure steps from 
W.8.1.3 Step 20. 

6. Perform dye penetrant examination of the root pass weld. Weld out the outer top cover 
plate to the DSC shell and perform dye penetrant examination on the weld surface in 
accordance with the Technical Specification 5.2.4.b requirements. 

7. Install and seal weld the prefabricated plug, if applicable, over the outer cover plate test 
port and perform dye penetrant weld examinations in accordance with Technical 
Specification 5.2.4.b requirement. 

8. Remove the automatic welding machine from the DSC. 

8a. In accordance with Technical Specification 5.2.4.a, verify that the NS is filled before the 
draining operation in Step 9 is initiated and continually monitored during the first five 
minutes of the draining evolution to ensure the NS remains filled. 

9. Drain the DSC/TC annulus. 

10. Rig the cask top cover plate and lower the cover plate onto the TC. 

11. Bolt the cask cover plate into place, tightening the bolts to the required torque in a star 
pattern. 

12. Verify that the TC radial dose rates measured at the surface of the decontamination area 
shielding are compliant with limits specified in Technical Specification 5.2.4.e. The 
configuration for determining the TC radial surface dose rates shall be in accordance with 
Technical Specification 5.2.4.e. 

W. 8.1. 5 TC Downending and Transfer to ISFSI 

Note: Licensee shall use remote operations and other mitigating ALARA practices when 
handling the bare OSI 97L TC when loaded with fuel as required by the sites 
ALARA program and the Radiation Protection Program requirements of 
Technical Specification 5.2.4.a. 

Note: Alternate Procedure for Downending o[Trans{er Cask: Some plants have limited 
floor hatch openings above the cask/trailer/skid, which limit crane travel (within 
the hatch opening) that would be needed in order to downend the TC with the 
trailer/skid in a stationary position. For these situations, alternate procedures 

1 . are to be developed on a plant-specific basis, with detailed steps for downending. 

CAUTION: The surface dose rates during the movement of the bare TC from the 
decontamination area to the transfer trailer may be as high as 9.8 rem/hr. 
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1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

CAUTION: Restrict personnel from the area, as specified by plant's ALARA practices, due 
to the high cask dose rates. Crane operations shall be performed remotely and an optical 
targeting system with remote camera monitoring shall be used to minimize personnel 
exposure upon removal of the decontamination area shielding bell from the cask. Failure 
of remote operating devices should be considered and proper repair/recovery operations 
should be planned to keep doses ALARA. 

Verify that the neutron shield is filled, in accordance with Technical Specification 5.2.4.a. 

Move the scaffolding away from the cask as necessary. 

Rig and remove the decontamination area shielding bell from the cask. Removal of the 
shielding bell shall be performed in accordance with the plant's heavy load procedures. 

Re-attach the TC lifting yoke to the crane hook, as necessary. Ready the transport trailer 
and cask support skid for service. 

The transport trailer should be positioned so that cask support skid is accessible to the 
crane with the trailer supported on the vertical jacks. 

Position the cask lower trunnions onto the transfer trailer support skid pillow blocks. 

Move the crane forward while simultaneously lowering the cask until the cask upper 
trunnions are just above the support skid upper trunnion pillow blocks . 

Inspect the positioning of the cask to insure that the cask and trunnion pillow blocks are 
properly aligned. 

Lower the cask onto the skid until the weight of the cask is distributed to the trunnion 
· pillow blocks. 

10. Place the inner top shield on the skid (this must be performed inside the fuel handling 
building). Placement of the shields shall be performed in accordance with the plant's 
heavy load procedures and shall be evaluated within the plant 72.212 (50.59) for the dry 
fuel loading procedures. 

11. Inspect the trunnions to ensure that they are properly seated onto the skid and install the 
trunnion tower closure plates, if required. 

·CAUTION: Per Technical Specification 4. 4. 4, during transfer operation of a loaded 
OS197L TC, every hour, visually monitor the outer top trailer shield vents and the opening 
around the cask ends for any sign of steaming which may indicate leakage of water from 
the cask neutron shield. If steaming is determined to be due to leakage of neutron shield 
water and not due to any rain or snow or other ambient conditions, then Licensee shall take 
appropriate corrective actions including terminating the transfer operation and returning 
the loaded cask to the fuel handling building for further assessment . 
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The following step may be performed outside if the fuel building weight limits preclude 
placement of the outer top skid shielding inside the fuel building (See Technical 
Specification 4.4.3 for restrictions). 

CAUTION: Verify that the requirements of Technical Specification 5. 3.1 b are met prior to 
next step. 

12. Install the outer top skid shielding. During installation, the bottom most part of the body of 
the outer top shield shall not be hoisted by the crane more than 4 inches above the top 
horizontal plate of the inner top shield. 

W 8.1. 6 DSC Transfer to the HSM 

1. 

CAUTION: Per Technical Specification 4.4.4, during transfer operation of a loaded 
OSI 97L TC, every hour, visually monitor the outer top trailer shield vents and the opening 
around the cask ends for any sign of steaming which may indicate leakage of water from 
the cask neutron shield. If steaming is determine.d to be due to leakage of neutron shield 
water and not due to any rain or snow or other ambient conditions, then Licensee shall take 
appropriate corrective actions including terminating the transfer operation and returning 
the loaded cask to the fuel handling building for further assessment. 

CAUTION: During the actual movement of the transfer cask on the transfer trailer to the 
ISFSL the gap between the transfer trailer deck and bottom of the skid shall be monitored 
(visual inspection) to assure no significant blockage of airflow. Although blockage is 
improbable as over 60 feet of gap would require sealing, personnel shall maintain a visual 
scan of the trailer. 

Prior to transferring the cask to the ISFSI or prior to positioning the transfer cask at the 
HSM designated for storage, remove the HSM door using a porta-crane, inspect the cavity 
of the HSM, removing any debris and ready the HSM to receive a DSC. The doors on 
adjacent HSMs should remain in place. 

CAUTION: Very high dose rates in the empty HSM are expected if adjacent to a loaded 
. HSM Proper ALARA practices should be followed during these operations. 

2. Inspect the HSM air inlet and outlets to ensure that they are clear of debris. Inspect the 
screens on the air inlet and outlets for damage. 

CAUTION: Verify that the requirements of Technical Specification 5. 3.1 b are met prior to 
next step. 

3. Using a suitable vehicle, transfer the cask from the plant's fuel/reactor building to the 
ISFSI along the designated transfer route. 

4. Once at the ISFSL position the transport trailer to within several inches of the HSM 
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5. Check the position of the trailer to ensure the centerline of the HSM and cask 
approximately coincide. If the trailer is not properly oriented, reposition the trailer, as 
necessary. 

6. If not already installed, install the alignment targets, including the cast top centerline 
target through the skid shielding. 

7. Using crane, unbolt and remove the cask top cover plate. 

8. Back the cask to within a few inches of the HSM, set the trailer brakes and disengage the 
tractor. Drive the tractor clear of the trailer. Extend the transfer trailer vertical jacks. 

9. Remove the skid tie-down bracket fasteners and use the skid positioning system to bring the 
cask into approximate vertical and horizontal alignment with the HSM Using optical 
survey equipment and the alignment marks on the cask and the HSM, adjust the position of 
the cask until it is properly aligned with the HSM 

10. Using the skid positioning system, fully insert the cask into the HSM access opening 
docking collar. 

11. Secure the cask trunnions to the front wall embedments of the HSM using the cask 
restraints. · 

12. After the cask is docked with the HSM, verify the alignment of the TC using the optical 
survey equipment . 

13. Position the hydraulic ram behind the cask in approximate horizontal alignment with the 
cask and level the ram. Remove either the bottom ram access cover plate or the outer plug 
of the two-piece temporary shield plug if installed. Power up the ram hydraulic power 
supply and extend the ram through the bottom cask opening into the DSC grapple ring. 

14. 

15. 

16. 

17. 

18. 

19. 

20 . 

Activate the hydraulic cylinder on the ram grapple and engage the grapple arms with the 
DSC grapple ring. 

Recheck all alignment marks in accordance with the Technical Specification 5.3.3 limits 
and ready all systems for DSC transfer. 

Activate the hydraulic ram to initiate insertion of the DSC into the HSM Stop the ram 
when the DSC reaches the support rail stops at the back of the module. 

Disengage the ram grapple mechanism so that the grapple is retracted away from the DSC 
grapple ring. 

Retract and disengage the hydraulic ram system from the cask and move it clear of the 
cask. Remove the cask restraints from the HSM 

Using the skid positioning system, disengage the cask from the HSM access opening. 

Install the DSC axial retainer through the HSM door opening. 
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2I. Install the HSM door using a portable crane or other suitable lifting device and secure it in 
place. Door may be welded for security. Verify that the HSM dose rates are compliant 
with the limits specified in Technical Specifications 5.4.I and 5.4.2. 

22. Replace the TC top cover plate. Secure the skid to the trailer, retract the vertical jacks and 
disconnect the skid positioning system. 

23. Tow the trailer and cask to the designated equipment storage area. Return the remaining 
transfer equipment to the storage area. 

24. Close and lock the ISFSI access gate and activate the ISFSI security measures. 

25. Ensure the HSM maximum air exit temperature requirements of Technical Specification 
3.I.4 are met. 

W.8.I. 7 Monitoring Operations 

I. Perform routine security surveillance in accordance with the licensee's ISFSI security plan. 

2. Perform one of the two alternate daily surveillance activities listed below: 

a. A daily visual surveillance of the HSM air inlets and outlets to insure that no debris 
is obstructing the HSM vents in accordance with Technical Specification 5.2.5a 
requjrements . 

b. A temperature measurement of the thermal performance, for each HSM, on a daily 
basis in accordance with Technical Specification 5.2.5b requirements. 

W.8.2 Procedures for Unloading the Cask 

The operational differences specified above for loading operations when using OSI 97L TC 
(relative to the use of OSI 97 TC described in Chapter 5) will also apply for unloading 
operations. 

W.8.3 Identification o(Subjects for SafetvAnalvsis 

There is no change relative to Section 5.1.3 regarding criticality control, chemical safety, 
operational shutdown modes and maintenance techniques. 

In addition to the typical instrumentation listed in Table 5.I-I of Section 5.I.3, the use of 
OSI 97L TC shall require optical targets and instruments to implement specific remote crane 
operations described in Section W. 8. I above. 

, I 
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W.8.4 Fuel Handling Systems 

W. 8. 4.1 Spent Fuel Handling and Transfer 

No change. The general description of the spent fuel handling and transfer components 
presented in Section 5.2.1 remains applicable. However, there are differences in design features 
and operations as noted below. 

W.8.4.1.1 Functional Description 

The OS197L TC and the associated transfer equipment are described in sections W.1.2 and 
W.1.2.1.1. The difference in designfeatures of these components relative to the OS197 TC 
described in Section 5. 2.1.1 are discussed in Appendix W. 1. 

Note: There are significant differences in operation steps when using the OS197L TC. Hence, 
the illustration provided in Figure 5.2-1 is not applicable when using the OS197L TC. 

W.8.4.1.2 Safety Features 

No change. The safety features described in Section 5. 2.1. 2 remain applicable. 

W.8.4.2 Spent Fuel Storage 

Descriptions of the operations used for the transfer and retrieval of the DSC from the HSM are 
presented in Section W.8.1. There is no change to the safety features discussed in Section 
5.2.1.2. 

W. 8. 5 Other Operating Systems 

No change i~ needed to the information provided in SAR Section 5.3 except that the accident 
analysis is provided in Section W.11 for the OS197L system. 

W. 8. 6 Operation Support System 

No change to the information provided in Section 5. 4 except for the optical targets and facilities 
required for remote crane operations described in Section W. 8. 

W.8. 7 Control Room and/or Control Areas 

No change to the information provided in Section 5.5. 

W.8.8 Analytical Sampling 

No change to the information provided in Section 5. 6 . 
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W.9 Acceptance Criteria and Maintenance Program 

The use of the OSI97L includes the acceptance criteria, and maintenance program requirements 
described elsewhere in the UFSARfor the OSI 97 TC, with the follow clarifications and 
additional considerations unique to the OSI97L. 

As described in Section W.3.2, the test load criteria for the upper trunnions of the OSI97L are 
the same as those for the OSI97 TC, except that the test load is conservatively equal to 300% of 
the design load instead of I50%for the OSI97 TC in Section 4.2.3.3. 

Consistent with Section 4.3.9 the transfer cask is designed to require only minimal maintenance, 
limited to periodic inspection of critical components and replacement of damaged or 
nonfunctioning components. A discussion of these requirements is provided in Section 4.5. 
Section 4.5 of the UFSAR describes routine and annual visual/functional inspections and the 
repair or replacement actions to be taken if any of the inspections fail. For the OSI97L the 
routine inspections should include the supplemental shielding (visual inspections for damage) 
and the mechanical and hydraulic/pneumatic components (visual and functional inspection) of 
the lifting yokes or other hardware used for remote operations when using the OSI 97L TC. 

In addition, the applicable pre-operational testing requirements described in Section 9.2, and 
the training requirements in Section 9. 3 are applicable when the OSI 97L TC is used, with the 
following additional requirements: 

I. The pre-operational testing and operation programs for licensees using the OSI97L system 
should specifically include the unique operational features of the OSI97L system based on 
normal planned operating procedures and based on procedures for recovery from a crane 
malfunction and failure of other remote operations equipment such as the optical targeting 
system, cameras, etc. The unique operational features should include as a minimum: I) 
operations with the yoke to engage and disengage the TC trunnions during operations at 
the cask handling area and during upending/downending, 2) use of supplemental shielding 
in the cask handling area and on the transfer trailer/skid, and 3) operations including 
remote targeting or any other hardware needed for remote handling. These unique 
operational features for normal and recovery conditions should be included in dry run or 
practice exercises prior to each loading campaign, even if done at the same site with the 
same personnel. 

2. The training programs for licensees using the OSI97L system should specifically include 
the' unique operational features of the OSI97L system based on normal planned operating 
procedures and based on procedures for recovery from a crane malfunction and failure of 
other remqte operations equipment such as the optical targeting system, cameras, etc. 

The OSI 97L payloads are the 6I BT and 32PT DSCs. The acceptance tests and maintenance 
programs for these DSCs as described in Chapters K.9 and M9 of the UFSAR are not changed 
by the use of the OSI97L TC . 
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W.10 Radiation Protection 

As discussed in Section W.5, use of the OS197L TC does not significantly affect personnel doses 
(during closure operations, handling, or storage) or site boundary dose rates during normal 
operations with supplemental shielding as described in Section WI. The OS 197L TC is used 
only for loading/unloading and transfer operations, and the storage conditions are unchanged. 
Therefore, the personnel doses, occupational exposures and site bounding dose rates documented 
for each DSC/HSM storage configuration in Chapter K.10 and Chapter M.10 remain unchanged 
and are applicable to operations using the OS 197L TC. 

The use of the OS 197L TC is not expected to have any significant impact on personnel doses 
during normal operation since the operations for placement and removal of bare OS 197L TC 
from the fuel pool into the decontamination area shielding sleeve, placement and removal of the 
decontamination area shielding bell, engagement of the yoke to the cask trunnions, movement of 
the cask to the trailer, lowering of the cask onto the trailer and placement of the skid shielding on 
the cask will be performed remotely using cameras and laser/target positioning. 

The OS 197L uses remote handling devices for movement of the TC during loading and transfer 
operations. In the event of a failure of either the remote handling device or a malfunction of the 
crane, an evaluation has been performed to assess the additional occupational exposure during 
recovery operations. This evaluation was performed using the dose rates from the OS197L TC 
when loaded with a NUHOMS® 32PT DSC . 

Additional occupational exposures due to operations unique to the OSI 97L TC are evaluated in 
the following sections: 

WI O. I Recovery/Repair Operations due to Remote Handling Device Malfunction 

The OS 197L uses remote handling devices for movement of the TC during loading and transfer 
operations. In the event of a failure of either the remote handling device or a malfunction of the 
crane, an evaluation has been performed to assess the additional occupational exposure during 
recovery operations. This evaluation was performed using the dose rates from the OS197L TC 
when loaded with a NUHOMS® 32PT DSC. 

For this evaluation, the crane is postulated to fail as the OSI 97L TC is being lowered onto either 
the decontamination area or the transfer trailer. 

Dose rates around various shielding configurations are presented in Chapter W5. The dose 
rate distribution utilized in the occupational exposure calculations during a crane malfunction 
can be estimated using equations provided below. 

The bouhding dose rate at a radial distance, r, from the side of a bare cask can be approximated 
by the expression: 
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where the values for ai and bi are given in Table W 10-1 for 0 s r s 10 and 10 < r s 200. This 
equation represents dose rates that are in a very good agreement with data in Table W5-3, 
Table W5-6 and Table W5-9 (OS197L TC Bare Cask). 

Radial Distance 
(meters) ao ho 

0srs10 1.9339 0.0 

10<rs200 0.0085 0.0 

Table W.10-1 
Parameters ofEq. W.10-1 

Parameters (fa/= mremlhr and [bl= m-1
) 

a1 b1 a2 b2 
2696.5243 2.7571 5562.0454 0.7258 

11.0493 0.0208 569.6182 0.0963 

ll3 b3 
1574.6363 0.1965 

0 0 

Similarly, the maximum dose rate within the outer radius of the cask, R, at a distance, H (see 
Figure W.5-3), above the cask top in the axial direction can be approximated by the expressions: 

D(H) = (25.2-107) * H + 107 ,for r <Rand 0sHs1 meter 

D(H) = 26 I H, for r < R and 1 < H < 10 meters 

Eq. W10-2a 

Eq. W10-2b 

To provide an example of how exposure to a worker can be calculated, consider a bare cask 
hang-up due to a crane malfunction which requires a worker to perform some manual 
operations on the crane so that the cask can be lowered and laid on its side on a trailer. It is 
assumed that this occurs in a large room and at a distance from the walls and ceiling sufficient 
to ignore backscatter, so no backscatter contributions are included in this example. However, 
the significance of backscatter contributions should always be considered when calculating this 
type of occupational exposure. Factors such as a small room geometry (defined as having 
dimensions le_ss than twice the length of the cask) or operations performed close to the wall or 
ceiling mdy require the use of backscatter correction factors. 

For this scenario, a worker must perform the following steps: 

1. Use a ladder to reach the elevation of a crane bridge, 

2. Use a walkway to reach the crane bridge, 

3. Crawl on the crane bridge itself to reach a location just above the cask top, 

4. Move to the cask top and perform necessary repair operation on the crane or cask, 

5. Return to the crane bridge, 

6. Remain in place on the crane bridge while the cask is lowered to the trailer and tilted on its 
side, 

7. Crawl back across the crane bridge to the walkway, 

8. Use the walkway to reach the ladder, and 

9. Dese,end the ladder . 
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Figu.re W.10-1 depicts scenario as seen in a plan view. 

It is assumed that the elevation of the crane bridge, the length of the walkway, and the distance 
from the walkway to the cask are all 15.24 m (50ft). It is also assumed that the top of the cask is 
1 m below the crane bridge when the hang-up occurs and that the trailer is 0.91 m (3 ft) above 
the ground. When applying this type of calculation to a specific site, it is important to use the 
actual distances expected to be encountered during the operation. 

Trailer 

Figure W.10-1 

1. The ladder is at a radial distance of 21.55 mfrom the side of the cask. A dose rate of79 
mremlhr is predicted at that distance. Assuming a constant climbing rate of 1550 m/hr 
(1 mile/hr) [10.1, 10.2}, 35 secs are required to climb the ladder, which exposes the worker 
to 0. 77 mrem. 

2. As the worker moves along the walkway, the radial distance to the cask decreases.from 
21.55 m to 15.24 m. Conservatively, it is assumed that the worker is exposed to the 
maximum dose rate of 139 mrem/hr at a radial distance of 15.24 m. Assuming a constant 
walking speed of 4830 mlhr (3 miles/hr), 11 secs are required to reach the crane bridge, 
which exposes the worker to 0.44 mrem. 

3. As the worker crawls over the crane bridge, the radial distance to the cask decreases 
linearly from 15.24 m to 0 m. Assuming a constant crawling speed of 966 m/hr or one fifth 
the normal walking speed, 57 secs are required to reach the top of the cask, which exposes 
the worker to 17. 03 mrem . 
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• 4. The operations are performed directly on top of the cask, where the predicted dose rate is 
107 mrem/hr. Assuming 10 minutes are required to reach the top of the cask from the 
crane bridge and perform the operations, the worker is exposed to 17.83 mrem. 

5. As the cask is lowered, the axial distance increases from 0 m to 8.25 m. Assuming the cask 
is lowered at a constant rate and requires 0. 7 5 hrs, the worker is exposed to 11. 00 mrem. 

6. As the cask is laid on its side, the worker transitions from 8.25 m above the cask top to 
11.19 m from the cask side. Conservatively it is assumed that the worker is exposed to the 
maximum predicted dose rate of 203 mrem/hr that occurs at a radial distance of 11.19 m 
from the side of the cask. Assuming the cask it tilted over a period of0.5 hrs, the worker is 
exposed to 101.33 mrem. 

Note: The following sequence of steps 7 through 10 are the reverse of step 4 through 1 
above. Speed and completion times remain unchanged. 

7. . Ope;~tions ~re performed at a radial distance of 11.19 m from the cask, which co~responds 
to a dose rate of 203 mrem/hr. The worker is exposed to 33. 78 mrem. 

8. As the worker crawls back across the crane bridge, the radial distance to the cask 
increases from 11.19 m to 18. 91 m. Conservatively, it is assumed that the worker is 
exposed to the maximum predicted dose rate of 203 mrem/hr at a radial distance of 11.19 
m. The worker is exposed to 3.20 mrem. 

• 9. The walkway is now at a radial distance of 18. 91 m from the cask where the predicted dose 
rate is 100 mrem/hr. The worker is exposed to 0.31 mrem. 

10. As the worker descends the ladder, the radial distance to the cask decreases from 18. 91, 
passing at a minimum at 15.24 m. Conservatively it is assumed that the worker is exposed 
to the maximum predicted dose rate of 139 mrem/hr at a radial distance of 15.24 m. The 
worker is exposed to 1.37 mrem. 

The summation of the total exposure received by a worker from the above 10 steps results in a 
total exposure of 186.96 mrem. If more than one worker is involved in conducting the above 
described repair/recovery operations, the exposure must be scaled accordingly. 

W. L0.2 , Inspection o(Decontamination Shield Openings for Blockage 

In addition to the operations that are performed using remote handling equipment, there are 
additional minor operational steps that are necessitated due to the OS197L TC. For example, 
an operational step is needed during decontamination operations to ensure that the "openings" 
in the decontamination area shield are not blocked. The bottom openings are located at the 
bottom radial location of the decontamination area shield and the top openings are located at 
the top radial location of the decontamination area shielding bell. A discussion of the dose rate 
results associated with cask decontamination is included in Section W. 5. 4.10. 2 of the SAR. 

The bare cask radial surface dose rates at these axial locations are conservatively employed to 
• determine the dose rate fields. The maximum dose rate near the top opening using the bare cask 
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radial dose rate results from Table W5-8 and Table W5-l l is approximately 3000 mrem/hr (at 
a distance greater than 500 cmfrom the bottom of the OS197L TC). The maximum radial dose 
rate at the side of the OS197L TC during decontamination as displayed in Figure W5-2 (results 
corresponding to curve 4) is less than 100 mrem/hr. The average dose rate at the top opening 
location is conservatively estimated to be less than 700 mrem/hr (Section W5.4.10.2). 

Since this operation is of the order of a minute or less, the total contribution to the occupational 
exposure is less than 12 mrem. Workers are expected to follow the appropriate ALARA 
practices while performing this step, particularly at the top of the OS197L TC. 
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W.11 Accident Analyses 

This section describes the postulated accident events that could occur during fuel loading, 
draining, drying, welding and transfer of the DSC using a NUHOMS® OS 197L TC. Sections 
which do not affect the evaluations presented in Appendices K.11 and M.11 for the NUHOMSW-
61BT and 32PTDSC designs are identified as "No change." Detailed analyses of the events are 
provided in other sections and are referenced herein. The cask support skid supplemental 
shielding is referred to as trailer shielding throughout this chapter. 

W .11.1 Postlllated Accidents 

Only those accidents affecting the OS 197L TC are addressed in this section. There is no change 
to accident evaluations affecting other NUHOMS® components. 

W.11.1.1 OS197L TC Missile Impact Analysis 

This event is described in Section 8.2.2.4. The OS 197L TC uses a 2.68" steel shell in lieu of a 
1.5'' steel shell with a nominal 3.5" lead annulus and a 0.5'' inner liner for OS197 TC. The 
missile impact analyses for the OS 197 TC are therefore bounding for the OS 197L TC. 

W.11.1.2 Earthquake 

This event is described in Section 8.2.3.D. The OS197L TC configuration (cg location, cask 
length, trunnion location and bottom forging configuration) does not significantly differ from 
that of the OS197 TC. The OS197L TC remains stable when subjected to the design basis 
earthquake. 

W.11.1.2.1 OS197L TC in a Vertical Configuration during Vacuum Drying and Welding 
Operations 

The bottom forging on which the cask is resting during vertical cask operations is the same size 
and configuration as the OS 197 TC. The OS 197L TC cg location is not significantly altered by 
the change in the cask shell configuration. The addition of the decontamination area shield will 
provide a larger diameter, more stable shell, outside the cask envelope, thereby potentially 
enhancing the OS 197L TC seismic capacity. 

W .11.1.2.2 OS 197L TC in a Horizontal Configuration during Transfer Operations 

The cask seismic stresses for the OS197L TC are bounded by the OS197 TC stresses due to the 
similar configurations of the cask ends (top and bottom forgings and covers) and larger thickness 
structural shell. 

The trailer with the OS 197L TC, with the additional shielding, remains stable for the design 
basis seismic accelerations. 

W .11.1.3 OS 197L TC Accidental Cask Drop 

This event is described in Sections 8.2.5.2.B, D and E . 
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See Section W.3. 7 for a discussion of the OS197L TC drop accident. This drop accident is 
bounded by the results for the OS197 TC drop accident discussed in Section 8.2. 

W.11.1.4 Loss of Neutron Shield 

This event is described in Section 8.2.5.3. 

For th.e 1;1ccident condition (the unlikely cask drop scenario) a complete loss of the OS197L TC 
neutron shield is postulated similar to the OS197 TC evaluation described in Section 8.2.5.3. 
The analysis conservatively assumes that all the trailer shielding is lost. However, the trailer 
shield is fabricated using two sets of plate shields (the inside shield is 2.5" thick, the outside 
shield is 3" thick) which may be damaged in a drop but are unlikely to separate completely from 
the skid and cask. A comparison of the dose rate results for various OSJ97L shielding 
configurations including complete loss of trailer shielding (shown as "Bare Cask" 
configuration) is shown in the table below. 

Assuming the non-mechanistic drop scenario occurs and the trailer shields and the cask are 
dislodged completely from the trailer and skid, recovery actions are required to manipulate the 
shields or providing supplemental shielding to reduce dose rates to a reasonable value until a 
long term recovery plan is in place. As discussed above, the dose rates for this accident case are 
calculated assuming a complete loss of trailer shielding. 

Transfer Cask 
Configuration 

.,-

---

08197 L TC (with 
supplemental 
inner and outer 
trailer shielding) 

OS197L TC (with 
supplemental 
inner and without 
outer trailer 
shieldinaJ 

OS197L TC 
(Bare Cask) 
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OS197L TC Accident Condition Dose Rates 
(From results shown in Table W5-4) 

Dose Rates at Different Distances from Side Surface -
Accident Condition No Neutron Shield 

Dose Rate On Side 4.57 meters 
100 meters 

609.9 meters 
Component Surface (15') (2000') 

Dose Rate, Dose Rate, Dose Rate, Dose Rate, 
mrem/hr mrem/hr mrem/hr _ mrem/hr- -

Neutron 727 79.0 0.32 2.31e-4 

Gamma 134 40.0 0.14 3.04e-4 

Total 791 104 0.46 5.34e-4 

Neutron 1466 87.0 0.48 7.36e-4 

Gamma 540 59.0 0.29 1.07e-3 

Total 1543 129 0.77 1.81e-3 

Neutron 4,194 175 0.20 4.97e-5 

Gamma 15,305 1,332 2.30 2.43e-3 

Total 18,210 1,438 2.48 2.46e-3 
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The dose rates on the ends of the OS197L TC will be the same as the OS197 TC since the top 
and bottom forging and cover plate configurations have not been modified. Therefore, the dose 
rates at the controlled area boundary, assuming a 100 meter boundary, would be approximately 
2.48 mremlhr during the timeframe that the cask trailer shield is dislodged from the cask and 
until the trailer shield is repositioned. 

The 8 hours of recovery period assumed is appropriate because the repositioning of the trailer 
shields will be performed using lifting hardware pre-positioned prior to transfer operations. This 
will facilitate quick positioning using a crane to minimize the need for personnel to approach the 
cask. The dose rates at the controlled area boundary after repositioning of the inner and outer 
trailer shields are 0. 77 and 0.46 mrem/hour respectively. 

The total dose due to an 8-hour exposure at the controlled area boundary (100 meters) is 
calculated tq be s[ightly less than 20. 0 mrem. Note that this is lower than the 42 mrem exposure 
reported in UFSAR Section Ml 1.2.5.3 for the 32PT DSC with the OSJ97 TC. In summary, the 
total dose at the 100-meter controlled area boundary still remains very low and below the 
regulatory limit of 5,000 mrem. 

The total dose due to an 8-hour exposure to off-site individuals at the site boundary (2000 ft) is 
calculated to be 0. 02 mrem. Note that this is lower than the 0. 09 mrem exposure reported in 
UFSAR Section Mll.2.5.3for the 32PT DSC and 0.13 mrem exposure reported in UFSAR 
Section K.11.2.5.3 for the 61 BT DSC with the OSI 97 TC. 

The thermal evaluation for this accident condition is included in Chapter W.4 . 

W.11.1.5 Accidental Drop o[Top Trailer Shielding 

Placement of the inner and outer shields on the skid inside the fuel/reactor building is to be 
performed in accordance with the plant's heavy loads procedures. If a single failure proof crane 
is not used, the licensee is to evaluate the accidental drop of the shields under the provisions of 
10 CFR 50.59 and 10 CFR 72.212 and evaluate consequences of this drop accident. 

In the case when fuel/reactor building floor loads limit placement of both the inner and outer 
trailer, shields inside the fuel/reactor building, the outer top trailer shield may be placed outside 
thefuel/feaCtor budding. This condition is evaluated for accidental drop of the outer top trailer 
shield onto the already mounted inner trailer shield. 

The stresses in the inner shield are evaluated in accordance with Subsection NF stress criteria 
for accident (Level D) conditions. For Level D loads, the Subsection NF stress criteria for 
accident loads use the Appendix F stress limits. Based on a conservative elastic analysis model 
used in the stress evaluation and using conservation of energy principles, the maximum drop 
height which will meet the level D stress limits is on the order of 4 inches. Thus, the movement 
of the outer shield over the skid is to be controlled such that the maximum drop height does not 
exceed 4 inches . 
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W.12 Operating Controls and Limits 

The Technical Specification changes, due to the addition of the OS197L TC System, are included 
in Attachment A to NUHOMffID CoC 1004. 

' •• J 
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