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NAC PROPRIETARY INFORMATION REMOVED 

72.48 Determination ID #NAC-15-MAG-009 

Change Description 

Source of Change: 72.48 Determination ID #NAC-15-MAG-009 

Originating Document: Duke AR # 019315 92 

Disposition: Use-As-Is 
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72.48 Determination ID #NAC-15-MAG-014 

Change Description 

Clarified an inconsistency between MA GNAS TOR FSAR Chapter 9 and 10 CFR 72.236 (K). 
Chapter 9, Section 9.1.3, Step 20 was revised to provide consistency with regulatory requirements. 

Chapter 9, page 9.1-16. 

Source of Change: 72.48 Determination ID #NAC-15-MAG-014 

Originating Document: DCR(L) 71160-FSAR-7C 

Update MAGNASTOR FSAR Chapter 9 to clarify an inconsistency between Section 9.1.3, step 
20 and 10 CFR Part 72. Step 20 is revised to: "Scribe and/or stamp the concrete cask nameplate, 
if not already done, with the required information at a minimum." 

The MAGNASTOR FSAR currently states "scribe and/or stamp the concrete cask nameplate to 
indicate the loading date. If not already done, scribe or stamp any other required information". The 
loading date is not required by 10 CFR Part 72. 
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72.48 Determination ID# NAC-15-MAG-018 

Change Description 

Updated MAGNASTOR Chapter 8 to clarify when special approved two-coat painting systems 
are required and included new coating system data sheets. Editorial changes to Section 8.13.3 
and 8.13.4 

Chapter 8 page 8-i, 8.6-2, 8.6-3, 8.13-1, 8.13-7, 8.13-9, 8.13-18 through 8.13-28 

Source of Change: 72.48 Determination ID #NAC-15-MAG-018 

Originating Document: DCR(L) 71160-FSAR-7B 

1. Update MAGNASTOR FSAR Chapter 8 incorporating minor editorial revision to Section 
8.6.2, as follows: 

a. In the second paragraph of the. section, deleted "an approved two-coat" and replaced 
with "a painting" regarding painting of the Transfer Adapter; 

b. In the final paragraph of the section, deleted "As with nickel-coating, no positive 
characteristics are considered in the applicable safety analysis and therefore, minor 
scratches and wear of the coatings is not a concern"; and replaced with "Examples of 
acceptable coating systems are detailed in Section 8.13. Minor scratches and wear of 
coatings have an insignificant effect on the overall coating performance and are 
therefore permitted." 

2. Revised Section 8.13 Vendor Supplied Information introduction to address inclusion of the 
B29 standard in the section. 

3. Revise Section 8.13 to incorporate additional technical data sheets for acceptable coatings as 
follows: Section 8.13.8 AMERLOCK 2/400GF; Section 8.13.9 AMERSHIELD; and Section 
8.13.10 DIMECOTE 9. 

4. Revise Chapter 8 Table of Contents to incorporate new data sheets and clarification of titles 
of 8.13.3 and 8.13.4 to add coating series number. 
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72.48 Determination ID #NAC-15-MAG-020 

Change Description 

Revised Drawing 71160-562, required name plate data to be consistent with the specific 
regulation requirements of 10 CFR 72.236(k) in identifying the spent fuel storage casks. All 
other information on the nameplate is optional and not required. 

Source of Change: 72.48 Determination ID #NAC-15-MAG-020 

Originating Document: DCR(L) 71160-562-SA 

1. Revise item 22 on drawing 71160-562 page 2, Zone B-4. 
Delete the first two lines of data on the nameplate that show owner and designer information. 
Also, delete the pointer which says "Information to be supplied later". 
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72.48 Determination ID #NAC-15-MAG-022 

Change Description 

Updated MAGNASTOR Chapter 3 to make consistent with the governing calculation 71160-
2015, Revision 5. 

Chapter 3, page 3.5-3 and 3.5-4 

Source of Change: 72.48 Determination ID #NAC-15-MAG-022 

Originating Document: DCR(L) 71160-FSAR-7D 

Revise Section 3.5.1.4 TSC Handling Loads, as detailed in the attachment, to update the TSC lift 
lug evaluation for handling conditions to reflect an increased load for supplemental support 
equipment, a reduced weld area, and an increased bearing area consistent with the 71160-2015 
calculation. 
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72.48 Determination ID #NAC-15-MAG-023 

Change Description 

Update MAGNASTOR FSAR Chapter 2, Table 2.1.2 code alternatives for NB-6111 and Chapter 
10, Section 10.1.3 to clarify inconsistencies between the codes and the FSAR. 

Chapter 2, page 2.1-4 and Chapter 10, page 10.1-5 

Source of Change: 72.48 Determination ID #NAC-15-MAG-023 

Originating Document: DCR(L) 71160-FSAR-7E 

Update MAGNASTOR FSAR Chapter 2, Table 2.1.2 code alternatives for NB-6111 and Chapter 
10, Section 10.1.3" to clarify inconsistencies between the codes and the FSAR. 

1. Revise the second sentence to: "No observable water leakage from the closure lid to the TSC 
shell weld is allowed while maintaining test pressure." Was: "No observable pressure drop or 
water leakage from the closure lid to TSC shell weld is allowed." 

2. Revise the sentence to: "the shop helium leakage test to approximately 2 x 10-7 cm3/sec 
(helium) (as described in Section 10.1.3) provides reasonable assurance of the leak tightness 
of the TSC shell weldment." Was "2 x 10-7 cm3/sec (as described in Section 10.1.3) provides 
reasonable assurance of the leak tightness of the TSC shell weldment." 

3. MAGNASTOR FSAR Section 10.1.3, revise the leakage rate requirements in last paragraph 
to read: "The leakage test shall be performed in accordance with the requirements and 
approved methods of ASME Code, Section V, Article 10, and ANSI N14.5-1997 [20] to 
confirm the total leakage rate (i.e., leak.tight) is less than, or equal to, 1x10-7 ref. cm3/s (air) 
or approximately 2 x 10-7 cm3/sec (helium). Was: "The leakage test shall be performed in 
accordance with the requirements and approved methods of ASME Code, Section V, Article 
10, and ANSI N14.5-1997 [20] to confirm the total leakage rate is less than, or equal to, 
1 x10-7 ref. cm3/s (i.e., leaktight)." 



Enclosure I to ED2017000 I 
Page 8 of29 

72.48 Determination ID #NAC-15-MAG-024 

Change Description 

Revise MAGNASTOR FSAR Chapter 7 to limit foreign materials permitted inside the TSC 
cavity to ensure that explosive levels of gases are not generated as a result of radiological 
decomposition. 

Chapter 7, page 7.2-1 

Source of Change: 72.48 Determination ID #NAC-15-MAG-024 

Originating Documents: DCR(L) 71160-FSAR-7F 

Section 7.2.2 shall be revised to read as follows: 

Foreign materials will be excluded from the cavity to the extent required to ensure that explosive 
levels of gases due to radiological decomposition will not be generated. 
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72.48 Determination ID #NAC-15-MAG-025 

Change Description 

The change provides clarification that localized regions of the fuel tube (i.e., weld seam region) 
may have an under thickness tolerance of 0.03 inch, which is different than the ASME plate 
tolerance for the fuel tube wall material. Note that this applies to the PWR and PWR DF baskets. 
Tolerances for fuel tube wall thickness were not provided in the previous license drawing. 

Change to drawing 71160-551-lOPA/lONPA, Sheet 1 

Source of Change: 72.48 Determination ID #NAC-15-MAG-025 

Originating Document: DCR(L) 71160-551-lOPA/lONPA 

Sheet 1: 

1. Revised Note 3 to "Tube wall thickness of the longitudinal weld seam regions may be 0.03 
inches below nominal plate thickness. Transitions in thickness shall be blended." Was, 
"(Deleted)". 
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72.48 Determination ID #NAC-16-MAG-002 

Change Description 

Corrected a typographical error introduced by DCR(L)71160-FSAR-4E in MAGNASTOR 
FSAR Chapter 9. The Caution statement in Section 9 .1 Step 20 should have a thermal time limit 
of 19 hours. 

Chapter 9, page 9 .1-4 

Source of Change: 72.48 Determination ID #NAC-16-MAG-002 

Originating Document: DCR(L) 71160-FSAR-7G 

Correct a typographical error in MAGNASTOR FSAR Chapter 9, Section 9.1, step 20 is revised 
to: "Caution: Following closure lid installation, there is a thermal time limit of 19 hours to begin 
the Annulus Circulating Water System (ACWS), or approved alternative annulus flow system 
operation, and to begin temperature measurement of the MTC annulus outlet flow to verify MTC 
outlet temperature is maintained< l l3°F. If ACWS flow cannot be initiated in the time allowed, 
return the MTC to the spent fuel pool and remove the closure lid to allow cooling by the spent 
fuel pool water. 
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72.48 Determination ID #NAC-16-MAG-003 

Change Description 

Revised MAGNASTOR FSAR Chapter 8 and 9 to include options to utilize either nitrogen or 
helium as the purge gas during TSC cooldown operations. 

Chapter 8, page 8.10-7, Chapter 8, page 8.11-3 Chapter 9, page 9.3-2, and Chapter 9, page 9.1-17 

Source of Change: 72.48 Determination ID #NAC-16-MAG-003 

Originating Document: DCR(L) 71160-FSAR-7H 

1. Revise FSAR Page 8.10-7, Section 8.10.3.2 as follows: 
• Was: Following removal of the vent and drain port covers, the TSC is sampled for 

radioactive gases, vented, flushed with nitrogen gas, and cooled down with water using 
the vent and drain ports. 
Is: Following removal of the vent and drain po11 covers, the TSC is sampled for 
radioactive gases, vented, flushed with nitrogen or helium gas, and cooled down with 
water using the vent and drain ports. 

2. Revise Page 8.11-3, Section 8.11, sentence in paragraph at top of page as follows: 
• Was: When the canister is first prepared for unloading and the port covers are removed, 

nitrogen gas is initially cycled through the canister for a minimum of 10 minutes to flush 
the radioactive gases from the canister. 
Is: When the canister is first prepared for unloading and the port covers are removed, 
nitrogen or helium gas is initially cycled through the canister for a minimum of 10 
minutes to flush the radioactive gases from the canister. 

• Was: Following the nitrogen flush, water is introduced into the canister at a maximum 
rate of 8 gpm. 
Is: Following the nitrogen or helium flush, water is introduced into the canister at a 
maximum rate of 8 gpm. 

• Was: The combination of initial nitrogen purge, followed by the cooling transition of the 
steam created in the canister cavity, provides a relatively smooth transition to water 
cooling and insignificant thermal stress in the fuel rod cladding. 
Is: The combination of initial nitrogen or helium purge, followed by the cooling transition 
of the steam created in the canister cavity, provides a relatively smooth transition to water 
cooling and insignificant thermal stress in the fuel rod cladding. 
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72.48 Determination ID #NAC-16-MAG-003 (continued) 

3. Revise FSAR Page 9.3-2, step 18 of the FSAR as follows: 
• Was: Initiate nitrogen gas flow through the TSC to flush out residual radioactive gases. 

Continue nitrogen flow for a period of 10 minutes. 
Is: Initiate purge gas flow (nitrogen or helium) through the TSC to flush out residual 
radioactive gases. Continue nitrogen or helium flow for a period of 10 minutes. 

4. Revise FSAR Table 9.1-1, Item- Cooldown System: 
• Was: Introduces nitrogen, helium, and cooling water to the TSC cavity to cooldown the 

TSC internals and stored spent fuel to allow the return of the TSC to the spent fuel pool 
for the unloading of the fuel assemblies. 
Is: Introduces nitrogen (and/or helium), helium, and cooling water to the TSC cavity to 
cooldown the TSC internals and stored spent fuel to allow the return of the TSC to the 
spent fuel pool for the unloading of the fuel assemblies. 
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72.48 Determination ID #NAC-16-MAG-004 

Change Description 

Revised MAGNASTOR FSAR Chapter 8 which clarifies that fuel assemblies with carbon steel 
plenum springs are acceptable contents for the MAGNASTOR system. 

Chapter 8, page 8.10-2 

Source of Change: 72.48 Determination ID #NAC-l 6-MAG-004 

Originating Document: DCR(L) 71160-FSAR-71 

Change the last two sentences of the Section 8.10.1 of the MAGNASTOR FSAR to: 
"Fuel assemblies typically do not contain aluminum or carbon steel parts exposed to 
coolant/moderator or are in contact with non-fuel hardware, and therefore are not subject to 
significant gas generation or corrosion during prolonged water immersion (20-40 years). Carbon 
steel plenum springs, which are not normally exposed to water, may be used in some fuel 
designs. Clad failure could expose the springs. Small quantities of uncoated exposed carbon 
steel are permitted in the system as discussed in Section 8.6.1. Thus, no adverse reactions occur 
with the control and nonfuel components over prolonged periods of dry storage." 

Was: "There are no aluminum or carbon steel fuel assembly parts, and no gas generation or 
corrosion occurs during prolonged water immersion (20 -40 years). Thus, no adverse reactions 
occur with the control and nonfuel components over prolonged periods of dry storage." 
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72.48 Determination ID #NAC-16-MAG-009 

Change Description 

Revised MAGNASTOR FSAR Chapter 4, 9 and 12 to provide clarification and update of 
thermal contingency actions related to transfer operations of the TSC. 

Chapter 4, page 4.9.1-1, 4.9.2-1through4.9.2-4, and 4.9.3-1, Chapter 9, page 9.1-4 through 9.1-
15, and Chapter 12, page 12.1-8 

Source of Change: 72.48 Determination ID #NAC-16-MAG-009 

Originating Document: DCR(L) 71160-FSAR-7M 

Revised Chapters 4, 9 and 12 to provide clarification and update of thermal contingency actions 
related to transfer operations of the TSC. The changes include: 

1. Section 4.9.1 and 4.9.2 are revised to provide clarification and additional contingency 
options. 
(1) In Section 4.9 .1, add an allowable time of 5 hours to start in-pool cooling when the TSC 

cavity temperature reaches 180°F (Section 4.9 .1) 
(2) In Sec 4.9.2, add an allowable time of 4 hours for loss of ACWS contingency events for 

PWR TSCs with decay heat loads of :S 30 kW for the second and subsequent vacuum 
drying cycles as defined in LCO 3.1.1, Item 2. 

2. Section 4.9.3 is revised to use heat loads as specified in previous version of this Section. 
3. Chapter 9 is revised to incorporate revised contingency options presented in Chapter 4. 
4. Section 12.1.6.3 is revised to use heat loads consistent with heat loads specified in the revised 

Section 4.9.3. 
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72.48 Determination ID #NAC-16-MAG-010 

Change Description 

Revised MAGNASTOR FSAR Chapter 8, removing 97-695/97-697P Zinc primer because it is 
being phased out by PPG and replaced with Dimetcote 9. However, the Dimetcote 9 VOCs are 
too high in some parts of the USA, so Dimetcote 9VOC and Dimetcote 9H are being added as 
options. All of the Dimetcote 9 products have similar properties as the 97-695/97-697P Zinc 
pnmer. 

Chapter 8, page 8-i, 8.13-29 through 8.13-40 

Source of Change: 72.48 Determination ID #NAC-16-MAG-010 

Originating Document: DCR(L) 71160-FSAR-7N 

1. Revise Chapter 8 Table of Contents to add 8.13.11, Dimetcote 9VOC and 8.13.12, Dimetcote 
9H. 

2. Add new sections 8.13.11, Data sheets for Dimetcote 9VOC and 8.13.12, Dimetcote 9H. 
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NAC PROPRIETARY INFORMATION REMOVED 

72.48 Determination ID #NAC-16-MAG-011 

Source of Change: 72.48 Determination ID #NAC-16-MAG-011 

Originating Document: NAC NCR 16-004 (VNCR 845165-01) 

Disposition Use-As-Is 
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NAC PROPRIETARY INFORMATION REMOVED 

72.48 Determination ID #NAC-16-MAG-011 (Continued) 
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72.48 Determination ID #NAC-16-MAG-012 

Change Description 

Revised MAGNASTOR FSAR Chapter 1 and 3 to incorporate the option for a wider closure ring 
configuration with the solid closure lid configuration, which is consistent with the composite 
closure lid assembly. 

Chapter 1, page 1.3-13, Chapter 3, page 3.10.3-1, 3.10.3-2, and 3.10.3-24 

Source of Change: 72.48 Determination ID #NAC-16-MAG-012 

Originating Documents: DCR(L) 71160-FSAR-70, DCR(L) 71160-585-1 lA, DCR(L) 71160-
685-5A 

Originating Document: DCR(L) 71160-FSAR-70 

1. Change Table 1.3-1 "Design Characteristics" Nominal Value for TSC Closure Ring to "(0.7 
to 1.5) x 0.75". Was, 0.75 square for TSC1/TSC2 and 0.75 square or 1.5 x 0.75 for 
TSC3/TSC4 

2. Change Section 3.10.3.1 "TSC1/TSC2 Finite Element Model Description" to add the 
following to the last paragraph: "Note that a review of the finite element analysis results for 
the TSC3/TSC4 with %-inch and 1 Yz-in wide closure rings (See Section 3.10.3.2 for model 
description) indicates that the difference in the analysis results is insignificant for all normal, 
off-normal and accident conditions of storage. Accordingly, the TSC model results for the 
single-piece closure lid assembly (i.e., TSCl and TSC2) are applicable to TSCs with closure 
rings approximately %-inch and 1 Yz-in wide. 11 

3. Change Section 3.10.3.2 "TSC3/TSC4 Finite Element Model Description" to add the 
following to the end of the first paragraph: "A review of the finite element analysis results for 
the TSC3/TSC4 with %-inch and 1 Yz-in wide closure rings indicates that the difference in the 
analysis results is insignificant for all normal, off-normal and accident conditions of storage. 
Accordingly, the model results are applicable to TS Cs with closure rings approximately%­
inch and 1 Yz-in wide. " 

71160-585, TSC Assembly, MAGNASTOR, Revision 12 

Originating Document: DCR(L) 71160-585-1 lA 

Revised Drawing 71160-585, Delta Note 10 permitting the use of segmented closure rings and 
updated the delta note callout to multiple items. Modified the bill of material quantities for items 
16 and 18 
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72.48 Determination ID #NAC-16-MAG-012 (continued) 

Sheet 1: 

1. Revised delta note 10 by adding the following sentence: "Multiple segments from different 
closure rings of similar size may be used, blending sections at seams." 

2. Zone A6, attach a delta note IO symbol next to item 18 balloon. 
3. Zone A5, revise the following statement below Detail A-A to: "(Optional configuration)", 

was "(Optional configuration of Assy 92 & 93 only)" and add two zone boxes referencing 
"SH1/F5" and "SH2/F5". 

4. Zone A4 add item 5 balloon next to item 17 balloon callout. 
5. Modify the Quantity columns ofltem 16 within the BOM by replacing all values of"l" with 

"AIR". 
6. Modify the Quantity columns of Item 18 within the BOM by populating all empty columns 

with the value of "AIR" and remove delta note 10 symbol. 

Sheet 2 

7. Zone F5, add zone box referencing "SHI/AS". 
8. Zone A6, add zone box referencing "SH3/F5". 
9. Zone A8, add delta note 10 symbol next to item 16 balloon. 
10. Zone A4, add Zone Box referencing Sheet 3 and Zone E5. 

71160-685, DF, TSC Assembly, MAGNASTOR, Revision 6 

Originating Document: DCR(L) 71160-685-SA 

Revised Drawing 71160-685, Delta Note 3 to allow cutting the closure ring into segments to aid 
in fit-up. Added callouts for Delta Note 3 in the B.O.M for item 9 and on Sheet 2 Zone D8. 

Sheet 1: 

1. Zone A8, revise Note 3 to Delta Note 3 and revise text as follows: "The closure ring may be 
field dressed in localized areas to accommodate fit-up to the shell weldment. Extent of 
localized closure ring field dressing shall maintain minimum weld configuration. Closure 
ring may be cut into segments prior to installation to assist in fitup. Multiple segments from 
different closure rings of similar size may be used, blending sections at seams.", was "The 
closure ring may be field dressed in localized areas to accommodate fit-up of the closure ring 
to the shell weldment." 

2. Add callout for Delta Note 3 adjacent to Item 9 in B.O.M. 

Sheet 2 

3. Zone D8, add delta note 3 symbol next to delta note 6. 
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72.48 Determination ID #NAC-16-MAG-013 

Change Description 

Revised MAGNASTOR FSAR Chapter 4 and 9 details regarding the thermal contingency 
actions related to operation of the MTC for TSC lid placement, drainage, vacuum drying, helium 
backfill and transfer are updated consistent with the thermal evaluation basis for the transfer cask 
as documented in NAC Calculation No. 71160-3020. 

Chapter 4, page 4-i, 4-ii, 4.9.1-1, 4.9.2-1through4.9.2-4, 4.9.3-1, 4.9.3-2, 4.9.4-1 and Chapter 9, 
page 9-i, 9.1-3 through 9.1-20 

Source of Change: 72.48 Determination ID #NAC-16-MAG-013 
This 72.48 determination supersedes 72.48 determination no. NAC-l 6-
MAG-006. 

Originating Document: DCR(L) 71160-FSAR-71 

Details of thermal contingency actions related to operation of the MTC for TSC lid placement, 
drainage, vacuum drying, helium backfill and transfer are updated consistent with the thermal 
evaluation basis for the transfer cask as documented in NAC Calculation No. 71160-3020. 
Changes include: 
1. Administrative changes are made for capitalization, section titles and clarification of the 

helium backfill cooling being addressed in the draining and vacuum drying section (Section 
4.9.2). 

2. Clarifications are made to specify the particular sections/tables of LCO 3 .1.1 that are being 
referenced in the affected pages versus more general reference to LCO 3 .1.1. 

3. Change made for consistency with the thermal evaluation that following closure lid 
installation, there is a thermal time limit of 19 hours versus 18 hours as previously stated to 
begin the Annulus Circulating Water System (ACWS), or approved alternative annulus flow 
system operation, and to begin temperature measurement of the MTC annulus outlet flow to 
verify MTC outlet temperature is maintained < 113 °F. 

4. Provided explanation that the 4.5 hours allowance for loss of ACWS contingency events is a 
total value from the start of draining through the end of the minimum helium backfill/cool 
time. An analysis was performed and documented in NAC Calculation No. 71160-3020 
providing justification for the change. As a result, discussion of the TSC cooling being 
initiated immediately (within 2 hours) has been removed as the time falls under the 4.5 hour 
total allowance. 

5. Discussion of the TSC to be backfilled with 75 psig (+ 10, -0 psi) with helium immediately 
(within 2 hours) for the failed vacuum drying condition (Section 4.9.2) has been revised to 
remove the "immediately (within 2 hours)", and state the backfill has to be complete and 
TSC cooling initiated within the Maximum Vacuum Drying time limit. This change makes 
the text consistent with the requirements ofLCO 3.1.1. 
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72.48 Determination ID #NAC-16-MAG-013 (continued) 

6. Add description of the Supplemental Annulus Cooling System (SACS) and the discussion 
that it is to be used to bring the TSC shell temperature down to allow the upper transfer cask 
seal to be used prior to using ACWS or equivalent system. 

7. Add statements that equivalent cooling systems for SACS and ACWS may be used. 
8. Provide clarification of the thermal time limits for heat loads> 25kW and :S 35.5 kW 

consistent with the thermal evaluation. For crane malfunction contingencies change 
discussion of actions based on 20 kW (e.g.,< 20 kW or2: 20 kW) to be based on 25 kW. 
Additionally, change heat load threshold for convective air flow through the MTC annulus 
providing sufficient cooling from 20 kW to 25 kW. 

9. Change TSC water temperature threshold and corresponding time to initiate 24 hours cooling 
from 200°F and 2 hours, to 180°F and 5 hours. 
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72.48 Determination ID #NAC-16-MAG-015 

Change Description 

The Bill of Materials on Drawing 71160-561, for Item 14 was revised changing the material 
specified to ASTM A36/A992. 

Source of Change: 72.48 Determination ID #NAC-16-MAG-015 

Originating Document: DCR(L) 71160-561-8A 

71160-561, Structure, Weldment, Concrete Cask, MAGNASTOR, Revision 6 

Bill of Material Item 14 Spec was "ASTM A36" change to "ASTM A36/A992" 
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72.48 Determination ID #NAC-16-MAG-018 

Change Description 

Revised MAGNASTOR FSAR Chapter 1,3, 4 and 5 adding the CC5 concrete cask configuration 
which is an increased length CC3 design with a 3-inch thick steel liner, inlet shield bars, thicker 
lid and embedded lift anchors. 

Chapter 1, page 1.3-5, 1.3-15, Chapter 3, page 3.1-3, 3.1-4, 3.2-1, 3.2-2, 3.2-3, 3.5-27 through 30, 
3.7-59 through 3.7-61, 3.7-65, 3.7-67, 3.7-68, 3.7-70 through 3.7-72, and 3.7-80, Chapter 4, page 
4.4-4, 4.4-5, 4.4-32, and 4.4-64, Chapter 5, page 5-vi, 5-ix, 5-x, 5-2, 5.1-4, 5.1-5, 5.1-9, 5.1-10, 
5.5-2, 5.5-3, 5.5-14, 5.6-4, 5.8.3-4, 5.8.3-32, 5.8.5-4, 5.8.5-8, 5.8.5-9, 5.8.7-4, 5.8.8-1, 5.8.8-66 
through 5.8.8-79 and 5.8.12-1 

Source of Change: 72.48 Determination ID #NAC-16-MAG-018 

Originating Documents: DCR(L) 71160-FSAR-7Q, DCR(L) 71160-561-8B, DCR(L) 71160-562-
8B, DCR(L) 71160-590-7A 

Originating Document: DCR(L) 71160-FSAR-7Q 

The CC5 concrete cask configuration is added as an increased length CC3 design with a 3-inch 
thick steel liner, inlet shield bars, thicker lid and embedded lift anchors. The CC5 configuration 
has a 225.9-inch height which is similar to the 225.27-inch height of the CCI & CC2 
configurations. The CC5 cask design is the tallest and heaviest configuration and results in the 
greatest loads and stresses for normal thermal (i.e., vertical rebar), wind, seismic, flood and 
tornado loading conditions The CC5 configuration is evaluated using the same methodology as 
the previous casks and shown to meet the applicable design requirements. The cask is handled 
the same as the CC3 and CC 1 configurations such that no procedural changes are required for its 
implementation. 

71160-561, Structure, Weldment, Concrete Cask, MAGNASTOR, Revision 9 

Originating Document: DCR(L) 71160-561-8B 

Revised Drawing 71160-561 adding assembly 86 and assigned quantities to items needed for the 
CC5 concrete cask configuration. 

Sheet 1: 

1. B.O.M., add assembly 86 and assign items quantities as follows: item 2 - "1 ",item 14- "24", 
item 37 - "4", item 40 - "1 ",item 51 - "AIR". 

2. Zone B8, revise dimension to add "(219.4)- 86". 
3. Zone F6, add assembly 86 label "Liner Weldment" 
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72.48 Determination ID #NAC-16-MAG-018 (continued) 

71160-562, Reinforcing Bar and Concrete Placement, Concrete Cask, MAGNASTOR, 
Revision 9 

Originating Document: DCR(L) 71160-562-8B 

Revised Drawing 71160-562 adding assembly 93 and assigned quantities to items needed for the 
CC5 concrete cask configuration. Added item 27 to the Bill of Materials 

Sheet 1: 

1. B.O.M., add item 27 as follows: Name - "Liner Weldment", Drawing No. - "71160-561-86". 
2. B.O.M., add assembly 93 and assign items quantities as follows: items 1, 2, 4, 5, 6, 9, 13, 14, 

15, 19, 21, & 25 - "AIR"; item 7 - "4"; items 16 & 17 - "20"; item 18 - "8"; item 20- "4"; 
items 22, 24 & 27 - "1 ". 

Sheet 2: 

3. Zone E5, revise dimension to add "(225.9) - 93". 
4. Zone D6, add assembly 93 label "Concrete Cask". 
5. Zone F5, add ilem27 identification balloon. 

71160-590, Loaded Concrete Cask, MAGNASTOR, Revision 8 

Originating Document: DCR(L) 71160-590-7A 

Revised Drawing 71160-590 adding assembly 90 and 91. Assigned quantities to items needed for 
the CC5 concrete cask configuration. Added item 24 to the Bill of Materials. 

Sheet 1: 

1. B.O.M., add item 24 as follows: Name - "Concrete Cask Assembly", Drawing No. "71160-
562-93". 

2. B.O.M., add assembly 91 and assign items quantities as follows: items 2, 3, 22 & 23 -AIR", 
items 8, 13 & 24 - "1 ",items 10 & 11 - "6", item 12 - "2". 

3. B.O.M,, add assembly 90 and assign items quantities as follows: items 2, 3, 22 & 23 -"AIR", 
items 8, 20 & 24 - "1 ",items 10 & 11 - "6", item 12 - "2". 

4. Zone B6, add assemblies 91 & 90 labels "Loaded Concrete Cask- 37 PWR". 

Sheet 2: 

5. Zone D5, revise dimension to add "(225.9)- 91, 90" 
6. Zone D2, add item 24 identification balloon. 
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72.48 Determination ID #NAC-17-MAG-001 

Change Description 

Section 4.4.1.5 "Evaluation of the Helium Phase With Reverse Annulus Circulating Water 
Cooling System" is being revised to allow for reverse annulus circulation water flow for heat 
loads of25kW using 40 GPM water flow at 100°F. 

Chapter 4, page 4.4-26 

Source of Change: 72.48 Determination ID #NAC-l 7-MAG-001 

Originating Document: DCR(L) 71160-FSAR-7S 

Change Section 4.4.1.5 "Evaluation of the Helium Phase with Reverse Annulus Circulating 
Water Cooling System" (last two sentences) to: "The condition of the reverse annulus flow for 
25kW using 40 GPM water flow at 100°F was also evaluated. The evaluations of these 
conditions are performed to demonstrate an alternate method (equivalent to or better than 
ACWS) for cooling a PWR TSC of the same heat loads.'' From: "The evaluations of these 
conditions are performed to demonstrate an alternate method (equivalent to or better than 
ACWS) for cooling a 35.5 kW PWR TSC." 
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72.48 Determination ID #NAC-17-MAG-002 

Change Description 

Revised MA GNAS TOR FSAR Chapter 4 and 9 to address the use of reverse ACWS cooling for 
a PWR TSC with a heat load up to 25 kW using 100°F/40 GPM inlet conditions 

Chapter 4, page 4.4-33, 4.4-34, 4.9.2-1; Chapter 9, page 9.1-4, 9.1-5, 9.1-6 

Source of Change: 72.48 Determination ID #NAC-l 7-MAG-002 

Originating Document: DCR(L) 71160-FSAR-7T 

1. Revise the following sections to provide further details on the use of reverse ACWS for 25 
kW heat loads using 100°F/40GPM inlet conditions as detailed in the attachment. 
• Section 4.4.3 "Maximum Temperatures for PWR and BWR Fuel Configurations" 

subsection "Transfer Condition for 24-Hour Cooling and Multiple Vacuum Drying 
Cycles". 

• Section 4.9.2 "Draining, Vacuum Drying and Helium Backfill Phase Contingency Event 
for PWR Fuel" 

• Section 9.1.l "Loading and Closing the TSC" first note to step 29. 
2. Revise the following procedural steps detailed in Section 9 .1.1 "Loading and Closing the 

TSC" to clarify time limits evaluated for the PWR TSCs as detailed in the attachment. 
• Caution to step 20 
• Second Note to step 29. 
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72.48 Determination ID #NAC-17-MAG-003 

Change Description 

The list of License Drawings for the proprietary and non-proprietary versions of the FSAR are 
being revised for changes made via the 72.48 process. 

Chapter 1, page 1.8-1 

Source of Change: 72.48 Determination ID #NAC-l 7-MAG-003 

Originating Document: DCR(L )s 71160-FSAR-7U 

This DCR(L) also incorporates the list of License Drawings with the latest approved drawing 
revisions to the following license drawings. 

1. 71160-561, Rev. 9 
2. 71160-562, Rev. 9 
3. 71160-585, Rev. 12 
4. 71160-590, Rev. 8 
5. 71160-685, Rev. 6 
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72.48 Determination ID #NAC-17-MAG-004 

Change Description 

The FSAR is being revised to incorporate changes made via the DCR(L) process 

Chapter 1, 2, 3, 4, 5, 7, 8, 9, 10, and 12 

Source of Change: 72.48 Determination ID #NAC-l 7-MAG-004 

Originating Document: DCR(L) 71160-FSAR-7V 

The following DCR(L)s are being incorporated: 71160-FSAR; -7B, -7C, -7D, -7E, -7F, -70, -
7H, -71, -71, -7M, -7N, -70, -7Q, -7S, -7T, and 7U. Additionally minor editorial I grammatical 
corrections have been made within the changed areas of the FSAR to improve their readability. 
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72.48 Determination ID #NAC-17-MAG-008 

Change Description 

During the closure operations ofKPS TSC-11 it was identify that the as welded outer port cover 
extended beyond the top surface of the lid, which does not meet the requirement detailed in the 
design and license drawing. As a corrective action, a reduced outer port cover thickness of 0.30" 
is dispositioned. NAC Memorandum no. ED2017005 provides an evaluation of the reduced port 
cover thickness (i.e., 0.30") using the NAC Calculation No. 71160-2142 port cover evaluation as 
the basis. Note that corrective actions and changes do not affect the size of the port cover 
attachment weld. The stresses in the port and the weld have been analyzed and shown to meet 
design requirements. The field modified reduce thickness outer port cover is structurally 
adequate for all conditions of storage. 

Source of Change: 72.48 Determination ID #NAC-l 7-MAG-008 

Originating Document: NAC-VNCR 845165-03 

During closure operations ofKPS TSC-11 it was identify that the as welded outer pmi cover 
extended beyond the top surface of the lid, which does not meet the requirement detailed in the 
design and license drawing. Drawing specifications require the port cover, closure ring, and the 
associated weld to be below the top surface of the lid. The drawings permit field grind or 
machining of the port cover to aid fit-up up to a minimum thickness as defined by the ASME 
SA240 304 plate specification (i.e., 0.365"). The port cover has been determine to extend 0.039" 
beyond the surface of the lid. The fabrication document package documents that the outer port 
cover has a thickness of 0.39". Thus, grinding the outer port cover flush to the top surface of the 
TSC closure lid will require reducing the localized thickness to less than the 0.365" minimum 
specified in the drawing. As a corrective action, a reduced outer port cover thickness of 0.30" is 
dispositioned. NAC Memorandum no. ED2017005 provides an evaluation of the reduced port 
cover thickness (i.e., 0.30") using the NAC Calculation No. 71160-2142 port cover evaluation as 
the basis. Note that corrective actions and changes do not affect the size of the port cover 
attachment weld. The stresses in the port and the weld have been analyzed and shown to meet 
design requirements. The field modified reduce thickness outer port cover is structurally 
adequate for all conditions of storage. 
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List of Changes for the MAGNASTOR® FSAR, Revision 8 

Chapter/Page/ 

Figureff able 

Incorporates 72.48 changes for the period 
July 2015 thru February 2017 

Source of Change Description of Change 

Note: The List of Effective P ages and the C hapter Tab le of Contents, L ist of Figures, a nd List of 
Tab les have been rev ised acco rding ly to reflect the li st of c hanges detai led be low. 

Cha~ter 1 

Page 1.3-5 
NAC-1 6-MAG -O 18 Mod ified the third paragraph of Section 1.3 .1.3 (fi rst fu ll 

71 160-FSAR-7Q paragraph on the page) . 

Page 1.3-13 
NAC-16-MAG-012 

Modified the first row of Table 1.3 - 1. 
7 11 60-FSAR-70 

Page 1.3-15 
NAC-1 6-MAG-O 18 

Modified the last row of Table 1. 3- 1. 
7 11 60-FSAR-7Q 

Page 1.8-1 
NAC- I 7-MAG-003 

Updated the list of License Drawings . 
71 160-FSAR-7U 

Cha(!ter 2 

Page 2. 1-4 NAC- I 5-MAG-023 Mod ified the second row of Tab le 2.1-2 on the page. 
71160-FSAR-7E 

Cha(!ter 3 

Pages 3. 1-3 thru NAC-1 6-MAG-Ol 8 Modified the third through fifth paragraphs in Section 3. 1.2. 
3.1-4 71 160-FSAR-7Q 

Pages 3 .2-1 thru NAC-1 6-MAG-018 Mod ified the third paragraph of Sect ion 3.2. 1; modified 
3.2-3 71 160-FSAR-7Q Table 3.2. 1- 1, and the tab le Notes. 

Page 3.5-3 thru 3.5- NAC-l 5-MAG-022 Modified text in third paragraph and equations throughout 
4 7 1160-FSAR-7D Sect ion 3.5.1.4. 

Pages 3.5-27 thru NAC-16-MAG -018 Modified text, tables and equations throughout Section 3.5 .3. 
3 .5-30 71160-FSAR-7Q 

Pages 3.7-59 thru NAC-16-MAG-0 18 Modified text and equations throughout the pages. 
3.7-61 7 1160-FSAR-7Q 

Pages 3. 7-65 NAC-16-MAG-0 18 Modified the last line of the first paragraph on the page. 
7 11 60-FSAR-7Q 

Pages 3.7-67 thru NAC-16-MAG-0 18 Mod ified the equations at the end of Section 3.7.3.3. 
3.7-68 711 60-FSAR-7Q 

Pages 3.7-70 thru NAC-16-MAG-018 Modified text and equations throughout the last pages of 
3.7-72 7 11 60-FSAR-7Q Section 3.7.3.4 and the beginning of Section 3.7.3 .5. 

Pages 3.7-80 NAC-16-MAG-018 Modified Table 3.7.3-1. 
71160-FSAR-7Q 

Page 3.10.3-1 NAC-16-MAG-012 Added text to the end of the second paragraph of Section 
71 160-FSAR-70 3. 10.3. 1. 

Page 3 .10.3-2 NAC-16-MAG-012 Text flow changes. 
7 1160-FSAR-70 
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Chapter/Page/ Source of Change: 
Figure/Table 

Page 3.10.3-24 NAC-16-MAG-012 
71160-FSAR-70 

Cha~ter 4 

Page 4.4-4 thru NAC-16-MAG-018 
4.4-5 71160-FSAR-7Q 

Page 4.4-6 thru NAC-16-MAG -O 18 
4.4-7 71160-FSAR-7Q 

Page 4.4-26 
NAC-1 7-MAG-OOI 

71160-FSAR-7S 

Page 4.4-27 
NAC-17-MAG-OOI 

71160-FSAR-7S 

Page 4.4-32 
NAC-1 6-MAG -O 18 

71160-FSAR-7Q 

Pages 4.4-33 thru NAC-l 7-MAG-002 
4.4-34 71160-FSAR-7T 

Pages 4.4-35 thru NAC- I 7-MAG -002 
4.4-36 71160-FSAR-7T 

Page 4.4-64 
NAC-16-MAG-O 18 

71160-FSAR-7Q 

Page 4.9.1 -1 
NAC-1 6-MAG-013 

71160-FSAR-71 

NAC- l 6-MAG-009 
71160-FSAR-7M 

NAC-17-MAG-002 
Page 4.9.2-1 7 I I 60-FSAR-7T 

Pages 4.9.2- 1 thru NAC- 16-MAG-013 
4.9.2-4 71160-FSAR-71 

NAC- l 6-MAG-009 
71160-FSAR-7M 

Page 4.9.3 -1 
NAC-16-MAG-013 

71160-FSAR-71 

NAC- l 6-MAG-009 
7 l l 60-FSAR-7M 

Page 4.9 .4-1 
NAC-16-MAG-013 

71160-FSAR-71 

Cha~ter 5 

Page 5-2 NAC-16-MAG-O 18 
71160-FSAR-7Q 

Pages 5 .1-4 thru 
NAC-16-MAG-018 

5.1-5 
71160-FSAR-7Q 

Page 5.1-6 NAC-16-MAG-018 
71160-FSAR-7Q 

Description of Change 

I 
Added text to the end of the first paragraph of Section 
3. 10.3.2. 

Added the last paragraph on page 4.4-4, which carries to the 
top of page 4.4-5. 

Text flow changes. 

Modified text at the end of the second full paragraph on the 
page. 

Text flow changes . 

Modified the first paragraph on the page. 

Modified text near the end of the third paragraph on page 
4.4-33 , continuing to the top of page 4.4-34. 

Text flow changes. 

Modified Table 4.4-3. 

Modified the third and fifth paragraphs on the page in 
Section 4.9.1. 

Created and modified the fourth paragraph on the page in 
Section 4.9 . l . 

Added text to the end of the first paragraph in Section 4.9.2; 
added paragraph and third bullet before "Notes" following 
the first two bullets on the page. 

Modified title and text throughout Section 4.9.2, with text 
flow changes into page.4 .9.2-4 

Continued text modification throughout Section 4.9.2. 

Modified the second, third and fourth paragraphs on the page 
in Section 4.9.3. 

Continued text modifications in the second and third 
paragraphs of Section 4.9.3. 

Editorial edit to Section 4.9.4 heading. Modified the last 
paragraph on the page. 

Modified the second bu I let at the top of the page. 

Added the second paragraph and modified the third 
paragraph of Section 5.1.2. ; modified the fourth paragraph of 
Section 5.l.2.2. 

Text flow changes. 
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Chapter/Page/ Source of Change: 
Figureff able 

Pages 5. I -9 thru NAC-1 6-MAG-O 18 
5.1 -10 71160-FSAR-7Q 

Pages 5 .5-2 thru NAC- l 6-M AG-018 
5.5-3 7 11 60-FSAR-7Q 

Page 5.5-14 NAC- 16-MAG-O 18 
71160-FSAR-7Q 

Page 5.6-4 NAC-l 6-MAG -018 
7 I 160-FSAR-7Q 

Page 5.8.3 -4 NAC-16-MAG -O 18 
71160-FSAR-7Q 

Page 5.8.3 -32 NAC-1 6-MAG -O 18 
71160-FSAR-7Q 

Page 5.8 .5-4 NAC-16-MAG-O 18 
71 160-FSAR-7Q 

Pages 5.8 .5-8 thru NAC-16-MAG-O 18 
5.8.5-9 7 I I 60-FSAR-7Q 

Page 5.8 .7-4 NAC- 16-MAG -O 18 
7 I I 60-FSAR-7Q 

Page 5 .8.8-1 NAC-1 6-MAG -O 18 
7 I I 60-FSAR-7Q 

Pages 5.8.8-66 thru NAC-16-MAG-O 18 
5.8.8-79 71160-FSAR-7Q 

Page 5.8.12-1 NAC- 16-MAG-O 18 
71160-FSAR-7Q 

ChaQter 6 

No Changes . 

ChaQter 7 

Page 7.2-1 NAC- I 5-MAG-024 
7 I 160-FSAR-7F 

ChaQter 8 

Page 8.6-2 thru NAC-15-MAG-O 18 
8.6-3 71160-FSAR-7B 

Page 8.10-2 
NAC- I 6-MAG -004 

7 11 60-FSAR-71 

Page 8.10-7 
NAC- I 6-MAG -003 

71 l60-FSAR-7H 

Page 8.11-3 
NAC-l 6-MAG-003 

71160-FSAR-7H 

Page 8.13-1 
NAC-15-MAG-O 18 

7 l I 60-FSAR-7B 

Page 8.13-7 
NAC-15-MAG-O 18 

71160-FSAR-7B 

Page 8.13 -9 
NAC-1 5-MAG -O 18 

71 160-FSAR-7B 

Description of Change 

Modified the titles ofTables 5.1.3-5 and 5.1.3 -6. 

Modified the last row paragraphs of Section 5.5.1.2. 

Modified the title of Figure 5.5.5 -9 and modified the "Note" 
at the bottom of the figure . 

Modified the last sentence of Section 5.6.4. 

Mod ified the head ing title of Sect ion 5.8 .3.4 .2. 

Modified the title ofTable 5.8.3 -8. 

Modified the embedded table in Section 5.8.5.2 .3. 

Modified Tables 5.8.5-4 and 5.8.5-6. 

Modified Table 5.8 .7-1 . 

Mod ified the last sentence in Section 5.8.8.3. 

Modified the title of Figure 5.8.8-1 0.0 

Modified the s ixth paragraph in Section 5.8.12. 

Modified the last sentence of the third paragraph in Section 
7.2.2 . 

Modified the second and fifth paragraphs of Section 8.6 .2. 

Modified the last ha lfof the first paragraph on the page. 

Modified the middle of the second paragraph of Section 
8.10.3.2. 

Modified throughout the first paragraph on the page. 

Added text to paragraph in Section 8.13 . 

Mod ified heading tit le for Section 8.13.3. 

Modified heading tit le for Section 8.13.4. 
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Chapter/Page/ Source of Change: 
Figure/Table 

Pages 8. I 3-18 thru NAC-1 5-MAG-O 18 
8.1 3-28 71 160-FSAR-78 

Pages 8.1 3-29 thru NAC- 16-MAG-O I 0 
8.13 -40 7 1160-FSAR-7N 

Cha~ter 9 

Page 9. 1-4 NAC- l 6-MAG -002 
71160-FSAR-7G 

NAC-1 6-MAG-O 13 
7 11 60-FSAR-7J 

NAC- l 6-MAG-009 
71160-FSAR-7M 

NAC- l 7-MAG -002 
7 I 160-FSAR-7T 

Page 9. 1-5 NAC- l 6-MAG-009 
7 11 60-FSAR-7M 

NAC- I 7-MAG-002 
7 11 60-FSAR-7T 

Page 9. 1-6 NAC- 16-MAG -0 13 
71 160-FSAR-7J 

NAC- l 6-MAG -009 
7 11 60-FSAR-7M 

NAC-17-MAG-002 
71160-FSAR-7T 

Page 9.1-7 NAC-16-MAG-013 
7 1160-FSAR-7J 

Pages 9. 1-8 thru NAC-1 6-MAG-013 
9.1-9 7 I 160-FSAR-7 J 

Page 9.1 -9 NAC- l 6-MAG-009 
71 160-FSAR-7M 

Page 9.1 -10 NAC-16-MAG-O 13 
71160-FSAR-7J 

NAC-16-MAG-009 
7 1160-FSAR-7M 

Page 9.1-11 NAC-1 6-MAG-O 13 
7 1160-FSAR-7J 

Pages 9.1 -12 thru NAC-1 6-MAG-O 13 
9. 1-1 5 71 160-FSAR-7J; 

NAC- l 6-MAG-009 
7 I 160-FSAR-7M 

Page 9.1-16 NAC- 15-MAG-014 
71160-FSAR-7C 

Page 9.1-17 NAC- I 6-MAG-003 
7 1160-FSAR-7H 

Page 9. 1- 18 NAC-1 6-MAG-0 13 
7 I 160-FSAR-7 J 

Description of Change 

Added new Sections 8.1 3.8, 8. 13.9 and 8.13. 10. 

Added new Sect ions 8.13. 11 and8. 13.12 . 

Modified the first line of the "Caution" fo llowing Step 20. 

Added text to the end of the "Caution" followi ng Step 20, 
causing text flow changes on page 9 .1 -5. 

Mod ified text to the end of the "Caution" fo llowi ng Step 20. 

Mod ified the first line of the "Caut ion" follow ing Step 20. 

Ed itoria l changes to the first li ne of Step 28. 

Mod ified text on the first line of the "Note" fo llowing Step 
29. 

Mod ified text in the last "Note" of Step 29. 

Conti nued modificat ions to the last "Note" of Step 29. 

Continued mod ifications to the text throughout the two 
"Notes" fo llowing Step 29. 

Text flow changes. 

Added second "Note" to Step 52; added "Note" to Step 55. 
Deleted the first part of the second "Note" of Step 58 . 

Modified the "Note" to Step 55. 

Mod ified the second "Note" of Step 58. 

Added the third "Note" to the end of Step 58. 

Modified the "Note" of Step 68. 

Text flow changes. 

Modified Step 20. 

Modified the first line of the last row ["Cooldown System 
(CDS)") of Tab le 9.1- 1. 

Added 8'" row ["Supplementa l Annulus Cooling System 
(SACS)") to Table 9. 1- 1. 
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Chapter/Page/ Source of Change: 
Figure/Table 

Page 9.1 -1 9 NAC-1 6-M AG-O 13 
71160-FSAR-7J 

Page 9.3 -2 NAC-l 6-MAG-003 
71 160-FSAR-7H 

Cha[!ter 10 

Page 10.1-5 NAC- 15-M AG -023 
71160-FSAR-7E 

Chanter 11 

No changes. 

Chanter 12 

Page 12.1-8 NAC-l 6-MAG-009 
7 1160-FSAR-7M 

Chanter 13 

No changes. 

Chanter 14 
No changes. 

Chanter 15 
No changes. 

Description of Change 

Text flow changes. 

Modified Step 18. 

Modified the second paragraph of Section I 0.1.3. 

Modified Section 12.1.6.3 . 
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NACINTERNATIONAL 

CERTIFICATION OF ACCURACY 
PURSUANT }'_9 lOGf.~ 72. 24_~(~)(4)(i) 

George Carver (Affiant), Vice President, Engineering and Licensing, of NAC International, 
hereinafter referred to as NAC, at 3930 East Jones Bridge Road, Norcross, Georgia 30092, being 
duly sworn, deposes and certifies that: 

1. Affiant has reviewed the information described in Item 2, is personally familiar with the 
preparation, checking and verification of that information and is authorized to certify its 
accuracy. 

2. The information being certified as accurate includes all of the changes incorporated into the 
MAGNASTOR Final Safety Analysis Report, Revision 8. 

STATE OF GEORGIA, COUNTY OF GWINNETT 

Mr. George Carver, being duly sworn, deposes and says~ 

That he has read the foregoing affidavit and the matters stated therein are true and correct to the 
best of his knowledge, information and belief. 

Executed at Norcross, Georgia, this <l1'0 -J!. __ day of ~'.6L~~- _ ? 2017. 

l~<ib:vge; Carver 
Vic{President, Engineering and Licensing 
NAC International 

Subscribed and sworn before me this JD't-A. day ofJ~,@ ~- _ , 2017. 
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List of Effective Pages 

Chapter 1 
Page 1-i ....................................... Revision 5 Page 2.4-1 .................................... Revision 0 
Page 1-1 ....................................... Revision 1 Page 2.4-2 .................................... Revision 2 
Page 1.1-1 thru 1.1-5 .................... Revision 5 Page 2.4-3 thru 2.4-4 .................... Revi~ion 5 
Page 1.2-1 .................................... Revision 6 Page 2.4-5 .................................... Revision 0 
Page 1.2-2 .................................... Revision 5 Page 2.4-6 thru 2.4-7 .................... Revision 5 
Page 1.3-1thru1.3-4 .................... Revision 5 Page 2.5-1 .................................... Revision 0 
Page 1.3-5 .................................... Revision 8 Page 2.6-1 thru 2.6-2 .................... Revision 0 
Page 1.3-6 .................................... Revision 5 
Page 1.3-7 thru 1.3-8 .................... Revision 7 Chapter 3 
Page 1.3-9 .................................... Revision 1 Page 3-i ........................................ Revision 6 
Page 1.3-10 .................................. Revision 4 Page 3-ii ....................................... Revision 5 
Page 1.3-11 .................................. Revision 1 Page 3-iii ...................................... Revision 6 
Page 1.3-12 .................................. Revision 7 Page 3-iv thru 3-vi ....................... Revision 5 
Page 1.3-13 .................................. Revision 8 Page 3-vii ..................................... Revision 6 
Page 1.3-14 .................................. Revision 6 Page 3-viii .................................... Revision 6 
Page 1.3-15 .................................. Revision 8 Page 3-ix ...................................... Revision 5 
Page 1.3-16 thru 1.3-18 ................ Revision 5 Page 3-1 ....................................... Revision 0 
Page 1.4-1 .................................... Revision 7 Page 3 .1-1 .................................... Revision 1 
Page 1.5-1 .................................... Revision 5 Page 3 .1-2 .................................... Revision 0 
Page 1.6-1 .................................... Revision 2 Page 3.1-3 thru 3.1-4 .................... Revision 8 
Page 1.6-2 .................................... Revision 0 Page 3.1-5 .................................... Revision 1 
Page 1. 7-1 .................................... Revision 0 Page 3 .1-6 .................................... Revision 6 
Page 1.7-2 .................................... Revision 2 Page 3 .2-1 thru 3 .2-3 .................... Revision 8 
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structural strength to protect the TSC and its contents in natural phenomena events such as 
tornado wind loading and wind-driven missiles and during nonmechanistic tip-over events (refer 
to Figure 1.3-3). The concrete surfaces remain accessible for inspection and maintenance over 
the life of the cask, so that any necessary restoration actions may be taken to maintain shielding 
and structural conditions. 

The concrete cask may be supplied in five different configurations designated CCl through CC5. 
CCl and CC5 are the standard 225.27-in and 225.9 in high cylinders, respectively. CC2 is also 
225.27-in high, but is a segmented design. The CC3 and CC4 configurations are shorter variants 
at 2I8.3 inches high. CCI, CC2 and CC4 are equipped with a 1.75-in thick carbon steel liner, 

while CC3 and CC5 have a 3-in thick carbon steel liner. CCI, CC2 and CC4 are equipped with 
standard concrete lids, having a constant thickness, while CC3 and CC5 lid has a thicker center 
section for enhanced shielding. The CC3, CC4 and CC5 cask configurations are equipped with 
additional shielding at the air inlets. 

The concrete cask provides an annular air passage to allow the natural circulation of air around 
the TSC to remove the decay heat from the contents. The lower air inlets and upper air outlets 
are steel-lined penetrations in the concrete cask body. Each air inlet/outlet is covered with a 
screen. The weldment baffle directs the air upward and around the pedestal that supports the 
TSC. Decay heat is transferred from the fuel assemblies to the TSC wall by conduction, 
convection, and radiation. Heat is removed by convection and radiation from the TSC shell to 
the air flowing upward through the annular air passage and to the concrete cask inner liner, 
respectively. Heat radiated to the liner can be transferred to the air annulus and by conduction 
through the concrete cask wall. The heated air in the annulus exhausts through the air outlets. 
The passive cooling system is designed to maintain the peak fuel cladding temperature below 
acceptable limits during long-term storage [I OJ. The concrete cask thermal design also maintains 
the bulk concrete temperature and surface temperatures below the American Concrete Institute 
(ACI) limits under normal operating conditions. The inner liner of the concrete cask 
incorporates standoffs that provide lateral support to the TSC in side impact accident events. 

A carbon steel and concrete lid is bolted to the top of the concrete cask. (See Table 1.3-4 for the 
Concrete Cask Lid- Concrete Specification Summary.) The lid reduces skyshine radiation and 
provides a cover to protect the TSC from the environment and postulated tornado missiles. 

Fabrication of the concrete cask requires no unique or unusual forming, concrete placement, or 
reinforcement operations. The concrete portion of the cask is constructed by placing concrete 
between a reusable, exterior form and the steel liner. Reinforcing bars are used near the inner 
and outer concrete surfaces to provide structural integrity. Note: inner rebar cage is optional. 
The structural steel liner and base are shop fabricated. Refer to Table I .3-3 for the fabrication 
specifications for the concrete cask. 

Daily visual inspection of the air inlet and outlet screens for blockage assures that airflow 
through the cask meets licensed requirements. A description of the visual inspection is included 
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in the Technical Specifications, Chapter 13. As an alternative to daily visual inspections, the 

loaded concrete cask in storage may include the capability to measure air temperature at the four 

outlets. Each air outlet may be equipped with a remote temperature detector mounted in the 

outlet air plenum. The air temperature-monitoring system, designed to provide verification of 

heat dissipation capabilities, can be designed for remote or local read-out capabilities at the 

option of the licensee. The temperature-monitoring system can be installed on all or some of the 

concrete casks at the Independent Spent Fuel Storage Installation (ISFSI) facility. 

1.3.1.4 Transfer Cask 

The transfer cask is designed, fabricated, and tested to meet the requirements of ANSI N14.6 

[11] as a special lifting device. The transfer cask provides biological shielding and structural 

protection for a loaded TSC, and is used to lift and move the TSC between workstations. The 

transfer cask is also used to shield the vertical transfer of a TSC into a concrete cask or a 

transport cask. 

The transfer cask is available in two configurations-MTCl and MTC2. MTCl consists of 

carbon steel shells. MTC2 is a shorter version consisting of stainless steel shells. The principal 

dimensions and materials of fabrication of the transfer cask are provided in Table 1.3-1. 

The transfer cask designs incorporate a retaining ring or three retaining blocks, pin-locked in 

place, or a bolted retaining ring, to prevent a loaded TSC from being inadvertently lifted through 

its top opening. The transfer cask has retractable bottom shield doors. During TSC loading and 

handling operations, the shield doors are closed and secured. After placement of the transfer cask 

on the concrete cask, the doors are retracted using hydraulic cylinders and a hydraulic supply. 

The TSC is then lowered into a concrete cask for storage. Refer to Figure 1.3-1 for the general 

arrangement of the transfer cask, TSC, and concrete cask during loading. 

Sixteen penetrations, eight at the top and eight at the bottom, are available to provide a water 

supply to the transfer cask annulus. Penetrations not used for water supply or draining are 

capped. The transfer cask annulus is isolated using inflatable seals located between the transfer 

cask inner shell and the TSC near the upper and lower ends of the transfer cask 

During TSC closure, clean or demineralized spent fuel pool water is circulated through these 

penetrations into the annulus region to minimize component temperatures and improve canister 

preparation time limits. The annulus circulating water system can be utilized through completion 

of TSC activities. The annulus circulating water system is turned off and disconnected prior to 

movement of the transfer cask for TSC transfer operations into the concrete cask. 

A similar process of clean or demineralized spent fuel pool water flow into the annulus is used 

during in-pool fuel loading to minimize the potential for contamination of the TSC exterior 

surfaces. 
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Table 1.3-1 Design Characteristics 

Design Characteristic Nominal Value (in)a Material 
TSC Shell 0.5 x 72 dia. Stainless Steel 

Bottom 2.75 Stainless Steel 
Closure Lid Assembly 

TSC1 & TSC2 9.0-in. thick Stainless Steel 
TSC3 & TSC4 4.0-in thick/5.0-in thick Stainless Steel/Carbon Steel 

Closure Ring (0.7to1.5) x 0.75 Stainless Steel 
Length 

TSC1 & TSC3 191.8 
TSC2 & TSC4 184.8 

Caoacitv (# of fuel assemblies) 37 PWR/87 BWR 
Fuel Basket PWR Fuel Tube Wall 0.31 Carbon Steel 

BWR Fuel Tube Wall 0.25 Carbon Steel 
Neutron Absorber 0.125 (PWR), 0.1 (BWR) Metallic Composite/Matrix 
Neutron Absorber Retainer 0.015 Stainless Steel 
Support Plates & Gussets 0.5 to 0.75 Carbon Steel 
Support Bars (PWR) 0.875 Carbon Steel 
Support Plate (BWR) 0.75 Carbon Steel 
Length 172.5 or 179.5 
Assembly dia. 70.76 
# of Fuel Tubes/Fuel Loading 
Positions 

PWR 21/37 
BWR 45/87 

DFC Corner Support Weldment 
Inner-Formed Plate 1.125 Carbon Steel 
Outer-Formed Plate 0.75 Carbon Steel 
Ridge Gusset 0.75 Carbon Steel 

Damaged Fuel Can Wall 
Tube Body 0.048 Stainless Steel 
Side Plate 0.15 Stainless Steel 

Transfer Cask MTC1 
Outer Shell 1.25 x 88 dia. Low Alloy Steel 
Inner Shell 0.75 x 74.5 dia. Low Alloy Steel 
Retaining Block 8x8.75x1.50 Stainless Steel 
Trunnions 9 dia. Low Alloy Steel 
Bottom Forging 12 x 88 dia. Low Alloy Steel 
Top Forging 14 x 88 dia. Low Alloy Steel 
Shield Doors 5.0 Low Alloy Steel 
Door Rails 5.25 x 7.5 x 52.0 Low Alloy Steel 
Gamma Shield 3.25 Lead 
Neutron Shield 2.25 NS-4-FR, Solid Synthetic Polymer 
Length 202.0 

• Thickness unless otherwise indicated. 
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Table 1.3-1 Design Characteristics (continued) 

Design Characteristic Nominal Value (in) a Material 
Transfer Cask MTC2 
(continued) Outer Shell 1.25 x 88 dia. Stainless Steel 

Inner Shell 0.75 x 74.5 dia. Stainless Steel 
Retaining Ring 1 x 84 dia. Stainless Steel 
Retaining Block 8 x 8.75 x 1.50 Stainless Steel 
Trunnions 9 dia. ~ Stainless Steel 
Bottom Forging 12 x 88 dia. Stainless Steel 
Top Forging 14 x 88 dia. Stainless Steel 
Shield Doors 5.0 Stainless Steel 
Door Rails 5.25 x 7.5 x 52.0 Stainless Steel 
Gamma Shield 3.25 Lead 
Neutron Shield 2.25 NS-4-FR, Solid Synthetic Polymer 
Length 192.2 

Transfer Adapter Base Plate 2.0 Carbon Steel 
Guide Rin~ 2.5 x 79 dia. Carbon Steel 

Concrete Cask CC1 & CC2 
Weldment Structures 
Liner 1.75x83dia Carbon Steel 
Top Flange 1 x 91.0 dia. Carbon Steel 
Standoffs (Channels) 3 x 7.5 (s-beam) Carbon Steel 
Pedestal Plate 2 x 72 dia. Carbon Steel 
Base Plate 1 x 128 dia. Carbon Steel 
Inlet Top 2 x 136 dia. Carbon Steel 
Concrete Cask Carbon Steel 
Concrete Shell 26.5 x 136 dia. Type II Portland Cement 
Lid 6.8 x 88 dia. Carbon Steel 

Type II Portland Cement 
Rebar various lengths Carbon Steel 
Length 225.3 

CC3 
Weldment Structures 
Liner 3 x 83 dia Carbon Steel 
Top Flange 1 x 93.5 dia. Carbon Steel 
Standoffs (Channels) 3 x 7.5 (s-beam) Carbon Steel 
Pedestal Plate 2 x 72 dia. Carbon Steel 
Base Plate 1 x 128 dia. Carbon Steel 
Inlet Top 2 x 136 dia. Carbon Steel 
Concrete Cask Carbon Steel 
Concrete Shell 25.3 x 136 dia. Type II Portland Cement 
Lid 12.8 x 91.5 dia. Carbon Steel 

Type II Portland Cement 
Rebar various lengths Carbon Steel 
Length 218.3 

• Thickness unless otherwise indicated. 
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Table 1.3-1 Design Characteristics (continued) 

Design Characteristic Nominal Value (in) a Material 
Concrete Cask CC4 
(continued} Weldment Structures 

Liner 1.75 x 83 dia Carbon Steel 
Top Flange 1 x 93.5 dia. Carbon Steel 
Standoffs (Channels) 3 x 7.5 (s·beam) Carbon Steel 
Pedestal Plate 2 x 72 dia. Carbon Steel 
Base Plate 1 x 128 dia. Carbon Steel 
Inlet Top 2 x 136 dia. Carbon Steel 
Concrete Cask Carbon Steel 
Concrete Shell 26.5 x 136 dia. Type II Portland Cement 
Lid 6.8 x 91.5 dia. Carbon Steel 

Type II Portland Cement 
Rebar various lengths Carbon Steel 
Length 218.3 

CC5 
Weldment Structures 
Liner 3 x 83 dia. Carbon Steel 
Top Flange 1 x 93.5 dia. Carbon Steel 
Standoffs (Channels) 3 x 7.5 (s-beam) Carbon Steel 
Pedestal Plate 2 x 72 dia. Carbon Steel 
Base Plate 1 x 128 dia. Carbon Steel 
Inlet Top 2 x 136 dia. Carbon Steel 
Concrete Cask Carbon Steel 
Concrete Shell 25.3 x 136 dia. Type II Portland Cement 
Lid 12.8 x 91.5 dia. Carbon Steel 

Type II Portland Cement 
Rebar various lengths Carbon Steel 
Length 225.9 

• Thickness unless otherwise indicated. 
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Table 1.3-2 TSC Fabrication Specification Summary 

Materials 
• All materials shall be governed by the referenced drawings and meet the applicable 

ASME Code sections. 

Welding 

• Welds shall be in accordance with the referenced drawings. 

• Filler metals shall be appropriate ASME Code materials. 

• Welders and welding operators shall be qualified in accordance with ASME Code 
Section IX [12]. 

• Welding procedures shall be written and qualified in accordance with ASME Code 
Section IX. 

• Personnel performing weld examinations shall be qualified in accordance with the NAC 
International Quality Assurance Program and SNT-TC-lA [13]. 

• Weld inspection and examination requirements and acceptance criteria are specified in 
Chapter 10. 

Fabrication 

• Cutting, welding, and forming shall be in accordance with ASME Code, Section III, NB-
4000 [8] unless otherwise specified. Code stamping is not required. 

• Surfaces shall be cleaned to a surface cleanness classification C, or better, as defined in 
ANSI N45.2.1 [14], Section 2. 

• Fabrication tolerances shall meet the requirements of the referenced drawings after 
fabrication. 

Packaging 

• Packaging and shipping shall be in accordance with ANSI N45.2.2 [15]. 

Quality Assurance 

• The TSC shall be fabricated under a quality assurance program that meets 10 CPR 72, 
SubpartG, and 10 CFR 71, Subpart H. 
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1.8 License Drawings 

This section presents the list of License Drawings for MAGNASTOR. 

Drawing 
Number Title 

71160-551 Fuel Tube Assembly, MAGNASTOR-37 PWR 

71160-556 Assembly, MAGNASTOR Transfer Cask (MTG), Stainless Steel 

71160-560 Assembly, Standard Transfer Cask, MAGNASTOR 

71160-561 Structure, Weldment, Concrete Cask, MAGNASTOR 

January 2017 

Revision 8 

Revision 
No. 

10NP* 

4 

2 

9 

71160-562 Reinforcing Bar and Concrete Placement, Concrete Cask, MAGNASTOR 9 

71160-571 Details, Neutron Absorber, Retainer, MAGNASTOR - 37 PWR B 

71160-572 Details, Neutron Absorber, Retainer, MAG NAST OR - Bl BWR BNP* 

71160-574 Basket Support Weldments, MAGNASTOR - 37 PWR 6 

71160-575 Basket Assembly, MAG NAST OR - 37 PWR 11NP* 

71160-5B1 Shell Weldment, TSC, MAGNASTOR 5 

71160-5B4 Details, TSC, MAGNASTOR B 

71160-5B5 TSC Assembly, MAGNASTOR 12 

71160-590 Loaded Concrete Cask, MAGNASTOR B 

71160-591 Fuel Tube Assembly, MAGNASTOR - Bl BWR BNP* 

71160-59B Basket Support Weldments, MAGNASTOR - Bl BWR ?NP* 

71160-599 Basket Assembly, MAGNASTOR - Bl BWR BNP* 

71160-600 Basket Assembly, MAGNASTOR - B2 BWR 5NP* 

71160-601 Damaged Fuel Can (DFC), Assembly, MAGNASTOR 0 

71160-602 Damaged Fuel Can (DFC), Details, MAGNASTOR 1 

71160-671 Details, Neutron Absorber, Retainer, For OF Corner Weldment, 0 
MAGNASTOR - 37 PWR 

71160-673 Damaged Fuel Can (DFC), Spacer, MAGNASTOR 0 

71160-674 OF Corner Weldment, MAGNASTOR 3NP* 

71160-675 OF Basket Assembly, 37 Assembly PWR, MAGNASTOR 3NP* 

71160-6B1 OF, Shell Weldment, TSC, MAGNASTOR 1 

71160-6B4 Details, OF Closure Lid, MAGNASTOR 2 

71160-6B5 OF, TSC Assembly, MAGNASTOR 6 

* Proprietary drawing replaced by nonproprietary version. 
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Table 2.1-2 ASME Code Alternatives for MAGNASTOR Components 

Reference 
ASME Code Exception, Justification and 

Component Section/Article Code Requirement Compensatory Measures 
TSC and Fuel NCA-1000, Requirements for Code Code stamping is not required for the 
Basket NCA-2000, stamping of NB components TSC, fuel basket or damaged fuel can. 

NCA-3000, and preparation of Code Code Design Specifications, Design 
NCA-4000, Design Specifications, Reports, Overpressure Protection 
NCA-5000, Design Reports, Report, and Data Reports are not 
NCA-8000, Overpressure Protection required. The TSC, Fuel Basket and 
NB-1110, and Report (TSC only), and Damaged Fuel Can are designed, 
NG-1110 Data Reports, and Quality procured, fabricated, inspected and 

Assurance requirements in tested in accordance with a QA 
accordance with Code Program meeting 10 CFR 72, Subpart 
requirements. G. Authorized Nuclear Inspection 

Agency Services are not required. 
TSC Pressure- NB-2000 Pressure-retaining material Materials will be supplied with Certified 
Retaining to be provided by ASME- Material Test Reports by NAC 
Materials approved Material approved suppliers. 

Organization. 
TSC Closure NB-4243 Full penetration welds The closure lid-to-shell weld is not a 
Lid-to-Shell required for Category C full penetration weld. The design and 
Weld joints. analysis of the closure lid weld utilizes 

a 0.8 stress reduction factor in 
accordance with ISG-15 [231. 

Port Cover-to- NB-5230 Radiographic (RT) Final surface liquid penetrant 
Closure Lid examination required. examination to be performed per 
Weld ASME Code Section V, Articles 6 and 

24. PT acceptance criteria is to be in 
accordance with NB-5350. 

TSC Closure NB-5230 Radiographic (RT) In accordance with ISG-15, the TSC 
Lid-to-Shell examination required. closure lid-to-shell weld is to be 
Weld inspected by progressive surface liquid 

penetrant (PT) examination of the root, 
midplane and final surface layers. The 
progressive PT examination of the 
weld will be performed in accordance 
with ASME Code, Section V, Articles 6 
and 24, and acceptance criteria per 
NB-5350. 
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Table 2.1-2 ASME Code Alternatives for MAGNASTOR Components (Continued) 

Reference 
ASME Code Exception, Justification and 

Component Section/Article Code Requirement Compensatory Measures 
TSC Closure NB-5230 Radiographic (RT) Final surface liquid penetrant 
Ring-to-TSC examination required. examination to be performed per 
Shell ASME Code Section V, Article 6 and 
& - 24. PT acceptance criteria is to be in 
TSC Closure accordance with NB-5350. 
Ring-to-
Closure Lid 
TSC NB-6111 All completed pressure Following closure lid to TSC shell 

retaining systems shall be welding, each TSC shall be 
pressure tested. hydrostatically pressure tested to 

125% of MNOP. No observable water 
leakage from the closure lid to the TSC 
shell weld is allowed while maintaining test 
pressure. Since the shell welds of the 
TSC cannot be checked for leakage 
during this pressure test, as required 
by the Code, the shop helium leakage 
test to 2 x 10-7 cm3/sec (helium) (as 
described in Section 10.1.3) provides 
reasonable assurance of the leak 
tiqhtness of the TSC shell weldment. 

TSC NB-7000 Pressure vessels shall be No overpressure protection is 
protected from the provided. The function of the TSC is to 
consequences of pressure confine radioactive contents without 
conditions exceeding design release under normal conditions, or off-
pressure. normal and accident events of storage. 

The TSC is designed to withstand the 
maximum internal pressure 
considering 100% fuel rod failure and 
maximum accident condition 
temperatures. 

TSC NB-8000 States requirements for The TSC is marked and identified to 
nameplates, stamping and ensure proper identification of the 
reports per NCA-8000. contents. Code stamping is not 

required. 
Fuel Basket NG-2000 Core support structural Fuel basket and damaged fuel can 
Assembly & materials are to be provided structural materials with Certified 
Damaged Fuel by an ASME approved Material Test Reports to be supplied by 
Can Structural Material Organization. NAC approved suppliers. 
Materials 
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MAGNASTOR has multiple configurations to accommodate all PWR and BWR fuel assemblies. 
The type (PWR or BWR) and overall length of the fuel assembly determine the basic storage 

configuration, or group. The TSC is designed in two different lengths to accommodate the four 

groupings of PWR (2) and BWR (2) fuel assemblies. The concrete cask and transfer cask are 

also designed in two different lengths. The long concrete cask and transfer cask configurations 

are designed to accommodate the two TSC lengths, and the short concrete cask and transfer cask 

configurations are designed to only accommodate the short TSCs. The bounding weights and 

center of gravity of a loaded concrete cask are presented in Table 3 .2.1-1. 

The evaluations presented in this chapter are based on the bounding, or limiting, configuration of 

the components for the condition being evaluated. In most cases, the bounding condition 

evaluates the heaviest configuration, with either a total weight or bounding weight used as 

specified in the analysis. Factors of safety greater than ten are generally stated in the analyses as 

"Large." Numerical values are shown for factors of safety that are less than ten. 

Concrete Cask 

The concrete cask is provided in five different configurations designated CCI, CC2, CC3, CC4 

and CC5. The concrete cask is a reinforced concrete cylinder with an outside diameter of 136 

inches and an overall height of approximately 226 inches (CC 1, CC2 and CC5) or 218 inches 

(CC3 and CC4). The internal cavity of the concrete cask is lined by a carbon steel shell with an 

inside diameter of 79.5 inches and a thickness of either 1.75 inches (CCI, CC2 and CC4) or 3.0 

inches (CC3 and CC5). There are 24 standoffs (3 x 71/z S-Beam) welded to the inner diameter of 

the liner. The overall cavity opening in the concrete cask is 73.5 inches. The liner thickness is 

designed primarily on radiation shielding requirements, but is also related to the need to establish 

a practical limit for the diameter of the concrete shell. The concrete shell, constructed using 

Type II Portland Cement, has a nominal density of 145 lb/ft3 and a compressive strength of 4,000 

psi at ambient temperature. Vertical hook bars and horizontal hoop bars form the inner and outer 

rebar cages. The inner rebar cage is optional for all concrete cask configurations. 

A ventilation airflow path is formed by inlets at the bottom of the concrete cask, the annular 

space between the concrete cask inner shell and the TSC, and outlets in the concrete cask lid 

assembly. The passive ventilation system operates by natural convection as cool air enters the 

bottom inlets, is heated by the TSC, and exits from the outlets. Both the air inlets and air outlets 

are formed with carbon steel in the concrete cask body. For the CC3, CC4 and CC5 

configurations, a labyrinth of steel bars is included in each inlet vent for enhanced radiation 

shielding. 
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The top end of the concrete cask is closed by a lid assembly that is attached by six 05/8-inch lid 

bolts. The lid assembly is composed of a carbon steel top plate and a cylindrical concrete plug 

that is encased in 1/4-inch thick carbon steel plate. The lid assembly used with the CCI, CC2 

and CC4 configurations has an overall thickness of 6.8 inches and an overall diameter of 88.0 

inches. The CC3 and CC5 lid assemblies have a slightly larger overall diameter (91.5 inches) 

and also includes an additional 6.0 inches of concrete (over a 60.0-inch diameter) for enhanced 

radiation shielding. 

TSC 

The TSC consists of a cylindrical shell closed at its top end by a closure lid assembly. The 

bottom of the TSC is a 2.75-inch thick stainless steel plate that is welded to the TSC shell. The 

TSC forms the confinement boundary for the PWR or BWR spent fuel that is contained in the 

fuel basket assembly. The TSC is designed to accommodate both PWR and BWR classes of 

spent fuel assemblies. The TSC shell is fabricated from dual-certified SA240 Type 304/304L 

stainless steel. The TSC closure lid is fabricated from Type 304 or 304L stainless steel, with 

material yield and ultimate strengths equal to, or greater than, those of Type 304. The TSC shell 

is a 0.5-inch thick plate formed into a 72-inch outer diameter cylinder. The TSC closure lid 

assembly is provided as either a single-piece 9-inch thick stainless steel plate (i.e., the TSCl and 

TSC2 configurations) or a two-piece composite lid assembly (i.e., the TSC3 and TSC4 

configurations). The TSC3 and TSC4 composite lid assembly design consists of a 4-inch thick 

closure lid and a 5-inch thick shield plate. The closure lid forms the TSC confinement boundary 

and provides radiation shielding. The shield plate, which is fabricated from A36 carbon steel 

that is coated with electroless nickel plating, provides radiation shielding and structural support 

for the closure lid. The shield plate is attached to the closure lid by ten 1-'li inch diameter A 193, 

Grade B6 bolts. 

The fuel basket assembly is provided in two configurations - one for up to 3 7 PWR fuel 

assemblies and one for up to 87 BWR fuel assemblies. The baskets are manufactured from 

SA537 Class 1 Carbon Steel. For both the PWR basket and BWR basket, the basic components 

are the same. The baskets are assembled from three major components - fuel tube assemblies, 

corner support weldments, and side support weldments. The fuel tube assemblies are equipped 

with neutron absorbers and stainless steel covers on up to four interior surfaces of the fuel tubes. 

When neutron absorbers are not needed, they may be replaced by aluminum sheets. The 

geometric integrity of the fuel tube array (21 fuel tubes -PWR, 45 fuel tubes -BWR) is 

maintained by the comer and side support weldments, which are bolted to the fuel tube array. 
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The maximum calculated weights and centers of gravity (CGs) for MAGNASTOR PWR, PWR 

with Damaged Fuel Cans, and BWR configurations are presented in Table 3.2.I-I. The weights 

and CGs presented in this section are calculated based on nominal design dimensions. 

The stainless steel TSC assembly holds the fuel basket structure and confines the contents. TSCs 

are provided in four configurations designated TSCI through TSC4. The TSC configurations are 

distinguished by their length and closure lid assembly design, as detailed on the drawings. TSCI 

and TSC3 are 191.8 inches long; TSC2 and TSC4 are 184.4 inches long. TSCI and TSC2 

include a 9-in thick solid stainless steel closure lid assembly. TSC3 and TSC4 include a 

composite closure lid assembly consisting of a 4-in thick stainless steel closure lid and a 5-in 

thick carbon steel shield plate. The solid stainless steel standard closure lid assembly is heavier 

than the composite closure lid assembly. Therefore, the bounding weight of the standard closure 

lid assembly is used for all weight and CG calculations. 

The concrete cask is a reinforced concrete structure with a structural steel inner liner and base. 

The concrete cask may be supplied in five different configurations designated CCI through CC5. 

CCI is the standard 225.27-in high cylinder. CC2 is also 225.27-in high, but is a segmented 

design. CCI, CC2 and CC4 are equipped with a 1.75-in thick carbon steel liner. CC3 is a 218.3-

in high standard design cylinder equipped with a 3-in thick carbon steel liner and additional 

shielding at the air inlets. CC4 is a 2I 8.3-in high standard design cylinder with inlet shield bars. 

CC5 is a 225.9-in high standard design cylinder with a 3-in thick carbon steel liner and inlet 

shield bars. The shorter length of CC3 and CC4 limit their use to the shorter canisters, i.e., TSC2 

and TSC4, while the longer CCI, CC2 and CC5 can be used with all canister designs. The top of 

the concrete cask is closed by a lid assembly. The lid assembly is composed of a carbon steel top 

plate and a cylindrical concrete plug that is encased in 'l4-in thick carbon steel plate. The lid 

assembly used with the CCI and CC2 configurations have an overall thickness of 6.8 inches and 

an overall diameter of 88.0 inches. The CC3 and CC5 lid assemblies have a slightly larger 

overall diameter (91.5 inches) and also includes an additional 6.0 inches of concrete (over a 

60.0-in diameter) for enhanced radiation shielding. The CC4 lid assembly has the same overall 

diameter as the CC3 lid configuration and the same thickness of the CC I and CC2 lid 

configuration. 

There are two MAGNASTOR Transfer Casks (MTCs) considered in this calculation, i.e., MTCI 

and MTC2. The MTCl transfer cask is longer and made of carbon steel, while the MTC2 

transfer cask is shorter and made of stainless steel. 
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Table 3.2.1-1 

Description 

Maximum Contents (fuel, DFC and/or spacers, 
if used) 

Basket 

TSC w/o Lid 

Closure Lid 

Loaded TSC (TSC, lid, basket, contents) 

Water in TSC and Annulus 
Transfer Cask(5l (does not include lifting yoke 
or transfer adapter) 
Lifting Yoke (6) (not included in transfer cask 
weight) 

Concrete Cask(?, 8l (does not include concrete 
cask lid) 

Concrete Cask Lid (8J 

Storage Cask Loaded (concrete cask w/ lid, 
TSC w/ lid, basket, contents) 
Transfer Cask, TSC w/o Lid, Basket, Lifting 
Yoke- Empty 

Loaded Transfer Cask Wet Weioht (9J 

Under Hook Wet Weiqht (10J 

Under Hook Dry Weight (11) 

See following page for Notes. 
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MAGNASTOR Storage Weight and Center of Gravity Summary 

CC1, CC2 & CCS / MTC1 !1l CC3 & CC4 !2l I MTC2 !2l 

PWR BWR DF • PWR PWR DF • PWR 

Weight CG Weight CG Weight CG Weight CG Weight CG 
(lb)!3l (in)(4l (lb)(l) (in)(4l (lb)(l) (in)(4l (lb)(l) (in)(4l (lb)(3) (in)(4l 

62,160 - 61,248 - 61, 184 - 62, 160 - 61J184 -
20,500 - 22,000 - 24,000 - 19,500 - 24,000 -

9,500 - 9,500 - 9,500 - 9,500 - 9,500 -

10,500 - 10,500 - 10,500 - 10,500 - 10,500 -
102,000 100 103,000 99 104,500 96 101,000 96 104,500 96 

17,500 - 16,500 - 16,500 - 17,000 - 16,500 -

108,500 - 108,500 - 108,500 - 106,000 - 106,000 -

5,500 - 5,500 - 5,500 - 5,500 - 5,500 -
214,500 (14l 214,500 (14l 214,500 (14l 225,000 (12l 225,000 (12l 
229,000 (15l - 229,000 (15) - 229,000 (15l - 210,000(13) - 210,000(13) -
4,500 (14l 4,500 '14l 4,500 (14l 6,000(12) 6,000(12l 
6,000 (15) - 6,000 (15) - 6,000 (15l - 4,500 (13l - 4,500 (13l -

320,500 (14l 113 (14l 321 ,500 '14l 113 (14) 323,500 (14l 112 (14l 332,500 (12) 108 (12l 335,500 (12l 108 (12l 
336,500 (15l 113 (15l 337,500 (15) 113 (15) 329,500 (15l 113 (15l 315,000 (13l 109(13) 318,500(13) 109(13l 

143,500 - 145,500 - 146,500 - 140,000 - 144,500 -

228,000 - 228,000 - 229,500 - 223,500 - 226,500 -

233,500 - 233,500 - 234,500 - 228,500 - 232,000 -

216,000 - 217,000 - 218,500 - 212,000 - 216,000 -



MAG TOR System FSAR 

Docket No. 72-1031 

Table 3.2.1-1 MAGNASTOR Storage Weight and Center of Gravity Summary (continued) 

Notes: 

I. Bounding weights and centers of gravity for CC I, CC2 and CC5 concrete casks and MTC I transfer cask with all TSC configurations. 

2. Bounding weights and centers of gravity for CC3 and CC4 concrete casks and MTC2 with TSC2 or TSC4. 

JanL~- .. 2017 
Revision 8 

3. Weights and CGs are maximum calculated values based on nominal component dimensions. All weights rounded to the nearest 500 pounds, except for the 
maximum contents. Component weights are rounded individually, so total assembly weights may not equal the sum of the component weights. 

4. CG is measured from the bottom of each component and CG ofTSC contents is assumed to equal the mid-length of the TSC cavity. 

5. The MTCI and MTC2 transfer casks can be used with all three concrete cask configurations (i.e., CCI, CC2, CC3, CC4 and CC5). The MTC2 transfer cask can only 
be used for a short TSC configuration (i.e., TSC2 and TSC4), while MTCI can be used with any TSC configuration. 

6. Transfer cask lifting yoke weight for specific sites may vary from listed weight. The site-specific yoke weight should be used for site-specific applications. 

7. Bounding weight with inner rebar cage, which bounds the weight of construction aids used with the no inner rebar cage configuration. 

8. Average concrete density is considered to be I48 pcffor conservative weight calculation. 

9. Loaded Transfer Cask Wet Weight (transfer cask, TSC, basket, closure lid, contents, water in TSC and transfer cask annulus). 

IO. Under Hook Wet Weight (transfer cask, TSC, basket, lifting yoke, closure lid, contents, water in TSC and transfer cask annulus). 

I 1. Under Hook Dry Weight (transfer cask, TSC, basket, lifting yoke, closure lid, contents). 

I2. Value for the CC3 concrete cask configuration 

I3. Value for the CC4 concrete cask configuration 

I4. Value for the CCI and CC2 concrete cask configuration 

I 5. Value for the CC5 concrete cask configuration 
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Aw dp tw ---------------------------Weld area 
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dp 5.83 in-------------------------- Maximum lid port counterbore diameter 
tw 1/8 in ---------------------------Port cover weld thickness 
q 110 psi-------------------------- Normal condition pressure and inertial loading 

Conservatively using the temperature of 650°F, the factor of safety is: 

PS = Sanow = 0.6 Sm = 7.6 
'tw 'tw 

where: 
Sm = 16.2 ksi ----------------design stress intensity, SA-240 Type 304 at 650°F 

3.5.1.4 TSC Handling Loads 

The TSC is analyzed for handling loads using the finite element models described in Section 

3 .10.3. Normal handling is simulated by constraining the model at nodes on the closure lid 

simulating three lift points. Al.lg acceleration load, which corresponds to the dead weight with 

a 10% dynamic load factor, is applied to the model in the axial direction. Pressure is applied to 

the TSC bottom plate to simulate the weight of the basket and fuel with an acceleration of 1.1 g. 

The resulting maximum stresses in the TSC due to handling loads are bounded by the maximum 

stresses for the normal handling loads plus normal pressure condition presented in Section 

3.5.1.5; therefore, the stress results for the handling condition are not presented separately. 

The stresses in the TSC lift lugs or restraining blocks resulting from normal handling loads are 

evaluated using classical methods. The TSC lift lugs (PWR configurations) and restraining 

blocks (BWR configurations), which are welded to the inner surface of the TSC shell, are 

designed to support the combined weight of the TSC lid and supplemental support equipment 

prior to placement of the closure welds. The total weight imposed on the lift lugs, W, 

conservatively considers the combined weight of the TSC closure lid assembly (10,500 pounds) 

and supplemental support equipment (11,500 pounds). A 10% load factor is also applied to 

ensure all normal operating loads are bounded. Evaluation of the PWR lift lugs is presented as it 

provides a bounding analysis enveloping the BWR restraining block configuration. The stresses 

evaluated are bearing stress on the top end of the lift lugs and shear stress through the lift lug 

attachment welds. 

The bearing stress on the top end of the lift lugs is calculated as follows. 

O"bearing 
_w_ - 24,200 lb = 3 954 si 

4(1.53 in2
) ' p 4A 
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where: 

w (10,500 lb+ 11,500 lb) x 1.1=24,200 lb 
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Revision 8 

A 1.53 inch2 --------------------------------Bearing area of each lifting lug 

The allowable bearing stress is equal to the yield strength of Type 3 04 stainless steel at a 

temperature of 125°F, or 27,885 psi. Therefore, the factor of safety (FS) is as follows. 

FS = 1.0 SY = 27,885 psi = 7.05 
CT bearing 3,954 psi 

The attachment weld for the lift lugs is an all-around 3/8-inch effective throat groove weld. The 

shear stress in the lift lug attachment weld ( w) is calculated as follows. 

w = W = 24,200 lb = 1 137 si 
4Aeff 4(5.32 in 2

) ' p 

where: 

Aeff = 5 .32 inch2 --------------------------------Area of lifting lug weld 

The factor of safety (FS) for the lift lug shear stress is as follows. 

FS = Sanow = 0.6 Sm = 0.6 x 20,000 psi = l0.6 
1,137 psi 

where: 

Sm = 20,000 psi-------------------------------- Design stress intensity of SA-240, Type 304 
stainless steel at 125°F 

3.5.1.5 TSC Load Combinations 

The TSC is structurally analyzed for combined thermal, dead, maximum internal pressure, and 

handling loads using the finite element models described in Section 3.10.3. 

The resulting maximum stresses in the TSC for combined loads are summarized in Table 3.5.1-2, 

Table 3.5.1-3, and Table 3.5.1-4 for primary membrane, primary membrane plus primary 

bending, and primary plus secondary stresses, respectively. The sectional stresses are evaluated 

at each of the TSC section locations described in Section 3.10.3 for each angular division of the 

model. The locations for the stress sections are shown in Figure 3.10.3-2 and Figure 3.10.3-5 in 

Section 3.10.3. 
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provided in Section 3.5.2.1 for retainer for the PWR is applicable to that for the BWR. No 

further analysis is required. 

3.5.3 Concrete Cask Evaluations for Normal Operating Conditions 

The structural evaluation of the concrete cask for normal conditions considers the combination of 

thermal stresses, dead and live loads, and wind loads (see Chapter 2 for load combinations). The 

analysis results are presented in Section 3.5.3.3. The conservative stress due to wind loads is 

obtained from Section 3.7.3.2. 

3.5.3.1 Concrete Cask Thermal Stresses 

Using the finite element models presented in Section 3.10.4, structural evaluations of the 

concrete cask are performed for normal conditions thermal loads, both with and without the 

optional inner rebar cage. The analysis conservatively considered a bounding temperature 

profile corresponding to the off-normal thermal event (106°F ambient). 

The following summarizes the bounding thermal stresses in the concrete cask for normal 

conditions. 

Component Stress (ksi) 
Circumferential Rebar 20.2 

Vertical Rebar 21.6 

Concrete, Compression 1.63 

Concrete, Tens ion 0.129 

3.5.3.2 Dead and Live Loads 

Dead Loads 

The concrete cask dead load consists primarily of the weight of the concrete. Assuming all dead 

loads are reacted by the lower concrete surface only, stress levels can be determined. Under 

these conditions, the only stress component is the vertical axial compression stress. The 

maximum stress ( cask) at the base of the concrete cask in the concrete is as follows. 

cask = wcask = 235,000 = 27 psi 
A 8,785 

where: 

Wcask 235,000 lb-------------------------------- Bounding weight for empty concrete cask 
Do = 136.0 inch 
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Di 85.5 inch 

A n (Do2 - D?) I 4 = 8,785 inch2 

The concrete bearing strength (fb) is much larger than the applied load. 
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fb = ~(0.85f:A)= 0.85(0.85x3800x8785)= 19.9 x 106 lb> 235,000 lb 

where: 

fc' = 3,800 psi---------------------------------- Compressive strength, concrete, at 300°F 
~ = 0.7 -----------------------------------------Strength reduction factor [5] 

Live Loads 

The live load calculation considers the loaded transfer cask positioned on top of the concrete 

cask for transfer of the TSC for development of the peak live load bounding condition. 

Assuming live loads are reacted by concrete sections (no credit taken for steel liner), stress levels 

are conservatively determined. Under these conditions, the only stress component is the vertical 

axial compression stress ( concrete cask). 

concrete cask = WrFR = 252,000 = 29 si 
A 8,785 p 

where: 

3.5.3.3 

252,000 lb-------------------------------- Loaded transfer cask with transfer adapter 
136.0 inch 
85.5 inch 
7t (Do2 - Di2

) I 4 = 8,785 inch2 

Concrete Cask Combined Stresses 

The load combinations described in Chapter 2 are used to evaluate the concrete cask for normal 

conditions of storage (Load Conditions 1, 2, and 3). Bounding stresses for all concrete cask 

configurations are summarized in Table 3.5.3-1, Table 3.5.3-2, and Table 3.5.3-3 for the various 

loading conditions on the concrete cask. 

The allowable compressive stress for concrete (Scon) is as follows. 

Scon ~fc' = 2,660 psi 

where: 

~ = 0.7 ----------------------------------------Strength reduction factor [5] 
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fe' = 3,800 psi---------------------------------- Compressive strength of concrete at 300°F 

The concrete ultimate strength allowable is 8% to 15% of the compressive stress [14]; therefore, 

the allowable ultimate strength (Ste) is as follows. 

Ste = 0.08 x Sean= 0.08 x 2,660 = 213 psi or 0.21. ksi 

The maximum concrete compressive stress is 2,165 psi (see Table 3.5.3-2); therefore, the 

minimum factor of safety (FS) for normal conditions is as follows. 

FS = 
2

'
660 

= 1.23 
2,165 

From Section 3.5.3.1, the maximum concrete tensile stress due to thermal load is 0.129 ksi. 

Multiplying the stress by a 1.275 factor for normal conditions thermal stresses (see Chapter 2), 

the factor of safety (FS) for concrete ultimate strengths is as follows. 

FS = S,c = 0.213 - 1.30 
0.129xl.275 S, xl.275 

The allowable stress for rebar (Srebar) is as follows. 

Srebar ~Fr= 54.0 ksi 

where: 

~ 0.9 ----------------------------------------Strength reduction factor [5] 

Fr 60.0 ksi -----------------------------------Yield strength, rebar 

From Section 3.5.3.1, the maximum rebar stress due to thermal load is 21.6 ksi. The stresses due 

to other loadings are negligible for normal conditions. Compressive loads are carried by the 

concrete. Multiplying the stress by a 1.275 factor for normal conditions thermal stresses (see 

Chapter 2), the factor of safety (FS) for the re bar is as follows. 

FS = = 54.0 - 1.96 
S,xl.275 21.6xl.275 
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Table 3.5.3-1 Concrete Cask Vertical Stress Summary- Outer Surface, psi 

Condition Dead Live Wind Thermal Seismic Flood Tornado Total 
1 -39 -50 0 0 0 0 0 -89 

2 -29 -37 0 0 0 0 0 -66 

3 -29 -37 -25 0 0 0 0 -91 

Table 3.5.3-2 Concrete Cask Vertical Stress Summary - Inner Surface, psi 

Condition Dead Live Wind Thermal Seismic Flood Tornado Total 
1 -39 -50 0 0 0 0 0 -89 

2 -29 -37 0 -2083 0 0 0 -2149 

3 -29 -37 -16 -2083 0 0 0 -2165 

Table 3.5.3-3 Concrete Cask Circumferential Stress Summary - Inner Surface, psi 

Condition Dead Live Wind Thermal Seismic Flood Tornado Total 
1 0 0 0 0 0 0 0 0 
2 0 0 0 -2083 0 0 0 -2083 
3 0 0 0 -2083 0 0 0 -2083 
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Wee = 230,000 lb------------------------------- Lower bound concrete cask loaded weight 

ASCE 7-93 requires that the overturning moment due to wind load shall not exceed two-thirds of 

the dead load stabilizing moment unless the structure is anchored. Therefore, the minimum 

factor of safety (FS) against overturning is as follows. 

FS = 0.67Ms = 2.24 
MW 

The stresses in the concrete due to the tornado wind load are conservatively calculated (based on 

the governing CC5 configuration). The concrete cask is considered to be fixed at its base. The 

stresses in the concrete are as follows. 

outer = Mmaxcouter = 19.6 psi (tension or compression) 
I 

inner Mmaxcinner = 12.3 psi (tension or compression) 
I 

where: 

Do 
Di 
H 

A 

136.0 inches 
85.5 inches 
225.9 inches 

n(n ° 
2 

- Di 
2

) = 8 785 inch2 

4 ' 

I 
n(D 4 -D. 4

) 
0 1 -14.17x106 inch4 

Mmax 

Couter 

Cinner 

64 

= Fw x H _ 4.07x106 lb-inch 
2 

136.0/2 = 68.0 inches 
82.98/2 = 42.75 inches 

Tornado Missiles 

The concrete cask is designed to withstand the effects of impacts associated with postulated 

tornado-driven missiles identified in NUREG-0800 [16], Section 3 .5 .1.4.III.4, Spectrum I 

missiles. These missiles are listed as follows. 

• A massive high kinetic-energy missile ( 4,000 lb automobile, with a frontal area of 20 
square feet that deforms on impact). 

• A 280 lb, 8.0-inch-diameter armor piercing artillery shell. 

• A 1.0-inch-diameter solid steel sphere. 
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All of these missiles are assumed to impact in a manner that produces the maximum damage at a 

velocity of 126 mph (35% of the maximum tornado wind speed of 360 mph). The concrete cask 

is evaluated for impact effects associated with each of the previously listed missiles. 

The concrete cask has no openings except for the four air outlets at the top and four air inlets at 

the bottom. The outlets are configured such that a one-inch diameter solid steel missile cannot 

directly enter the concrete cask interior. Additionally, the basket is protected by the TSC closure 

lid assembly. The TSC is protected from small missiles entering the inlets by the pedestal plate; 

therefore, a detailed analysis of the impact of a one-inch diameter steel missile is not required. 

Concrete Shell Local Damage (Penetration Missile) 

Local damage to the concrete cask body is assessed by using the methodology presented by NSS 

5-940 .1 [ 18]. This method predicts the depth of penetration and minimum concrete thickness 

requirements to prevent scabbing. Penetration depths calculated by using this formula have been 

shown to provide reasonable correlation with test results. The penetration depth is as follows. 

where: 

d 8. 0 inch----------------------------------- Missile diameter 
K 180/(fc')112 = 2.92------------------------ Coeff. depending on concrete strength 
N 1.14 --------------------------------------- Shape factor for sharp nosed missiles 
W 280 lb------------------------------------- Missile weight 
V 126 mph= 185 ft/sec------------------- Missile velocity 
fc' 3,800 psi---------------------------------- Concrete compressive strength at 

conservative 300°F 

The minimum concrete shell thickness to prevent scabbing is three times the penetration depth 

(17.46 inch). The minimum thickness of the concrete shell is 25.25 inches (CC3 and CC5). The 

minimum factor of safety (FS) is as follows. 

FS = 
2525 

= 1.45 
17.46 

Note that the steel liner and rebar of the concrete cask is conservatively ignored in the previously 

listed evaluation. 
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Closure Plate Local Damage (Penetration Missile) 
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The concrete cask is closed with a carbon steel and concrete lid assembly of varying geometry 
and depths depending upon the specific concrete cask design. The top plate of all lid designs is 
%-inch thick carbon steel plate. Beneath the top plate is a carbon steel clad disk of concrete 
varying in geometry and depth based on the specific concrete cask design. In this evaluation, 
only the %-inch thick carbon steel top plate is considered to withstand the impact of the 280-lb 
armor-piercing missile, impacting at 126 mph. The perforation thickness (T) of the closure steel 
plate is calculated by using the methodology presented in BC-TOP-9A [19]. 

T = 

(mmv~r 
------ 0.52 inch 

672D 

where: 

mm 280 lb/32.174 ft/sec2 = 8.70 slugs (lb-sec2/ft) ----------------------------Missile mass 
Vs = 185 ft/sec --------------------------------------------------------------------Missile velocity 
D = 8 inch -----------------------------------------------------------------------Missile diameter 

The report recommends that the plate thickness be 25% greater than the calculated perforation 

thickness (T) to prevent perforation. The recommended plate thickness is as follows. 

T = 1.25x0.52 = 0.65 inch 

The factor of safety (FS) is as follows. 

FS = 0.75 
= 1.15 

0.65 

High-Energy Missile Impact Damage Prediction 

The concrete cask is a freestanding structure. Therefore, the principal consideration in overall 
damage response is the potential for overturning the concrete cask as a result of the high-energy 
missile impact. From the principle of conservation of momentum, the impulse of the force from 
the missile impact on the concrete cask must equal the change in angular momentum of the 
concrete cask. Also, the impulse force due to the impact of the missile must equal the change in 
linear momentum of the missile. These relationships may be expressed as follows: 

Change in momentum of the missile, during the deformation phase 

where: 

F --------------------------------------------- Impact impulse force on missile 
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-------------------------------------------- Missile mass 

tJ --------------------------------------------- Time at missile impact 
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t2 --------------------------------------------- Time at conclusion of deformation phase 
VJ 126 mph= 185 ft/sec ------------------Missile velocity at impact 
v2 --------------------------------------------- Velocity of missile at time t2 

The change in angular momentum of the concrete cask, about the bottom outside edge/rim, 

opposite the side of impact is as follows. 

Substituting, 

f(F)(dt)=mm(v
2 
-vi)= Im((J)~-(1) 2 ) 

where: 

Mc --------------------------------------------- Moment of the impact force on the concrete 
cask 

Im --------------------------------------------- Concrete cask mass moment of inertia, 
about point of rotation on the bottom rim 

(J) J --------------------------------------------- Angular velocity at time tJ 
(1)2 --------------------------------------------- Angular velocity at time tz 
me 230,000/32.174 = 7,149 slugs/12 = 596 lb sec2 /inch 

--------------------------------------------- Mass of concrete cask 
Imx 1/12(mc)(3r2 + H2) = 3.21x106 lb-sec2-inch 
Im Imx + (mc)(dcG )2 = 12.75 x106 lb-sec2-inch 

r 68.0 inches------------------------------- Concrete cask radius 
fro 58.915 inches ---------------------------Concrete cask radius of rotation 
H 225.27 inches---------------------------- Concrete cask height 

dcG .J112 2 + 58.915 2 = 126.55 inches---- Distance from CG to rotation point 

Based on conservation of momentum, the impulse of the impact force on the missile is equated 

to the impulse of the force on the concrete cask. 

mm(v2 - VJ) =Im ((J)J - (1)2)/H 
at time tJ, VJ = 185 ft/sec and (J)J = 0 rad/sec 
at time tz, v2 = 0 ft/sec 

During the restitution phase, the final velocity of the missile depends upon the coefficient of 
restitution of the missile, the geometry of the missile and target, the angle of incidence, and on 
the amount of energy dissipated in deforming the missile and target. On the basis of tests 
conducted by EPRI, the final velocity (vr) of the missile following the impact is assumed to be 
zero. This conservatively assumes that all of the missile energy is transferred to the concrete 
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Local Shear Strength Capacity of Concrete Shell (High-Energy Missile) 

This section evaluates the punching shear strength of the concrete shell when impacted by a 

high-energy missile. The high-energy missile is equivalent to a 20-ft2 cross-sectional area object 

moving at 185 ft/sec, weighing 4,000 lb, having proportions of 2 horizontal to 1 vertical. The 

missile is assumed to impact flush with the top of the concrete shell. The concrete area required 

to resist the high-energy missile impact is conservatively calculated based on the concrete cask 

configuration with the thinnest concrete shell (CC3 and CC5) as follows. 

A= 2bxb = 2(11.41 )2 = 260.4 inch2 = 1.8 ft2 < 20 ft2 

where: 

Setting the factored shear force, Vu, equal to the force of the high kinetic-energy missile, Fu, the 

leg dimension, b, of the equivalent impacting area is as follows. 

Vu= Fu =>~Vc=Fu => ~4.j(b 0d =Fu=> ¢4.[l(4b+50.5)d=> b= 11.41 inch 

and 

V, (2 + ~~ ).Jr:-( b, d) ~ 4.j;::-(b, d) ------- Concrete punching shear strength capacity 

[5, Eq. 11-36] 
~c 211 = 2 ------------------------------------ Ratio of long side to short side 
d 25 .25 inch-------------------------------- Concrete thickness 

fc' 3,800 psi---------------------------------- Concrete strength, 300°F 
ba (2b+d) + 2(b+d/2) = 4b + 50.5 --------Perimeter of punching shear area at 

approximately d/2 from the missile contact 
area 

~ 0.85 ---------------------------------------Strength reduction factor [5] 
Fu LF x F = 508.8 kip ---------------------Force of high kinetic energy missile with 

load factor [19] 
F 0.625(v)(Wm) = 462.5 kip-------------- Force of high-energy missile [19] 
v 185 ft/sec--------------------------------- Velocity of the missile 

Wm 4,000 lb----------------------------------- Weight of high-energy missile 
LF 1.1 ----------------------------------------- 10% load factor 

Therefore, the concrete shell alone has sufficient capacity to resist the high-energy missile 

impact force. 
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This section will verify the stability of the concrete cask against overturning during a design 

basis flood accident, and ensure that the design is adequate to withstand stresses induced by the 

flood. 

Overturning of the concrete cask due to the drag force of the flood water flow is resisted by the 

weight of the loaded cask. Assuming a full submersion and steady-state flow conditions, the 

drag force (Fo) on the concrete cask is calculated using classical fluid mechanics for turbulent 

flow conditions. The resultant drag force acts horizontally through the CG of the cask. The 

effective weight of the concrete cask acts vertically downward through the CG. The tendency of 

the concrete cask to overturn is determined by comparing the moment of the drag force about a 

point on the bottom edge of the concrete cask to the moment of effective concrete cask weight 

about the same point. 

The effective weight of the fully submerged concrete cask is the actual weight minus the 

buoyancy force due to the displaced water. The bounding condition for buoyancy occurs for the 

concrete cask configuration with the greatest volume to weight ratio. Thus, for conservatism, the 

concrete cask is assumed to be empty. 

The capacity of the concrete cask to react to the stresses induced by the flood water flow drag 

forces is evaluated using the methodology described in ACI 349-85 [5]. For conservatism, only 

the concrete shell is considered. 

Assuming a hollow cylinder, the volume of the concrete cask (Vee) is as follows. 

where: 

Do 136.0 inches -----------------------------Concrete cask outer diameter 
Di 79 .48 inches ----------------------------- Concrete cask inner diameter 
h 225.27 inches---------------------------- Concrete cask height 

The buoyancy force (Fb) is equal to the weight of water (62.4 lb/ft3) displaced by the fully 

submerged concrete cask. 

Fb = Vee W = 2,154,777 62.4 77,800 lb 
123 h20 123 

Assuming complete submersion and steady-state flow for a rigid cylinder, the drag force (Fms) 

of the water on the concrete cask is as follows. 
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where: 

Cn 0. 7 -----------------------------------------Drag coefficient [20] 
1.94 slugs/ft3 -----------------------------Density of water 

V 15 ft/sec ----------------------------------Flow velocity 
A H x Do= 30,637 inch2 = 212.7 ft2 ----Projected area 
H 225 .27 inches ---------------------------- Concrete cask height 

[20] 
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Do 13 6. 0 inches ----------------------------- Concrete cask outer diameter 

The force (Fn) required to overturn the concrete cask is determined by summing the moments of 

the drag force and the submerged concrete cask about a point on the bottom of the concrete cask. 

Assuming an empty concrete cask, the minimum required overturning force is as follows. 

Fn = (Wcc-Fh)r,.,, =(200,000-77,800)58.915_ 639181b 
h/2 225.27/2 ' 

where: 

Wee 200,000 lb----------------------------- Conservatively defined minimum empty 
concrete cask weight 

rro 58.915 inches------------------------- Concrete cask rotation radius 
h = 225 .27 inches------------------------- Concrete cask height 

The water velocity (V) required to overturn the concrete cask is as follows. 

V _ ~ 2Fv _ 2 x 63,918 _ ll.O ft/sec 
CDpA 0.7xl.94x212.7 

Therefore, the factor of safety (FS) is as follows. 

FS= 21.0=l.4 
15.0 

The stresses in the concrete due to the drag force (FD) are conservatively calculated by 

considering the concrete cask to be fixed based on the governing dimension of CC5 

configuration. 

crv outer= MI Souter = 17.7 psi (tension or compression) 

crv inner = MI Sinner = 11. l psi (tension or compression) 

where: 

Do = 136.0 inches 
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Di 
h 
A 
I 

Souter 
Sinner 

w 
M 

3.7.3.4 

85.5 inches 
225.9 inchs 
n (Do2 

- D?) I 4 = 8,785 inch2 

n (Do4 
- Di4

) I 64 = 14.17 x 106 inch4 

21/Do = 208,382 inch3 

2I/(Di) = 331,462 inch3 

Fn1s/h = 144.3 lb/inch 
w (h)2 I 2 = 3.66 x 106 inch-lb 

Earthquake 
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The maximum horizontal acceleration at the surface of the concrete storage pad due to an 

earthquake is evaluated. Per 10 CFR 72.102 [1 ], the required minimum earthquake ground 

acceleration is 0.25g. This evaluation will show that MAGNASTOR is stable during a 0.37g 

earthquake horizontal acceleration (including a 1.1 factor of safety). The vertical acceleration is 

defined as two-thirds of the horizontal acceleration in accordance with ASCE 4-86 [21]. 

This calculation determines the effects of ground accelerations (components ax, ay and az) on the 

concrete cask for tip-over. The peak ground acceleration is associated with a safe shutdown 

earthquake. For this evaluation, the maximum overturning moment is compared to the restoring 

moment required to keep the concrete cask in a stable upright position (i.e., a concrete cask will 

not tip over due to the earthquake). The maximum ground accelerations and overturning/ 

restoring forces and moment are calculated for both empty and fully loaded concrete cask 

configurations. 

In the event of earthquake, there exists a base shear force or overturning force due to the 

horizontal ground acceleration, and a restoring force due to the net force of vertical ground 

acceleration and gravity. This ground motion tends to rotate the concrete cask about its bottom 

corner at the point of rotation (at the chamfer). The horizontal moment arm is from the center of 

gravity (CG) toward the outer radius of the concrete cask. The vertical moment arm is from the 

CG to the bottom of the concrete cask. If the overturning moment is greater than the restoring 

moment, the concrete cask may tip over. Using the geometry of the concrete cask design, the 

maximum horizontal and vertical ground accelerations that the concrete cask can safely 

withstand without becoming unstable are identified. 

The two orthogonal horizontal acceleration components (ax and az) are combined for maximum 

horizontal acceleration magnitude. The result is applied simultaneously with the vertical 

component to statically evaluate the overturning force and moment. Upward ground acceleration 

reduces the vertical force that restores the cask to its undisturbed vertical position. Based upon 

the requirements presented in NUREG-0800 [16], the static analysis method is considered 
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applicable if the natural frequency of the structure is greater than 33 cps. The natural frequency 

of the MAGNASTOR concrete cask is 138 Hz for CCI and CC2, which bounds the natural 

frequency of CC4, and 127 Hz for CC3. During the design basis earthquake event, a factor of 

safety of 1.1 against tip-over of the concrete cask must be maintained. 

Tip-Over Evaluation 

To maintain the concrete cask in equilibrium, the restoring moment, MR, must be greater than, or 

equal to, the overturning moment, Mo. The combination of horizontal and vertical acceleration 

components is based on the 100-40-40 approach of ASCE 4-86 [21 ], which considers that when 

the maximum response from one component occurs, the responses from the other two 

components are 40% of the maximum. The vertical component of acceleration can be obtained 

by scaling the corresponding ordinates of the horizontal components by two-thirds. The vertical 

component is conservatively considered to be the same as the horizontal component. 

Let: 

ax = az = a ----------------------------------- Horizontal acceleration components 
ay = a --------------------------------------- Vertical acceleration component 
G1i --------------------------------------------- Vector sum of two horizontal acceleration 

components 
Gv --------------------------------------------- Vertical acceleration component 

Two cases are analyzed: 

Case 1) The vertical acceleration, ay, is at its peak: 

(ay = l.Oa, ax= 0.4a, and az = 0.4a) 

G1i = 

~a~+ a; = ~(0.4a)2 
+ (0.4a)

2 
= 0.566a 

Gv = l.OaY = 1.0a 

Case 2) One horizontal acceleration, ax, is at its peak: 

(ay=0.4 x a, ax= a, and az = 0.4a) 

G1i = 

~a~ +a; =~(1.0a)2 
+(0.4a)

2 
= l.077a 

Gv = 0.4aY = 0.4a 

-------7: 
I 

a,=0.4a 

ax=0.4a 

a,=0.4a r-----~,----~ 
1~ ._: 

ax=l.Oa 

For the cask to resist overturning, the restoring moment (MR) about the point ofrotation must be 

greater than the overturning moment (Mo). 
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MR~ M0 , or Frb ~ F0d~ (Wxl-WxGv) x b ~ (W x Gh) x d 

d --------------------------------------------- Vertical distance measured from the base of 
the concrete cask to the center of gravity 

b --------------------------------------------- Horizontal distance measured from the point 
of rotation to the C. G. 

W --------------------------------------------- Weight of the concrete cask 
F o --------------------------------------------- Overturning force 
Fr ---------------------------------------------Restoring force 

Substituting for Gy and Gx gives: 

Case 1 

(1-a)b ~0.566a 
d 

a< % 
- bl 

0.566+ Id 

Empty concrete cask: 

Case 1 

58.921 
a~ lll 4 = 0.477 

0.566 + 58./(14 

where: 

b 58.92 inch 
d 114 inch 

Loaded concrete cask: 

Case 1 

58.71 
a~ /l1 3 = 0.479 

0.566 + 58./{13 

where: 

d 113 inch 

Case 2 

Case2 

Case 2 

(1- 0.4a) b ~ l.077a 
d 

a< % 
- bl 1.077 + 0.4 Id 

58.921 
a < 1 114 = 0 403 

- (58.9/ . 
1.077 + 0.4 /114) 

58.71 
a < Ill 3 = 0 404 

- (58.7 I · 
1.077 + 0.4 /113) 

b 58.92 - x = 58.92 - 0.221 = 58.7 inches 
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x = Wcane = l05,5oox 0·72 = 0.221 inch-Loaded concrete cask CG shift 
Wee 324,500 

The minimum acceleration is 0.403 g. A factor of safety of 1.1 is required for an earthquake 

evaluation; therefore, the maximum allowable horizontal acceleration (amax) at the top of the 

concrete pad that will preclude a cask tip-over is as follows. 

a max 0.403 = 0.37g 
1.1 

Concrete Cask Stress 

To demonstrate the ability of the concrete cask to withstand earthquake loading conditi9ns, the 

fully loaded cask is conservatively evaluated for seismic loads of 0.5g in the horizontal and 0.5g 

in the vertical direction. These accelerations reflect a more rigorous seismic loading and, 

therefore, bound the design basis earthquake. No credit is taken for the concrete cask steel liner. 

The highest concrete compressive stresses due to the design basis seismic load are shown to 

occur in the CC3 concrete cask. Although CC3 is the shortest concrete cask, it is the heaviest 

configuration and its concrete shell has a larger inside diameter than the other concrete cask 

configurations and, thus, the lowest section modulus. 

The maximum compressive stresses at the concrete shell outer and inner surfaces (based on the 

governing CC5 configuration) are conservatively calculated by considering the cask as a 

cantilever beam with its bottom end fixed. The maximum compressive stresses are as follows. 

M (l+ay)wee . 
vouter = --+ = 150 psi 

Souter A 

v inner= 

where 

ax 0 .5 Og-------------------------------------- Horizontal direction 
ay 0.5 Og-------------------------------------- Vertical direction 

Wee 340,000 lb-------------------------------- Bounding weight of concrete cask 
Do 136.0 inches 
Di 85.5 inches 
A TC (Do2 

- D?) I 4 = 8,785 inch2 

I TC (Do 4 
- Di4

) I 64 = 14.17 x 106 inch4 
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21/Do = 208,382 inch3 

21/(Di) = 3 31,462 inch3 

(ax x Wee) I 225.9 = 752.55 lb-inch 
(wx225.92)/2 = l.92x107 lb-inch 
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The load combinations described in Table 2.3-1 are used to evaluate the concrete cask for 

accident events of storage. The bounding stresses for all storage cask configurations are 

summarized in Table 3.7.3-1 and Table 3.7.3-2 for the loading combination Nos. 4, 5, 7, and 8. 

Loading combination No. 6 corresponds to drop accidents, 24-inch end drop and tip-over, which 

are evaluated in Section 3.7.3.6 and Section 3.7.3.7, respectively. 

As shown in Table 3.7.3-1, the maximum concrete compressive stress is 1,806 psi; therefore, the 

minimum compressive factor of safety (FS) for accident events is as follows. 

FS = SC0/1 = 2,660 = 1.47 
Sc 1,806 

where: 

Seon=~Fc = 0.7x3,800 = 2,660 psi--------------- Concrete compressive allowable 

From Section 3.7.3.1, the maximum tensile stress in the concrete due to the accident thermal load 

is 0.138 ksi. The factor of safety (FS) for concrete tensile stress is as follows. 

FS = Sic = 0.213 = 1.54 
SI 0.138 

where: 

Ste=0.08 x Sean= 0.08 x 2660 = 213 psi or 0.213 ksi .................. Concrete ultimate strength 

From Section 3.7.3.1, the maximum rebar tensile stress (Srb) due to accident thermal load is 22.7 

ksi. The factor of safety (FS) for the rebar tensile stress is as follows. 

FS = S,.ebar = 54.0 = 2.38 
s,.b 22.1 

where: 

Srebar=~Fr = 0.9x60.0 = 54.0 ksi------------------ Rebar stress allowable 

NAC International 3.7-72 



MAGNASTOR System FSAR November 2014 

Docket No. 72-1031 Revision 6 

Figure 3.7.3-4 Acceleration Time History of Oversized Pad 

Top of Basket Raw Top ofTSC Raw 
- - - Top of Basket Filtered -- Top ofTSC Filtered 

•) i----

0(1) 0.01 C•02 C•.03 C.0.1 O.Cf: 
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Table 3.7.3-1 Concrete Cask Vertical Stress Summary-Inner Surface, psi 

Condition Dead Live Wind Thermal Seismic Flood Tornado Total 
4 -28 -29 0 -1626 0 0 0 -1683 
5 -28 -29 0 -1633 -116 0 0 -1806 
7 -28 -29 0 -1633 0 -11 0 -1701 
8 -28 -29 0 -1633 0 0 -12 -1702 

Table 3.7.3-2 Concrete Cask Circumferential Stress Summary-Inner Surface, psi 

Condition Dead Live Wind Thermal Seismic Flood Tornado Total 
4 0 0 0 -1626 0 0 0 -1626 
5 0 0 0 -1633 0 0 0 -1633 
7 0 0 0 -1633 0 0 0 -1633 
8 0 0 0 -1633 0 0 0 -1633 
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This section presents details on the TSC finite element models used in the structural evaluation 
of the different TSC configurations for lift, normal conditions and off-normal or accident events 
of storage. The finite element model used for the structural evaluation of the TSC configurations 
with the single-piece closure lid assembly design (i.e., TSCl and TSC2) is described in Section 
3 .10.3 .1. The finite element models used for the structural evaluation of the TSC configurations 

with the composite closure lid assembly design (i.e., TSC3 and TSC4) are described in Section 

3.10.3.2. 

3.10.3.1 TSC1/TSC2 Finite Element Model Description 

The three-dimensional finite element model of the TSC configuration with the single-piece 

closure lid assembly (i.e., TSCl and TSC2) is constructed using ANSYS SOLID45 elements. 
By taking advantage of the symmetry of the TSC, the model represents one-half (180° section) 

of the TSC, including the TSC shell, bottom plate, and closure lid. The finite element model of 

the TSC is shown in Figure 3 .10.3-1. AN SYS CONTAC52 elements are used to model the 
interaction between the closure lid and the TSC shell. Gap elements are also used to simulate the 
interaction with the concrete cask inner liner standoffs or transfer cask inner shell during a side 
impact and pedestal during an end impact. The size of the CONTAC52 gaps is determined from 

nominal dimensions of contacting components. Due to the relatively large gaps resulting from 
the nominal geometry, these gaps remain open during all loadings considered. All gap elements 

are assigned a stiffness of 1 x 108 lb/in. 

This model represents a "bounding" combination of geometry and loading that envelops all 

MAGNASTOR PWR and BWR TSC configurations with single-piece lids (i.e., TSCl and TSC2 
configurations). Specifically, the longest TSC is modeled in conjunction with a conservative fuel 

and basket combination. By using the longest TSC with the conservative content weight, 

bending stresses are maximized at the junction of the shell and lid. Thus, the analysis yields 

conservative results relative to the expected performance of the actual TSC configurations. Note 

that a review of the finite element analysis results for the TSC3/TSC4 with %-inch and 1 Yz-in 

wide closure rings (See Section 3 .10.3 .2 for model description) indicated that the difference in 
the analysis results is insignificant for all normal, off-normal and accident conditions of storage. 
Accordingly, the TSC model results for the single-piece closure lid assembly (i.e., TSCl and 
TSC2) are applicable to TSCs with closure rings approximately %-inch and 1 Yz-in wide. 

Boundary Conditions for TSC Lift 

The lifting configuration for the TSC consists of six hoist rings bolted to the closure lid at 
equally spaced angular intervals. To simulate the lifting of the TSC, nodes representing the hoist 
rings on the closure lid are constrained in the Y-direction. For heavy lift evaluation, only three of 

the hoist rings are considered. Due to the symmetry of the model, only the nodes at 60° and 180° 
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are constrained. Symmetry boundary conditions are applied at the plane of symmetry of the 
model. Pressure representing the weight of the fuel and basket is applied to the TSC bottom. A 
1.1 g inertia load is applied in the axial direction. 

Boundary Conditions for Normal Conditions and Off-normal or Accident Events 

Model Constraints 

The model is constrained in the global Z-direction for all nodes in the plane of symmetry. Other 
constraints for different loading conditions are summarized below. The directions of the 
coordinate system are shown in Figure 3.10.3-1. 

Model Constraint Summary 
Condition Constraint 

Dead Weight Y-direction at TSC bottom 
Normal Handling Y-direction - lift points in TSC lid 

Off-normal Handling - axial Y-direction - lift points in TSC lid 
Off-normal Handling - lateral Gap elements at TSC shell in radial direction 

24-inch drop Y-direction at TSC bottom 
Tip-over Gap elements at TSC shell in radial direction 

Inertial Load 

Inertial loads resulting from the weight of the TSC and contents are considered by applying an 
appropriate deceleration factor (g-load). Inertial loads are summarized below. 

Condition 
Dead Weight 

Normal Handling 
Off-normal Handling 

24-inch drop 
Tip-over 

Pressure Load - Internal Pressure 

Inertial Load Summary 
Inertial Load 

1g - axial 
1.1g - axial 

1.5g - axial, 0.707g - lateral 
60g- axial 

Tapered 40g - lateral (40g at top of TSC closure lid, 1 g 
at base of concrete cask) 

A uniform pressure is applied to all internal surfaces of the TSC shell, bottom plate and closure 
lid. The TSC pressures used for the normal condition (110 psig), off-normal (130 psig) and 
accident events (250 psig) bound all pressure conditions. 

Pressure Load - Dead Load, Handling, and 24-inch Drop 

For the dead load, handling, and 24-inch drop analyses, the inertial load produced by the contents 
weight is considered to be uniformly distributed on the inner surface of TSC bottom plate. 
Based on the contents weight of 90,000 lb and the TSC inside radius of 35.5 inches, the pressure 
corresponding to the contents weight is as follows. 
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Table 3.10.3-17 TSC1/TSC2 Tip-Over plus Normal Pressure, Pm+Pb, ksi 

Sectiona Angle 
Component Stresses 

Sint 
Sx Sy Sz Sxy Syz Sxz 

1 69 -0.54 -5.28 10.47 0.15 0.51 -0.44 15.81 
2 66 2.77 -13.66 -2.50b 0.07 0.78 -1.17 16.74 
3 66 -0.17 -4.90 16.94 -0.06 1.33 1.18 22.09 
4 27 -0.07 19.54 3.84 0.01 4.15 0.01 20.64 
5 60 0.68 59.72 41.78 0.02 0.81 0.28 59.06 
6 60 -0.08 20.79 11.91 -0.01 -0.75 -0.02 20.94 
7 0 -0.55 18.40 0.89 -0.23 -0.11 0.00 18.96 
8 0 -0.87 18.35 4.84 0.01 -0.02 0.00 19.22 
9 30 5.14 55.19 39.08 0.00 -1.26 -1.52 50.22 

10c 6 -13.17 17.49 7.56 -2.41 2.07 -2.76 31.85 
11 d 0-6 -23.93 -16.43 -16.49 11.98 1.54 -13.41 36.44 
12 0 18.01 16.62 1.95 0.55 0.71 -1.04 16.40 
13 0 -4.19 -2.86 -1.41 0.12 0.55 -3.61 7.82 
14c 6 2.57 -10.04 0.16 5.22 5.18 -2.61 18.87 
15c 6 8.66 -1.44 0.34 -1.10 0.55 -1.76 10.79 

a See Figure 3 .10.3-2 for section locations. 
b Localized bending stresses are secondary and are excluded from evaluation. 
c Bearing stress evaluation is not required for accident conditions. 

San ow 

69.80 
69.80 
68.60 
64.00 
63.75 
63.30 
63.00 
63.00 
63.50 
63.50 
50.80d 
68.60 
63.50 
63.50 
63.50 

ct Stresses are determined by averaging the stresses over the impact region. Allowable stress 
includes a reduction factor of 0.8 for the closure lid weld. 
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The stresses in the TSC3 and TSC4 configurations (i.e., TSCs with composite closure lid 

assembly designs) resulting from the design basis normal, off-normal, and accident loads for 

storage conditions are determined using the three-dimensional Yz-symmetry finite element 

models shown in Figure 3.10.3-3 and Figure 3.10.3-4. These finite element models are similar to 

the finite element model used for the evaluation of the TSC1/TSC2 configuration (i.e., single­

piece closure lid assembly design) that is described in Section 3 .10 .3 .1, differing only in the 

geometry of the TSC closure lid assembly and closure ring. The finite element model shown in 

Figure 3.10.3-3 represents the TSC3 with the %-inch wide closure ring, whereas, the finite 

element model shown in Figure 3 .10.3-4 represents the TSC3 with the 1 Yz-inch wide closure 

ring. A review of the finite element analysis results for the TSC3/TSC4 with %-inch and 1 Yz-in 

wide closure rings indicates that the difference in the analysis results is insignificant for all 

normal, off-normal and accident conditions of storage. Accordingly, the model results are 

applicable to TS Cs with closure rings approximately %-inch and 1 Yz-in wide. 

The 4-inch thick closure lid and a 5-inch thick shield plate are both modeled using 3-D structural 

solid elements (SOLID45). The shield plate and closure lid are modeled using the temperature­

dependent material properties of SA-36 carbon steel and Type 304 stainless steel, respectively. 

The nonlinear interaction between the shield plate and closure lid is modeled using 3-D 

point-to-point contact elements (CONTAC52). The gap elements are modeled initially closed 

with a contact stiffness of 1 x 108 lb/inch. The ten 1 Yz-6 UNC-2A bolts (five bolts for 

Vi-symmetry model) that connect the shield plate to the closure lid are modeled using 3-D spar 

elements (LINKl 0) that transfer only tensile loads. The bolt element tensile area (At) and an 

initial strain (Eo) are defined by real constants. The initial strain corresponding to a maximum 

bolt torque is: 

Eo 

where: 

CJo 

Eb 

FB 

Q 

K 

Db 

At 

CJo/fa = 0.000303 in/in 

8,098 psi, Bolt tensile stress due to preload 

FBI At 

26.7x106 psi, Elastic modulus of SA-193, Grade B6 material at 500°F. 

Q/(KDb), Bolt tensile force due to torque [30]. 

11,200 lbs. 

1,680 in-lbs., Maximum bolt torque 

0.1, Lower-bound nut factor for a lubricated bolt [30] 

1.5 in., Nominal bolt diameter 

1.383 in2
, Tensile area of 1 Yz-6 UNC-2A bolt 
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The flow of helium in the fuel region is affected by the wetted perimeter associated with the fuel 

pins. To represent the flow of helium in the fuel region, which is represented as a homogenized 

entity, porous media is used in the modeling. The porous media model allows the effect of the 

reduced flow area of the fuel rods and the fuel assembly grids to be considered in representing 

the momentum of the helium flow by including a pressure drop based on the geometry of the fuel 

assembly, i.e., the pitch of the fuel rods, the fuel rod diameter, and the fuel assembly grid 

geometry. Additional fluid flow analyses are required to determine the constants inherit in the 

porous media use for flow between cylindrical-shaped fuel rods and for fuel assembly grids. The 

determination of porous media constants is presented in Section 4.8.2. The flow of helium in the 

downcomer regions in the TSC does not require special consideration of effective flow 

conditions. To confirm that the use of a two-dimensional model for the TSC is an acceptable and 

conservative methodology, a benchmark is provided in Section 4.8.1. 

Additional analysis results have demonstrated that a TSC that is less than fully loaded, i.e., with 

empty fuel storage locations in its center region, is bounded by the results of a fully loaded TSC. 

Therefore, empty fuel storage locations shall begin at the center of the basket and continue 

outward, as required, in an approximately symmetric pattern. 

The thermal evaluation for the transfer conditions is performed using the two-dimensional 

axisymmetric models of the transfer cask and TSC, as presented in Section 4.4.1.5. Similar to 

the model of the concrete cask and TSC, the fuel basket and fuel assemblies inside the TSC in 

the transfer cask are modeled as homogeneous regions using effective thermal properties. 

4.4.1.1 Two-Dimensional Axisymmetric Concrete Cask and TSC Models 

This section describes the finite volume models used to evaluate the thermal performance of the 

concrete cask and TSC for the PWR and BWR fuel configurations. As shown in Figure 4.4-1, 

the two-dimensional axisymmetric concrete cask and TSC model includes the following: 

• Concrete cask, including lid, liner, pedestal and stand 

• Air in the air inlets, the annulus and the air outlet 

• TSC shell, lid and bottom plate 

• Basket with fuel (including damaged fuel cans, as applicable) and neutron absorber 

• Helium internal to the TSC 

The fuel basket, fuel and neutron absorber are modeled as homogeneous regions with effective 

properties. The effective thermal conductivities for the TSC internals in the radial and axial 

directions are determined using the two-dimensional models as detailed in Section 4.4.1.2. 

The two-dimensional axisymmetric concrete cask and TSC model is used to perform 

computational fluid dynamics analyses to determine the component temperature, the mass flow 
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rate, velocity and temperature of the airflow in the annulus region, as well as for the helium flow 

internal to the TSC. Since the concrete cask and its components are contained in the model, the 

temperature distributions in the concrete and the concrete cask steel liner are also determined. 

Three separate models are generated for the evaluations of the following configurations: 

1. CC1/CC2 concrete cask with a PWR TSC. 

2. CC1/CC2 concrete cask with a BWR TSC. 

3. CC3 concrete cask with a PWR TSC. 

The first two models are identical, except for differences in dimensions of the downcomer 

regions and the effective properties of the TSC internals. Note that these two models are 

applicable to both the CCI and CC2 cask configurations since CC2 is a segmented version of 

CCI. Figure 4.4-2 shows an overall view of the cells employed in the model representing both 

the concrete cask and the TSC containing a design basis fuel heat load. The third model is 

identical to the first model, with the following differences: 

1. The overall height of the concrete cask is reduced to 218.3 inches (CC3). 

2. The concrete cask liner thickness is increased from 1.75 inches to 3 inches (CC3). 

3. The concrete thickness of the center of the concrete cask lid is increased by 6 inches 
(CC3). 

4. Shield bars are modeled in the concrete cask air inlets (CC3). 

5. TSC with composite closure lid assembly ( 4-inch stainless steel closure lid with a 5-inch 
thick carbon steel shield plate) is modeled. 

The CC4 configuration is similar to the CC1/CC2 and CC3 configurations, with the same lid and 

steel liner thickness as CCI/CC2 and the same height and additional shielding at the air inlets as 

CC3. A sensitivity study was performed using the governing CC3 model with a steel liner 

thickness corresponding to the CC4 configuration. The analysis results showed that maximum 

fuel/basket temperature for CC4 is approximately 1 °F less than that for the CC3 configuration, 

indicating that the differences between CC4 and other cask configurations do not have a 

significant effect on the thermal performance of the casks. Therefore, no additional thermal 

model is needed for the CC4 configuration. The bounding component temperatures from the 

thermal analysis results using the models for CC1/CC2 and CC3 are applicable to the CC4 

configuration. 

The CC5 configuration is also similar to the CC1/CC2 and CC3 configurations, with a similar 

height as CC1/CC2 and the same lid, steel liner thickness and additional shielding at the air inlets 

as CC3. Based on similarity of these configurations and the sensitivity analysis results for CC4 

as discussed above, the bounding component temperatures from the thermal analysis results 
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using the models for CC1/CC2 and CC3 are applicable to the CC5 configuration. No additional 

thermal model is needed for the CC5 configuration. 

The models used for the thermal evaluation are explained in greater detail as follows: 

Modeling of the Concrete Cask 

The concrete cask body has four air inlets at the bottom and four air outlets at the top. Since the 

configuration is symmetrical, it can be simplified into a two-dimensional axisymmetric model by 

using equivalent dimensions for the air inlets and outlets, which are assumed to extend around 

the concrete cask periphery. In the model for the CC3 concrete cask, additional shielding in the 

inlet vent is considered by a lumped porous zone that is represented by viscous and inertial flow 

resistance coefficients. The flow resistances are determined using a geometrically correct three­

dimensional computational fluid dynamics (CFD) model of the air inlet that includes shield bars. 

The vertical air gap is an annulus, with a radial width of 3 .5 inches. This radial dimension of the 

air annulus between the TSC shell and the concrete cask liner is modified to a smaller effective 

value to account for the reduction of the airflow cross-sectional area due to the standoffs welded 

to the liner. The bottom ends of the standoffs are more than 63 inches from the bottom of the 

TSC, which means that for over 30% of the length of the annulus, the standoffs do not exist. The 

model conservatively represents them as being the full length of the TSC. The additional axial 

conductance from the standoffs is conservatively neglected. Thermal radiation across the 

annulus gap is considered in the model, and the emissivities of the TSC surface and the concrete 

cask liner are reported in Chapter 8. Heat being radiated to the concrete cask liner is transferred 

into the annulus by convection, as well as being conducted through the concrete cask wall. 

The most significant mechanism for rejecting heat into the environment is through the movement 

of air up through the annulus. The airflow in the vertical annulus is modeled as transitional 

turbulent flow using the k- turbulence model in FLUENT [12]. This determination was made 

through the use of a thermal test of PWR canistered fuel contained in a vertical concrete cask, 

which is described in EPRI Report TR-100305 [21] and provides a description of the test 

canister, the concrete cask, the fuel assemblies, and the boundary conditions employed in a series 

of tests. The total heat load of the fuel used in the tests was 14.9 kW. Extensive temperature 

measurements were made for the basket, fuel, canister and concrete cask for each test conducted. 

The thermal test of interest employed the vacuum condition for the canister. This test was 

selected since it removed the influence of convection inside the canister and simplified the 

thermal model inside the canister. FLUENT was used to perform a two-dimensional steady-state 

axisymmetric analysis of the system described in [21] using two turbulent flow models: a low 

Reynold's number turbulence model (low Re k- ) and a transitional turbulence model (k- ). 

Technical details for these turbulence models are contained in the documentation for FLUENT. 
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The thermal models and boundary conditions used in the analyses are detailed in Section 4.8.3. 

Results for the temperature profiles for the canister surface and the concrete liner surfaces for 

both turbulence models are shown in Figure 4.8-12 and Figure 4.8-13. The results indicate that 

both turbulence models yield conservative predictions for the temperature profiles and that both 

the low Reynold's number k- and the k- models are appropriate for use in the analysis of air 

flow up through the annulus between the canister and the concrete cask. Since the use of the 

k- model provides conservative results for the canister shell and concrete cask for a test 

corresponding to 14.9 kW, the use of the k- model is also considered to be appropriate for 

analyses having larger heat loads. As the heat load is increased, the turbulence in the annulus air 

flow is also expected to increase. The results of the analysis for the thermal tests are considered 

as validation for the use of the k- turbulence model for the annulus region ofMAGNASTOR. 

The mesh for the annulus region of the CC3 model is similar to the mesh for the annulus region 

of the CC1/CC2 model that is shown in Figure 4.4-2. Increased cell density is used in the 

annulus region adjacent to the wall to allow they+ at the wall to be on the order of unity, 

ensuring proper turbulence modeling. 

The TSC model is included with the concrete cask model as shown in Figure 4.4-1. Boundary 

conditions at the edges of the model to the ambient are applied to the concrete cask surfaces. 

The heat flux being transferred from the helium internal to the TSC through the TSC shell and 

into the air annulus region is not considered to be a boundary condition for the concrete cask 

since all of these components are included in the same model. The boundary conditions applied 

to the outer surface of the concrete cask include the following. 

• Solar insolation to the outer surfaces of the concrete cask. 

• Natural convection heat transfer at the outer surfaces of the concrete cask. 

• Radiation heat transfer at the concrete cask outer surfaces. 

Solar lnsolation 

The solar insolation on the concrete cask outer surfaces is considered in the model. The incident 

solar energy is applied based on 24-hour averages as shown: 

Side surface: 

Top surface: 

Natural Convection 

1475Btu/ft
2 

= 61.46Btulhr·ft2 
24hrs 

2950Btu/ft2 = 122.92Btu/hr. ft2 
24hrs 

Natural convection heat transfer at the outer surfaces of the concrete cask is evaluated by using 

the heat transfer correlation for vertical and horizontal plates. This method assumes a surface 
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temperature and then estimates Grashof (Gr) or Rayleigh (Ra) numbers to determine whether a 

heat transfer c01Telation for a laminar flow model or for a turbulent flow model should be used. 

Since Grashof or Rayleigh numbers are much higher than the values defining the transition from 

laminar to turbulent flow, correlation for the turbulent flow model is used as shown in the 

following. 

Side surface (Kreith) [13]: 

Nu = 0.13(Gr · Pr) 113 

for Gr> 109 

Top surface Clncropera) [14]: 

Nu= 0.15Ra113 

he= Nu ·k/L 
for Ra> 107 

where: 
Gr 
he 

Hvcc 

kr 
L 

Nu 
Pr 
Ra 

--------------------------------------------- Grashof number 
--------------------------------------------- Average natural convection heat transfer 

coefficient 
--------------------------------------------- Height of the concrete cask 
--------------------------------------------- Conductivity 
-------~------------------------------------- surface characteristic length, 

L = area I perimeter 

--------------------------------------------- Average Nusselt number 
--------------------------------------------- Prandtl number 
--------------------------------------------- Rayleigh number 

All material properties required in these equations are evaluated based on the film temperature 

defined as the average value of the surface temperature and the ambient temperature. 

Radiation Heat Transfer 

The radiation heat transfer between the outer surfaces of the concrete cask and the ambient 

environment is evaluated in the model by calculating an equivalent radiation heat transfer 

coefficient. 

where: 
hrad 

F12 
T1 &T2 
El & E2 

[14] 

--------------------------------------------- Equivalent radiation heat transfer coefficient 
---------------------------------------------View factor 
---------------------------------------------Surface (T1) and ambient (T2) temperatures 
--------------------------------------------- Surface ( E1) and ambient ( E2=1) emissivities 
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At the concrete cask side, an emissivity for a concrete surface of 81 = 0.9 is used and a calculated 

view factor (F12) = 0.182 [14] is applied. The view factor is determined by conservatively 

assuming that the cask is surrounded by eight casks. At the cask top, an emissivity, 81, of 0.8 is 

conservatively used (emissivity for concrete is 0.9), and a view factor, F12, of 1 is applied. 

Modeling of the TSC 

The TSC is a closed system designed so that pressurized helium can circulate inside the TSC and 

transfer heat from the fuel in the basket to the TSC shell. Circulating helium is modeled as 

laminar flow inside the TSC. Additionally, the basket permits heat to be conducted from the 

interior regions of the basket to the periphery of the basket, then radiated and convected to the 

TSC shell surface. The stiffeners at the periphery of the basket do provide a path of conduction 

to the TSC shell, even though a small gap exists between the stiffeners and the TSC shell. The 

heat conduction through these stiffeners is neglected in the evaluation, which is considered to be 

conservative. Radiation is modeled in the fuel assemblies, as well as in gaps in the basket. Heat 

transfer to the TSC lid and bottom plate is considered in the analysis, but it is not a major 

contributor to the heat-rejection process. Two separate models are generated for the CC1/CC2 

concrete cask-one for the PWR fuel configuration and one for the BWR fuel configuration. 

The differences between the two models are in the dimensions of the basket region and the 

effective properties derived for each basket and fuel region. The TSC model for the CC3 

concrete cask is identical to the model for the CCI PWR configuration. 

The TSC region consists of the following: the TSC shell, the TSC bottom plate, the TSC lid, the 

fuel basket region, and the helium-filled volume outside the fuel basket region. The fuel basket 

region is subdivided into three sections to reflect the location of the active fuel region with the 

associated heat generation and the fuel regions above and below the active fuel regions. These 

three separate regions are shown in Figure 4.1-1. In addition to the three sections to reflect the 

location of the active fuel region with the associated heat generation and the fuel regions above 

and below the active fuel regions, the fuel region for the DF basket assembly is modeled in two 

ways, which are differentiated by basket radial zones. One model considers the active fuel 

region as a single porous zone in the radial direction with resistance coefficients for the entire DF 

basket. The second model considers the active fuel region as two zones in the radial direction 

with two sets of flow resistances - an outer zone that models the outer 16 basket slots (which 

include the four damaged fuel can slots) and an inner zone that models the inner 21 basket slots. 

For both models, when computing the flow resistance at the basket slot for the DFC, helium flow 

is considered only at the gap between the DFC side plates and the basket corner support 

weldment. Note that the TSC lid in the model corresponds to the 9-inch thick stainless steel lid. 
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The FLUENT model used to analyze the cooldown transient defines the locations at which initial 

temperatures are required from the ANSYS results. For each node in the FLUENT model, there 

are eight node points in the circumferential direction in the ANSYS 45-degree symmetry model 

to compute the average temperature for the respective locations. The ANSYS model employs 

linear temperature shape functions across each element, so that interpolation between nodes and 

within an element provides temperatures that are consistent with the nodal temperature in the 

ANSYS results. The peak temperatures, which occur at the center line of the model, are 

transferred to the respective FLUENT node locations as initial temperatures in order to provide 

an upper bounding initial condition, conserving system heat provided to the FLUENT model. 

The design basis heat load provides bounding temperatures and minimum times for vacuum and 

the longest time for·helium cooling when needed. With the identification of the temperature 

after the backfill condition, the time in vacuum for the potential cooling cycles can be 

determined, since the temperature time history will follow the same time dependency as for the 

initial vacuum condition. 

The system thermal transient history may be represented by an initial vacuum drying cycle 

followed by a postulated system cooling cycle of 24 hours, followed by a second system vacuum 

drying cycle that is followed by a second 24-hour cooling period preceding the TSC transfer to 

the concrete cask. It is noted that the 24-hour cooling period returns the system to a steady-state 

condition for the design basis heat load, providing a bounding operating cycle for all heat loads 

less than the design basis. Similarly, cooling the system for a period of 24 hours provides 

maximum TSC transfer time from the transfer cask to the concrete cask when the water is 

drained from the annulus cooling system. Additional analyses defining system response to these 

conditions are addressed in the following discussions. 

Mesh Sensitivity Evaluation 

The vacuum drying operation uses a three-dimensional ANSYS model to determine the thermal 

response of the fuel, shown in Figure 4.4-16 and Figure 4.4-18 for PWR and BWR fuel, 

respectively. Sensitivity of the mesh density is performed for the PWR design basis heat load of 

35.5 kW. The finite element model uses an ANSYS element with a linear shape function for 

calculating the temperature within each element and uses a minimum of six elements in the fuel 

assembly cross-section plane. Temperature variation in the fuel region is expected to be 

parabolic since the heat generation is constant within any specified axial cross-section. Using a 

minimum of six elements permits development of an analytical parabolic distribution. To 

confirm the adequacy of the mesh density for the axial divisions, the number of elements in the 

basket region shown in Figure 4.4-16 was doubled, and the transient condition using design basis 

heat was rerun. The maximum fuel clad temperature was determined to be 1 °F less than the 
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temperature for the solution with one-half the element density. The results from this mesh 

sensitivity evaluation validate that the maximum fuel temperature is relatively insensitive to 

mesh refinement in the fuel region. 

Evaluation of the Helium Phase With Annulus Circulating Water Cooling System 

Following the completion of vacuum drying and final cavity evacuation, the TSC is backfilled 

and pressurized with a measured mass of helium per the Technical Specifications to establish the 

cavity atmosphere for the normal condition of storage. The transfer cask and TSC remain in this 

helium phase condition until the TSC is placed into the concrete cask. During the helium phase, 

the transfer cask annulus cooling system will be used until the TSC preparations for transfer to 

the concrete cask are completed. Steady-state analyses for heat loads of 15, 20, 25, 30 and 35.5 

kW for PWR fuel, and with heat loads of 15, 20, 25, 30 and 33 kW for BWR fuel, are performed 

using the model for the helium phase. The evaluation of this condition is performed to determine 

the initial condition for the operation in which the TSC is placed into the concrete cask with the 

transfer cask annulus cooling system drained. 
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The transfer cask is used to load the TSC into the concrete cask. During this phase, there is no 

active auxiliary annulus cooling of the transfer cask, i.e. annulus cooling water system 

disconnected from the transfer cask, seals deflated, and annulus water drained. The transfer cask 

annulus is filled with ambient air, which is allowed to flow in through the reduced annulus inlet. 

This operation is time-limited to control the fuel cladding temperature to less than 752°F 

(400°C). The thermal performance of the transfer cask in this operation is evaluated for four 

transient conditions. Two transient conditions are for the PWR fuels with heat loads of 25 kW 

and 35.5kW, and two cases are for the BWR fuels with heat loads of25 kW and 33 kW. The 

initial conditions for the four transient analyses are obtained from the steady-state analyses with 

water in the transfer cask annulus described previously in the section titled "Evaluation of the 

Helium Phase with Annulus Circulating Water Cooling System" for the corresponding heat load. 

4.4.1.6 Two-Dimensional Transfer Cask and TSC Model for Operations 
Involving Minimum Cooling Time and a Loading Time of Eight Hours 

Operational experience can lead to enhancement in the draining, vacuum drying and welding 

operations to minimize the need for maximum times for drying and loading operations or the 

potential need for cycles in the vacuum drying phase. Operational experience will reduce 

loading times and reduce staff radiation exposure. The following discussion presents the 

operational controls to be implemented. 
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Even with the absence of additional cycles for vacuum drying or the use of the 24-hour cool 

time, the TSC in the transfer cask is still subjected to four separate operational boundary 

conditions. 

• The water phase when the lid is being welded to the TSC. 

• The drying phase during which helium is present while vacuum drying to remove 
moisture from the TSC. 

• The helium-backfilled phase is minimized to seven hours or less. It is during this time 
that the TSC port covers are welded and the transfer cask annulus circulating water 
cooling system (or equivalent) is operating, or the TSC is submerged in the spent fuel 
pool (with the annulus seals deflated). 

• The eight hours for the operation of transferring the helium-backfilled TSC into the 
concrete cask with the transfer cask annulus circulating water cooling system drained. 

Regardless of the time in the vacuum drying or loading operation, the response of the TSC and 

transfer cask in the water phase (inside the TSC) is not affected. With cooling water in the 

annulus, the time to remain in this condition is not altered from the system analyses or results 

reported in Section 4.4.1.5 for the water phase. 

Without the additional cool time (of 24 hours), the initial temperatures of the TSC and fuel are 

significantly increased upon entering the loading phase (where the water in the annulus is 

drained and replaced by air). Reducing the time in the vacuum phase, as compared to the times 

shown in Table 4.4-9 (PWR) and Table 4.4-10 (BWR), the temperatures at the start of the 

condition leading to the transfer of the TSC to the concrete cask can be reduced to a level that 

allows eight hours for the transfer loading time. 

To determine the vacuum and cool time limits, the models and their results described in Section 

4.4.1.5 are used. The temperature time histories computed for the heat loads identified in Table 

4.4-9 (PWR) and Table 4.4-10 (BWR) are used to identify the maximum fuel clad temperatures 

at the end of the reduced vacuum times for the individual heat loads. The transient analyses for 

the condition of the helium backfill, in conjunction with water in the annulus as described in 

Section 4.4.1.5, identify the temperature increase expected for the fuel clad for the range of heat 

loads upon backfilling the TSC with helium. Analyses in Section 4.4.1.5 identify that the 

maximum increase in the temperature of the fuel for the bounding PWR and BWR heat loads is 

44°F and 34°F, respectively. The 44°F PWR increase and the 34°F BWR increase correspond to 

the design basis heat load bound the temperature for all other heat loads of the PWR or BWR 

fuel assemblies. The maximum temperature increase is conservatively added to the maximum 

fuel clad temperature occurring at the end of the reduced time in vacuum. This temperature is 

used to confirm that an additional eight hours for the TSC in the transfer cask with air in the 

annulus is equal to, or less than, the maximum fuel clad temperatures determined in Section 
4.4.1.5. 
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MAGNASTOR is conservatively designed by analysis. Therefore, no physical model is 

employed for thermal analysis. The benchmark provided in Section 4.8.1 provides confirmation 

that the analysis methodology employed for the MAGNASTOR design is conservative. 

4.4.3 Maximum Temperatures for PWR and BWR Fuel Configurations 

Normal Conditions of Storage 

The temperature distributions and maximum component temperatures for MAGNASTOR for 

normal conditions of storage are provided in this section. System components of the CC1/CC2 

concrete cask containing a PWR and BWR TSC and the CC3 concrete cask containing a PWR 

TSC are addressed separately. The temperature distributions in the CC1/CC2 concrete cask 

containing the BWR TSC are similar to those of the same system with the PWR TSC and are, 

therefore, not presented. 

The temperature distribution in the CC1/CC2 concrete cask and the TSC containing the PWR 

design basis fuel (uniform heat load) for normal conditions of storage is shown in Figure 4.4-14. 

The air velocity distribution in the annulus between the TSC and the concrete cask liner for the 

normal conditions of storage for PWR fuel for the CC1/CC2 configuration is shown in Figure 

4.4-15. The maximum component temperatures for the normal conditions of storage are 

summarized in Table 4.4-3. Note that the bounding temperatures from CC1/CC2 and CC3 

analyses are conservatively used as the maximum component temperatures for the CC4 

configuration. It is noted that these system thermal performance results are based on an average 

annual ambient temperature of 76°F at sea level pressure and standard air density properties. 

Site-specific conditions are to be evaluated to assure thermal margins are maintained for steady­

state storage conditions at the intended MAGNASTOR ISFSI site. 

As shown in Figure 4 .4-14, the peak fuel temperature for the normal storage condition occurs 

near the top of the fuel basket and, based on the uniform spacing of the isotherms at the 

centerline of the TSC, the temperature varies monotonically from the TSC bottom to the peak 

near the top of the fuel basket. This is indicative that the dominant mode of heat rejection from 

the fuel is by convection due to the helium flow circulating within the TSC. 

The calculated temperatures at the TSC surface for the normal storage condition are higher than 

the concrete liner or surface, indicating that radiation heat transfer occurs across the concrete 

cask to TSC annulus. 

To confirm that the concrete cask heat removal system is operable, one of the following two 

surveillance options with a frequency of 24 hours is required: (1) Visually verify all concrete 
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cask air inlet and outlet screens are free of blockage; (2) Verify the difference between the 

concrete cask air outlet average temperature and the ambient temperature is less than 1l9°F, 

127°F, 134°F, 119°F and 119°F for the concrete cask configuration CC1/CC2-PWR, CC1/CC2-

BWR, CC3-PWR, CC4-PWR and CC5-PWR, respectively. The allowable temperature 

diff etences are determined based on the maximum calculated temperature difference between air 

outlet and ambient and the calculated minimum temperature margin for concrete and fuel 

temperatures for all normal and off-normal conditions. 

Normal Conditions of Storage - PWR Configuration with OF Basket Assembly 

The thermal evaluation for the concrete cask loaded with a TSC containing a DF basket 

assembly in storage conditions is performed based on configuration CC3 using the two­

dimensional axisymmetric FLUENT CFD models described in Section 4.4.1.1. Three cases are 

considered: 

Case 1: The active fuel region is modeled as a single porous zone with a single lumped 

resistance coefficient. The uniform loading heat generation rate (based on a total heat load of 

35.5 kW) is applied to the active fuel region. The calculated maximum fuel temperature is 

704°F. 

Case 2: The active fuel region is modeled as two parallel porous zones radially, with a resistance 

coefficient for the outer zone of 16 basket slots (which include the four damaged fuel can slots) 

and a separate resistance coefficient for the inner zone of 21 basket slots. The uniform loading 

heat generation rate is applied to the active fuel region. The calculated maximum fuel 

temperature is 707°F. 

Case 3: The active fuel region is modeled the same way as in Case 2. The uniform loading heat 

generation rate is considered for the standard fuel assemblies. The decay heat is considered to be 

concentrated at the lower 103 inches of the active fuel region based on a 50% compaction ratio 

of debris for the four damaged fuel can slots. The calculated maximum fuel temperature is 

709°F. 

The maximum fuel temperatures from the Case 1 through Case 3 analyses are lower than the 

maximum fuel temperature (718°F) for the corresponding standard PWR basket, as shown in 

Table 4.4-3. Therefore the standard PWR basket analyses bound those for the DF basket 

assembly. 
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Normal Conditions of Storage - PWR Minimum Reduced Cool Time Fuel Basket 
Assembly 

The thermal evaluation for the concrete cask loaded with a TSC containing the PWR minimum 

reduced cool time fuel basket assembly for normal storage condition is performed based on 

configuration CC3 using the modified two-dimensional axisymmetric FLUENT CFD model 

described in Section 4.4.1.1. The model used for the analysis of the TSC containing PWR 

minimum reduced cool time fuel basket assembly for normal storage conditions is identical to 

the model described in Section 4.4.1.1, except for the re-meshed basket zones in the basket radial 

direction to match locations of the heat generation due to the preferential loading. 

The maximum fuel temperature of the analysis is 698°F, 20°F lower than the maximum fuel 

temperature (7 l 8°F) for the corresponding standard PWR basket, as shown in Table 4.4-3. The 

maximum temperature for the fuel heat load in Figure 4.1-2 is lower since the maximum fuel 

heat load is no longer at the center of the basket. Therefore the standard PWR basket analyses 

bound those for the PWR minimum reduced cool time fuel basket assembly. 

Transfer Condition for 24-Hour Cooling and Multiple Vacuum Drying Cycles 

The maximum component temperatures for MAGNASTOR during the transfer operation are 

reported in this section for operational procedures using 24 hours of cooling. The transfer 

operation is comprised of four separate phases: the water phase, the drying phase, the helium 

phase, and the TSC transfer phase. The water phase and the helium phase are not time limited 

due to the normal use of the transfer cask annulus cooling water system (ACWS), reverse 

ACWS, or site-approved ACWS equivalent. The transfer cask annulus cooling system is an 

operational convenience and not a safety-related system, since the transfer cask can be fully 

submerged (with the annulus seals deflated) in the spent fuel pool at any point in time during the 

transfer operation without resulting in thermal shock to the transfer cask system. The annulus 

cooling system maintains the TSC shell at a temperature significantly lower than the temperature 

corresponding to the normal conditions of storage. The maximum temperatures for the water 

phase are listed in Table 4.4-5 and Table 4.4-6 for PWR fuel and BWR fuel, respectively. The 

maximum temperatures for the helium phase are listed in Table 4.4-7 and Table 4.4-8 for PWR 

fuel and BWR fuel, respectively. Using the reverse ACWS model described in Section 4.4.1.5, 
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Table 4.4-9 and Table 4.4-10 present times for the vacuum drying for heat 

loads greater than 25 kW for PWR fuel and greater than 29 kW for BWR fuel that are 

administratively controlled to maintain the fuel cladding temperature below the 752°F limit. 

If additional vacuum drying is required for heat loads requiring administrative controls to meet 

the specified cavity dryness criteria, additional drying cycles can be performed following 24 

hours of cooling the TSC, either with the annulus cooling water system or by returning the 

transfer cask and TSC to the spent fuel pool. Table 4.4-11 and Table 4.4-12 show the second 

vacuum time and maximum fuel temperatures at the end of the duration for PWR fuel and BWR 

fuel, respectively. Note that the PWR fuel cladding temperatures shown in Table 4.4-5, 4.4-7, 

and 4.4-9 are bounded by the PWR fuel cladding temperatures for the normal storage steady­

state conditions in Table 4.4-3. Therefore, the normal condition design bases PWR heat load 

fuel cladding and component temperatures, such as for the fuel basket (including damaged fuel 

cans, as applicable) and the TSC, bound the maximum temperatures for any phase of the transfer 

condition for the fuel basket and TSC components. 

The time for TSC transfer to the concrete cask is administratively limited to ensure that the 

maximum fuel cladding temperature is bounded by the design bases heat load normal condition 

storage temperature. Table 4.4-13 and Table 4.4-14 show the duration and the maximum fuel 

temperature at the end of the TSC placement in the concrete cask for both PWR fuel and BWR 

fuel, respectively. The time duration for the transfer operation is determined by modeling the 

water material properties in the annulus as air, as described in Section 4.4.1.5. 

The off-normal condition for use of the annulus cooling system corresponds to loss of cooling by 

the ACWS, or equivalent site-approved annulus cooling system. This can occur during the water 

phase or the drying phase of transfer operations. 
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In the event of loss of cooling occurring during the vacuum drying phase, the TSC is first 

backfilled with 75 psig ( + 10, -0 psi) helium, and is then returned to the pool, where it is cooled 

for a minimum of 24 hours prior to continuing vacuum drying operations. 

The loading procedures in Chapter 9 provide normal operational loading sequences. The 

MAGNASTOR System Operating Manual prepared in accordance with the FSAR analyses 

provides cask loading and unloading sequence alternatives, including time limitations for all 

evaluated loss of cooling and off-normal conditions. 

These operational sequences, time 

limits and corrective actions will ensure that the fuel cladding and system component 

temperatures do not exceed design allowable values. 

Transfer Condition for Minimum Cooling Time and Eight Hours of Canister 
Transfer 

The maximum component temperatures for MAGNASTOR during the transfer operation are 

reported in this section for operational procedures using the minimum cooling time and eight 

hours of TSC transfer time (as determined by the evaluation in Section 4.4.1.6). The transfer 

operation is comprised of four separate phases: the water phase, the drying phase (reduced time 

as compared to the evaluations in Section 4.4.1.5), the helium phase (minimized cooling time), 

and the TSC transfer phase (limited to eight hours). The water phase and the helium phase 

permit indefinite time due to the normal use of the transfer cask annulus cooling system, or an 
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equivalent cooling system. The annulus cooling system maintains the TSC shell at a temperature 

significantly lower than the temperature corresponding to the normal conditions of storage. The 

maximum temperatures for the water phase are listed in Table 4.4-5 and Table 4.4-6 for PWR 

fuel and BWR fuel, respectively. 

Heat load-dependent vacuum drying times reported in Table 4.4-9 and Table 4.4-10 confirm that 

for the same heat loads, the PWR fuel clad temperatures bound the BWR fuel clad temperatures. 

The temperatures reported in Table 4.4-16 and Table 4.4-17 are for the maximum PWR and 

BWR clad temperatures, respectively, at the end of the reduced vacuum time, the reduced cool 

time, and the eight hours of transfer time. These results confirm that the maximum clad 

temperatures have significant margin relative to the 752°F fuel clad temperature limit. 

For system operations that are outside the sequence presented in Table 4.4-16 or Table 4.4-17, as 

a result of equipment failure or some other event that extends drying and transfer operations, 

additional vacuum drying, helium cooling, and/or transfer times will be implemented in 

accordance with the actions described in the preceding section, "Transfer Condition for 24-Hour 

Cooling and Multiple Vacuum Drying Cycles." 

Maximum TSC Transfer Temperatures for PWR 20 kW (no additional cooling) and 
25kW Heat Loads with 7 hours of cool.ing 
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Table 4.4-1 Effective Thermal Conductivities for 14x14 PWR Fuel Assemblies for 
Helium Backfill 

For fuel assemblies in fuel tubes with the neutron absorber: 

Conductivity a Temperature (°F) 
(Btu/hr-in-°F) 221 415 612 813 

Kxx 0.019 0.026 0.036 0.048 
Kvv 0.019 0.026 0.036 0.048 
K,, 0.124 0.115 0.111 0.112 

For fuel assemblies in positions without the neutron absorber: 

Conductivity a Temperature (°F) 
(Btu/hr-in-°F) 222 417 615 816 

Kxx 0.019 0.025 0.034 0.044 
Kvv 0.019 0.025 0.034 0.044 
Kzz 0.127 0.117 0.114 0.115 

Table 4.4-2 Effective Thermal Conductivities for lOxlO BWR Fuel Assemblies for 
Helium Backfill 

Conductivity a Temperature (°F) 
(Btu/hr-in-°F) 192 394 597 801 

Kxx 0.020 0.028 0.039 0.052 
Kyy 0.020 0.028 0.039 0.052 
Kzz 0.134 0.125 0.122 0.125 

a Kxx and Kyy correspond to the in-plane directions and Kzz corresponds to the axial 

direction in the basket. 
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Table 4.4-3 Maximum Component Temperatures for Normal Condition 
Storage of Design Basis PWR and BWR Heat Loads 

Maximum Temperatures (°F) 
CC1/CC2 CC3 CC4 ccs Allowable 

Component PWR BWR PWR PWR PWR Temperature (°F) 
Fuel Cladding 714 695 718 718 718 752 
Fuel Basket a 714 695 718 718 718 800 
TSC Shell 457 436 462 462 462 800 

I local 271 241 256 271 271 300 
Concrete I bulk 160 153 155 160 160 200 

Table 4.4-4 Helium Mass Per Unit Volume for MAGNASTOR TSCs 

Helium Density 
/liter 

FuelT e Nominal Lower Bound u er Bound 

PWR 0.763 0.694 0.802 

BWR 0.774 0.704 0.814 

a The maximum fuel cladding temperature is conservatively used. 
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Water phase contingency events are applicable after closure lid installation through initiation of 

draining operations. This includes operations such as TSC removal from the spent fuel pool, 

TSC lid closure welding, and TSC hydrostatic testing. Time and temperature limitations are 

based on full heat load PWR decay heat (maximum of 35.5 kW) and are bounding oflower 

decay heat loads. 

The following water phase contingency events have been analyzed: 

NAC International 4.9.1-1 



"NAC PROPRIETARY INFORMATION REMOVED" 
MAGNASTOR System FSAR 
Docket No. 72-1031 

January 2017 
Revision 8 

4.9.2 Draining, Vacuum Drying and Helium Backfill Phase Contingency 
Events for PWR Fuel 

Draining, vacuum drying and helium backfill/cooling phase contingency events are applicable 

from the start of TSC cavity water draining operations through completion of the final helium 

backfill and completion of Minimum Helium Backfill Time in accordance with Technical 

Specification LCO 3.1.1. Normal operations include continuous ACWS or equivalent cooling, 

throughout the draining, vacuum drying, and helium backfill phases to maintain TSC 

temperatures below normal allowable/operational limits. Cooling is confirmed during ACWS by 

monitoring the transfer cask (MTC) annulus outlet temperature and ensuring it is:::; l 13°F. For 

reverse ACWS flow, the inlet temperature and flow rate are monitored to ensure they meet the 

following approved operational limits for PWR heat loads:::; 35.5 kW: 
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The TSC Transfer Phase contingency events are applicable during the period from the 

termination of ACWS cooling following completion of the required Minimum Helium Backfill 

Time (i.e. cooling time) per LCO 3.1.1 through completion ofTSC transfer from the MTC into 

the VCC. The allowable TSC Transfer Times are as specified in Technical Specification LCO 

3.1.1, as applicable to the decay heat load and Minimum Helium Backfill Time (i.e. cooling 

time) utilized. 
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4.9.4 Post-TSC Transfer Phase Contingency Events for PWR Fuel 

The Post-TSC Transfer Phase contingency events are applicable following completion of the 

TSC transfer to the VCC and relate to the potential for final measurements of TSC exterior 

surfaces removable surface contamination levels exceeding Technical Specification allowable 

levels. 

The following Post-TSC Transfer phase contingency events have been analyzed: 
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Specific dose rate limits for individual casks in a storage array are not established by 

10 CFR 72 [1]. Annual dose limit criteria for the ISFSI-controlled area boundary are established 

by 10 CFR 72.104 and 10 CFR 72.106 for normal operating conditions and for design basis 

accident conditions, respectively. These regulations require that, for an array of casks in an 

ISFSI, the annual dose to an individual outside the controlled area boundary must not exceed 25 

mrem to the whole body, 75 mrem to the thyroid, and 25 mrem to any other organ during normal 

operations. For a design basis accident, the dose to an individual outside the controlled area 

boundary must not exceed 5 rem to the whole body. In addition, the occupational dose limits 

and radiation dose limits established in 10 CFR Part 20 (Subparts C and D) [2] for individual 

members of the public must be met. 

This chapter describes the shielding design and the analysis used to establish bounding 

radiological dose rates for the safe storage of up to 37 undamaged PWR fuel assemblies in the 37 

PWR basket assembly or up to 87 undamaged BWR fuel assemblies in the 87 BWR basket 

assembly. The system is also designed to store up to four damaged fuel cans (DFCs) in the DF 

Basket Assembly. The DF Basket Assembly has a capacity of up to 37 undamaged PWR fuel 

assemblies, including four DFC locations. DFCs may be placed in up to four of the DFC 

locations. Each DFC may contain an undamaged PWR fuel assembly or damaged fuel, which 

may be a damaged PWR fuel assembly or PWR fuel debris equivalent to one PWR fuel 

assembly. Undamaged PWR fuel assemblies may be placed directly in the DFC locations of a 

DF Basket Assembly. 

PWR fuel assemblies may contain nonfuel hardware -i.e., reactor control components (RCCs), 

burnable poison rod assemblies (BPRAs), guide tube plug devices (GTPDs), neutron 

sources/neutron source assemblies (NSAs ), hafnium absorber assemblies (HFRAs ), instrument 

tube tie components, in-core instrument thimbles, and steel rod inserts (used to displace water 

from the lower section of guide tubes), and components of these devices, such as individual rods. 

The analysis shows that for the design basis fuel, the system meets the requirements of 10 CFR 

72.104 and 10 CFR 72.106 and complies with the requirements of 10 CFR 20 with regard to 

annual and occupational doses at the owner-controlled area boundary. 

The system is designed with two transfer cask and four concrete cask configurations. Transfer 

casks are designed with either carbon steel shells for PWR and BWR systems (MTCI) or 

stainless steel shells for the PWR system (MTC2). Concrete casks are designed in: 
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• A standard shielding configuration (one piece- CCl and segmented- CC2) with a 1.75-

inch liner thickness (PWR and BWR systems); 

• An augmented shielding configuration (CC3/CC5) with a 3-inch liner thickness, an 

increased lid thickness and additional shielding at the air inlets (PWR system); 

• And a short, standard shielding configuration cask (CC4) with a 1.75-inch liner thickness 

and additional shielding at the air inlets (PWR system). 

Canisters may be sealed with either an all stainless steel closure lid (PWR and BWR systems) or 

a composite carbon steel and stainless steel lid assembly (PWR system). BWR evaluations are 

performed with the all stainless steel closure lid and PWR evaluations are performed with the 

composite closure lid assembly. The composite lid assembly bounds the all stainless steel lid in 

shielding evaluations due to the lower density of carbon steel. 

Minimum cool times prior to fuel transfer and storage are specified as a function of minimum 

assembly average fuel emichment and maximum assembly average burnup (MWd/MTU). To 

minimize the number of loading tables, PWR and BWR fuel assemblies are grouped by bounding 

fuel and hardware mass. Key characteristics of each assembly grouping are shown in 

Section 5.2. Refer to Section 5.8.9 for detailed loading tables meeting the system heat load 

limits. 

Source terms for the various vendor-supplied fuel types are generated using the SCALE 4.4 

sequence as discussed in Section 5.2. Three-dimensional MCNP [3] shielding evaluations 

provide dose rates for transfer and concrete casks at distances up to four meters. NAC-CASC, a 

modified version of the SKYSHINE-III code [4], calculates site boundary dose rates for either a 

single cask or cask array. See Section 5.6 for more detail on the shielding codes. 
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Transfer cask top-, side-, and bottom-surface average dose rates are 254 (1.1 %) rnrem/hr, 895 

(<1 %) rnrem/hr, and 3,000 (<1 %) rnrem/hr, respectively. Access to the bottom of the cask is 

limited to pool-to-workstation transfer operations and the workstation-to-vertical concrete cask 

transfer operations. Site ALARA plans should specify limited access to areas below and around 

the loaded transfer cask during lifting and transfer operations. 

5.1.1.2 Damaged PWR Fuel Dose Rates 

Damaged PWR fuel assemblies may be loaded in damaged fuel cans in the four corner assembly 

locations of the PWR damaged fuel basket. DFC slots are locations 4, 8, 30 and 34 in Figure 

5.8.12-10. To ensure that the worst case configuration is considered, two damaged fuel scenarios 

are evaluated. 

The first scenario assumes the damaged fuel collects over the active fuel length of the fuel 

assembly. This scenario is modeled by filling the fuel assembly interstitial volume with U02 and 

increasing the fuel neutron, gamma and n-gamma source consistent with this increase in mass. 

Dose rate profiles for the 37-assembly undamaged assemblies are compared with profiles for 33 

undamaged and 4 damaged assemblies in Section 5.8.12. Based on the self-shielding of the 

added mass compensating for the increase in source, damaged fuel dose rates for the first 

scenario are bounded by either the corresponding undamaged fuel dose rates or the second 

damaged fuel scenario. 

In the second scenario, damaged fuel is assumed to migrate from the active fuel into the lower 

end fitting region of the fuel assembly, filling all the modeled void space. However, no credit is 

taken for the reduction in the lower end fitting hardware dose rate due to the added U02 mass 

and self-shielding nor for the reduction in fuel mass migrated from the active fuel region. In this 

case, transfer cask bottom surface dose rates increase due to the addition of damaged fuel. The 

transfer cask bottom axial dose rate increases 53 rnrem/hr, increasing the bottom axial dose rate 

by approximately 0.9 percent. Radial dose rates for PWR fuel increase, but remain less than the 

bounding BWR fuel. 

Damaged fuel dose rates are computed using the carbon steel transfer cask, as it produces higher 

dose rates than the stainless steel transfer cask due to the higher density of stainless steel versus 

carbon steel. 

Damaged fuel maximum dose rates in the carbon steel transfer cask are summarized in Table 

5.1.3-9. 
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The concrete cask is composed of body and lid components. The body contains the air inlets, air 

outlets, and the cavity for TSC placement. The lid provides environmental closure for the TSC. 

The radial shield design is comprised of a carbon steel inner liner surrounded by concrete. The 

concrete contains radial and axial rebar for structural support. As in the transfer cask, the TSC 

shell provides additional radial shielding. The concrete cask top shielding design is comprised of 

the TSC lid and concrete cask lid. The concrete cask lid incorporates both concrete and steel 

plate to provide additional gamma shielding. The bottom shielding is comprised of the stainless 

steel TSC bottom plate, the pedestal/air inlet structure, and a carbon steel base plate. Radiation 

streaming paths consist of air inlets located at the bottom and air outlets located above the top of 

the TSC, and above the annulus between the concrete cask body and the TSC. Air inlets and 

outlets are radial openings to the concrete cask. The inlets and outlets are axially offset from the 

source regions to minimize dose and meet ALARA principles. 

No auxiliary shielding is considered in the concrete cask shielding evaluation. All components 

relevant to safety performance are explicitly included in the concrete cask model. Homogenization 

of materials used in the models is limited to the fuel assembly as described in Section 5.1.1. 

5.1.2.1 Undamaged Fuel Dose Rates 

Refer to Table 5.1.3-2, Table 5.1.3-5, and Table 5.1.3-7 for a summary ofthe concrete cask 

normal condition and accident event maximum calculated dose rates for the standard (CCl/ 

CC2), augmented shield (CC3), and short, standard (CC4) cask configurations. Listed maximum 

dose rates include fuel and nonfuel hardware contributions. Payload types producing maximum 

surface dose rates are listed in Table 5.1.3-3, Table 5.1.3-6, and Table 5.1.3-8. Refer to 

Section 5.6.5 for TSC surface contamination release dose rates. Dose rates are based on three­

dimensional Monte Carlo analysis using surface detectors. Further detail on the detector 

geometry is included in Section 5.5. 

The CC5 configuration is not specifically evaluated as it represented an increased length CC3 

with similar exterior dimensions as the CC1/CC2 but with significantly augmented shielding 

(thicker liner and lid plus air inlet shield bars). The CC5 is designed to hold a TSC longer than 

capable of placement into a CC3. The longer TSC in turn is capable of storing CE System 80 

type fuel (C 16a) and BWR/4-6 fuels. Dose rates shown for the CC1/CC2 evaluations bound 

those produced by the CC5 configuration. 
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The maximum concrete cask side (cylindrical) average surface dose rate is 58 (<1 %) mrem/hour. 

On the concrete cask top (disk), the average surface dose rate is 104 (2%) mrem/hour. Average 

dose rates for the standard shielding concrete cask are more than twice as high on the radial 

surface and approximately 20% higher on the axial surface than the augmented (CC3) shielding 

cask configuration for the PWR system (augmented cask shield analysis limited to PWR 

payloads). The maximum inlet and outlet dose rates are 434 and 59 mrem/hr, respectively. No 

design basis normal condition or accident event exposes the bottom of the concrete cask. 

5.1.2.2 Damaged PWR Fuel Dose Rates 

The two damaged fuel scenarios described in Section 5 .1.1.2 are also evaluated for the concrete 

cask. 

The first scenario assumes the damaged fuel collects over the active fuel length of the fuel 

assembly. Dose rate profiles for the 37- undamaged assemblies are compared with profiles for 33 

undamaged and 4 damaged assemblies in Section 5.8.12. Based on the self-shielding of the 

added mass compensating for the increase in source, damaged fuel dose rates for the first 

scenario are bounded by either the corresponding undamaged fuel dose rates or the second 

damaged fuel scenario. 

In the second scenario, damaged fuel is assumed to migrate from the active fuel into the lower 

end fitting region of the fuel assembly, filling all the modeled void space. In this case, concrete 

cask inlet and radial dose rates increase due to the addition of damaged fuel. The concrete cask 

inlet dose rate increase is 38 mrem/hr, increasing the inlet dose rate by approximately 9 percent. 

The maximum concrete cask radial dose rate increases to 82.3 mrem/hr, an increase of 

approximately 4 percent. 

Damaged fuel dose rates are computed using the standard concrete cask (CC1/CC2) or the short, 

standard concrete cask (CC4), as they produce higher dose rates than the augmented shield 

concrete casks (CC3/CC5). 

Damaged fuel maximum dose rates in the standard concrete cask are summarized in Table 

5.1.3-10. 

5.1.3 Offsite Dose Discussion and Results 

Contributions from concrete casks to site radiation dose exposure are limited to either radiation 

emitted from the concrete cask surface or a hypothetical release of surface contamination from 

the TSC. As documented in Section 5.6.5, there is no significant site dose effect from the 
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expected surface contamination of the system. The TSCs are comprised of a welded shell, bottom 

plate and lid structure. The vent and drain ports in the lid are covered by redundant welded 

plates. There is, therefore, no credible leakage from the system, and no significant effluent 

source can be released from the TSC contents. Details on the TSC confinement boundary are 

provided in Chapter 7, with leakage test information provided in Section 10.1.3. 

Controlled area boundary exposure from the concrete cask surface radiation is evaluated using 

the NAC-CASC code. (As previously stated, NAC-CASC is a modified version of SKYSHINE­

III.) NAC-CASC calculates the direct dose rate as well as the air scattered contribution of the 

total dose rate. As the detectors are below the top surface of the cask, only the cylindrical shell 

(radial) cask surface current contributes a direct component to the total dose rate. NAC-CASC 

primary enhancements to SKYSHINE-III allow the input of an angular surface current, the input 

of cylindrical shell (side) and disk (top) geometries, and the accounting of concrete cask self­

shielding (i.e., radiation emitted from one cask intersecting another cask in the array-in 

particular, front/back row interaction in the array). The cylindrical shell and top surfaces are 

Monte Carlo sampled to generate the surface current input into the code. Each of the sampled 

locations represents a point source to which the SKYSHINE-III line beam response functions are 

applicable. 

The NAC-CASC (SKYSHINE-III) method assumes that radiation emitted from the source does 

not interact with the cask/source structure after emission (beyond the additional routines added 

by NAC to account for self-shielding). This assumption does not represent a significant effect on 

site dose rates as the calculated surface current is near normal to the surface and any backscatter 

to the cask from the air surrounding the array would then require a second backscatter from the 

cask surface to reach a detector location. As detector locations for site exposure are at 

significant distances from the array (typically 100+ meters), there would not be a significant 

contribution from radiation having undergone such repeated large angle scatter. 

Both a single cask and a 2x 10 array of casks are evaluated for site exposure evaluations. Each 

cask in the array is assigned the maximum dose (surface current) source allowed by the cask 

loading tables. A combination of the maximum cask side and top dose cases provides for a 

conservative estimate on the controlled area boundary exposure, since the different fuel types 

produce the highest cask surface dose components. 

The full-year exposure for site boundary (controlled area boundary) results is based on 8,760 

hours of exposure. 
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Table 5.1.3-4 Summary of Stainless Steel Transfer Cask Maximum Dose Rates (35.5 kW PWR) 

Source 
Neutron 
Gamma 
Total 

Transfer Cask Surface 1 Meter from Surface 
(mrem/hr with relative uncertainty) (mrem/hr with relative uncertainty) 

Side To Bottoma Side To Bottom 
706 (0.8%) 88 (1.6%) 1 ,056 (6.9%) 244 (0.6%) 22 (1.5%) 255 (3.9%) 
239 2.2% 480 1.2% 4,270 2.8% 108 1.4% 121 1.8% 2,213 1.2% 
945 (0.8%) 568 (1.0%) 5,326 (2.6%) 352 (0.6%) 143 (2.6%) 2,468 (1.1%) 

Table 5.1.3-5 Summary of Augmented Shield Concrete Cask (CC3) Maximum Dose Rates (35.5 kW PWR) 

Cask Surface 1 Meter from Surface 
mrem/hr with relative uncertaint mrem/hr with relative uncertaint 

Condition Source Sideb To Sideb To 
Neutron 0.8 (3.8%) 17 (4.5%) 0.4 (2.5%) 2.7 (4.6%) 

Normalc Gamma 36.3 3.2% 391 2.9% 19.3 2.1% 65.5 1.7% 
Total 37.1 (3.1%) 408 (2.8%) 19.7 (2.0%) 68.2 (1.7%) 

a Includes fuel, thimble plug, and BPRA contribution. A full loading of 9 CEAs will increase bottom dose by 2,304 rnrem/hr on 
contact. 

b Not including air inlet and outlet streaming paths. Maximum air inlet and outlet dose rates including fuel, BPRA, and thimble plug 
contributions are 119 (3.1 %) and 26.2 (1.3%) rnrem/hr, respectively. At a distance of 1 m from the cask surface, the air inlet and 
outlet maximum dose rates are 17.1 (6.2%) and 4.2 (2.1 %) rnrem/hr, respectively. CEAs may add an additional 6.7 rnrem/hr to the 
inlet dose. There is no CEA contribution to the outlet dose. 

c Accident condition dose rates are bounded by the values in Table 5.1.3-2. 
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Table 5.1.3-6 Bounding Payload Type for Each Stainless Steel Transfer and Augmented Shield (CC3) Concrete Cask 
Surface 

Max Cool Time Assembly Average Initial Enrichment 
Cask Surface Insert Core Typea MTU I Db (yrs) Burnup (GWd/MTU)c (wt% 235LJ) 

Transfer Radial BPRA WE 14x14 0.4114 14b 12.4 59 3.1 
Transfer Top TP WE 14x14 0.4144 14b 6.0 44 2.5 
Transfer Bottom BPRA WE 14x14 0.4144 14b 6.0 44 2.5 
Concrete Radial BPRA WE 14x14 0.4144 14b 4.1 32.5 2.1 
Concrete Top TP WE 14x14 0.4144 14b 4.8 37.5 2.3 
Concrete Air Inlet BPRA WE 14x14 0.4144 14b 6.0 44 2.5 
Concrete Air Outlet TP WE 14x14 0.4144 14b 6.0 44 2.5 

Table 5.1.3-7 Summary of the Short, Standard Concrete Cask (CC4) Maximum Dose Rates (35.5 kW PWR) 

Cask Surface 1 Meter from Surface 
mrem/hr with relative uncertaint mrem/hr with relative uncertaint 

Condition Source Sided To Sided To 
Neutron 0.6 (8.3%) 12 (7.3%) 0.3 (5.9%) 3 (3.4%) 

Normale Gamma 78.9 1.4% 353 (3.8%) 40.3 (0.9%) 86.3 (2.2%) 

Total 79.5 (1.4%) 365 (3.7%) 40.6 (0.9%) 89.3 (2.1 %) 

a Refers to general core configuration on which assembly hybrid was based (e.g., Westinghouse 14x14). 
b Indicates identifier for fuel characteristics documented in Section 5 .2 of the SAR. 
c Maximum fuel assembly average bumup limited to 60 GWd/MTU. 
d Not including air inlet and outlet streaming paths. Maximum air inlet and outlet dose rates including fuel, BPRA, and thimble plug 

contributions are 115 ( 4.8%) and 42.8 (1.6%) mrem/hr, respectively. At a distance of 1 m from the cask surface, the air inlet and 
outlet maximum dose rates are 16.5 (9.1 %) and 4.4 (3.4%) mrem/hr, respectively. CEAs may add an additional 6.3 mrem/hr to the 
inlet dose. There is no CEA contribution to the outlet dose. 

e Accident condition dose rates are bounded by the values in Table 5.1.3-2. 
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The transfer and concrete casks are evaluated using the MCNP three-dimensional Monte Carlo 

code. In the MCNP fuel assembly model, the fuel and hardware source regions are homogenized 

within a volume defined by the fuel assembly width and height. This volume is subdivided 

axially into active fuel, upper and lower plenum, and upper and lower end fitting source regions. 

Within these axial volumes, the material masses of the fuel assembly are homogenized. In all 

models, the cask and TSC shield thicknesses and axial extents are explicitly represented, 

including streaming paths. Surface detectors are used to estimate the dose profiles at the cask 

surface and at distances of lft, Im, 2m, and 4m from the cask surface. The MCNP code employs 

an automated biasing technique for the Monte Carlo calculation based on weight window 

adjustments in mesh cells. Radial biasing is performed to estimate dose rates at the transfer cask 

radial surface and concrete cask radial surface, including air inlets and outlets. Axial biasing is 

used for cask top and bottom surface rates. Angular biasing components are used to capture 

azimuthal variations in bulk shielding properties. Primary examples of azimuthal variations 

within bulk shields are the concrete cask air inlets and outlets and the vent/drain port location in 

the TSC closure lid. 

The geometric description of an MCNP model is based on the combinatorial geometry system 

embedded in the code. In this system, surfaces and bodies, such as cylinders and rectangular 

parallelepipeds, and their logical intersections and unions, are used to describe the extent of 

material zones. 

NAC-CASC, a modified version of SKYSHINE-III, uses the MCNP generated cask surface 

current to estimate site boundary exposures. NAC-CASC allows for self-shielding of casks and 

permits input of an angular surface current emission spectrum. In the NAC-CASC evaluations, 

the concrete casks are modeled as "black body" cylinders. Given the concrete cask thickness, 

radiation emitted from one cask and impacting an adjacent cask will not significantly impact site 

boundary dose rates. To verify the acceptability of this assumption, a radial neutron and gamma 

source MCNP analysis was performed on a 2x 10 cask array with the front row assigned either an 

importance of 1 (same as back row casks) or assigned an importance of 0 (terminating the 

particle tracking). Results of this analysis are shown in Figure 5.5.5-7 for the short array axis 

(facing the x direction 2 cask side of the array in Figure 5.5.5-6) and Figure 5.5.5-8 for the long 

array axis (facing they direction 10 cask side of the array in Figure 5.5.5-6). While significantly 

affecting the radial dose contribution from the "shielded" back row of casks along the y-axis, the 

"black body" assumption does not significantly affect total dose rates in this direction, as the 

majority of dose is contributed by the front row of casks (i.e., casks facing the detector). 

Including the axial contribution in the comparison, which is not affected by the "black body" 

assumption, would further decrease the relative effect of the "black body" assumption. The 
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energy and angular spectrum of radiation emitted from the cask surface are retained when 
transitioning from the MCNP to the NAC-CASC model. 

5.5.1 Description of Radial and Axial Shielding Configurations 

The three-dimensional shielding analysis allows detailed modeling of the source and shield 
regions, including streaming paths. Cask and TSC details include the axial extent of the 
radiation shields. This section includes system sketches, discussion of the general TSC shell 
(including closure lid and bottom plate) and features, and detailed information on the transfer 
cask and concrete cask shield configurations. Content dependent TSC, basket and fuel specific 
model details are included in Sections 5.8.3 and 5.8.4. 

5.5.1.1 MCNP Canister Model 

Key TSC shielding features are listed in Table 5.5.5-1. The TSC closure lid, shell, and bottom 
plate are explicitly modeled. Port covers are modeled as open in transfer cask evaluations and 
closed in concrete cask evaluations. The TSC elevations with respect to the cask shields are 
illustrated in the cask shield configuration descriptions. 

5.5.1.2 MCNP Concrete Cask Model 

The three-dimensional model of the concrete cask contains the following features: 

• heat transfer annulus with standoffs 

• bottom weldment, including pedestal, bottom plate, and air inlet structure 

• radial concrete cask body with rebar 

• concrete lid 

• concrete pad below base plate 

Detailed model parameters used in creating the three-dimensional model are taken directly from 

the relevant drawings. Key shielding features are listed in Table 5.5.5-2. Elevations associated 

with the concrete cask three-dimensional model are established with respect to the bottom plate 

of the TSC for the global model. Sketches of the three-dimensional concrete cask model are 

shown in Figure 5.5.5-1 and Figure 5.5.5-2 for the standard shield cask configuration, Figure 

5.5.5-9 and Figure 5.5.5-10 for the augmented shield configuration (CC3), and Figure 5.5.5-11 

for the short, standard shield cask configuration (CC4). 

The standard shield concrete cask design is specified as 1) a standard assembly, one-piece 
version, with optional embedded lift anchors, and 2) an alternate, segmented assembly with two 
covered lift anchor cavities. The modeled geometry reflects a conservative combination of both 
models, with two uncovered lift anchor cavities added to the standard assembly geometry as 
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shown in Figure 5.5.5-3. The augmented shield concrete casks (CC3/CC5) and CC4 are 
designed in a one-piece version. 

5.5.1.3 MCNP Transfer Cask Model 

The transfer cask is evaluated in detail for the welding, draining, and drying operations. As with 

the concrete cask models, all basket areas, with the exception of the fuel assembly, are discretely 

modeled. Six inches of auxiliary shielding are included in the transfer cask evaluation, as is the 

water in the TSC/transfer cask annulus between the upper and lower inflatable seals. A foreign 

material exclusion bar is modeled over the TSC to transfer cask annulus. Key transfer cask 

shield features are listed in Table 5.5.5-3. Figure 5.5.5-4 provides a model sketch of the carbon 

steel transfer cask with TSC. The stainless steel transfer cask is identical in configuration to the 

carbon steel cask shown with the exception of the carbon steel component replacement by 

stainless steel and a reduced overall height of 191 inches. 

5.5.2 MCNP Detector Mesh Definition 

MCNP surface detectors are used to calculate dose rates at various distances from the casks. The 

surface tallies are subdivided using the FS tally segmentation card. A graphical illustration of 

the detector overlay on a cask is shown in Figure 5.5.5-5. Depicted are lft, lm, 2m, and 4m 

detector surfaces on the concrete cask. For clarity, the cask surface detector and azimuthal 

(angular) divisions are not shown. Typical detector grids for the transfer and concrete cask 

analysis are shown in Table 5.5.5-4 to Table 5.5.5-6. The dose maps produced by this method 

completely enclose the accessible cask surfaces and capture all locations necessary for the 

evaluation of occupational exposures. 

5.5.3 NAC-CASC Model 

The site boundary evaluation relies on single cask and 2x 10 cask array models. An illustration 

of the 2xl0 cask array is shown in Figure 5.5.5-6. The nominal cask pitch for the array is 15 

feet. A conservative 16-ft pitch is evaluated to minimize cask self-shielding. 

In each of the models, the concrete cask is represented as a cylindrical body onto which detailed 

surface radiation currents are applied. Cask surface currents are extracted from the 3-D MCNP 

shielding evaluation of each payload/configuration. The MCNP evaluation also provides the 

angular distribution of the cask surface current for sampling in the NAC-CASC skyshine code. 

The cask surface currents are based on the fuel type, assembly average bumup, initial 

enrichment, and cool time combination that produce the maximum cask radial and axial surface 

dose rates. In the PWR system, the source also accounts for the addition of nonfuel hardware. 
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Separating the TSC contents evaluation of the cask body from the site air transport exposure 

evaluation minimizes analysis complexity. All cask gamma source components, including the 

n- production in the cask, are combined into a single gamma source for the skyshine analysis. 

The model includes a representation of the cask pad, soil surrounding the pad, and an air 

envelope (air density applied is 0.001225 g/cm3, which is the density of dry air at 20°C). The air 

envelope provides both an n- source as well as radiation scatter. Air density of 0.001225 g/cm3 

applied in the analysis formed the basis for the development of the line beam response functions 

used in the NAC-CASC (SKYSHINE-III) code. Variations in the air density are permitted 

within the code input deck but were not utilized in the dose rate evaluations. Variations in site 

conditions, including expected atmospheric conditions, should be addressed per Appendix A 

(Chapter 13) Section 5.5 "Radiation Protection Program" evaluations. Detectors are spaced 

along the rectangular outline of the I SF SI to a maximum extent of 2,000 ft (610 m) from the 

center of the array or single cask. NAC-CASC detectors are located at an elevation of 3 ft 

relative to the bottom of the cask. To obtain a sufficiently detailed dose rate map, dose rate 

results were evaluated at intervals of 5 ft from 85 ft to 100 ft and at 25-ft intervals from 100 ft to 

2000 ft. A detector grid spacing of less than 10 meters is sufficient to provide the generic 

information necessary to determine system array or single cask effects on site boundary dose. 

The dose rate data plotted in Section 5.8.3-5 for PWR and BWR systems demonstrates a smooth 

drop off of dose rate (or yearly dose) that could be fit with a larger detector spacing than that 

employed in this evaluation. 

An I SF SI containing a significant number of casks may be surrounded by a berm or wall 

structure to reduce off site doses. The model generated here, conservatively, does not consider 

any other shielding components with the exception of the other casks on the pad. 

5.5.4 Offsite Particulate and Gas Release 

The TSC is welded closed using controlled welding processes to ensure that the TSC is in a 

configuration where no credible leakage of the TSC's radionuclide contents can occur. Since the 

TSC was submerged in the spent fuel pool for loading, a limited amount of surface 

contamination may be released from the TSC. 

A calculation is made to determine dose rate as a function of distance based on residual 

contamination limits of 13-y and a activity, released from the TSC surface, using the plume 

dispersion method of Regulatory Guides 1.109 [19] and 1.145 [20]. 

The x!Q factor is determined according to the formula from Reg. Guide 1.145. 
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Figure 5.5.5-7 NAC-CASC "Black Body" Assumption Test Along Short (X-Axis) 
Side of Array 
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computational benchmarks. The code compared well with these benchmarks for both neutron 

and gamma doses versus distance. 

5.6.2 Flux-to-Dose Rate Conversion Factors 

The ANSI/ANS 6.1.1-1977 [26] flux-to-dose rate conversion factors are used in all cask 

shielding evaluations. Neutron and gamma dose conversion factors are listed in Table 5.6.5-1 

and Table 5.6.5-2, respectively. 

5.6.3 Cask Dose Rate and Exposure Results 

This section provides bounding dose profiles for the concrete and transfer cask based on the 

source terms presented in Section 5.2. Fuel source terms include contributions from fuel 

neutron, fuel gamma, and activated hardware gamma. The fuel assembly activated hardware 

gamma source terms include: steel and inconel in the upper and lower fuel assembly end fittings, 

upper and lower fuel rod plenum hardware, and activated nonfuel material in the active fuel 

region. The three-dimensional model dose rates include the effects of axial profiles. 

5.6.3.1 Concrete Cask Dose Rates 

Maximum concrete cask radial and top axial normal condition dose rates at the cask surface and 

distances of lft, 1 m and 2 mare shown in Figure 5.6.5-1 and Figure 5.6.5-2. In the axial profile 

plots, each datum represents the circumferentially averaged dose rate at the corresponding 

elevation. Figure 5.6.5-3 and Figure 5.6.5-4 contain an azimuthal breakdown of the bounding 

(standard shield) air outlet and inlet dose rate cases. Refer to Sections 5.8.3.4 and 5.8.4.4 for 

further detail, such as content and cask configuration specific dose rates, and a breakdown in 

dose by source region. 

Concrete cask top dose rates peak at 430 mrem/hr, with the gamma dose accounting for 99% of 

the total. Gamma radiation exiting the concrete cask top surface has a minimal impact on site­

boundary exposure. 

The missile impact scenario represents the only accident condition significantly impacting the 

system shielding performance. The conservative removal of 6 inches of concrete from the entire 

cask body radial surface results in a maximum 1-m dose of286 mrem/hr. This is extremely 

conservative, as the missile impact is limited to an 8-in diameter projectile and the 1-m dose 

would not be significantly affected by a localized reduction in the concrete cask shield. Missile 

impact dose rates are conservatively calculated based on PWR and BWR heat loads of 40 and 38 

kW, respectively. 
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Bounding transfer cask dose rates as a function of distance from the cask are shown in Figure 

5 .6.5-5, Figure 5 .6.5-6 and Figure 5 .6.5-7. Dose peaks occur on the radial cask surface near the 

top and bottom weldment locations where activated end-fitting contributions control dose rate. 

Over the fuel region, the dose shape follows the burnup shape. On the top axial cask surface, 

dose rates rise in the cask to the TSC annulus area where significant radiation streaming occurs. 

5.6.4 NAC-CASC Dose Evaluation 

Bounding site boundary dose rates from direct radiation for the limiting contents, as a function of 

distance from the single concrete cask and the 2xlO concrete cask array, are plotted in Figure 

5.6.5-8. Distances are taken along the axis perpendicular to the 10-cask side of the array. The 

limiting contents are the PWR TSC, as documented in Section 5.8.3.5. Site boundary 

evaluations are presented in Sections 5.8.3.4.3 and 5.8.3.5, respectively. The CC4 is not 

evaluated, as there are no radial shield differences from the CCl, and radial dose is the primary 

dose contributor for the site boundary (greater than 80%). The negligible differences would be 

bounded by the 40 kW PWR payload evaluation. CC3/CC5 configurations are not evaluated for 

off-site exposure as they contain significantly more shielding than the CCl configuration. 

5.6.5 Surface Contamination Release 

Offsite release exposures from particulate contamination are evaluated at a conservative distance 

of 100 meters and a residual contamination limit of 20,000 dpm/100 cm2 ~-y and 200 dpm/100 

cm2 a. 

The selected dose conversion factors are based on using the highest conversion factor for each 

radiologically significant group of nuclides expected on the TSC surface. 6°Co conversion 

factors are applied to ~-y activity and 241Am factors are applied to the a activity. Dose 

conversion factors are taken from EPA Federal Guidance Report No. 11 [27], Table 2.1 and 

Federal Guidance Report No. 12 [28], Table III.I. Both Class Y (oxide) and W compound dose 

conversion factors were extracted. Class Y (oxide) conversion factors are bounding for the ~-y 

cobalt release. Only class W conversion factors are available for the 241 Am release. The dose 

conversion factors employed are: 

Dose T e Unit so co 241Am 

Submersion - Skin 1.69E+07 
Inhalation - Lun rem/Ci 1.28E+06 6.81E+07 
Inhalation - Whole Bod rem/Ci 2.19E+05 4.44E+08 
Inhalation - Bone [rem/Ci] 8.03E+09 
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Using the dose response method, transfer cask dose rates are tabulated for all allowed cool times, 

assembly average burnup, and initial enrichment combinations for each of the assembly types. 

5.8.3.3.1 Carbon Steel Transfer Cask 

Maximum dose rates as a function of distance from the transfer cask surface are shown in Figure 

5.8.3-3 for the cask radial surface, Figure 5.8.3-5 for the cask top, and Figure 5.8.3-7 for the cask 

bottom. Breakdowns of the cask surface radial and top dose rates into the source components are 

shown in Figure 5.8.3-4 and Figure 5.8.3-6. The bounding payloads with cask surface maximum 

and average dose rate for each cask surface are: 

Cool Assembly Initial Maximum Average 
Fuel Time Average Burnup Enrichment Dose Rate Dose Rate 

Surface T e rs GWd/MTU wt% 23su mrem/hr mrem/hr 
Radial 14a 11.5 59 3.1 939 650 
To 14b 6.0 44 2.5 451 172 
Bottom 14b 6.0 44 2.5 5,824 2,953 

5.8.3.3.2 Stainless Steel Transfer Cask 

Maximum dose rates as a function of distance from the transfer cask surface are shown in Figure 

5.8.3-17 for the cask radial surface, Figure 5.8.3-19 for the cask top, and Figure 5.8.3-21 for the 

cask bottom. Breakdowns of the cask surface radial and top dose rates into the source 

components are shown in Figure 5.8.3-18 and Figure 5.8.3-20. The bounding payloads with cask 

surface maximum and average dose rate for each cask surface are: 

Cool Assembly Initial Maximum Average 
Time Average Burnup Enrichment Dose Rate Dose Rate 

Surface FuelT e rs GWd/MTU wt% 235LJ mrem/hr mrem/hr 
Radial 14a 11.5 59 3.1 922 630 
To 17b 5.6 37.5 2.3 505 206 

Bottom 14b 6.0 44 2.5 5,239 2,713 

5.8.3.4 Concrete Cask Dose Rates 

Using the dose response method, concrete cask dose rates are tabulated for all allowed cool 

times, assembly average burnup, and initial enrichment combinations for each of the assembly 

types. 
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Maximum dose rates as a function of distance from the concrete cask surface are shown in Figure 

5.8.3-8 for the cask radial surface, Figure 5.8.3-10 for the cask top, and Figure 5.8.3-12 and 

Figure 5.8.3-13 for the cask air outlet and inlets, respectively. Breakdowns of the cask surface 

radial and top dose rates into the source components are shown in Figure 5.8.3-9 and Figure 

5.8.3-11. Refer to Table 5.8.3-5 for the maximum concrete cask surface dose rates and the 

contents that develop the dose rates. 

5.8.3.4.2 Augmented Shield Concrete Cask (3-inch Liner I CC3) 

Maximum dose rates as a function of distance from the concrete cask surface are shown in Figure 

5.8.3-22 for the cask radial surface, Figure 5.8.3-24 for the cask top, and Figure 5.8.3-26 and 

Figure 5.8.3-27 for the cask air outlet and inlets, respectively. Breakdowns of the cask surface 

radial and top dose rates into the source components are shown in Figure 5.8.3-23 and Figure 

5.8.3-25. Refer to Figure 5.8.3-8 for the maximum concrete cask surface dose rates and the 

contents that develop the dose rates. 

5.8.3.4.3 CC4 

Maximum dose rates as a function of distance from the concrete cask surface are shown in Figure 

5.8.3-28 for the cask radial surface and Figure 5.8.3-30 for the cask top. Breakdowns of the cask 

surface dose rates into the source components are shown in Figure 5.8.3-29 for radial, Figure 

5.8.3-31 for top, Figure 5.8.3-32 for outlets, and Figure 5.8.3-33 for inlets. Refer to Table 5.8.3-9 

for the maximum concrete cask surface dose rates and the contents that develop the dose rates. 

5.8.3.5 NAC-CASC Site Boundary Evaluation 

Detailed direct and skyshine dose rates as a function of distance are calculated for a single 

concrete cask and a 2x 10 array of concrete casks based on the model description and method 

outlined in Section 5.5.3. All allowable payload combinations (i.e., fuel type, initial enrichment, 

assembly average burnup, and cool time) that meet per assembly heat load limits were reviewed 

to determine the payloads producing maximum top (axial) and side (radial) dose rates. These 

payload cases were then run through MCNP using a "direct" solution approach (full source 

spectrum), rather than the response function method, to generate cask top and side surface 

radiation currents. The surfaces were treated independently to generate a conservative hybrid 

source model for a design basis analysis cask. 

The maximum TSC heat load applied in the site boundary evaluation is 40 kW versus the 35.5 

kW applied in the cask surface dose evaluations. The site boundary results obtained from the 40 

kW pattern and standard shield concrete cask conservatively bound those of the maximum 35.5 

kW pattern and use of the augmented shield concrete cask. 
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Table 5.8.3-4 17a Minimum Cool-time Solution, 45 GWd/MTU at 3.9 wt% 235U 

Parameter Value 
1036 
933 
6.74 
6.8 

Heat Load at Limit (W) 954 

• Conservatively based on a linear interpolation of the exponential decay curve. 
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Table 5.8.3-5 Maximum Standard Shield Concrete Cask Surface Dose Rates 

Surface Fuel Cool Assembly Initial Maximum Average 
Type Time Average Burnup Enrichment Dose Rate Dose Rate 

(yrs) (GWd/MTU) (wt% 23SU) (mrem/hr) (mrem/hr) 
Radial 14a 4 32.5 2.3 76.7 54.4 
Top 16a 4.4 32.5 2.1 378 82.3 

Air Inlet 14b 4.8 37.5 2.3 425 --
Air Outlet 16a 4.4 32.5 2.1 38.3 --

Table 5.8.3-6 PWR Bounding Surface Current Input Dataa 

Surface Fuel Cool Assembly Initial Cask Surface Cask Surface 
Type Time Average Burnup Enrichment Neutron Source Gamma Source 

rs GWd/MTU wt% 235U n/sec /sec 
Radial 14a 4.1 37.5 2.5 2.768E+07 2.602E+10 
Top 16a 4.6 37.5 2.3 2.331E+07 1.350E+10 

Table 5.8.3-7 Rectangular Controlled Area Boundary for the 2x10 PWR Cask Array 

Distance From the Center of Distance from the Center of 
the Arra m Direction Basis the Arra ft 

x direction 
(Perpendicular to Long Side of 1521 463 

the Arra 
y direction 

(Perpendicular to the Short 1319 402 
Side of the Array) 

Table 5.8.3-8 Maximum Augmented Shield Concrete Cask (CC3) Surface Dose Rates 

Surface Fuel Cool Assembly Initial Maximum Average 
Type Time Average Burnup Enrichment Dose Rate Dose Rate 

(yrs) (GWd/MTU) (wt% 235U) (mrem/hr) (mrem/hr) 
Radial 14a 4.0 32.5 2.3 36.5 25.2 
Top 14b 4.8 37.5 2.3 350 58.2 

Air Inlet 14b 6.0 44 2.5 117 --
Air Outlet 17b 5.6 37.5 2.3 21.8 --

• Based on cask heat load of 40 kW 
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term. Therefore, the strict application of increased fuel assembly minimum cool time without 

considering the corresponding reduction in fuel dose rates is conservative. 

5.8.5.2.2 Thimble Plugs 

Table 5.8.5-5 lists the allowed thimble plug loading configurations expressed in burnup and 

cool-time limits or curie limits. The radiation source for the thimble plugs is dominated by 6°Co 

gammas. Therefore, the spectrum of the activated thimble plugs is not decay time sensitive. As 

a result of the dominant 6°Co contribution, the burnup/cool-time loading table reflects the cool 

time increase required to decay to a limiting 6°Co curie content for each assembly type at each 

burnup level. System users may choose to directly implement the burnup/cool-time tables on a 

generic fuel type basis or to determine site-specific minimum thimble plug cool times based on 

the 6°Co curie limit in Table 5.8.5-5. 

Maximum and average dose rate contributions from thimble plugs on the concrete and transfer 

cask surfaces are listed in Table 5.8.5-6. The concrete cask axial profile for the thimble plugs is 

shown in Figure 5.8.5-3. The addition of the thimble plugs does not increase the maximum 

reported dose rates, as demonstrated in Figure 5.8.5-4 for a Westinghouse 14x14 assembly. 

The maximum decay heat produced by a full cask load of thimble plugs (37) is 0.04 kW. For 

any of the fuel assemblies evaluated, an increase in cool time, shown in Table 5.8.5-7, is 

necessary to accommodate loading the thimble plugs. An increase in cool time will also 

decrease the fuel source term. Therefore, the strict application of increased fuel assembly 

minimum cool time without considering the corresponding reduction in fuel dose rates is 

conservative. 
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5.8.5.2.3 Combination of Fuel, BPRA, and Thimble Plug Dose Rates 

Maximum PWR system dose rates are reported for the conservative combination of fuel, BPRA, 

and thimble plug dose rates. At each cask/detector surface combination, with the exception of the 

concrete and transfer cask sides, this combination is straightforward based on the hardware 

sources being the dominant contributor to the total. On the sides of the casks, the fuel sources 

comprise most of the total, and the elevation of the maximum dose rate due to fuel, BPRA, and 

thimble plug may not coincide. As shown in the previous sections, BPRA loading affects the 

maximum dose rate while thimble plugs do not. 

The combined maxima are listed as follows. 

Fuel Combined 
Cask I Dose Location Assembly Max.Dose Assembly Max. 

Rate Dose Rate 
(mrem/hr) (mrem/hr) 

Standard Shield Concrete Cask Top CE 16x16 378 CE 16x16 378 
Standard Shield Concrete Cask Radial CE 14x14 76.7 WE 14x14 79.3 
Standard Shield Concrete Cask Inlet WE 14x14 425 WE 14x14 434 
Standard Shield Concrete Cask Outlet CE 16x16 38.3 CE 16x16 38.3 
Carbon Steel Transfer Cask Top WE 14x14 451 WE 14x14 546 
Carbon Steel Transfer Cask Radial CE 14x14 939 WE 14x14 942 
Carbon Steel Transfer Cask Bottom WE 14x14 5,824 WE 14x14 5,908 
Augmented Shield Concrete Cask (CC3) Top WE 14x14 350 WE 14x14 408 
Augmented Shield Concrete Cask (CC3) Radial CE 14x14 36.5 WE 14x14 37.1 
Augmented Shield Concrete Cask (CC3) Inlet WE 14x14 117 WE 14x14 119 
Augmented Shield Concrete Cask (CC3) Outlet B&W 17x17 21.8 WE 14x14 26.2 
Stainless Steel Transfer Cask Top B&W 17x17 505 WE 14x14 568 
Stainless Steel Transfer Cask Radial CE 14x14 922 WE 14x14 945 
Stainless Steel Transfer Cask Bottom WE 14x14 5,239 WE 14x14 5,326 
CC4 Top WE 14x14 316 WE 14x14 365 
CC4 Radial CE 14x14 76.8 WE 14x14 79.5 
CC4 Inlet WE 14x14 112.4 WE 14x14 115 
CC4 Outlet B&W 17x17 36.8 B&W 17x17 42.8 
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Table 5.8.5-1 

Absorber Type 

Pyrex (4 rods) 
Pyrex (5 rods) 
Pyrex (6 rods) 

Pyrex (13 rods) 
Pyrex (16 rods) 
Pyrex (20 rods) 
WABA (4 rods) 
WABA (6 rods) 
WABA (8 rods) 
WABA (12 rods) 
WABA 16 rods 

Maximum 

Sample Core Type BPRA Hardware Summary- Westinghouse 15x15 
Core 

Re ional Stainless Steel/lnconel Mass k 
U er End-Fittin U er Plenum 

2.14 1.78 
2.16 1.68 
2.18 1.58 
2.33 0.88 
2.39 0.58 
2.47 0.18 
2.23 2.18 
2.24 1.91 
2.26 1.63 
2.30 1.09 
2.33 0.54 
2.47 2.18 

Active Fuel 
2.28 
2.85 
3.42 
7.48 
9.11 
11.39 
0.00 
0.00 
0.00 
0.00 
0.00 
11.39 

Table 5.8.5-2 Bounding Regional N onfuel Hardware Masses 

Assembly Component Re~ional Mass (k~) 
Upper Nozzle Upper Plenum Active Fuel 

Westinghouse 14x14 
Thimble Plug 2.12 2.18 0 

BPRA 2.41 2.07 9.22 

Westinghouse 15x15 
Thimble Plug 2.19 2.72 0 

BPRA 2.47 2.18 11.39 

Westinghouse 17x17 
Thimble Plug 2.73 3.16 0 

BPRA 3.04 2.85 10.995 

B&W 15x15 
Thimble Plug 3.641 3.41 0 

BPRA 3.602 0 0 

B&W 17x17 
Thimble Plug 3.641 3.41 0 

BPRA 3.602 0 0 
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Table 5.8.5-3 Allowed BPRA Burnup and Cool-time Combinations 

Burnup Cool Time (yrs 
(GWd/MTU) WE 14x14 WE 15x15 B&W 15x15 WE 17x17 B&W 17x17 

10 0.5 0.5 0.5 0.5 0.5 
15 0.5 0.5 0.5 0.5 0.5 
20 0.5 1.0 2.0 2.0 0.5 
25 1.0 2.5 3.5 3.5 1.0 
30 2.5 4.0 5.0 5.0 2.5 

32.5 3.0 4.5 6.0 6.0 3.0 
35 3.5 5.0 6.0 6.0 3.5 

37.5 4.0 6.0 7.0 7.0 4.0 
40 4.5 6.0 7.0 7.0 4.5 
45 5.0 7.0 8.0 8.0 6.0 
50 6.0 8.0 9.0 9.0 7.0 
55 7.0 8.0 10.0 9.0 7.0 
60 7.0 9.0 10.0 10.0 8.0 
65 8.0 10.0 12.0 12.0 8.0 
70 8.0 10.0 12.0 12.0 9.0 

BDCo Activity (Ci) 718 733 19 637 26 

Table 5.8.5-4 BPRA Dose Rate Contributions - Westinghouse 14x14 

Maximum Dose Average Dose 
Cask I Dose Location (mrem/hr) (mrem/hr) 

Standard Shield Concrete Cask Top 39 9.6 
Standard Shield Concrete Cask Radial 7.8 4.9 
Standard Shield Concrete Cask Inlet 8.7 --
Standard Shield Concrete Cask Outlet 2.8 --
Carbon Steel Transfer Cask Top 77 23 
Carbon Steel Transfer Cask Radial 118 57 
Carbon Steel Tran sf er Cask Bottom 86 47 
Augmented Shield Concrete Cask (CC3) Top 52 8.8 
Augmented Shield Concrete Cask (CC3) Radial 3.4 2.3 
Augmented Shield Concrete Cask (CC3) Inlet 2.2 --
Augmented Shield Concrete Cask (CC3) Outlet 3.3 --
Stainless Steel Transfer Cask Top 83 31 
Stainless Steel Transfer Cask Radial 121 57 
Stainless Steel Transfer Cask Bottom 86 44 
CC4 Top 44.8 9.5 
CC4 Radial 7.5 5.0 
CC4 Inlet 2.6 --
CC4 Outlet 6.0 --
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Table 5.8.5-5 Allowed Thimble Plug Burnup and Cool-time Combinations 

Burnup Cool Time (yrs) 
(GWd/MTU) WE 14x14 WE 15x15 B&W 15x15 WE 17x17 B&W 17x17 

45 2.0 3.5 7.0 5.0 6.0 
90 6.0 7.0 10.0 9.0 10.0 
135 7.0 9.0 12.0 10.0 12.0 
180 8.0 9.0 14.0 12.0 12.0 

eoco Activity (Ci) 63.5 64.1 56.9 64.0 63.6 

Table 5.8.5-6 Thimble Plug Dose Rate Contributions - Westinghouse 14x14 

Maximum Dose Average Dose 
Cask I Dose Location (mrem/hr) (mrem/hr) 

Standard Shield Concrete Cask Top 42 11 
Standard Shield Concrete Cask Radial 7.3 1.4 
Standard Shield Concrete Cask Outlet 3.4 --
Carbon Steel Transfer Cask Top 95 28 
Carbon Steel Transfer Cask Radial 152 16 
Auqmented Shield Concrete Cask (CC3) Top 57 9.9 
Auqmented Shield Concrete Cask (CC3) Radial 4.0 0.7 
Auqmented Shield Concrete Cask (CC3) Outlet 4.1 --
Stainless Steel Transfer Cask Top 102 38 
Stainless Steel Transfer Cask Radial 154 16 
CC4 Top 48.9 10.8 
CC4 Radial 8.6 10.8 
CC4 Outlet 7.3 --

Table 5.8.5-7 Additional Assembly Cool Time (Years) Required to Load BPRA or TP 
(Uniform Loading) 

BPRA TP 
CE 14x14a -- --
WE 14x14 0.5 0.1 
WE 15x15 0.5 0.1 
B&W 15x15 0.1 0.1 
CE 16x16a -- --
WE 17x17 0.5 0.1 
B&W 17x17 0.1 0.1 

a BPRAs and TPs are not evaluated for CE fuel. 
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Figure 5.8.7-1 Schematic of PWR Fuel Preferential Loading Pattern 
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Table 5.8.7-1 Preferential Pattern Dose Rate Results 

Uniform Preferential 
Cask I Dose Location Avg.Dose Max.Dose Avg.Dose Max. Dose 

Rate Rate Rate Rate 
(mrem/hr) (mrem/hr) (mrem/hr) (mrem/hr) 

Augmented Shield Concrete Cask 24.7 35.5 22.5 31.9 
(CC3) Radial 
Augmented Shield Concrete Cask 56.2 350 50.0 294 
(CC3) Top 
Augmented Shield Concrete Cask -- 116.8 -- 110.4 
(CC3) Inlet 
Augmented Shield Concrete Cask -- 21.8 -- 20.8 
(CC3) Outlet 
Stainless Steel Transfer Cask Radial 683 969 651 899 
Stainless Steel Transfer Cask Top 225 509 239 500 
Stainless Steel Transfer Cask Bottom 3,034 5,880 2,982 5,964 
Standard Shield Concrete Cask 54.4 76.7 47.8 70.6 
Radial 
Standard Shield Concrete Cask Top 82.3 378 77.3 350 
Standard Shield Concrete Cask Inlet -- 425 -- 410 
Standard Shield Concrete Cask -- 38.3 -- 38.8 
Outlet 
Carbon Steel Transfer Cask Radial 650 939 615 904 
Carbon Steel Transfer Cask Top 172 451 180 433 
Carbon Steel Transfer Cask Bottom 2,953 5,824 2,976 5,899 
CC4 Radial 52.9 76.8 53.0 77.4 
CC4 Top 61.5 315 60.7 308 
CC4 Inlet -- 112.4 -- 111.4 
CC4 Outlet -- 36.8 -- 37.3 
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This section contains sample input files for the source term and shielding evaluations. 

5.8.8.1 Sample Source Term Input Files 

Figure 5.8.8-1 contains a sample PWR SAS2H input file. Figure 5.8.8-2 contains a sample input 

for the BWR model. The ORIGEN-S decay calculation section of the input file is removed from 

the BWR input file. The input data is identical to the PWR file. 

5.8.8.2 Undamaged Fuel Basket Transfer Cask Sample Shielding Input Files 

PWR and BWR sample MCNP5 input files for the carbon steel transfer cask are shown in Figure 

5.8.8-3 and Figure 5.8.8-4, respectively. As indicated previously in this chapter, shielding 

evaluations are performed using the response function method. Only one energy line is therefore 

defined in the source description. A sample input file for the PWR stainless steel transfer cask, 

including a full source spectrum, is shown in Figure 5.8.8-9. 

5.8.8.3 Undamaged Fuel Basket Concrete Cask Sample Shielding Input Files 

PWR and BWR sample MCNP5 input files for the standard shield concrete cask are shown in 

Figure 5.8.8-5 and Figure 5.8.8-6, respectively. A sample input file for the PWR augmented 

shield concrete cask (CC3), including a full source spectrum, is shown in Figure 5.8.8-10. 

5.8.8.4 Sample NAC-CASC Input Files 

Figure 5.8.8-7 contains a sample PWR NAC-CASC model input file. Figure 5.8.8-8 contains a 

sample input file for the BWR NAC-CASC model. Detector locations are truncated in the 

sample files. 

5.8.8.5 Damaged Fuel Basket Sample Shielding Input Files 

Figure 5.8.8-11 and Figure 5.8.8-12 contain sample PWR damaged fuel basket input files for the 

transfer cask and the concrete cask, respectively. 
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Figure 5.8.8-1 PWR Fuel Assembly Source Term Sample Input File 
=SAS2H PARM=(HALT03,SKIPSHIPDATA) 
17a - 3.7 w/o U235, 45000 MWD/MTU, 5 - 16 years cool time 
44GROUPNDF5 LATTICECELL 
U02 1 0.950 900 92235 3.7 9223B 96.3 END 
ZR 2 1.0 620. END 
H20 3 DEN=0.725 1.0 5BO END 
ARBM-BORMOD 0.725 1 1 0 0 5000 100 3 550.0E-6 5BO END 
ZR 4 1.0 5BO END 
H20 5 DEN=0.725 0.9751 5BO END 
ZR 5 0.0249 5BO END 
END COMP 
SQUAREPITCH l.259B 0.Bl92 1 3 0.9500 2 0.B357 0 END 
NPIN=264 FUEL=365.760 NCYC=3 NLIB=l PRIN=6 LIGH=5 
INPL=l NUMH=24 NUMI=l MXTUBE=4 ORTU=0.6121 SRTU=0.5740 END 
' Path B not used 
POWER=lB.5535 BURN=377.6050 DOWN=60 END 
POWER=lB.5535 BURN=377.6050 DOWN=60 END 
POWER=lB.5535 BURN=377.6050 DOWN=l461 END 
' Cycle not used 
' Cycle not used 
FE 0.673B CR 0.1900 NI 0.1150 MN 0.0200 CO 0.0012 
END 
=ORI GENS 
0$$ A4 21 AB 26 AlO 51 71 E 
1$$ 1 lT 
COOLING 5 - 16 YEARS AND FISSION PRODUCT GAMMA REBIN 
3$$ 21 0 1 2B A33 22 E 
54$$ AB 1 E T 
35$$ 0 T 
56$$ 0 9 Al3 -2 5 3 E 
57** 4.0 ET 
COOLING 5 - 16 YEARS AND FISSION PRODUCT GAMMA REBIN 
SINGLE REACTOR ASSEMBLY 
60** 5.0 6.0 7.0 B.O 9.0 10.0 12.0 14.0 16.0 
65$$ A4 1 A7 1 AlO 1 A25 1 A2B 1 A31 1 A46 1 A49 1 A52 1 E 
61** F.00000001 
Bl$$ 2 51 26 1 E 
B2$$ F6 
B3** l.40e+7 l.20e+7 1.00e+7 B.00e+6 

4.00e+6 3.00e+6 2.50e+6 2.00e+6 
l.22e+6 l.Ooe+6 O.BOe+6 0.60e+6 
0.20e+6 0.10e+6 0.05e+6 0.02e+6 

6.50e+6 5.00e+6 
l.66e+6 l.44e+6 
0.40e+6 0.30e+6 
O.Ole+6 

B4** l.46e+7 l.36e+7 1.25e+7 l.125e+7 l.00e+7 
B.25e+6 7.00e+6 6.07e+6 4.72e+6 
2.B7e+6 l.74e+6 0.64e+6 0.39e+6 
6.74e+4 2.4Be+4 9.12e+3 2.95e+3 
3.54e+2 l.66e+2 4.Ble+l l.60e+l 
l.50e+O 5.50e-1 7.09e-2 1.00e-5 

FISSION PRODUCT GAMMA SPECTRA IN AEA GROUPS 
FISSION PRODUCT GAMMA SPECTRA IN AEA GROUPS 
FISSION PRODUCT GAMMA SPECTRA IN AEA GROUPS 
FISSION PRODUCT GAMMA SPECTRA IN AEA GROUPS 
FISSION PRODUCT GAMMA SPECTRA IN AEA GROUPS 
FISSION PRODUCT GAMMA SPECTRA IN AEA GROUPS 
FISSION PRODUCT GAMMA SPECTRA IN AEA GROUPS 
FISSION PRODUCT GAMMA SPECTRA IN AEA GROUPS 
FISSION PRODUCT GAMMA SPECTRA IN AEA GROUPS 
56$$ FO T 
END 
=ORI GENS 
0$$ A4 21 AB 26 AlO 51 71 E 
1$$ 1 lT 

3.6Be+6 
0. lle+6 
9.6le+2 
4.00e+O 
T 

COOLING 5 - 16 YEARS AND ACTINIDE GAMMA REBIN 
3$$ 21 0 1 2B A33 22 E 
54$$ AB 1 E T 
35$$ 0 T 
56$$ 0 9 A13 -2 5 3 E 
57** 4.0 ET 
COOLING 5 - 16 YEARS AND ACTINIDE GAMMA REBIN 
SINGLE REACTOR ASSEMBLY 
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Figure 5.8.8-9 Stainless Steel Transfer Cask Sample Input File - PWR TSC (cont'd) 

*TR8 0.0 0.0 0.0 45.000 135.000 90 -45.000 45.000 90 90 90 0 
c 50. 625 degree rotation around z-axis 
*TR9 0.0 0.0 0.0 50. 625 140.625 90 -39.375 50.625 90 90 90 0 
c 5 6. 25 degree rotation around z-axis 
*TRlO 0.0 0.0 0.0 56.250 146.250 90 -33.750 56.250 90 90 90 0 
c 61.875 degree rotation around z-axis 
*TRll 0.0 0.0 0.0 61. 87 5 151. 875 90 -28.125 61. 875 90 90 90 0 
c 67.5 degree rotation around z-axis 
*TR12 0.0 0.0 0.0 67.500 157.500 90 -22.500 67.500 90 90 90 0 
C 73.125 degree rotation around z-axis 
*TR13 0.0 0.0 0.0 73.125 163.125 90 -16.875 73.125 90 90 90 0 
C 78.75 degree rotation around z-axis 
*TR14 0.0 0.0 0.0 78.750 168.750 90 -11.250 78.750 90 90 90 0 
c 84.375 degree rotation around z-axis 
*TR15 0.0 0.0 0.0 84.375 174.375 90 -5.625 84.375 90 90 90 0 
c 95.625 degree rotation around z-axis 
*TR16 0.0 0.0 0.0 95.625 185.625 90 5.625 95.625 90 90 90 0 
C 101.25 degree rotation around z-axis 
*TR17 0.0 0.0 0.0 101. 250 191. 250 90 11.250 101.250 90 90 90 0 
c 106.875 degree rotation around z-axis 
*TR18 0.0 0.0 0.0 106.875 196.875 90 16.875 106.875 90 90 90 0 
c 112. 5 degree rotation around z-axis 
*TR19 0.0 0.0 0.0 112.500 202.500 90 22.500 112. 500 90 90 90 0 
C 118.125 degree rotation around z-axis 
*TR20 0.0 0.0 0.0 118 .125 208.125 90 28.125 118 .125 90 90 90 0 
c 123.75 degree rotation around z-axis 
*TR21 0.0 0.0 0.0 123.750 213.750 90 33.750 123.750 90 90 90 0 
c 129.375 degree rotation around z-axis 
*TR22 0.0 0.0 0.0 129.375 219.375 90 39.375 129.375 90 90 90 0 
c 135 degree rotation around z-axis 
*TR23 0.0 0.0 0.0 135.000 225.000 90 45.000 135.000 90 90 90 0 
c 140.625 degree rotation around z-axis 
*TR24 0.0 0.0 0.0 140.625 230.625 90 50.625 140.625 90 90 90 0 
c 146.25 degree rotation around z-axis 
*TR25 0.0 0.0 0.0 146.250 236.250 90 56.250 146.250 90 90 90 0 
c 151.875 degree rotation around z-axis 
*TR26 0.0 0.0 0.0 151.875 241.875 90 61. 875 151.875 90 90 90 0 
C 157.5 degree rotation around z-axis 
*TR27 0.0 0.0 0.0 157.500 247.500 90 67.500 157.500 90 90 90 0 
C 163.125 degree rotation around z-axis 
*TR28 0.0 0.0 0.0 163.125 253.125 90 73.125 163.125 90 90 90 0 
c 168.75 degree rotation around z-axis 
*TR29 0.0 0.0 0.0 168.750 258.750 90 78.750 168.750 90 90 90 0 
c 174.375 degree rotation around z-axis 
*TR30 0.0 0.0 0.0 174.375 264.375 90 84.375 174.375 90 90 90 0 
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Figure 5.8.8-10 Augmented Shield Concrete Cask (CC3) Sample Input File-PWR TSC 
MAGNASTOR Augmented Shield VCC - strShlDryRadFg ngl4b 32b2le4.ly 
C Radial Biasing - Fuel Gamma Source - -
C Fuel Assembly Cells - ngl4b - vl.O 
1 1 -2.5071 -1 u=6 $ Lower Nozzle 
2 2 -2.7253 -2 +l u=6 $Lower Plenum 
3 3 -3.9171 -3 +2 u=6 $ Fuel 
4 4 -1.0067 -4 +3 u=6 $ Upper Plenum 
5 5 -2.8608 -5 +4 u=6 $ Upper Nozzle 
6 0 +5 u=6 $ Outside 
c Cells - Fuel Tube vl.O 
7 8 -7.8212 -8 +7 u=5 $ Tube 
8 0 #7 -6 u=5 $ Outside below PFE 
9 0 #7 +6 u=5 $ Outside above PFE 
C Cells - PWR Basket vl.O 
10 0 -9 -10 fill=5 trcl = ( -23.5331 70.5993 0.0000 ) u=4 $ Assy loc 1 
11 like 10 but fill=5 trcl 23.5331 70.5993 0.0000 ) u=4 $ Assy loc 3 
12 like 10 but fill=5 trcl -47.0662 47.0662 0.0000 ) u=4 $ Assy loc 4 
13 like 10 but fill=5 trcl 0.0000 47.0662 0.0000 ) u=4 $ Assy loc 6 
14 like 10 but fill=5 trcl 47.0662 47.0662 0.0000 ) u=4 $ Assy loc 8 
15 like 10 but fill=5 trcl -70.5993 23.5331 0.0000 ) u=4 $ Assy loc 9 
16 like 10 but fill=5 trcl -23.5331 23.5331 0.0000 ) u=4 $ Assy loc 11 
17 like 10 but fill=5 trcl 23.5331 23.5331 0.0000 ) u=4 $ Assy loc 13 
18 like 10 but fill=5 trcl 70.5993 23.5331 0.0000 ) u=4 $ Assy loc 15 
19 like 10 but fill=5 trcl -47.0662 0.0000 0.0000 ) u=4 $ Assy loc 17 
20 like 10 but fill=5 trcl 0.0000 0.0000 0.0000 ) u=4 $ Assy loc 19 
21 like 10 but fill=5 trcl 47.0662 0.0000 0.0000 ) u=4 $ Assy loc 21 
22 like 10 but fill=5 trcl -70.5993 -23.5331 0.0000 u=4 $ Assy loc 23 
23 like 10 but fill=5 trcl -23.5331 -23.5331 0.0000 ) u=4 $ Assy loc 25 
24 like 10 but fill=5 trcl 23.5331 -23.5331 0.0000 ) u=4 $ Assy loc 27 
25 like 10 but fill=5 trcl 70.5993 -23.5331 0.0000 ) u=4 $ Assy loc 29 
26 like 10 but fill=5 trcl -47.0662 -47.0662 0.0000 ) u=4 $ Assy loc 30 
27 like 10 but fill=5 trcl 0.0000 -47.0662 0.0000 ) u=4 $ Assy loc 32 
28 like 10 but fill=5 trcl 47.0662 -47.0662 0.0000 ) u=4 $ Assy loc 34 
29 like 10 but fill=5 trcl -23.5331 -70.5993 0.0000 ) u=4 $ Assy loc 35 
30 like 10 but fill=5 trcl 23.5331 -70.5993 0.0000 ) u=4 $ Assy loc 37 
31 8 -7.8212 -11 #18 #25 u=4 $Side support +x 
32 8 -7.8212 -12 #15 #22 u=4 $ Side support -x 
33 8 -7.8212 -13 #10 #11 u=4 $ Side support +y 
34 8 -7.8212 -14 #29 #30 u=4 $ Side support -y 
35 8 -7.8212 -15 +16 +17 u=4 $Corner 
36 8 -7.8212 -17 +18 +16 +11.2 +12.1 +13.4 +14.3 

#10 #11 #15 #18 #22 #25 #29 #30 u=4 $ Corner diagonal 
37 0 -6 #10 #11 #12 #13 #14 #15 #16 #17 #18 #19 #20 

#21 #22 #23 #24 #25 #26 #27 #28 #29 #30 
#31 #32 #33 #34 #35 #36 u=4 $ Basket below PFE 

38 0 +6 #10 #11 #12 #13 #14 #15 #16 #17 #18 #19 #20 
#21 #22 #23 #24 #25 #26 #27 #28 #29 #30 
#31 #32 #33 #34 #35 #36 u=4 $ Basket above PFE 

C Cells - PWR Canister Cavity vl.O 
39 0 -19 fill=6 trcl ( -23.5331 70.5993 0.0000 
40 like 39 but fill=6 trcl 0.0000 70.5993 0.0000 ) 
41 like 39 but fill=6 trcl 23.5331 70.5993 0.0000 ) 
42 like 39 but fill=6 trcl -47.0662 47.0662 0.0000 ) 
43 like 39 but fill=6 trcl -23.5331 47.0662 0.0000 ) 
44 like 39 but fill=6 trcl 0.0000 47.0662 0.0000 ) 
45 like 39 but fill=6 trcl 23.5331 47.0662 0.0000 ) 
46 like 39 but fill=6 trcl 47.0662 47.0662 0.0000 ) 
47 like 39 but fill=6 trcl -70.5993 23.5331 0.0000 ) 
48 like 39 but fill=6 trcl -47.0662 23.5331 0.0000 ) 
49 like 39 but fill=6 trcl -23.5331 23.5331 0.0000 ) 
50 like 39 but fill=6 trcl 0.0000 23.5331 0.0000 ) 
51 like 39 but fill=6 trcl 23.5331 23.5331 0.0000 ) 
52 like 39 but fill=6 trcl 47.0662 23.5331 0.0000 ) 
53 like 39 but fill=6 trcl 70.5993 23.5331 0.0000 ) 
54 like 39 but fill=6 trcl -70.5993 0.0000 0.0000 ) 
55 like 39 but fill=6 trcl -47.0662 0.0000 0.0000 ) 
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u=3 $ Assy loc 1 
u=3 $ Assy loc 2 

u=3 $ Assy loc 3 
u=3 $ Assy loc 4 
u=3 $ Assy loc 5 

u=3 $ Assy loc 6 
u=3 $ Assy loc 7 
u=3 $ Assy loc 8 

u=3 $ Assy loc 9 
u=3 $ Assy loc 10 
u=3 $ Assy loc 11 

u=3 $ Assy loc 12 
u=3 $ Assy loc 13 
u=3 $ Assy loc 14 
u=3 $ Assy loc 15 
u=3 $ Assy loc 16 
u=3 $ Assy loc 17 
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Figure 5.8.8-10 Augmented Shield Concrete Cask (CC3) Sample Input File-PWR TSC (cont'd) 
56 like 39 but fill=6 trcl ( -23.5331 0.0000 0.0000 ) u=3 $ Assy loc 18 
57 like 39 but fill=6 trcl ( 0.0000 0.0000 0.0000 ) u=3 $ Assy loc 19 
58 like 39 but fill=6 trcl ( 23.5331 0.0000 0.0000 ) u=3 $ Assy loc 20 
59 like 39 but fill=6 trcl ( 47.0662 0.0000 0.0000 ) u=3 $ Assy loc 21 
60 like 39 but fill=6 trcl ( 70.5993 0.0000 0.0000 ) u=3 $ Assy loc 22 
61 like 39 but fill=6 trcl ( -70.5993 -23.5331 0.0000 u=3 $ Assy loc 23 
62 like 39 but fill=6 trcl ( -47.0662 -23.5331 0.0000 u=3 $ Assy loc 24 
63 like 39 but fill=6 trcl ( -23.5331 -23.5331 0.0000 u=3 $ Assy loc 25 
64 like 39 but fill=6 trcl ( 0.0000 -23.5331 0.0000 ) u=3 $ Assy loc 26 
65 like 39 but fill=6 trcl ( 23.5331 -23.5331 0.0000 ) u=3 $ Assy loc 27 
66 like 39 but fill=6 trcl ( 47.0662 -23.5331 0.0000 ) u=3 $ Assy loc 28 
67 like 39 but fill=6 trcl ( 70.5993 -23.5331 0.0000 ) u=3 $ Assy loc 29 
68 like 39 but fill=6 trcl ( -47.0662 -47.0662 0.0000 ) u=3 $ Assy loc 30 
69 like 39 but fill=6 trcl ( -23.5331 -47.0662 0.0000 ) u=3 $ Assy loc 31 
70 like 39 but fill=6 trcl ( 0.0000 -47.0662 0.0000 ) u=3 $ Assy loc 32 
71 like 39 but fill=6 trcl ( 23.5331 -47.0662 0.0000 ) u=3 $ Assy loc 33 
72 like 39 but fill=6 trcl ( 47.0662 -47.0662 0.0000 ) u=3 $ Assy loc 34 
73 like 39 but fill=6 trcl ( -23.5331 -70.5993 0.0000 ) u=3 $ Assy loc 35 
74 like 39 but fi11=6 trcl ( 0.0000 -70.5993 0.0000 ) u=3 $ Assy loc 36 
75 like 39 but fill=6 trcl ( 23.5331 -70.5993 0.0000 ) u=3 $ Assy loc 37 
76 0 #39 #40 #41 #42 #43 #44 #45 #46 #47 #48 #49 #50 #51 

#52 #53 #54 #55 #56 #57 #58 #59 #60 #61 #62 #63 #64 
#65 #66 #67 #68 #69 #70 #71 #72 #73 #74 #75 fill=4 u=3 $ Cavity 

C Cells - Canister vl.O 
77 0 -20 fill=3 u=2 $ Cavity 
78 7 -7.9400 -27 +20.3 u=2 $ Canister Bottom 
79 7 -7.9400 -21 +20.2 -24 trcl ( 62.7565 43.1314 0.0000 
80 7 -7.9400 -22 +24 -26 trcl = 62.7565 43.1314 0.0000) 
81 7 -7.9400 -23 +26 -27.2 trcl ( 62.7565 43.1314 0.0000 ) 
82 like 79 but trcl ( -62.7565 -43.1314 0.0000 ) u=2 $ 
83 like 80 but trcl = ( -62.7565 -43.1314 0.0000 ) u=2 $ 

u=2 $ Bottom Drain Port 
u=2 $ Middle Drain Port 

u=2 $ Top Drain Port 
Bottom Vent Port 
Middle Vent Port 

84 like 81 but trcl = ( -62.7565 -43.1314 0.0000) u=2 $Top Vent Port 
85 7 -7.9400 -27 -20.3 +20.1 u=2 $Canister Shell 
86 8 -7.8212 -27 -20.1 +20.2 -25 #79 #80 #82 #83 u=2 $Lower lid 
87 7 -7.9400 -27 -20.1 +25 #80 #81 #83 #84 u=2 $Upper lid 
88 O +27 u=2 $ Outside 
c vcc Cells - vl.l_ngl4b 
89 8 -7.8212 -28 u=l $ Pedestal plate 
90 8 -7.8212 -29 +30 u=l $ Stand 
91 8 -7.8212 -35 +36 +42 +43 u=l $Bottom plate outer 
92 8 -7.8212 (-36 +37 -31) : (-36 +37 -32) u=l $ Bottom plate connector 
93 8 -7.8212 -37 u=l $ Bottom plate inner 
94 8 -7.8212 (-30 -57 +58 -39) (-30 -55 +56 +57 -39) u=l $ Support rail inside 
stand 
95 8 -7. 8212 (+29 -57 +58 -38) (+29 -55 +56 +57 -38) u=l $ Support rail outside 
stand 
96 8 -7.8212 -40) : (-47 

(-48 
(-44 
(-45 
(-31 

+49 +31 +32 
+49 +31 +32 
+42 +46 -40 
+43 +46 -40 
+33 +29 -40 

-40 +47) u=l $ Air inlet top 
97 8 -7.8212 

98 8 -7.8212 
wall 
99 8 -7.8212 (-46 -44 +42 +31 

+31 +32 +35) 
+31 +32 +35) 
+35) : (-32 +34 

+32 +43 +35) 

u=l $ Air inlet wall 
+29 -40 +35) u=l $ Air inlet angular 

(-46 -45 +43 +31 
100 8 -7.8212 -50 +52 +39 -40 
101 8 -7.8212 -51 +53 +39 -40 
102 12 -2.3234 -40 +38 +31 +32 

+32 +42 +35) u=l $ Air inlet remaining wall 
u=l $ Air outlet steel X 
u=l $ Air outlet steel Y 

+35 +47 +48 +44 +45 +41 +59 +50 +51 
fill=7 u=l $ Concrete 

103 12 -2.3234 -41 u=l $ Concrete pad 
104 8 -7.8212 -38 +39 +50 +51 +55 +57 u=l $Liner 
105 8 -7.8212 -59 +60 u=l $Top flange 
106 0 -59 -60 +62 u=l $ Flange void 
107 8 -7.8212 -61 u=l $Lid top 
108 8 -7.8212 -62 +64 u=l $Lid middle steel A 
109 8 -7.8212 -62 -64 -66 +65 u=l $Lid middle steel B 
110 12 -2.2432 (-62 -64 +66): (-62 -65 -66) u=l $ Lid middle concrete 
111 8 -7.8212 -63 +65 u=l $ Lid bottom steel A 
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Figure 5.8.8-10 Augmented Shield Concrete Cask (CC3) Sample Input File-PWR TSC (cont'd) 
112 8 -7.8212 -63 -65 -67 u=l $Lid bottom steel B 
113 12 -2.2432 -63 -65 +67 u=l $ Lid bottom concrete 
114 8 -7.8212 (-68 +80 -39) 

(-69 +81 -39) 
(-70 +82 -39) 
(-71 +83 -39) 
(-72 +84 -39) 
(-73 +85 -39) 
(-74 +86 -39) 
(-75 +87 -39) 
(-76 +88 -39) 
(-77 +89 -39) 
(-78 +90 -39) 
(-79 +91 -39) u=l $ Standoffs 

-x inlet pipe 1 115 8 -7.8212 -92 u=l $ 
116 8 -7.8212 -93 u=l $ -x inlet pipe 2 
117 8 -7.8212 -94 
118 8 -7.8212 -95 
119 8 -7.8212 -96 
120 8 -7.8212 -97 
121 8 -7.8212 -98 
122 8 -7.8212 -99 
123 8 -7.8212 -100 
124 8 -7.8212 -101 
125 8 -7.8212 -102 
126 8 -7.8212 -103 
127 8 -7.8212 -104 
128 8 -7.8212 -105 
129 8 -7.8212 -106 
130 8 -7.8212 -107 
131 8 -7.8212 -108 
132 8 -7.8212 -109 
133 8 -7.8212 -110 
134 8 -7.8212 -111 
135 8 -7.8212 -112 
136 8 -7.8212 -113 
137 8 -7.8212 -114 
138 8 -7.8212 -115 
139 8 -7.8212 -116 
140 8 -7.8212 -117 
141 8 -7.8212 -118 
142 8 -7.8212 -119 
143 8 -7.8212 -120 
144 8 -7.8212 -121 
145 8 -7.8212 -122 
146 8 -7.8212 -123 
147 8 -7.8212 -124 
148 8 -7.8212 -125 
149 8 -7.8212 -126 
150 8 -7.8212 -127 
151 8 -7.8212 -128 
152 8 -7.8212 -129 
153 8 -7.8212 -130 
154 8 -7.8212 -131 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 

8 -7.8212 -132 
8 
8 
8 
8 
8 
8 

-7.8212 -133 
-7.8212 -134 
-7.8212 -135 
-7.8212 -136 
-7.8212 -137 
-7. 8212 -138 

8 -7.8212 -139 
8 -7.8212 -140 
8 
8 
8 
8 

-7.8212 -141 
-7.8212 -142 
-7.8212 -143 
-7.8212 -144 

NAC International 

u=l $ -x inlet pipe 3 
u=l $ -x inlet pipe 4 
u=l $ -x inlet pipe 5 
u=l $ -x inlet pipe 6 
u=l $ -x inlet pipe 7 
u=l $ -x inlet pipe 8 
u=l $ -x inlet pipe 9 
u=l $ -x inlet pipe 10 
u=l $ -x inlet pipe 11 
u=l $ -x inlet pipe 12 
u=l $ -x inlet pipe 13 
u=l $ -x inlet pipe 14 
u=l $ -x inlet pipe 15 
u=l $ -x inlet pipe 16 
u=l $ -x inlet pipe 17 
u=l $ +x inlet pipe 1 
u=l $ +x inlet pipe 2 
u=l $ +x inlet pipe 3 
u=l $ 
u=l $ 
u=l $ 

+x inlet pipe 4 
+x inlet pipe 5 
+x inlet pipe 6 

u=l $ +x inlet pipe 7 
u=l $ +x inlet pipe 8 
u=l $ +x inlet pipe 9 
u=l $ +x inlet pipe 10 
u=l $ +x inlet pipe 11 
u=l $ +x inlet pipe 12 
u=l $ +x inlet pipe 13 
u=l $ +x inlet pipe 14 
u=l $ +x inlet pipe 15 
u=l $ +x inlet pipe 16 
u=l $ +x inlet pipe 17 
u=l $ 
u=l $ 
u=l $ 

-y inlet pipe 1 
-y inlet pipe 2 
-y inlet pipe 3 

u=l $ -y inlet pipe 4 
u=l $ -y inlet pipe 5 
u=l $ -y inlet pipe 6 
u=l $ -y inlet pipe 7 
u=l $ -y inlet pipe 8 
u=l $ -y inlet pipe 9 
u=l $ -y inlet pipe 10 
u=l $ -y inlet pipe 11 
u=l $ -y inlet pipe 12 
u=l $ -y inlet pipe 13 
u=l $ -y inlet pipe 14 
u=l $ 
u=l $ 
u=l $ 
u=l $ 
u=l $ 

-y inlet pipe 15 
-y inlet pipe 16 
-y inlet pipe 17 
+y inlet pipe 1 
+y inlet pipe 2 
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Figure 5.8.8-10 Augmented Shield Concrete Cask (CC3) Sample Input File-PWR TSC (cont'd) 
168 8 -7.8212 -145 u=l $ +y inlet pipe 3 
169 8 -7.8212 -146 u=l $ +y inlet pipe 4 
170 8 -7.8212 -147 u=l $ +y inlet pipe 5 
171 8 -7.8212 -148 u=l $ +y inlet pipe 6 
172 8 -7.8212 -149 u=l $ +y inlet pipe 7 
173 8 -7.8212 -150 u=l $ +y inlet pipe 8 
174 8 -7.8212 -151 u=l $ +y inlet pipe 9 
175 8 -7.8212 -152 u=l $ +y inlet pipe 10 
176 8 -7.8212 -153 u=l $ +y inlet pipe 11 
177 8 -7.8212 -154 u=l $ +y inlet pipe 12 
178 8 -7.8212 -155 u=l $ +y inlet pipe 13 
179 8 -7.8212 -156 u=l $ +y inlet pipe 14 
180 8 -7.8212 -157 u=l $ +y inlet pipe 15 
181 8 -7.8212 -158 u=l $ +y inlet pipe 16 
182 8 -7.8212 -159 u=l $ +y inlet pipe 17 
183 0 -35 +36 -42 +93 +96 +110 +113 

+92 +93 +94 +95 +96 +97 +98 
+99 +100 +101 +102 +103 +104 +105 
+106 +107 +108 +109 +110 +111 +112 
+113 +114 +115 +116 +117 +118 +119 
+120 +121 +122 +123 +124 +125 u=l $ Bottom plate outer void x 

184 0 -35 +36 -43 +115 +118 +120 +123 
+126 +127 +128 +129 +130 +131 +132 
+133 +134 +135 +136 +137 +138 +139 
+140 +141 +142 +143 +144 +145 +146 
+147 +148 +149 +150 +151 +152 +153 
+154 +155 +156 +157 +158 +159 u=l $ Bottom plate outer void y 

185 0 
186 0 
void 
187 0 
void 
188 0 

-36 +37 +31 +32 u=l $ Bottom plate connector void 
(-30 -58 -39) (-30 -56 +57 -39) u=l $ Support rail inside stand 

(+29 -58 -38) (+29 -56 +57 -38) 

-42 +29 +31 +32 -40 +35 
+92 +93 +94 +95 +96 +97 +98 
+99 +100 +101 +102 +103 +104 +105 
+106 +107 +108 +109 +110 +111 +112 
+113 +114 +115 +116 +117 +118 +119 

u=l $ Support rail outside stand 

+120 +121 +122 +123 +124 +125 u=l $ Air inlet void x 
189 0 -43 +29 +31 +32 -40 +35 +42 

+126 +127 +128 +129 +130 +131 +132 
+133 +134 +135 +136 +137 +138 +139 
+140 +141 +142 +143 +144 +145 +146 
+147 +148 +149 +150 +151 +152 +153 
+154 +155 +156 +157 +158 +159 u=l $ Air inlet void y 

190 0 
191 0 
192 0 
193 0 
194 0 
195 0 

-49 +29 +31 +32 
(-33 +35 +29) 
-30 +55 +57 

u=l $ Air inlet top void 
(-34 +35 +29) u=l $ Connector void 

u=l $ Stand void 
-52 +39 -40 u=l $ Air outlet void X 

u=l $ Air outlet void Y 
+57 +62 +63 #114 

-53 +39 -40 
-39 +28 +29 +55 

196 0 
fill=2 ( 0.0000 
+40 +38 +59 +61 

0.0000 6.9850 ) u=l $Cavity 
u=l $ Outside 

C VCC Rebar Cells -
197 8 -7.8212 -160 
198 8 -7.8212 -161 
199 8 -7.8212 -162 
200 8 -7.8212 -163 
201 8 -7.8212 -164 
202 8 -7.8212 -165 
203 8 -7.8212 -166 
204 8 -7.8212 -167 
205 8 -7.8212 -168 
206 8 -7.8212 -169 
207 8 -7.8212 -170 
208 8 -7.8212 -171 
209 8 -7.8212 -172 
210 8 -7.8212 -173 

NAC International 

vl. l ngl4b 
-u=7 $ Outer hoop 1 

u=7 $ Outer hoop 2 
u=7 $ Outer hoop 3 
u=7 $ Outer hoop 4 
u=7 $ Outer hoop 5 
u=7 $ Outer hoop 6 
u=7 $ Outer hoop 7 
u=7 $ Outer hoop 8 
u=7 $ Outer hoop 9 
u=7 $ Outer hoop 10 
u=7 $ Outer hoop 11 
u=7 $ Outer hoop 12 
u=7 $ Outer hoop 13 
u=7 $ Outer hoop 14 

5.8.8-69 
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Figure 5.8.8-10 Augmented Shield Concrete Cask (CC3) Sample Input File-PWR TSC (cont'd) 
211 8 -7.8212 -174 u=7 $Outer hoop 15 
212 8 -7.8212 -175 u=7 $Outer hoop 16 
213 8 -7.8212 -176 u=7 $Outer hoop 17 
214 8 -7.8212 -177 u=7 $ Outer hoop 18 
215 8 -7.8212 -178 u=7 $ Outer hoop 19 
216 8 -7.8212 -179 u=7 $ Outer hoop 20 
217 8 -7.8212 -180 u=7 $ Outer hoop 21 
218 8 -7.8212 -181 u=7 $ outer hoop 22 
219 8 -7.8212 -182 u=7 $ Outer hoop 23 
220 8 -7.8212 -183 u=7 $ Outer hoop 24 
221 8 -7.8212 -184 u=7 $Outer hoop 25 
222 8 -7.8212 -185 u=7 $ Outer hoop 26 
223 8 -7.8212 -186 u=7 $ Outer hoop 27 
224 8 -7.8212 -187 u=7 $Outer hoop 28 
225 8 -7.8212 -188 u=7 $Outer hoop 29 
226 8 -7.8212 -189 u=7 $Outer hoop 30 
227 8 -7.8212 -190 u=7 $Outer hoop 31 
228 8 -7.8212 -191 u=7 $Outer hoop 32 
229 8 -7.8212 -192 u=7 $Outer hoop 33 
230 8 -7.8212 -193 u=7 $Outer hoop 34 
231 8 -7.8212 -194 u=7 $Outer hoop 35 
232 8 -7.8212 -195 u=7 $Outer hoop 36 
233 8 -7.8212 -196 u=7 $Outer hoop 37 
234 8 -7.8212 -197 u=7 $Outer hoop 38 
235 8 -7.8212 -198 u=7 $ Outer hoop 39 
236 8 -7.8212 -199 u=7 $ Outer hoop 40 
237 8 -7.8212 -200 u=7 $ Outer hoop 41 
238 8 -7.8212 -201 u=7 $ Outer hoop 42 
239 8 -7.8212 -202 u=7 $ Outer hoop 43 
240 8 -7.8212 -203 u=7 $ Outer hoop 44 
241 8 -7.8212 -204 u=7 $ Outer hoop 45 
242 8 -7.8212 -205 u=7 $ Outer hoop 46 
243 8 -7.8212 -206 u=7 $Outer hoop 47 
244 8 -7.8212 -207 u=7 $ Outer hoop 48 
245 12 -2.3234 #197 #198 #199 #200 #201 #202 #203 $ Concrete 

#204 #205 #206 #207 #208 #209 #210 #211 #212 #213 
#214 #215 #216 #217 #218 #219 #220 #221 #222 #223 
#224 #225 #226 #227 #228 #229 #230 #231 #232 #233 
#234 #235 #236 #237 #238 #239 #240 #241 #242 #243 
#244 fi11=8 u=7 

246 8 -7.8212 -208 trcl ( 160.3375 0.0000 0.0000 ) 
247 like 246 but trcl 159.3293 17.9521 0.0000 ) 
248 like 246 but trcl 156.3175 35.6785 0.0000 ) 
249 like 246 but trcl 151.3399 52.9561 0.0000 ) 
250 like 246 but trcl 144.4591 69.5678 0.0000 ) 
251 like 246 but trcl 135.7616 85.3047 0.0000 ) 
252 like 246 but trcl 125.3569 99.9688 0.0000 ) 
253 like 246 but trcl 113.3757 113.3757 0.0000 ) 
254 like 246 but trcl 99.9688 125.3569 0.0000 ) 
255 like 246 but trcl 85.3047 135.7616 0.0000 ) 
256 like 246 but trcl 69.5678 144.4591 0.0000 ) 
257 like 246 but trcl 52.9561 151.3399 0.0000 ) 
258 like 246 but trcl 35.6785 156.3175 0.0000 ) 
259 like 246 but trcl 17.9521 159.3293 0.0000 ) 
260 like 246 but trcl 0.0000 160.3375 0.0000 ) 
261 like 246 but trcl -17.9521 159.3293 0.0000 ) 
262 like 246 but trcl -35.6785 156.3175 0.0000 ) 
263 like 246 but trcl -52.9561 151.3399 0.0000 ) 
264 like 246 but trcl -69.5678 144.4591 0.0000 ) 
265 like 246 but trcl -85.3047 135.7616 0.0000 ) 
266 like 246 but trcl -99.9688 125.3569 0.0000 ) 
267 like 246 but trcl -113.3757 113.3757 0.0000 ) 
268 like 246 but trcl -125.3569 99.9688 0.0000 ) 
269 like 246 but trcl -135.7616 85.3047 0.0000 ) 
270 like 246 but trcl -144.4591 69.5678 0.0000 ) 
271 like 246 but trcl -151.3399 52.9561 0.0000 ) 
272 like 246 but trcl -156.3175 35.6785 0.0000 ) 

NAC International 5.8.8-70 

u=8 $ Outer bar 1 
u=8 $ Outer bar 2 
u=8 $ Outer bar 3 
u=8 $ Outer bar 4 
u=8 $ Outer bar 5 
u=8 $ Outer bar 6 
u=8 $ Outer bar 7 

u=8 $ Outer bar 8 
u=8 $ Outer bar 9 
u=8 $ Outer bar 10 
u=8 $ Outer bar 11 
u=8 $ Outer bar 12 
u=8 $ Outer bar 13 
u=8 $ Outer bar 14 

u=8 $ Outer bar 15 
u=8 $ Outer bar 16 
u=8 $ Outer bar 17 
u=8 $ Outer bar 18 
u=8 $ Outer bar 19 
u=8 $ Outer bar 20 
u=8 $ Outer bar 21 

u=8 $ Outer bar 22 
u=8 $ Outer bar 23 
u=8 $ Outer bar 24 
u=8 $ Outer bar 25 

·u=8 $ Outer bar 26 
u=8 $ Outer bar 27 
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Figure 5.8.8-10 Augmented Shield Concrete Cask (CC3) Sample Input File-PWR TSC (cont'd) 
273 like 246 but trcl ( -159.3293 17.9521 0.0000 ) u=8 $ Outer bar 28 
274 like 246 but trcl ( -160.3375 0.0000 0.0000 ) u=8 $ Outer bar 29 
275 like 246 but trcl ( -159.3293 -17.9521 0.0000 u=8 $ Outer bar 30 
276 like 246 but trcl ( -156.3175 -35.6785 0.0000 u=8 $ Outer bar 31 
277 like 246 but trcl ( -151.3399 -52.9561 0.0000 u=8 $ Outer bar 32 
278 like 246 but trcl ( -144.4591 -69.5678 0.0000 u=8 $ Outer bar 33 
279 like 246 but trcl ( -135.7616 -85.3047 0.0000 u=8 $Outer bar 34 
280 like 246 but trcl ( -125.3569 -99.9688 0.0000 u=8 $ Outer bar 35 
281 like 246 but trcl ( -113.3757 -113.3757 0.0000 ) u=8 $ Outer bar 36 
282 like 246 but trcl ( -99.9688 -125.3569 0.0000 ) u=8 $ Outer bar 37 
283 like 246 but trcl ( -85.3047 -135.7616 0.0000 ) u=8 $Outer bar 38 
284 like 246 but trcl ( -69.5678 -144.4591 0.0000 ) u=8 $ Outer bar 39 
285 like 246 but trcl ( -52.9561 -151.3399 0.0000 ) u=8 $ Outer bar 40 
286 like 246 but trcl ( -35.6785 -156.3175 0.0000 ) u=8 $ Outer bar 41 
287 like 246 but trcl ( -17.9521 -159.3293 0.0000 ) u=8 $ Outer bar 42 
288 like 246 but trcl ( 0.0000 -160.3375 0.0000 ) u=8 $ Outer bar 43 
289 like 246 but trcl ( 17.9521 -159.3293 0.0000 ) u=8 $ Outer bar 44 
290 like 246 but trcl ( 35.6785 -156.3175 0.0000 ) u=8 $ Outer bar 45 
291 like 246 but trcl ( 52.9561 -151.3399 0.0000 ) u=8 $ outer bar 46 
292 like 246 but trcl ( 69.5678 -144.4591 0.0000 ) u=8 $ outer bar 47 
293 like 246 but trcl ( 85.3047 -135.7616 0.0000 ) u=8 $Outer bar 48 
294 like 246 but trcl ( 99.9688 -125.3569 0.0000 ) u=8 $ Outer bar 49 
295 like 246 but trcl ( 113.3757 -113.3757 0.0000 ) u=8 $ Outer bar 50 
296 like 246 but trcl ( 125.3569 -99.9688 0.0000 ) u=8 $ Outer bar 51 
297 like 246 but trcl ( 135.7616 -85.3047 0.0000) u=8 $Outer bar 52 
298 like 246 but trcl ( 144.4591 -69.5678 0.0000 ) u=8 $ Outer bar 53 
299 like 246 but trcl ( 151.3399 -52.9561 0.0000 ) u=8 $Outer bar 54 
300 like 246 but trcl ( 156.3175 -35.6785 0.0000 ) u=8 $ outer bar 55 
301 like 246 but trcl ( 159.3293 -17.9521 0.0000 ) u=8 $ outer bar 56 
302 12 -2.3234 #246 #247 #248 

#249 #250 #251 #252 #253 #254 #255 #256 #257 #258 
#259 #260 #261 #262 #263 #264 #265 #266 #267 #268 
#269 #270 #271 #272 #273 #274 #275 #276 #277 #278 
#279 #280 #281 #282 #283 #284 #285 #286 #287 #288 
#289 #290 #291 #292 #293 #294 #295 #296 #297 #298 
#299 #300 #301 u=8 

C Detector Cells - Radial Biasing 
399 0 -399 fill=l $ Cask 
400 0 -400 +399 $ Surface 
500 0 -500 +399 +400 $ lft 
600 0 -600 +399 +400 +500 $ lm 
700 0 -700 +399 +400 +500 +600 $ 2m 
800 0 -800 +399 +400 +500 +600 +700 $ 4m 
900 0 +399 +400 +500 +600 +700 +800 $ Exterior 

c Fuel Assembly Surfaces - ngl4b - vl.O 
1 RPP -9.8590 9.8590 -9.8590 9.8590 0.0000 8.0975 $ Lower Nozzle 
2 RPP -9.8590 9.8590 -9.8590 9.8590 0.0000 9.8374 $ 
3 RPP -9.8590 9.8590 -9.8590 9.8590 0.0000 378.6454 
4 RPP -9.8590 9.8590 -9.8590 9.8590 0.0000 400.3040 
5 RPP -9.8590 9.8590 -9.8590 9.8590 0.0000 409.1940 
6 PZ 255.7094 $Flood elevation 
C Surfaces - Fuel Tube vl.O 

Lower Plenum 
$ Fuel 
$ Upper Plenum 
$ Upper Nozzle 

7 RPP -11.6015 11.6015 -11.6015 11.6015 7.6200 439.4200 $ Tube void 
8 RPP -12.3952 12.3952 -12.3952 12.3952 7.6200 430.5300 $ Tube 
C Surfaces - PWR Basket vl.O 
9 RPP -12.3952 12.3952 -12.3952 12.3952 0.0000 439.4200 $ Tube opening 
10 9 RPP -16.6370 16.6370 -16.6370 16.6370 0.0000 439.4200 $ Tube radius 
11 RPP 81.8833 83.7883 -33.1851 33.1851 7.6200 430.5300 $ 
12 
13 
14 
15 

RPP -83.7883 -81.8833 -33.1851 33.1851 7.6200 430.5300 
RPP -33.1851 33.1851 81.8833 83.7883 7.6200 430.5300 $ 
RPP -33.1851 33.1851 -83.7883 -81.8833 7.6200 430.5300 
RPP -60.2552 60.2552 -60.2552 60.2552 7.6200 430.5300 

Side support +x 
$ Side support -x 
Side support +y 
$ Side support -y 

$ Corner outer 
16 RPP -59.4614 59.4614 -59.4614 59.4614 7.6200 430.5300 $Corner inner 
17 9 RPP -78.6267 78.6267 -78.6267 78.6267 7.6200 430.5300 $Corner dia. outer 
18 9 RPP -77.83291 77.8329 -77.83291 77.8329 7.6200 430.5300 $ Corner dia. inner 
C Surfaces - PWR Canister Cavity vl.O 

NAC International 5.8.8-71 
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Figure 5.8.8-10 Augmented Shield Concrete Cask (CC3) Sample Input File-PWR TSC (cont'd) 
19 RPP -9.8595 9.8595 -9.8595 9.8595 0.0000 409.1941 $ Assy opening 
C Surfaces - Canister vl.O 
20 RCC 0.0000 0.0000 0.0000 0.0000 0.0000 439.4200 90.1700 $ Cavity 
21 CZ 2.6924 $Bot Cylinder Radius 
22 CZ 6.7691 $Mid Cyclinder Radius 
23 CZ 7.4041 $ Top Cylinder Radius 
24 PZ 450.8500 $ Port plane bot/mid 
25 PZ 452.1200 $Lower/upper lid 
26 PZ 459.4860 $ Port plane mid/top 
27 RCC 0.0000 0.0000 -6.9850 0.0000 0.0000 469.2650 91.4400 $ Canister 

- vl.l ngl4b C VCC Surfaces 
28 RCC 0.0000 
29 RCC 0.0000 
30 RCC 0.0000 

0.0000--5.0800 0.0000 0.0000 5.0800 91.4401 $ Pedestal plate 
0.0000 -30.4800 0.0000 0.0000 25.4000 63.4999 $ Stand outer 
0.0000 -30.4800 0.0000 0.0000 25.4000 62.3888 $ Stand inner 

31 9 RPP -100.3300 100.3300 -10.4775 10.4775 -33.0200 -16.5100 $ Connector plate A 
32 10 RPP -100.3300 100.3300 -10.4775 10.4775 -33.0200 -16.5100 $ Connector plate B 
33 9 RPP -99.0600 99.0600 -9.2075. 9.2075 -33.0200 -16.5100 $ Air inlet angled wall A 
34 10 RPP -99.0600 99.0600 -9.2075 9.2075 -33.0200 -16.5100 $ Air inlet angled wall B 
35 RCC 0.0000 0.0000 -33.0200 0.0000 0.0000 2.5400 172.7200 $Bottom plate outer 
36 RCC 0.0000 0.0000 -33.0200 0.0000 0.0000 2.5400 100.3300 $ Connector radius 
37 RCC 0.0000 0.0000 -33.0200 0.0000 0.0000 2.5400 63.5000 $ Bottom plate inner 
38 RCC 0.0000 0.0000 -16.5100 0.0000 0.0000 535.4828 108.585 $ VCC liner outer 
39 RCC 0.0000 0.0000 -16.5100 0.0000 0.0000 535.4828 100.965 $ vcc liner inner 
40 RCC 0.0000 0.0000 -133.0200 0.0000 0.0000 654.5328 172.7200 $Concrete 
41 RCC 0.0000 0.0000 -133.0200 0.0000 0.0000 100.0000 172.7200 $Concrete pad 
42 RPP -172.7200 172.7200 -63.5000 63.5000 -33.0200 -21.5900 $Air inlet void X 
43 RPP -63.5000 63.5000 -172.7200 172.7200 -33.0200 -21.5900 $Air inlet void Y 
44 RPP -172.7200 172.7200 -64.7700 64.7700 -33.0200 -21.5900 $Air inlet wall x 
45 RPP -64.7700 64.7700 -172.7200 172.7200 -33.0200 -21.5900 $Air inlet wall Y 
46 RCC 0.0000 0.0000 -33.0200 0.0000 0.0000 11.4300 100.3300 $ Air inlet divider 
47 RPP -172.7200 172.7200 -64.7700 64.7700 -21.5900 -16.5100 $Air inlet top x 
48 RPP -64.7700 64.7700 -172.7200 172.7200 -21.5900 -16.5100 $Air inlet top Y 
49 RCC 0.0000 0.0000 -21.5900 0.0000 0.0000 5.0800 93.9800 $Air inlet top plate radius 
50 RPP -172.7200 172.7200 -64.7700 64.7700 494.3348 504.4948 $Air outlet steel X 
51 RPP -64.7700 64.7700 -172.7200 172.7200 494.3348 504.4948 $Air outlet steel Y 
52 RPP -172.7200 172.7200 -63.5000 63.5000 494.9698 503.8598 $Air outlet void X 
53 RPP -63.5000 63.5000 -172.7200 172.7200 494.9698 503.8598 $Air outlet void Y 
54 CZ 100.3300 $ Air outlet radius 
55 RPP -108.5850 108.5850 -5.7150 5.7150 -16.5100 
56 RPP -108.5850 108.5850 -4.4450 4.4450 -16.5100 
57 RPP -5.7150 5.7150 -108.5850 108.5850 -16.5100 
58 RPP -4.4450 4.4450 -108.5850 108.5850 -16.5100 
59 RCC 0.0000 0.0000 518.9728 0.0000 0.0000 2.5400 
60 CZ 102.8700 $ Top flange ID 

-5.0800 
-5.0800 
-5.0800 
-5.0800 

118.7450 

61 RCC 0.0000 0.0000 521.5128 0.0000 0.0000 1.9050 116.2050 
62 RCC 0.0000 0.0000 506.1458 0.0000 0.0000 15.3670 100.3300 
63 RCC 0.0000 0.0000 490.9058 0.0000 0.0000 15.2400 76.2000 
64 CZ 99.6950 $Middle concrete radius 
65 CZ 75.5650 $ Bottom concrete radius 
66 PZ 506.7808 $Lid middle upper 
67 PZ 491.5408 $ Lid bottom upper 
68 RPP -100.9650 100.9650 -0.4432 0.4432 172.2628 477.0628 
69 11 RPP -100.9650 100.9650 -0.4432 0.4432 172.2628 477.0628 
70 12 RPP -100.9650 100.9650 -0.4432 0.4432 172.2628 477.0628 
71 9 RPP -100.9650 100.9650 -0.4432 0.4432 172.2628 477.0628 
72 13 RPP -100.9650 100.9650 -0.4432 0.4432 172.2628 477.0628 
73 14 RPP -100.9650 100.9650 -0.4432 0.4432 172.2628 477.0628 
74 RPP -0.4432 0.4432 -100.9650 100.9650 172.2628 477.0628 
75 11 RPP -0.4432 0.4432 -100.9650 100.9650 172.2628 477.0628 
76 12 RPP -0.4432 0.4432 -100.9650 100.9650 172.2628 477.0628 
77 9 RPP -0.4432 0.4432 -100.9650 100.9650 172.2628 477.0628 
78 13 RPP -0.4432 0.4432 -100.9650 100.9650 172.2628 477.0628 
79 14 RPP -0.4432 0.4432 -100.9650 100.9650 172.2628 477.0628 
80 RPP -93.3450 93.3450 -0.4432 0.4432 172.2628 477.0628 $ 
81 11 RPP -93.3450 93.3450 -0.4432 0.4432 172.2628 477.0628 
82 12 RPP -93.3450 93.3450 -0.4432 0.4432 172.2628 477.0628 
83 9 RPP -93.3450 93.3450 -0.4432 0.4432 172.2628 477.0628 

NAC International 5.8.8-72 

$ Support rail exterior X 
$ Support rail interior X 
$ Support rail exterior Y 
$ Support rail interior Y 

$ Top flange 

$ Lid top 
$ Lid middle 

$ Lid bottom 

$ Standoff outer 1 
$ Standoff outer 2 
$ Standoff outer 3 

$ Standoff outer 4 
$ Standoff outer 5 
$ Standoff outer 6 

$ Standoff outer 7 
$ Standoff outer 8 
$ Standoff outer 9 

$ Standoff outer 10 
$ Standoff outer 11 
$ Standoff outer 12 

Standoff inner 1 
$ Standoff inner 2 
$ Standoff inner 3 

$ Standoff inner 4 
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Figure 5.8.8-10 Augmented Shield Concrete Cask (CC3) Sample Input File-PWR TSC (cont'd) 
84 13 RPP -93.3450 93.3450 -0.4432 0.4432 172.2628 477.0628 $ Standoff inner 5 
85 14 RPP -93.3450 93.3450 -0.4432 0.4432 172.2628 477.0628 $ Standoff inner 6 
86 RPP -0.4432 0.4432 -93.3450 93.3450 172.2628 477.0628 $ Standoff inner 7 
87 11 RPP -0.4432 0.4432 -93.3450 93.3450 172.2628 477.0628 $ Standoff inner 8 
88 12 RPP -0.4432 0.4432 -93.3450 93.3450 172.2628 477.0628 $ Standoff inner 9 
89 9 RPP -0.4432 0.4432 -93.3450 93.3450 172.2628 477.0628 $ Standoff inner 10 
90 13 RPP -0.4432 0.4432 -93.3450 93.3450 172.2628 477.0628 $ Standoff inner 11 
91 14 RPP -0.4432 0.4432 -93.3450 93.3450 172.2628 477.0628 $ Standoff inner 12 
92 RCC -146.0500 58.4200 -33.0200 0.0000 0.0000 11.4300 3.8100 $ -x inlet pipe 1 
93 RCC -146.0500 36.5760 -33.0200 0.0000 0.0000 11.4300 3.8100 $ -x inlet pipe 2 
94 RCC -146.0500 14.7320 -33.0200 0.0000 0.0000 11.4300 3.8100 $ -x inlet pipe 3 
95 RCC -146.0500 -7.1120 -33.0200 0.0000 0.0000 11.4300 3.8100 $ -x inlet pipe 4 
96 RCC -146.0500 -28.9560 -33.0200 0.0000 0.0000 11.4300 3.8100 $ -x inlet pipe 5 
97 RCC -146.0500 -50.8000 -33.0200 0.0000 0.0000 11.4300 3.8100 $ -x inlet pipe 6 
98 RCC -133.3500 50.8000 -33.0200 0.0000 0.0000 11.4300 3.8100 $ -x inlet pipe 7 
99 RCC -133.3500 28.9560 -33.0200 0.0000 0.0000 11.4300 3.8100 $ -x inlet pipe 8 
100 RCC -133.3500 7.1120 -33.0200 0.0000 0.0000 11.4300 3.8100 $ -x inlet pipe 9 
101 RCC -133.3500 -14.7320 -33.0200 0.0000 0.0000 11.4300 3.8100 $ -x inlet pipe 10 
102 RCC -133.3500 -36.5760 -33.0200 0.0000 0.0000 11.4300 3.8100 $ -x inlet pipe 11 
103 RCC -133.3500 -58.4200 -33.0200 0.0000 0.0000 11.4300 3.8100 $ -x inlet pipe 12 
104 RCC -120.6500 43.1800 -33.0200 0.0000 0.0000 11.4300 3.8100 $ -x inlet pipe 13 
105 RCC -120.6500 21.3360 -33.0200 0.0000 0.0000 11.4300 3.8100 $ -x inlet pipe 14 
106 RCC -120.6500 -0.5080 -33.0200 0.0000 0.0000 11.4300 3.8100 $ -x inlet pipe 15 
107 RCC -120.6500 -22.3520 -33.0200 0.0000 0.0000 11.4300 3.8100 $ -x inlet pipe 16 
108 RCC -120.6500 -44.1960 -33.0200 0.0000 0.0000 11.4300 3.8100 $ -x inlet pipe 17 
109 RCC 146.0500 -58.4200 -33.0200 0.0000 0.0000 11.4300 3.8100 $ +x inlet pipe 1 
110 RCC 146.0500 -36.5760 -33.0200 0.0000 0.0000 11.4300 3.8100 $ +x inlet pipe 2 
111 RCC 146.0500 -14.7320 -33.0200 0.0000 0.0000 11.4300 3.8100 $ +x inlet pipe 3 
112 RCC 146.0500 7.1120 -33.0200 0.0000 0.0000 11.4300 3.8100 $ +x inlet pipe 4 
113 RCC 146.0500 28.9560 -33.0200 0.0000 0.0000 11.4300 3.8100 $ +x inlet pipe 5 
114 RCC 146.0500 50.8000 -33.0200 0.0000 0.0000 11.4300 3.8100 $ +x inlet pipe 6 
115 RCC 133.3500 -50.8000 -33.0200 0.0000 0.0000 11.4300 3.8100 $ +x inlet pipe 7 
116 RCC 133.3500 -28.9560 -33.0200 0.0000 0.0000 11.4300 3.8100 $ +x inlet pipe 8 
117 RCC 133.3500 -7.1120 -33.0200 0.0000 0.0000 11.4300 3.8100 $ +x inlet pipe 9 
118 RCC 133.3500 14.7320 -33.0200 0.0000 0.0000 11.4300 3.8100 $ +x inlet pipe 10 
119 RCC 133.3500 36.5760 -33.0200 0.0000 0.0000 11.4300 3.8100 $ +x inlet pipe 11 
120 RCC 133.3500 58.4200 -33.0200 0.0000 0.0000 11.4300 3.8100 $ +x inlet pipe 12 
121 RCC 120.6500 -43.1800 -33.0200 0.0000 0.0000 11.4300 3.8100 $ +x inlet pipe 13 
122 RCC 120.6500 -21.3360 -33.0200 0.0000 0.0000 11.4300 3.8100 $ +x inlet pipe 14 
123 RCC 120.6500 0.5080 -33.0200 0.0000 0.0000 11.4300 3.8100 $ +x inlet pipe 15 
124 RCC 120.6500 22.3520 -33.0200 0.0000 0.0000 11.4300 3.8100 $ +x inlet pipe 16 
125 RCC 120.6500 44.1960 -33.0200 0.0000 0.0000 11.4300 3.8100 $ +x inlet pipe 17 
126 RCC -58.4200 -146.0500 -33.0200 0.0000 0.0000 11.4300 3.8100 $ -y inlet pipe 1 
127 RCC -36.5760 -146.0500 -33.0200 0.0000 0.0000 11.4300 3.8100 $ -y inlet pipe 2 
128 RCC -14.7320 -146.0500 -33.0200 0.0000 0.0000 11.4300 3.8100 $ -y inlet pipe 3 
129 RCC 7.1120 -146.0500 -33.0200 0.0000 0.0000 11.4300 3.8100 $ -y inlet pipe 4 
130 RCC 28.9560 -146.0500 -33.0200 0.0000 0.0000 11.4300 3.8100 $ -y inlet pipe 5 
131 RCC 50.8000 -146.0500 -33.0200 0.0000 0.0000 11.4300 3.8100 $ -y inlet pipe 6 
132 RCC -50.8000 -133.3500 -33.0200 0.0000 0.0000 11.4300 3.8100 $ -y inlet pipe 7 
133 RCC -28.9560 -133.3500 -33.0200 0.0000 0.0000 11.4300 3.8100 $ -y inlet pipe 8 
134 RCC -7.1120 -133.3500 -33.0200 0.0000 0.0000 11.4300 3.8100 $ -y inlet pipe 9 
135 RCC 14.7320 -133.3500 -33.0200 0.0000 0.0000 11.4300 3.8100 $ -y inlet pipe 10 
136 RCC 36.5760 -133.3500 -33.0200 0.0000 0.0000 11.4300 3.8100 $ -y inlet pipe 11 
137 RCC 58.4200 -133.3500 -33.0200 0.0000 0.0000 11.4300 3.8100 $ -y inlet pipe 12 
138 RCC -43.1800 -120.6500 -33.0200 0.0000 0.0000 11.4300 3.8100 $ -y inlet pipe 13 
139 RCC -21.3360 -120.6500 -33.0200 0.0000 0.0000 11.4300 3.8100 $ -y inlet pipe 14 
140 RCC 0.5080 -120.6500 -33.0200 0.0000 0.0000 11.4300 3.8100 $ -y inlet pipe 15 
141 RCC 22.3520 -120.6500 -33.0200 0.0000 0.0000 11.4300 3.8100 $ -y inlet pipe 16 
142 RCC 44.1960 -120.6500 -33.0200 0.0000 0.0000 11.4300 3.8100 $ -y inlet pipe 17 
143 RCC 58.4200 146.0500 -33.0200 0.0000 0.0000 11.4300 3.8100 $ +y inlet pipe 1 
144 RCC 36.5760 146.0500 -33.0200 0.0000 0.0000 11.4300 3.8100 $ +y inlet pipe 2 
145 RCC 14.7320 146.0500 -33.0200 0.0000 0.0000 11.4300 3.8100 $ +y inlet pipe 3 
146 RCC -7.1120 146.0500 -33.0200 0.0000 0.0000 11.4300 3.8100 $ +y inlet pipe 4 
147 RCC -28.9560 146.0500 -33.0200 0.0000 0.0000 11.4300 3.8100 $ +y inlet pipe 5 
148 RCC -50.8000 146.0500 -33.0200 0.0000 0.0000 11.4300 3.8100 $ +y inlet pipe 6 
149 RCC 50.8000 133.3500 -33.0200 0.0000 0.0000 11.4300 3.8100 $ +y inlet pipe 7 
150 RCC 28.9560 133.3500 -33.0200 0.0000 0.0000 11.4300 3.8100 $ +y inlet pipe 8 
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Figure 5.8.8-10 
151 RCC 
152 RCC 
153 RCC 
154 RCC 
155 RCC 
156 RCC 
157 RCC 
158 RCC 
159 RCC 

Augmented Shield Concrete Cask (CC3) Sample Input File-PWR TSC (cont'd) 
7.1120 133.3500 -33.0200 0.0000 0.0000 11.4300 3.8100 $ +y inlet pipe 9 
-14.7320 133.3500 -33.0200 0.0000 0.0000 11.4300 3.8100 $ +y inlet pipe 10 
-36.5760 133.3500 -33.0200 0.0000 0.0000 11.4300 3.8100 $ +y inlet pipe 11 
-58.4200 133.3500 -33.0200 0.0000 0.0000 11.4300 3.8100 $ +y inlet pipe 12 
43.1800 120.6500 -33.0200 0.0000 0.0000 11.4300 3.8100 $ +y inlet pipe 13 
21.3360 120.6500 -33.0200 0.0000 0.0000 11.4300 3.8100 $ +y inlet pipe 14 
-0.5080 120.6500 -33.0200 0.0000 0.0000 11.4300 3.8100 $ +y inlet pipe 15 
-22.3520 120.6500 -33.0200 0.0000 0.0000 11.4300 3.8100 $ +y inlet pipe 16 
-44.1960 120.6500 -33.0200 0.0000 0.0000 11.4300 3.8100 $ +y inlet pipe 17 

C VCC Rebar Surfaces - vl.l_ng14b 
160 TZ 0.0000 0.0000 -1.3218 162.2425 0.9525 0.9525 
161 TZ 0.0000 0.0000 8.7863 162.2425 0.9525 0.9525 
162 TZ 0.0000 0.0000 18.8945 162.2425 0.9525 0.9525 
163 TZ 0.0000 0.0000 29.0027 162.2425 0.9525 0.9525 
164 TZ 0.0000 0.0000 39.1108 162.2425 0.9525 0.9525 
165 TZ 0.0000 0.0000 49.2190 162.2425 0.9525 0.9525 
166 TZ 0.0000 0.0000 59.3271 162.2425 0.9525 0.9525 
167 TZ 0.0000 0.0000 69.4353 162.2425 0.9525 0.9525 
168 TZ 0.0000 0.0000 79.5435 162.2425 0.9525 0.9525 
169 TZ 0.0000 0.0000 89.6516 162.2425 0.9525 0.9525 
170 TZ 0.0000 0.0000 99.7598 162.2425 0.9525 0.9525 
171 TZ 0.0000 0.0000 109.8680 162.2425 0.9525 0.9525 
172 TZ 0.0000 0.0000 119.9761 162.2425 0.9525 0.9525 
173 TZ 0.0000 0.0000 130.0843 162.2425 0.9525 0.9525 
174 TZ 0.0000 0.0000 140.1924 162.2425 0.9525 0.9525 
175 TZ 0.0000 0.0000 150.3006 162.2425 0.9525 0.9525 
176 TZ 0.0000 0.0000 160.4088 162.2425 0.9525 0.9525 
177 TZ 0.0000 0.0000 170.5169 162.2425 0.9525 0.9525 
178 TZ 0.0000 0.0000 180.6251 162.2425 0.9525 0.9525 
179 TZ 0.0000 0.0000 190.7333 162.2425 0.9525 0.9525 
180 TZ 0.0000 0.0000 200.8414 162.2425 0.9525 0.9525 
181 TZ 0.0000 0.0000 210.9496 162.2425 0.9525 0.9525 
182 TZ 0.0000 0.0000 221.0578 162.2425 0.9525 0.9525 
183 TZ 0.0000 0.0000 231.1659 162.2425 0.9525 0.9525 
184 TZ 0.0000 0.0000 241.2741 162.2425 0.9525 0.9525 
185 TZ 0.0000 0.0000 251.3822 162.2425 0.9525 0.9525 
186 TZ 0.0000 0.0000 261.4904 162.2425 0.9525 0.9525 
187 TZ 0.0000 0.0000 271.5986 162.2425 0.9525 0.9525 
188 TZ 0.0000 0.0000 281.7067 162.2425 0.9525 0.9525 
189 TZ 0.0000 0.0000 291.8149 162.2425 0.9525 0.9525 
190 TZ 0.0000 0.0000 301.9231 162.2425 0.9525 0.9525 
191 TZ 0.0000 0.0000 312.0312 162.2425 0.9525 0.9525 
192 TZ 0.0000 0.0000 322.1394 162.2425 0.9525 0.9525 
193 TZ 0.0000 0.0000 332.2476 162.2425 0.9525 0.9525 
194 TZ 0.0000 0.0000 342.3557 162.2425 0.9525 0.9525 
195 TZ 0.0000 0.0000 352.4639 162.2425 0.9525 0.9525 
196 TZ 0.0000 0.0000 362.5720 162.2425 0.9525 0.9525 
197 TZ 0.0000 0.0000 372.6802 162.2425 0.9525 0.9525 
198 TZ 0.0000 0.0000 382.7884 162.2425 0.9525 0.9525 
199 TZ 0.0000 0.0000 392.8965 162.2425 0.9525 0.9525 
200 TZ 0.0000 0.0000 403.0047 162.2425 0.9525 0.9525 
201 TZ 0.0000 0.0000 413.1129 162.2425 0.9525 0.9525 
202 TZ 0.0000 0.0000 423.2210 162.2425 0.9525 0.9525 
203 TZ 0.0000 0.0000 433.3292 162.2425 0.9525 0.9525 
204 TZ 0.0000 0.0000 443.4373 162.2425 0.9525 0.9525 
205 TZ 0.0000 0.0000 453.5455 162.2425 0.9525 0.9525 
206 TZ 0.0000 0.0000 463.6537 162.2425 0.9525 0.9525 
207 TZ 0.0000 0.0000 473.7618 162.2425 0.9525 0.9525 
208 RCC 0.0000 0.0000 -11.4300 0.0000 0.0000 495.3000 
C Storage Cask & Pad Container 

$ Outer hoop 1 
$ Outer hoop 2 

$ Outer hoop 3 
$ Outer hoop 4 
$ Outer hoop 5 
$ Outer hoop 6 
$ Outer hoop 7 
$ Outer hoop 8 
$ Outer hoop 9 
$ Outer hoop 10 
$ Outer hoop 11 

$ Outer hoop 12 
$ Outer hoop 13 
$ Outer hoop 14 
$ Outer hoop 15 
$ Outer hoop 16 
$ Outer hoop 17 
$ Outer hoop 18 
$ Outer hoop 19 
$ Outer hoop 20 
$ Outer hoop 21 
$ Outer hoop 22 
$ Outer hoop 23 
$ Outer hoop 24 
$ Outer hoop 25 
$ Outer hoop 26 
$ Outer hoop 27 
$ Outer hoop 28 
$ Outer hoop 29 
$ Outer hoop 30 
$ Outer hoop 31 
$ Outer hoop 32 
$ Outer hoop 33 
$ Outer hoop 34 
$ Outer hoop 35 
$ Outer hoop 36 
$ Outer hoop 37 
$ Outer hoop 38 
$ Outer hoop 39 
$ Outer hoop 40 
$ Outer hoop 41 
$ Outer hoop 42 
$ Outer hoop 43 
$ Outer hoop 44 
$ Outer hoop 45 
$ Outer hoop 46 
$ Outer hoop 47 
$ Outer hoop 48 

0.9525 $ Bar 

399 RCC 0.0000 0.0000 -133.0200 0.0000 0.0000 656.4378 172.7201 
C Radial Detector DRA (Surface) 
400 RCC 0.0000 0.0000 -33.0200 0.0000 0.0000 556.5378 172.8201 
401 PZ 13.3582 
402 PZ 59.7363 
403 PZ 106.1145 
404 PZ 152.4926 
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Figure 5.8.8-10 Augmented Shield Concrete Cask (CC3) Sample Input File-PWR TSC (cont'd) 
405 PZ 198.8708 
406 PZ 245.2489 
407 PZ 291. 6271 
408 PZ 338.0052 
409 PZ 384.3834 
410 PZ 430.7615 
411 PZ 477.1397 
c Radial Detector DRB (lft) 
500 RCC 0.0000 0.0000 -33.0200 0.0000 0.0000 587.0178 203.3001 
501 PZ 15.8982 
502 PZ 64.8163 
503 PZ 113. 7345 
504 PZ 162. 6526 
505 PZ 211.5708 
506 PZ 260.4889 
507 PZ 309.4071 
508 PZ 358.3252 
509 PZ 407.2434 
510 PZ 456.1615 
511 PZ 505.0797 
c Radial Detector DRC (lm) 
600 RCC 0.0000 0.0000 -33.0200 0.0000 0.0000 656.5378 272. 8201 
601 PZ 10.7492 
602 PZ 54.5184 
603 PZ 98.2876 
604 PZ 142.0567 
605 PZ 185.8259 
606 PZ 229.5951 
607 PZ 273.3643 
608 PZ 317.1335 
609 PZ 360.9027 
610 PZ 404.6719 
611 PZ 448.4411 
612 PZ 492.2102 
613 PZ 535.9794 
614 PZ 579.7486 
C Radial Detector DRD (2m) 
700 RCC 0.0000 0.0000 -33.0200 0.0000 0.0000 756.5378 372. 8201 
701 PZ 4.8069 
702 PZ 42.6338 
703 PZ 80.4607 
704 PZ 118.2876 
705 PZ 156.1145 
706 PZ 193.9413 
707 PZ 231.7682 
708 PZ 269.5951 
709 PZ 307.4220 
710 PZ 345.2489 
711 PZ 383.0758 
712 PZ 420.9027 
713 PZ 458.7296 
714 PZ 496. 5565 
715 PZ 534.3834 
716 PZ 572.2102 
717 PZ 610.0371 
718 PZ 647.8640 
719 PZ 685.6909 
c Radial Detector DRE (4m) 
800 RCC 0.0000 0.0000 -33.0200 0.0000 0.0000 956.5378 572. 8201 
801 PZ 14.8069 
802 PZ 62.6338 
803 PZ 110. 4607 
804 PZ 158.2876 
805 PZ 206.1145 
806 PZ 253.9413 
807 PZ 301. 7 682 
808 PZ 349.5951 
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Figure 5.8.8-10 
809 PZ 

Augmented Shield Concrete Cask (CC3) Sample Input File-PWR TSC (cont'd) 
397.4220 

810 PZ 445.2489 
811 PZ 493.0758 
812 PZ 540.9027 
813 PZ 588. 7296 
814 PZ 636.5565 
815 PZ 684.3834 
816 PZ 732.2102 
817 PZ 780.0371 
818 PZ 827.8640 
819 PZ 875.6909 

c 
C Materials List - Common Materials - vl.O 
c 
C Homogenized Lower Nozzle 
ml 24000 -l.9000E-01 25055 -2.0000E-02 26000 -6.9500E-01 

28000 -9.5000E-02 
C Homogenized Lower Plenum 
m2 24000 -l.OOOOE-03 50000 -l.5000E-02 

26000 -l.2500E-03 7014 -5.0000E-04 
40000 -9.8225E-01 

C Homogenized U02 Fuel - Dry 
m3 92235 -3.6891E-02 40000 -l.6011E-01 24000 -l.6300E-04 

92238 -7.0092E-01 50000 -2.4450E-03 7014 -8.1499E-05 
8016 -9.9186E-02 26000 -2.0375E-04 

C Homogenized Upper Plenum 
m4 24000 -l.4890E-01 50000 -3.2622E-03 25055 -1.5650E-02 

26000 -5.4413E-01 7014 -1.0874E-04 28000 -7.4340E-02 
40000 -2.1362E-01 

C Homogenized Upper Nozzle 
m5 24000 -1.9000E-01 25055 -2.0000E-02 26000 -6.9500E-01 

28000 -9.5000E-02 
C Water 
m6 1001 2 8016 1 
C Stainless Steel 
m7 24000 -0.190 25055 -0.020 26000 -0.695 

28000 -0.095 
C Carbon Steel 
m8 26000 -0.99 6012 -0.01 
C Aluminum 
m9 13027 -1.0 
C Lead 
mlO 82000 -1.0 
C NS-4-FR 
mll 5010 -9.3127E-04 13027 -2.1420E-01 6000 -2.7627E-01 

5011 -3.7721E-03 1001 -6.0012E-02 7014 -1.9815E-02 
8016 -4.2500E-01 

C Concrete 
ml2 26000 -0.014 20000 -0.044 14000 -0.337 

1001 -0.010 8016 -0.532 11023 -0.029 
13027 -0.034 

c Vent Port Middle Cylinder 
ml3 24000 -0.190 25055 -0.020 26000 -0.695 

28000 -0.095 
phys:p 100 0 0 0 1 
c 
C Cell Importances 
c 
imp:p 1 307r O 
c 

$ Disable Doppler energy broadening 

C Source Definition - Fuel Gamma - ngl4b_32b2le4.ly 
c 
sdef x=dl y=d2 z=d3 erg=d4 cell=399:195:77:d5:3 
sil -9.85901 9.85901 
spl 0 1 
si2 -9.85901 9.85901 
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Figure 5.8.8-10 Augmented Shield Concrete Cask (CC3) Sample Input File-PWR TSC (cont'd) 
sp2 0 1 
si3 a 9.8374 19.0576 28.2778 37.4980 46.7182 55.9384 65.1586 

323.3242 332.5444 341.7646 350.9848 360.2050 369.4252 378.6454 
sp3 d 0.5470 0.6358 0.7247 0.8135 0.9023 0.9912 1.0800 

1.0800 0.9912 0.9023 0.8135 0.7247 0.6358 0.5470 
sb3 d l.OOE+OO 1.00E+OO 1.00E+OO 1.00E+OO 1.00E+OO 1.00E+OO 1.00E+OO 

1.00E+OO l.OOE+OO 1.00E+OO 1.00E+OO 1.00E+OO 1.00E+OO 1.00E+OO 
si4 l.OOOE-02 2.000E-02 5.000E-02 1.000E-01 2.000E-01 3.000E-01 

4.000E-01 6.000E-01 8.000E-01 1.000E+OO 1.220E+00 1. 440E+OO 
1. 660E+OO 2.000E+OO 2.SOOE+OO 3.000E+OO 4.000E+OO 5.000E+OO 
6.SOOE+OO 8.000E+OO 1.000E+Ol 1.200E+Ol 1.400E+Ol 

sp4 O.OOOOE+OO 6.2752E+14 8.7664E+14 4.0250E+l4 3.3810E+l4 9.5410E+13 
7. 0043E+13 7.5264E+l4 1.9045E+15 2.9488E+14 4.5444E+13 4.6708E+13 
5.6468E+12 l.7127E+12 4 .1272E+l2 1. 3579E+ll 1.6921E+10 8.6551E+06 
3.4736E+06 6.8141E+05 1. 4468E+05 7.4804E+03 O.OOOOE+OO 

c Source Information 
sis 1 39 40 41 

42 43 44 45 46 
47 48 49 50 51 52 53 
54 55 56 57 58 59 60 
61 62 63 64 65 66 67 

68 69 70 71 72 
73 74 75 

c Source Probability 
spS 1. 0 1. 0 1. 0 

1. 0 1. 0 1. 0 1. 0 1. 0 
1. 0 1. 0 1. 0 1. 0 1. 0 1. 0 1. 0 
1. 0 1. 0 1. 0 1. 0 1. 0 1. 0 1. 0 
1. 0 1. 0 1. 0 1. 0 1. 0 1. 0 1. 0 

1. 0 1. 0 1. 0 1. 0 1. 0 
1. 0 1. 0 1. 0 

mode p 
nps 400000000 
c 
C ANSI/ANS-6.1.1-1977 - Gamma Flux-to-Dose Rate Conversion Factors 
c (mrem/hr)/(photons/cm2-sec) 
c 
deO 0.01 0.03 0.05 0.07 0.1 0.15 0.2 

0.25 0.3 0.35 0.4 0.45 0.5 0.55 
0.6 0.65 0.7 0.8 1 1. 4 1. 8 
2.2 2.6 2.8 3.25 3.75 4.25 4.75 
5 5.25 5.75 6.25 6.75 7.5 9 
11 13 15 

df O 3. 96E-03 5.82E-04 2.90E-04 2.58E-04 
6.31E-04 7.59E-04 8.78E-04 9.85E-04 
1.36E-03 1.44E-03 l.52E-03 1.68E-03 
3.42E-03 3.82E-03 4.0lE-03 4.41E-03 
5.80E-03 6.0lE-03 6.37E-03 6.74E-03 
1.03E-02 l.18E-02 l.33E-02 

c 
c Weight Window Generation - Radial 
c 
wwg 2 0 0 0 0 
wwp:p 5 3 5 0 -1 0 

2.83E-04 
1.08E-03 
1.98E-03 
4.83E-03 
7. llE-03 

mesh geom=cyl ref=89 0 201 origin=0.1 0.1 -134 
imesh 90.2 91.4 101.0 108.6 172.7 672.7 
iints 5 1 1 2 5 1 

3.79E-04 5.0lE-04 
1.17E-03 l.27E-03 
2.SlE-03 2.99E-03 
5.23E-03 5.60E-03 
7.66E-03 8.77E-03 

jmesh 101 104 112 118 129 141 151 520 550 580 603 625 656 657 1157 
jints 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
kmesh 1 
kints 1 

wwge:p le-3 1 20 
fc2 Radial Surface Tally 
f2:p +400.1 
fm2 2.0224E+17 
fs2 -401 -402 -403 -404 -405 -406 

-407 -408 -409 -410 -411 T 
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Figure 5.8.8-10 Augmented Shield Concrete Cask (CC3) Sample InputFile-PWR TSC (cont'd) 
tf2 
fcl2 Radial lft Tally 
f12:p +500.l 
fml2 2.0224E+l7 
fsl2 -501 -502 -503 

-507 -508 -509 
tf12 
fc22 Radial lm Tally 
f22:p +600.1 
fm22 2.0224E+i7 
fs22 -601 -602 -603 

-607 -608 -609 
-613 -614 T 

tf22 
fc32 Radial 2m Tally 
f32:p +700.1 
fm32 2.0224E+17 
fs32 -701 -702 -703 

-707 -708 -709 
-713 -714 -715 
-719 T 

tf32 
fc42 Radial 4m Tally 
f42:p +800.1 
fm42 2.0224E+17 
fs42 

tf42 
c 
c 

-801 
-807 
-813 
-819 

-802 
-808 
-814 
T 

C Print Control 
c 
prdmp -30 -60 1 2 
print 
c 

-803 
-809 
-815 

-504 
-510 

-604 
-610 

-704 
-710 
-716 

-804 
-810 
-816 

C Random Number Generator 
c 

-505 -506 
-511 T 

-605 -606 
-611 -612 

-705 -706 
-711 -712 
-717 -718 

-805 -806 
-811 -812 
-817 -818 

rand gen=2 seed=19073486328125 stride=152917 hist=l 
c 
C Rotation Matrix 
c 
c 18 degree rotation around z-axis 
*TRl 0.0 0.0 0.0 18 108 90 -72 18 
c 36 degree rotation around z-axis 
*TR2 0.0 0.0 0.0 36 126 90 -54 36 
c 54 degree rotation around z-axis 
*TR3 0.0 0.0 0.0 54 144 90 -36 54 
c 72 degree rotation around z-axis 
*TR4 0.0 0.0 0.0 72 162 90 -18 72 

90 

90 

90 

90 
c 108 degree rotation around z-axis 
*TR5 0.0 0.0 0.0 108 198 90 18 108 90 
C 126 degree rotation around z-axis 
*TR6 0.0 0.0 0.0 126 216 90 36 126 90 
c 144 degree rotation around z-axis 
*TR7 0.0 0.0 0.0 144 234 90 54 144 90 
C 162 degree rotation around z-axis 
*TR8 0.0 0.0 0.0 162 252 90 72 162 90 
C 45 degree rotation around z-axis 
*TR9 0.0 0.0 0.0 45 135 90 -45 45 90 
C 135 degree rotation around z-axis 

90 90 0 

90 90 0 

90 90 0 

90 90 0 

90 90 

90 90 

90 90 

90 90 

90 90 0 

*TR10 0.0 0.0 0.0 135 225 90 45 135 90 90 90 
c 15 degree rotation around z-axis 
*TRll 0.0 0.0 0.0 15 105 90 -75 15 90 90 90 
c 30 degree rotation around z-axis 
*TR12 0.0 0.0 0.0 30 120 90 -60 30 90 90 90 

0 

0 

0 

0 

0 

0 

0 
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Figure 5.8.8-10 Augmented Shield Concrete Cask (CC3) Sample Input File-PWR TSC (cont'd) 
C 60 degree rotation around z-axis 
*TR13 0.0 0.0 0.0 60 150 90 -30 60 90 90 90 0 
C 75 degree rotation around z-axis 
*TR14 0.0 0.0 0.0 75 165 90 -15 75 90 90 90 0 
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Figure 5.8.8-11 Transfer Cask Sample Input File - Damaged PWR Fuel TSC - Active 
Fuel Damaged Fuel 

MAGNASTOR Transfer Cask - trfShwDryBotFgd ngl4b 44b25e06y 
c Bottom Axial Biasing - Fuel Gamma Source -
C Fuel Assembly Cells - ngl4b - vl.l 
1 1 -2.5071 -1 u=7 $ Lower Nozzle 
2 2 -2.7253 -2 +l u=7 $Lower Plenum 
3 3 -3.9171 -3 +2 u=7 $ Fuel 
4 4 -1.0067 -4 +3 u=7 $ Upper Plenum 
5 5 -2.8608 -5 +4 u=7 $ Upper Nozzle 
6 O +5 u=7 $ Outside 
c Cells - Fuel Tube vl.3 
13 8 -7.8212 -8 +7 u=5 $ 
14 9 -2.6336 -9 : -10 : -11 
15 0 #13 #14 -6 
16 0 #13 #14 +6 
C Cells - PWR Basket vl.5 

Tube 
: -12 u=5 $ Poison 
u=5 $ Outside below PFE 
u=5 $ Outside above PFE 

17 0 -13 -14 fill=5 trcl = ( -23.5331 70.5993 0.0000 ) u=4 $ Assy loc 1 
18 like 17 but fill=5 trcl ( 23.5331 70.5993 0.0000 ) u=4 $ Assy loc 3 
19 like 17 but fill=5 trcl ( -47.0662 47.0662 0.0000 ) u=4 $ Assy loc 4 
20 like 17 but fill=5 trcl ( 0.0000 47.0662 0.0000 ) u=4 $ Assy loc 6 
21 like 17 but fill=5 trcl ( 47.0662 47.0662 0.0000 ) u=4 $ Assy loc 8 
22 like 17 but fill=5 trcl ( -70.5993 23.5331 0.0000 ) u=4 $ Assy loc 9 
23 like 17 but fill=5 trcl ( -23.5331 23.5331 0.0000 ) u=4 $ Assy loc 11 
24 like 17 but fill=5 trcl ( 23.5331 23.5331 0.0000 ) u=4 $ Assy loc 13 
25 like 17 but fill=5 trcl ( 70.5993 23.5331 0.0000 ) u=4 $ Assy loc 15 
26 like 17 but fill=5 trcl ( -47.0662 0.0000 0.0000 ) u=4 $ Assy loc 17 
27 like 17 but fill=5 trcl ( 0.0000 0.0000 0.0000 ) u=4 $ Assy loc 19 
28 like 17 but fill=5 trcl ( 47.0662 0.0000 0.0000 ) u=4 $ Assy loc 21 
29 like 17 but fill=5 trcl ( -70.5993 -23.5331 0.0000 u=4 $ Assy loc 23 
30 like 17 but fill=5 trcl ( -23.5331 -23.5331 0.0000 ) u=4 $ Assy loc 25 
31 like 17 but fill=5 trcl ( 23.5331 -23.5331 0.0000 ) u=4 $ Assy loc 27 
32 like 17 but fill=5 trcl ( 70.5993 -23.5331 0.0000 ) u=4 $ Assy loc 29 
33 like 17 but fill=5 trcl ( -47.0662 -47.0662 0.0000 ) u=4 $ Assy loc 30 
34 like 17 but fill=5 trcl ( 0.0000 -47.0662 0.0000 ) u=4 $ Assy loc 32 
35 like 17 but fill=5 trcl ( 47.0662 -47.0662 0.0000 ) u=4 $ Assy loc 34 
36 like 17 but fill=5 trcl ( -23.5331 -70.5993 0.0000 ) u=4 $ Assy loc 35 
37 like 17 but fill=5 trcl ( 23.5331 -70.5993 0.0000 ) u=4 $ Assy loc 37 
38 8 -7.8212 -15 #25 #32 u=4 $ Side support +x 
39 8 -7.8212 -16 #22 #29 u=4 $ Side support -x 
40 8 -7.8212 -17 #17 #18 u=4 $ Side support +y 
41 8 -7.8212 -18 #36 #37 u=4 $ Side support -y 
42 8 -7.8212 -19 +20 +21 u=4 $ Corner 
43 8 -7.8212 -21 +22 +20 +15.2 +16.1 +17.4 +18.3 

#17 #18 #22 #25 #29 #32 #36 #37 u=4 $ Corner diagonal 
44 0 -6 #17 #18 #19 #20 #21 #22 #23 #24 #25 #26 #27 

#28 #29 #30 #31 #32 #33 #34 #35 #36 #37 
#38 #39 #40 #41 #42 #43 u=4 $ Basket below PFE 

45 0 +6 #17 #18 #19 #20 #21 #22 #23 #24 #25 #26 #27 
#28 #29 #30 #31 #32 #33 #34 #35 #36 #37 
#38 #39 #40 #41 #42 #43 u=4 $ Basket above PFE 

C Cells - PWR Canister Cavity vl.5 
46 0 -23 fill=7 trcl ( -23.5331 70.5993 0.0000 
47 like 46 but fill=7 trcl 0.0000 70.5993 0.0000 ) 
48 like 46 but fill=7 trcl 23.5331 70.5993 0.0000 ) 
49 like 46 but fill=6 trcl -47.0662 47.0662 0.0000 ) 
50 like 46 but fill=7 trcl -23.5331 47.0662 0.0000 ) 
51 like 46 but fill=? trcl 0.0000 47.0662 0.0000 ) 
52 like 46 but fill=7 trcl 23.5331 47.0662 0.0000 ) 
53 like 46 but fill=6 trcl 47.0662 47.0662 0.0000 ) 
54 like 46 but fill=? trcl -70.5993 23.5331 0.0000 ) 
55 like 46 but fill=? trcl -47.0662 23.5331 0.0000 ) 
56 like 46 but fill=7 trcl -23.5331 23.5331 0.0000 ) 
57 like 46 but fill=? trcl 0.0000 23.5331 0.0000 ) 
58 like 46 but fill=7 trcl 23.5331 23.5331 0.0000 ) 
59 like 46 but fill=7 trcl 47.0662 23.5331 0.0000 ) 
60 like 46 but fill=7 trcl 70.5993 23.5331 0.0000 ) 
61 like 46 but fill=7 trcl -70.5993 0.0000 0.0000 ) 
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u=3 $ Assy loc 1 
u=3 $ Assy loc 2 

u=3 $ Assy loc 3 
u=3 $ Assy loc 4 
u=3 $ Assy loc 5 

u=3 $ Assy loc 6 
u=3 $ Assy loc 7 
u=3 $ Assy loc 8 

u=3 $ Assy loc 9 
u=3 $ Assy loc 10 
u=3 $ Assy loc 11 

u=3 $ Assy loc 12 
u=3 $ Assy loc 13 
u=3 $ Assy loc 14 
u=3 $ Assy loc 15 
u=3 $ Assy loc 16 
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Damaged PWR fuel assemblies may be loaded in damaged fuel cans in the four corner assembly 

locations of the PWR damaged fuel basket. DFC slots are locations 4, 8, 30 and 34 in Figure 

5.8.12-10. To ensure that the worst case configuration is considered, two damaged fuel scenarios 

are evaluated. Damaged fuel includes fuel debris. 

The first scenario assumes the damaged fuel collects over the active fuel length of the fuel 

assembly. This scenario is modeled by filling the fuel assembly interstitial volume with U02 and 

increasing the fuel neutron, gamma and n-gamma source consistent with this increase in mass. 

In the second scenario, damaged fuel is assumed to migrate from the active fuel into the lower 

end fitting region of the fuel assembly, filling all the modeled void space. However, no credit is 

taken for the reduction in lower end fitting hardware dose rate due to the added U02 mass and 

self-shielding nor for the reduction in fuel mass migrated from the active fuel region. 

The resulting material compositions are shown in Table 5.8.12-1 for WE 14x14 (14b) PWR fuel. 

In the model, no credit is taken for the thicker plates in the corner locations of the damaged fuel 

basket or the thickness of the damaged fuel cans themselves. 

For the transfer cask, damaged fuel dose rates are computed using the carbon steel transfer cask, 

as it produces higher dose rates than the stainless steel transfer cask due to the higher density of 

stainless versus carbon steel. For the concrete cask, damaged fuel dose rates are computed using 

the standard concrete cask (CC1/CC2) and the short, standard concrete cask (CC4), as they 

produce higher dose rates than the augmented shield concrete casks (CC3/CC5). 

Cask array site boundary dose/exposure calculations performed for the undamaged fuel basket 

are bounding for the damaged fuel basket, as cask sources employed in the undamaged fuel 

basket cask array calculations are significantly higher than those used in the minimum cool time 

evaluation (40 kW for site boundary/cask array analysis versus 35.5 kW maximum in cool time/ 

cask dose analysis). Furthermore, the damaged fuel analysis results in Section 5.8.12.2 have 

demonstrated that the inclusion of damaged fuel has no significant effect on system surface dose 

rates. Therefore, there is not a significant effect on site exposure. 

5.8.12.1 

5.8.12.1.1 

Transfer Cask Dose Rates 

Active Fuel Scenario 

Transfer cask dose rates are computed using the bounding fuel assembly source terms from 

Section 5.8.3.3.l for the first scenario (fuel material filling void space at the active fuel region 

elevation). In addition to these source terms, the WE 14 x 14 (14b) bounding rail source term 
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from Section 5.8.5.2.3 was also included for comparison with the bounding combined maximum 

dose rates. 

A comparison of transfer cask surface dose rates for undamaged and damaged fuel is shown in 

Figure 5.8.12-1 through Figure 5.8.12-3. At the top and bottom surfaces of the cask, the results 

for the damaged fuel model are less than those of the undamaged fuel model due to the 

additional self-shielding offsetting the increase in source in the four damaged fuel can basket 

locations. Results are based on a comparison of fuel neutron and fuel gamma sources only, as 

this scenario considers an increased density fuel source that would serve as additional shield 

material for any hardware gamma source in the region. 

On the radial surface of the cask, the damaged PWR fuel results are greater than those in section 

5.8.3.3.1. In order to compare the radial results to the lower nozzle scenario, the remaining 

source regions and BPRA results are added to the radial surface dose rate profiles for both CE 

14x 14 (14a) and WE 14x 14 (14b) fuel assemblies resulting in maximum dose rates of 983 and 

951 mrem/hr respectively. The radial surface dose rate profiles for all source regions and BPRA 

results are shown in Figure 5.8.12-11 and Figure 5.8.12-12. These values are less than the lower 

nozzle scenario maximum dose rate of 1,036 mrem/hr shown in Table 5.8.12-2. 

5.8.12.1.2 Lower End Fitting Scenario 

Transfer cask dose rates are computed using the bounding fuel assemblies from Section 5.8.5.2.3 

for the second scenario. 

The increase in radial and bottom axial dose rates from damaged fuel in the lower end fitting 

region of the four damaged fuel can basket locations is shown in Figure 5.8.12-4 and Figure 

5.8.12-5. Damaged fuel maximum dose rates are greater than those in Section 5.8.5.2.3. Dose 

rates are summarized in Table 5.8.12-2. 

5.8.12.2 

5.8.12.2.1 

Standard Concrete Cask Dose Rates 

Active Fuel Scenario 

Standard concrete cask dose rates are computed using the bounding fuel assembly source terms 

from Section 5.8.3.4.1 for the first scenario. In addition to these bounding source terms, the WE 

14x14 (14b) bounding radial source term from Section 5.8.5.2.3 was also included for 

comparison with the bounding combined maximum dose rates. 

Undamaged and damaged fuel radial and top axial dose surface rates are compared in Figure 

5.8.12-6 and Figure 5.8.12-7. At the top surface of the cask, the results for the damaged fuel 

model are less than those of the undamaged fuel model due to the additional self-shielding 
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The TSC is transferred to a concrete cask using a transfer cask. Once the TSC is placed inside of 

the concrete cask, it is effectively protected from direct structural loading due to natural 

phenomena, such as wind, snow, and ice loading. The principal direct loading for normal 

operating conditions results from increased internal pressure caused by decay heat, solar 

insolation, and ambient temperature. Loading due to transient handling may occur during the 

transfer of the loaded TSC to the concrete cask. 

7.2.1 Release of Radioactive Material 

The structural analysis of the TSC for normal conditions of storage presented in Chapter 3 

demonstrates that the confinement boundary is not breached in any of the normal operating 

events. Therefore, there is no release of radioactive material during normal storage conditions. 

7.2.2 Pressurization of the Confinement Vessel 

The TSC cavity is dried and pressurized with helium prior to installing and welding the vent and 

drain port covers. Under normal conditions, the internal pressure increases due to an increase in 

temperature of the helium and the postulated normal storage cladding failure of 1 % of the stored 

fuel rods, which is assumed to release 30% of the available fission gases in the rods. 

The TSC, closure lid, fittings, and the basket assembly are fabricated from materials that either 

do not react with ordinary or borated spent fuel pool water to generate gases, or which have an 

electroless nickel plating to significantly reduce, or eliminate, the potential for interaction with 

water. Refer to Chapter 8 for a description of the electro less nickel plating and process. The 

neutron absorber sheets in the fuel baskets, as described in Chapter 8, and the stainless steel 

covers are held in place by weld posts attached to the fuel tubes. The neutron absorber is a 

borated aluminum composite, which is protected by an oxide film that forms shortly after 

fabrication of the plates. This oxide layer effectively precludes further oxidation that could 

result in the generation of gases in the TSC. 

As the TSC is dried and helium backfilled prior to sealing, no significant moisture or other gases, 

such as air, remain in the TSC. Consequently, there is no potential that radiolytic decomposition 

could cause an increase in TSC internal pressure or result in a buildup of explosive gases in the 

TSC. Foreign materials will be excluded from the cavity to the extent required to ensure that 

explosive levels of gases due to radiological decomposition will not be generated. 
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The calculated TSC pressure for normal conditions of storage is presented in Chapter 4 and is 

less than the pressure evaluated in Chapter 3 for the maximum normal operating pressure. 

Consequently, there is no adverse consequence due to the internal pressure resulting from normal 

storage conditions. 

As the confinement boundary is closed by welding and does not contain seals or 0-rings, and the 

boundary is not ruptured or otherwise compromised under any normal handling event, the release 

of contents during normal conditions of storage is precluded. 

NAC International 7.2-2 



MAGNASTOR System FSAR 

Docket No. 72-1031 

Chapter 8 
Materials Evaluation 

Table of Contents 

January 2017 

Revision 8 

8 MATERIALS EVALUATION ........................................................................................ 8-1 

8.1 Material Selection ..................................................................................................... 8.1-1 
8.1.1 Fracture Toughness ........................................................................................... 8.1-3 

8.2 Applicable Codes and Standards .............................................................................. 8.2-1 

8.3 Material Prope1iies .................................................................................................... 8.3-1 

8.4 Weld Design and Specification ................................................................................. 8.4-1 

8.5 Bolts and Fasteners ................................................................................................... 8.5-1 

8.6 Coatings .................................................................................................................... 8.6-1 
8.6.1 Electroless Nickel ............................................................................................. 8.6-1 
8.6.2 Other Coating Systems ..................................................................................... 8.6-2 

8.7 Gamma and Neutron Shielding Materials ................................................................. 8.7-1 
8.7.1 Gamma Shielding Material ............................................................................... 8.7-1 
8.7.2 Neutron Shielding Material.. ............................................................................. 8.7-1 

8.8 Neutron Absorber Material ....................................................................................... 8.8-1 

8.9 Concrete and Reinforcing Steel ................................................................................ 8.9-1 

8.10 Chemical and Galvanic Reactions .......................................................................... 8.10-1 
8 .10 .1 Component Operating Environment ............................................................... 8 .10-1 
8 .10 .2 Component Material Categories ..................................................................... 8 .10-2 
8.10.3 Evaluation of the Operating Procedures ......................................................... 8.10-5 

8.11 Cladding Integrity ................................................................................................... 8.11-1 

8.12 References ............................................................................................................... 8.12-1 

8.13 Vendor Supplied Documentation ............................................................................ 8.13-1 
8.13.1 Electroless Nickel Coating .............................................................................. 8.13-2 
8.13.2 Keeler & Long Kolor-Poxy Primer (typical) .................................................. 8.13-5 
8.13.3 PPG METALHIDE 97-694 (typical) .............................................................. 8.13-7 
8.13.4 PPG PITT-THERM 97-724/UC59571(typical) ............................................. 8.13-9 
8.13.5 Keeler & Long/PPG KLE Series (typical) .................................................... 8.13-11 
8.13.6 Carboline Carboguard 890N (typical) .......................................................... 8.13-13 
8.13.7 ASTM Specification B29 - Standard Specification for Refined Lead) ........ 8.13-15 
8.13.8 PPG AMERLOCK 2/400GF (typical) .......................................................... 8.13-18 
8.13.9 PPG AMERSHIELD (typical) ...................................................................... 8.13-23 
8.13.10 PPG DIMETCOTE 9 (typical) ...................................................................... 8.13-26 
8.13.11 PPG DIMETCOTE 9 voe (typical) ............................................................ 8.13-29 
8.13.12 PPG DIMETCOTE 9 H (typical) .................................................................. 8.13-35 

NAC International 8-i 



MAGNASTOR System FSAR 

Docket No. 72-1031 

August 2013 

Revision 5 

Table 8.3-1 
Table 8.3-2 
Table 8.3-3 
Table 8.3-4 
Table 8.3-5 
Table 8.3-6 
Table 8.3-7 
Table 8.3-8 

Table 8.3-9 
Table 8.3-10 
Table 8.3-11 
Table 8.3-12 
Table 8.3-13 
Table 8.3-14 
Table 8.3-15 
Table 8.3-16 

Table 8.3-17 
Table 8.3-18 
Table 8.3-19 
Table 8.3-20 
Table 8.3-21 
Table 8.3-22 
Table 8.3-23 
Table 8.3-24 
Table 8.3-25 
Table 8.3-26 
Table 8.3-27 

Table 8.3-28 
Table 8.3-29 
Table 8.3-30 
Table 8.3-31 
Table 8.3-32 
Table 8.3-33 
Table 8.8-1 

List of Tables 

Mechanical Properties of SA240, Type 304, Stainless Steel.. .......................... 8.3-2 
Mechanical Properties of SAl 82, Type F304 Stainless Steel (Size> 5 in) ...... 8.3-2 
Mechanical Properties of A693/A564, Type 630, 17-4 PH Stainless Steel.. .... 8.3-3 
Mechanical Properties of A350, Grade LF 2, Class 1, Low Alloy Steel.. ........ 8.3-3 
Mechanical Properties of SA516/ A-516, Grade 70, Carbon Steel ................... 8.3-4 
Mechanical Properties of SA537, Class 1, Carbon Steel.. ................................ 8.3-4 
Mechanical Properties of A537, Class 2, Carbon Steel .................................... 8.3-5 
Mechanical Properties of SA695, Type B, Grade 40, and SA696, Type C, 
Carbon Steel ...................................................................................................... 8.3-6 
Mechanical Properties of A588, Type A and B, Carbon Steel, Small Plates ... 8.3-6 
Mechanical Properties of SA479, Type 304 Stainless Steel.. ........................... 8.3-7 
Deleted by 10 CPR 72.48 Determination ......................................................... 8.3-7 
Mechanical Properties of SA36/A36 Carbon Steel .......................................... 8.3-8 
Mechanical Properties of SAl 93, Grade B6, High Alloy Bolting Steel.. ......... 8.3-8 
Mechanical Properties of SAl 93, Grade B8, Bolting Steel.. ............................ 8.3-9 
Mechanical Properties of SA240, Type 347 Stainless Steel.. ........................... 8.3-9 
Mechanical Properties of SB63 7, Grade N07718, Nickel Alloy Bolting 
Steel. ................................................................................................................ 8.3-10 
Mechanical Properties of A615, Grade 60 ...................................................... 8.3-10 
Mechanical Properties of Chemical Copper Grade Lead ............................... 8.3-11 
Mechanical Properties of Concrete ................................................................. 8.3-12 
Mechanical Properties ofNS-4-FR ................................................................. 8.3-12 
Mechanical Properties of Neutron Absorber .................................................. 8.3-12 
Thermal Properties of Dry Air. ....................................................................... 8.3-13 
Thermal Properties of Helium ........................................................................ 8.3-13 
Thermal Properties of Water. .......................................................................... 8.3-13 
Thermal Properties ofNS-4-FR ...................................................................... 8.3-14 
Thermal Prope1iies of Concrete ...................................................................... 8.3-14 
Neutron Absorber Material Minimum Effective Thermal Conductivity -
BTU/(hr-in-°F) ................................................................................................ 8.3-15 
Thermal Properties of Carbon Steel.. .............................................................. 8.3-16 
Thermal Properties of Chemical Copper Grade Lead ..................................... 8.3-16 
Thermal Properties of SA240, Type 304/304L, Stainless Steel ..................... 8.3-16 
Thermal Properties of Zirconium-based Alloy Cladding ............................... 8.3-17 
Thermal Properties of Fuel (U02) ................................................................... 8.3-17 
Thermal Properties ofNickel-Plated Steel ..................................................... 8.3-17 
Neutron Absorber Material Minimum 10B Loading ......................................... 8.8-4 

NAC International 8-ii 



MAGNASTOR System FSAR 

Docket No. 72-1031 

8.6 Coatings 

January 2011 

Revision 1 

The exposed surfaces of carbon steel and concrete components ofMAGNASTOR are coated 

with specially designed and applied coating systems. The coatings are provided to reduce 

corrosion of exposed carbon steel surfaces, to minimize adverse reactions between dissimilar 

materials, and to minimize adverse interactions of components with their operating environment 

during in-pool loading, dry transfer and storage. The details on the various types of coating 

systems utilized on MAGNASTOR components are discussed in the following sections. 

8.6.1 Electroless Nickel 

The PWR and BWR fuel baskets are fabricated primarily of carbon steel. Additionally, the 

shield plate of the TSC composite closure lid assembly is fabricated from carbon steel. The 

potential for corrosion exists from fabrication through spent fuel loading up to final closure 

operations. After final closure welding, drying and inert gas backfill of the TSC cavity, the 

potential for corrosion of the carbon steel baskets is effectively eliminated. 

The most critical period, both from a material corrosion aspect and an operational aspect, is the 

time period when the TSC is submerged in the fuel pool during the fuel loading cycle. 

Specifically, at PWR sites, the fuel pool water may contain boric acid in solution in the range of 

2,500 ppm. To minimize the level of corrosion during fuel loading, the carbon steel components 

of the fuel baskets and the shield plate of the TSC composite closure lid assembly will be 

electroless nickel-coated. The electroless nickel coating provides the appropriate protection to 

restrict material reduction due to corrosion and minimize the loss of water clarity that can affect 

the fuel loading process. The electroless nickel coating is also effective in eliminating the 

potential for production of explosive levels of hydrogen due to cathodic reaction of basket 

components with spent fuel pool water. The cavity gas volume will be sampled for explosive 

levels of hydrogen before and during closure lid root pass welding and closure lid weld removal 

operations. 

During the TSC and fuel basket assembly process, coating damage can occur. Localized 

scratches, etc., can result in coating damage, but are considered insufficient to cause concerns 

relative to the functional and structural performance of the basket. Additionally, due to the 

configuration of the fuel basket, some areas of the fuel basket may not be completely coated. 

These areas are also considered minor and insufficient to affect either the functional or 

operational aspects of the fuel basket. 
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The electro less nickel coating process applied to the basket components and shield plate of the 

TSC composite closure lid assembly will use ASTM B733 [30] for guidance. The coating 

thickness shall be in the service condition SC3, and Alloy Type IV or V will be specified with no 

post-heat treatment invoked. Lot testing will be performed on batch specimens and acceptance 

will be based on appearance and adhesion. Specimens will be representative of the material and 

condition of the pieces to be coated. 

8.6.2 Other Coating Systems 

The exposed carbon steel surfaces of the MTCl transfer cask, other than wear surfaces, i.e., 

shield door and rail mating surfaces, are coated with an epoxy enamel coating system tested and 

certified for use in Nuclear Service Level 1 conditions such as Carboline Carboguard 890N and 

Keeler & Long/PPG KLE Series. Uncoated exposed wear surfaces are protected from corrosion 

and adverse interactions with spent fuel pool water by the application of approved nuclear grade 

lubricants during use and storage of the MTC 1 transfer cask. Proper lubrication is confirmed or 

augmented prior to each TSC loading sequence. The enamel coating system and lubricated wear 

surfaces ensure that interactions with the spent fuel pool water will not generate excessive 

hydrogen gas, corrosion of the carbon steel, or loss of the coating materials in the spent fuel pool. 

Nitronic 30 wear strips are incorporated on the MTCl transfer cask inner surface and the top of 

the shield doors to provide protection of the coating system from excessive wear caused by TSC 

handling operations. 

The exposed carbon steel surfaces of the transfer adapter, other than the shield door rail surfaces, 

are coated with a painting system designed to minimize corrosion under long-term exposure in 

air. The transfer adapter is only used for the dry loading and transfer of a TSC into a concrete 

cask, or retrieval. Therefore, a special nuclear-grade coating system is not required. Wear 

surfaces are lubricated with a nuclear-grade lubricant. There are no potential adverse 

interactions of the transfer adapter surfaces with the operating environment. 

The carbon steel components of the concrete cask that are not covered by installed concrete are 

coated with a heat-resistant coating system. The coating system is designed to provide 

protection against corrosion when exposed to an external environment, while being capable of 

withstanding long-term exposure to the elevated temperatures of the concrete cask components 

during the storage operations. 

The exposed concrete surfaces of the concrete cask are coated with a commercial-grade sealant 

to provide protection to the cask surfaces during curing and long-term storage operations. 
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Examples of acceptable coating systems are detailed in Section 8 .13. Minor scratches and wear 

of coatings have an insignificant effect on the overall coating performance and are therefore 

permitted. The coating systems of the accessible exposed carbon steel surfaces of 

MAGNASTOR components are inspected annually. Required repairs to coating systems are 

completed as part of the maintenance program in accordance with the manufacturer's 

recommendations. 
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The materials used in the fabrication and operation of MAGNASTOR are evaluated to determine 

whether chemical, galvanic or other reactions among the materials, contents, and environments 

can occur. All phases of operation - loading, unloading, handling, and storage - are 

considered for the environments that may be encountered under normal conditions and off­

normal or accident events. Based on the evaluation, no potential reactions that could adversely 

affect the overall integrity of the concrete cask, the fuel basket, the TSC, or the structural 

integrity and retrievability of the fuel from the TSC have been identified. The evaluation 

conforms to the guidelines ofISG-15 [10]. 

No potential chemical, galvanic, or other reactions have been identified for MAGNASTOR. 

Therefore, the overall integrity of the TSC and the structural integrity and retrievability of the 

spent fuel are not adversely affected for any operations throughout the design basis life of the 

TSC. Based on the evaluation, no change in the TSC or fuel cladding thermal properties is 

expected, and no corrosion of mechanical surfaces is anticipated. No change in basket 

clearances or degradation of any safety components, either directly or indirectly, is likely to 

occur since no potential reactions have been identified. 

8.10.1 Component Operating Environment 

Most of the component materials ofMAGNASTOR are exposed to two typical operating 

environments: 1) an open TSC containing fuel pool water or borated water with a pH of 4.5 and 

spent fuel or other radioactive material; or 2) a sealed TSC containing helium, but with external 

environments that include air, rain water/snow/ice and marine (salty) water/air. Each category of 

TSC component materials is evaluated for potential reactions in each of the operating 

environments to which those materials are exposed. These environments may occur during fuel 

loading or unloading, handling or storage, and include normal conditions or off-normal and 

accident events. 

The long-term environment to which the TSC's internal components are exposed is dry helium. 

Both moisture and oxygen are removed prior to sealing the TSC. The helium displaces the 

oxygen in the TSC, effectively precluding chemical corrosion. The dry environment inside the 

sealed TSC also inhibits galvanic corrosion between dissimilar metals in electrical contact. 

In addition to the spent fuel, the fuel assemblies in the basket may hold control element 

assemblies, thimble plugs or other nonfuel components that are nomeactive with the fuel 

assembly. By design, the control components and nonfuel components are inserted in the guide 

tubes of a fuel assembly. During reactor operation, the control and nonfuel components are 
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immersed in acidic water having a high flow rate and are exposed to significantly higher neutron 
flux, radiation and pressure than will exist in dry storage. The control and nonfuel components 
are physically placed in storage in a dry, inert atmosphere in the same configuration as when 
used in the reactor. Therefore, there are no adverse reactions, such as gas generation, galvanic or 
chemical reactions or corrosion, since these components are nonreactive with the zirconium­
alloy guide tubes and fuel rods. Fuel assemblies typically do not contain aluminum or carbon 
steel parts exposed to coolant/moderator or are in contact with non-fuel hardware, and therefore 
are not subject to significant gas generation or corrosion during prolonged water immersion (20-
40 years). Carbon steel plenum springs, which are not normally exposed to water, may be used 
in some fuel designs. Clad failure could expose the springs. Small quantities of uncoated 
exposed carbon steel are permitted in the system as discussed in Section 8.6.1. Thus, no adverse 
reactions occur with the control and nonfuel components over prolonged periods of dry storage. 

8.10.2 Component Material Categories 

The component materials are categorized in this section for their chemical and galvanic 
corrosion potential on the basis of similarity of physical and chemical properties and component 
functions. The categories are stainless steels, nonferrous metals, carbon steel, coatings, concrete, 
and criticality control materials. The evaluation is based on the environment to which these 
categories could be exposed during operation or use. 

The TSC component materials are not reactive among themselves with the TSC' s contents, or 
with the TS C's operating environments during any phase of normal conditions, off-normal or 
accident events, loading, unloading, handling or storage operations. Since no reactions will 
occur, no gases or other corrosion by-products will be generated. 

The control component and nonfuel component materials are those that are typically used in the 
fabrication of fuel assemblies, i.e., stainless steels, Inconel 625, and zirconium-based alloy, so no 
adverse reactions occur in the inert atmosphere that exists in storage. The control element 
assembly, thimble plugs and nonfuel components-including start-up sources or instrument 
segments to be inserted into a fuel assembly-are nonreactive among themselves with the fuel 
assembly or with the TSC's operating environment for any storage condition. 

8.10.2.1 Stainless Steels 

No reaction of the TSC and MTC2 component stainless steels is expected in any environment, 
except for the marine environment where chloride-containing salt spray could potentially initiate 
pitting of the TSC stainless steel if the chlorides are allowed to concentrate and stay wet for 
extended periods of time (weeks). Only the external TSC surface could be so exposed. The 
corrosion rate will, however, be so low that no detectable corrosion products or gases will be 
generated. MAGNASTOR has smooth external surfaces to minimize the collection of such 
materials as salts. 
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Hydrogen is not expected to be detected prior to, or during, the welding operations. During the 

completion of the closure lid to TSC shell root pass, the hydrogen gas detector accesses the vent 

port and is used to monitor the hydrogen gas levels. Following closure lid welding and TSC 

hydrostatic testing, the TSC is drained. Once the TSC is dry, no combustible gases form within 

the TSC. 

8.10.3.2 Evaluation of Unloading Operations 

The TSC is dried and backfilled with helium immediately prior to final closure welding 

operations, thereby eliminating all oxidizing gases and water. Therefore, it is not expected that 

the TSC will contain any combustible gases during the time period of storage. To ensure the 

safe, wet unloading of the TSC, the unloading procedure described in Chapter 9 provides for 

monitoring for hydrogen gas during closure lid weld cutting/removal operations. 

The principal steps in opening the TSC are the removal of the vent and drain port cover welds, 

and the removal of the closure lid weld. The welds are expected to be removed by cutting or 

grinding. Following removal of the vent and drain port covers, the TSC is sampled for 

radioactive gases, vented, flushed with nitrogen or helium gas, and cooled down with water 

using the vent and drain ports. Prior to cutting the closure lid weld, the cavity water level is 

lowered to permit removal of the closure lid weld in a dry environment, and the cavity gas 

volume is sampled for hydrogen gas levels 2:2.4% using a hydrogen gas detector connected to the 

vent port. If unacceptable hydrogen levels are detected during closure lid weld removal 

operations, weld removal operations are terminated and the cavity is flushed with air, nitrogen, 

argon or helium, or the cavity is evacuated with a vacuum pump. 

8.10.3.3 Conclusions 

The steps taken to monitor for the presence of hydrogen will ensure that combustion of any 

hydrogen gas does not occur due to either closure lid welding or lid removal operations. Based 

on this evaluation, which results in no identified reactions, it is concluded that MAGNASTOR 

operating controls and procedures for loading and unloading the TSC presented in Chapter 9 are 

adequate to minimize the occurrence of hazardous conditions. 

NAC International 8.10-7 



MAGNASTOR System FSAR 

Docket No. 72-1031 

January 2017 

Revision 8 

Investigation of the canister unloading sequence presented in Section 9.3 leads to similar 

conclusions as those for the introduction of helium gas discussed above. When the canister is 

first prepared for unloading and the port covers are removed, nitrogen or helium gas is initially 

cycled through the canister for a minimum of 10 minutes to flush the radioactive gases from the 

canister. This gas cycling is similar to the helium backfill. Although nitrogen has a higher 

thermal capacitance than helium (about a factor of 10), when compared to the mass of the metal 

canister, basket and fuel, the influence of the nitrogen gas on the thermal gradient response in the 

fuel cladding remains insignificant. Following the nitrogen or helium flush, water is introduced 

into the canister at a maximum rate of 8 gpm. The maximum flow rate is based on reflood 

thermal hydraulic analyses of a bounding canister configuration. The bounding maximum flow 

rate, water temperature and pressure are defined in step 14 of Section 9.3, "Wet Unloading a 

TSC." The water initially introduced into the canister flashes to steam in the drain tube and on 

contact with the bottom plate. Steam in the cavity permits additional heat to be removed from 

the basket and fuel in a smooth transition without introducing thermal shock through wall 

stresses. Once water is permitted to form on the canister bottom plate, the canister starts to fill at 

a maximum rate of 8 gpm. Addition of water at 8 gpm permits the water to rise in the canister at 

a maximum rate of 0.8 inch per minute. The RELAP thermal hydraulic analyses used to evaluate 

the TSC reflood operation show thermal cladding temperature radial gradients are less than 1°F 

during the reflooding of the canister. Such a small increase is consistent with the gradual cooling 

process created by the initial steam condition followed by water. The axial temperature gradient 

along the fuel assembly is actually larger than the radial gradient. However, in the fuel axial 

direction, thermal stresses are not developed since the fuel cladding is free to expand in the axial 

direction. The combination of initial nitrogen or helium purge, followed by the cooling 

transition of the steam created in the canister cavity, provides a relatively smooth transition to 

water cooling and insignificant thermal stress in the fuel rod cladding. 

There are no evaluated normal conditions, transfer conditions, off-normal events or accident 

conditions that result in deterioration of, or damage to, the fuel cladding or the TSC that preclude 

retrieval of the fuel from the TSC or retrieval of the TSC from the concrete cask for transport and 

ultimate disposal. 
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This section provides copies of technical data sheets for the coatings described in Section 8.6.2, 

and the ASTM Specification B29 for refined lead used for the transfer cask gamma shielding per 

Section 8.7.1. 
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Nonelectrolytic Nickel Plating 

THREE METBODS may be employed 
for depoalt.lng nickel coat.Inga without 
the l1l!I! ot electric current: 

I Imuierlllan pl&~ 
2 C!WDIC&.I reduction ot nlcl<elou.t o~lde al 

1800 to 2000 p 
3 AUloCaWTUo cbemleal nductlOD af nlc:UI 

salta bJ hn>OPhOllPhlle a1'lona In all aq1H1-
~:1a~:'."' lo .zot p ("eJ<ctroJ ..... 

All three metboda ate. under certain 
11!111ted conditions, useful aubstltute3 for 
nickel electroplating; they are particu­
larly useful Ill appUcatlons ln wh!c.b 
electroplating 13 Impracticable or 111l­
PQa31ble becau.se of c03t. or technical 
di!!lcult!es. ot the tl1ree metbow 
electroless nickel plating u 1n wlde3i 
use, and 13 the method to which the 
most attention 13 devoted In thLs article, 

lmmenion Plating 

The composition and operating con­
dition~ o! e.n aqueous IDUnerslon pJatlng 
bath are as follows: 

Nlc!tel chloride CNIC1,·8H.0) ••• 80 oz per K&I 
8orlc acl4 (B,BO,) •• , • • • • • • • t m per Pl PR.......................... 3.Uot.5 
TCDperacwe • • .. .. .. .. • • .. .. • 180 P 
Whml Ullnil thl& ball>. I\ la du!rsble, bul 
no\ mancl&IOO', lo moY• tbe worl< a\ a 1'1e 
of aba11' 16 ft per m!ll. 

ThLf .!OlUtlon ls capable of depolliUng 
a ve?Y thin (about 0.0211 mil> and un1· 
Corm coating ot nickel on steel In 
per!odll ol up to 30 lnln. The coating 
la porous and poase"3es only moderate 
adhesion, but theme condltlon.s can be 
lmproved by heat.Ing the coated part at 
1200 F for 45 min In a nonoXldlzlng 
atmosphere. cmgher temperature• will 
promote di!rUSion of the coating.) 

High -Temperature 
Chemical-Reduction Coating 

BJ the reduction ot a mJxture or 
nlckelous oxide and dJbaalc ammonium 
ph~hate In hydrogen or other ~duc­
lng atmosphere at 1600 to 2000 F, a 
nlcl<el coating can be deposltect without 
the use o! electric current. This method 
<U. S. Patent 2.,633,S3ll conslm ot ap­
plying a slurry ot the two chemicals to 
au or 1elected surfaces of the work­
piece, dr:vtn1 the slurry In air, and 
pertonnlng the cheD1lcal reduction at 
elevated temperature. N'o apedal tanks 

• 8M pace 432 for camnu"" lLI\. 
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or other plating fac!Utles are required. 
Some dltruslon ot nickel and phos­
phorus lnto the ~ metal occurs at 
elevated temperature; when the coa.tlng 
ls applied to steel, It will coml.!t of 
n!cltel, Iron. and about 33 phOsPhorus. 
The alurry may be u.sed !or brailng. 

Electroless Nickel Plating 

The electroless nickel plating procesa 
employs a chemical reducing a.gent 
!sodium hypophMJlhit.e) to reduce a 
nickel salt <such aa nickel chlortde> In 
hot aqueoua solution and to deposit 
nickel on a ca.talytlc surface. The de­
l>031t obtained from a.n electrole&!I nick.el 
solution ls an alloy containing from 4 
to 12% phosphorus and Is quJte hard. 
<As Indicated later In this article the 
hardness of the as-plated deposit' can 
be Increased by heat treatment.) Be­
cause the deposit Is not dependent on 
current distribution, It Is uniform In 
thickness, regardless or the shape or 
size of the plated surface. 

Electroless nickel deposlt.s may be ap­
plied to provide t.he baala metal with 
re.'llstance to corrosion or wear, or tor 
the bulldup or warn areas. Typical ap­
plications of electroless nickel tor theao 
purposes are given In Table l, which 
aJ.so lndlcate.'I plate thicknesses and 
postplatlng heat treatments. 

Surface Cleanlnr. In general, the 
methods employed !or cleaning and 
preparing metal surfaces tor electroless 
nickel plating are the same 11.'1 those 
used tor conventional electroplating. 
Heavy oxides are removed mechanicallY. 
and Oils and grease are removed by 
vapor degreasing. A typical precleanlng 
cycle might consist ot allcallne clea.ning 
!either agitated soak or anodJC) and 
acid plckllng, both followed by water 
rlnalnK. 

Prior to electrolesa plating, the sur• 
faces or all stainless steel parts muat 
be chemically activated In order to ob­
tain .satisfactory adhe"1on of the plate. 
one activating treatment col\.'lillts ot 
Immersing the worlt tor about 3 min In 
a hot 1200 Fl solution containing equal 
volume_, or water and concentrated sul­
furic acid. Another treatment conslat.s 
or Immersing the worlc tor 2 to 3 min 
In the following solution at ieo F: 

SUllUrlc acid C4S" BO ••••• 211" bJ l'OJuma 
Hrdrochlorlc acid US- BO •• 5% bJ ,,.,,...,... 
P9mc chlorld9 heJ<ab.jldn.t.e. • o.a3 os pu Pl 
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Bv the ASM Commtttee on Nickel Plattng• 

Pretreahnenls that are unique to 
electroless nickel plating Include: 

I A •Uike copper plate m111t be applled Ml 

:ii:,ad~r or~. ":''= ~ 
• COY91'g0 and '° Pl'9'ftmt ccntamlD&llCB 

of Iha electroleu aolutlon. 
2 Muo!Ye PUU .... p-1.td lo b&UI Wll-

ri:-=1 ~.!:1ti.. ~tu:~~~= 
Balh Cbaraetertnl"- A almpll1led 

equation tha.t deacrtbea the tonnat!on 
of electrolesa nickel de!)Oslta 13: 

NISO, + NaB,PO, + H,O .:.::..~ 
NI + NaB,PO, + H,80, 

The e.ssentlal requirement.I tor any 
electroless nickel solution are: 

I A aalL lo aup1'17 t.b.t nJdW 
2 ~=hosph.lt. llLlt lo provide cllcl2llcal 
3 Waur 
• A COlllPlexln11 •111!Dt 
~ ~ff•r lo conuol pB 

1 A caW)'tlc mzt,.,,. to bo plated. 

Detailed dlscW!Slons of the chemical 
characteristics or electrole~ baths. and 
or the crltlca.J concentration Umlta of 
the various reactanta, can be lound In 
several of the references Listed at the 
encl o! this article. 

Both alkallne !pH, 7.5 to 10) and 
acid (pH, 4.S t.o 61 electroless nlael 
baths are used In lndustrll!J production. 
Although the a.cld baths a.re easter to 
maintain and are more widely used. the 
albllne batlu are reported to have 
greater compatibility with sensitive 
sub.stra tes ! such a.s magne!lum, silicon 
and aluminuml. 
. Catalysis. Nickel and hypophosph.IU 
1oru can exist together In a dilute l!Olu­
tlon without lnteractlon, but Will react 
on a. catalytic surface to form a de­
poatt. Furthermore, the aurtace of the 
deposit Is alM> catalytic to the reaction 
so that the catalytic process continue~ 
until any reasonable plate thlclmes,, I~ 
applied. Thl:s autocata.17t1c effect Ill the 
Principle upon whlcb au elect.roleaa 
nickel solutions are b~d. 

Metals th:it catalyie the plat.Ing re­
action are membea of group VIJI In 
the periodic table, which group lncludea 
nlcltel. cobalt and palladium. A depoatt 
wlll begin to form on surfaces ol t.he1e 
metal.'I by stznple contact with the 
solution. Other metal.'I, such as alum!· 
num or low-alloy steel, .tlnt torm a.n 
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8.13.3 PPG METALHIDE 97-694 (typical) 

m· . METALHIDE®. 97-694. Series 

H.PC/lndustri~I Majnlenance 

GENERAL DESCRIPT.ION . 

Heavy.duty corrosion resistant primerforferrous metal surfaces in 
inif4~irLal enyirorime_rits. P.mviC!es galvanic protection .similar to 
galvanizing,, :Pariicu1a,iy si.iited as a lining for .the interior, and' as 
a primer· lo be ·topcoated for the exterior· of tanks :containing 
organii:-solven·ts, .. gasoline,:and 0th.er fuels. It is also excellent for 
,ippliqatioh. in. co:;istal, .marine, ·and 'other offshore' environments. 

RECOMMENDED USES 
Ferrous fyi_etai 

FEATURES AND BENEFITS . 
Provides gatvanic:ceom:>sic;m P,rotection 
Excell!!nt-resistance to· organic :solvents 
Can be hancfled .with slings•in 5-6·hours (77°F at·5o% relative 
humidity) 
Cl;;iss B;Slip Coefficei\t imde!.ASTMA-325 

i:AcKAGING . . 
1-Gallon (3.78Lj 
3-GaObn (11.'3L) 
5-Gall_on (1, 8,9~) 

Not all -products. are·available fn-.all sizes. Not- all containers are 
full:filled. 

METALHIDE® 2000 inorganfcZihc Rich Coating 

TINTINGAND BASE INFQRMAT.ION 
. 97--094 

97--095 
97-697P 

DQ NOT TINT. 

Liquid Cotnpbhen,FA - Reel 
Liquid Cofnf)9QehtA_ - (3reEm 
Powder Component 

PRODUCT DATA 
PRODUCT TYPE: lnbrga~ic self"curi.ng einyJ ~ilico:ate-m~taliic zinc 
GLOSS: Matte• 

VOC*: .3;88 lbs:/gal. (466.gfl)_ 

CpVERAGE:_ 330 to.500 sq. ftJgaL (31 fo 46·5tj.h113.78L). 

WEIGHT/GALLON*: 20.3 lbs .. (9,2 kg) +/, 0.3 lbs. (:136 g) 

WEIGHT souDs•: :8o.3%_ +I- 2% 

Results will vary by color, thinning and other _ai::lditives .. 

"Product data calculated on mix_ed 97-B95i9,7-B97f' .. 

Diy Film Thickness": '2·to· 5 miis noi.io .exceed 8 mils 

POT LIFE; 
MIXRATiO: 

on spot readings 

16 _hours. 
Mix as packaged. 

·see mixing insirudions. 

IN SEIWICETEMPERATURI:.: 75.0°F (39Jl~C) Gr}' l')eat 

1'40°F. (60°C) Vjet he;;it 

DRYING TIME@ 77°F (25°C); 50% relative humidity. 

To Touch: 

To Handle: 

To Recoat: 

1.5.minutes. 

4 hours· 

24 ho~rs 
Diying iimes listed may vary .. depending on iemperaiure, humidity; 
color and air movement. .. · 

CLEANUP: 

FLASH POINT: 

97ct27_Ppq Thinn~r 
97-B9S.60'F·(15.6°c) 
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METALHIDE® 97-694 Series 

METALHIDE® 2000 lrio~panic Zinc Rid\ Coating HP'C/lndu'stiial'Mairitenance 

GENERAL SURFACE PREPARATION 
Removecall paint, rriilLscale,:and•rust., The·surface to.be coaied mustbe dimensionally stable, dry, clean, •and •. free·ofoil; grease, andcoiher· 
te>reign :material::;: · · · · 

WARNING! 'Jfyou scrap·e; sand; ·or remove old paint, you·may release lead dust or fumes~ LEAD IS TOXIC. ExROSURE tcnEAo.bUST 
OR FUMES cA.N CAUSE :sE'R.IOUS ILLNESS, SUCH AS BRAIN DAMAGE, ESPECIALLY JN CHILDREN. .PREGNANT WOMEN 
SHbULQALSO AVOJP EXPOS.URE. Wetar'a properlyfitte.d NIOSfl-approved respirator and preven~skin c6ritac\t9 c6ntr6i'l!'la:d expo'sl.if~'. 
C[ean up. carefully•.y.i~h a h!EPAvacutim arid a vjer mop .. Before you start, find out how to pr.otect yoursE)lf and youffamily, l?Y':cc>nt~ct[l]Q, 
ihe'USERA National 'Lead Information Hotline at 1-BOCi-424-LEAb:or log on to www;epa.gov/lead. In Canada confaci:a re·gjon·a1·Healtti' 
Canada ,office. Follow .these ins{hlctiOns lo· con\rol exposure to. other· hazardous •sub.stances ihat may be ·released· dunng surface. 
preparairo·n. · · 

STEEL: Non~immer51on Ser/ice •• TM m'iriiinum surface preparation for ferrous metal substrates \s SSP.G..SP& Gommerc\ai 'Eilast 
cleaning; .service life of·.coating is in:direct.proportion to surface preparation. Immersion Service - Near Whiie M'eial'Blas°t:SSPC-SP'ib'. 
is, mand~tQ,ry .. f~'fr'fer(oµs :metiils; 'Th'e sUrface;.tqJie coated n\ust be clean, ary, arid w.eli prepared .to re~ive the' coating. F_qt $pecifii:): 
~etprill):iencja\iqri5~ sjile;yqiJl:P,ITTSJ:\\JRGH® Rilin\l;· deal~r or:call 1-8Q0-441C9p95. . , ··.· 

RECOMMENDED PRIMERS 
. :s.elt P.rtniing'o~ PfOP.ertY prepare!:( su[fo~~; 

MIXING AND APPLICATIONS INFORMATION 
, N.il~INQ INSJ!W.qTION!?.~ ;rv.ii~th'.e 9Nl,~4 of !;>95,Qpaque liquid 
'base using: a mechanical mixer ·Until no ,pigmen·t remains at the. 
bohom·of'the. container. 'transfe[ fo.,a;Jarge:corifainer .to ·facilitaie. 
mildrig, and slqwly s1ftiri the)!:iric dusl,\97-69:1P::uridei ciiritihuous. 
ligi!?~ici!J'. ,M~·.u,~\H; ,t>Lenp Js. uiiifofri} and fr~ c6f lu1jli'>s, Strain 
ih·rougfr :a 30c60 mesh screen: Dd NOT MIX IN REVERSE: 
ORDER. Malriiain constant agiiation during use ·to :prevent zinc 
ausftrom se.ttlirig~ 'The litjuig;c;9mpoh~ht ari.d the mixed paint must 
b~ ,Pr,e>teqteii. ~rqi:J1 rt)pi~t\Jfe, .. ~el!;itjvely :sm~a,11 ari1Qt18ts, of 
contam inatioh':Will. ca: use gelatibn'. 

Ctianges in:application~ equipment; J>tessures: and~o'r'.trp.sizes may 
Pe'feqµi(e\l 9:natjloieriftefifpe'r8tur~s $,lid ?PP.litaticiric.cinditii>n_s; 

Airless.Spray: Pressure 1500 psi; tip,0:017"• 0:021:' Filier. ;:ICY 
niesli ·· · 

Conventional Spray: Fluid Norile: be\iiioiss ME!C-51 o gun, with 
6:4 :air .cap .with E tip. and .needle, or· comparable equipment.. 
:Atiidiiiati:on:fresslire.: ·55 - 7C:l. Fl~icf Pr~s~ure;. Giin;not .sRecify, 
dej)e.r:id~~t oi) rfiirij~fll\iS f.itcJor~; . 

Spray' ;equi'pm.ent musi. be 'handled with d.ue. ·.care :and in 
a"c'c9tcJahce wi~IJ rn:affuf,acture.f's .recofllrn'Eiridcition. High;pr&~su.re 
i.rii~ctioWO,f'ce><!ting~ .ifltciJti:e ~Jsi~·. by::;iir1¢~·~9ilil'i!tJeiit may"eaii~~· 
serious injury: 

BrLii:i!Ji Nq\ ~e'cQmriienaed 

Relier: Not recomm·ended 

Tliii:thing: l;hinnirig not rioririailyregtiirE!(:j. lfthiiiningis.d¢sired dO 
nqt !l'li(l il)_C>i'eJHati: 12'.}'.o wi.t~ f!.7"?2!; 

MIXING AND APPLICATIONS INFORMATION (cont.) 

Permissible temperatµres during app_ljcafiori:. 
Material: 50.to 90°F· ·10 to 32?C 
Ambient: O'to 100°F ~.18 to ;:l8,0Q 
Substrate: o to 140°F -w:ro 60°C 

LIMITATIONS OF USE 
Apply in good ~~ather when arr: and ;Wrtac~ .temperatlif~s, :are 
b!'ltween 50°f (10°c) and 10Q°F '(?7,8°C) ~ith. tn;a~im,IJ[n.[!'l)flt.t'e. 
humidity of 85%. Optimum pairit temperatures is 70°F .(;11°0)·· 
80°F (26:7°C) .. Surface temperatures ;must be ai least;S~F (3°C): 
abov·e ttie .dew pc)int. Do. ·not expo'se i:ontaineYio temp~~ture.s'. 
greater than 13,5°F (57°C). D.9 nq(tise-.f,or potabJ.e wa\e.r._ 

For Professional Use OrilY,; Not lntended'for-Hou~tiold Use. 

SAFETY 
Proper· safety procedures shouid be followed at-ail limes· ,while·· 
handling .ihis product .. USE WITH AbEOUAlE VENTILATION. 
KEEP OUJ OF REAC.H OF CHILDREN. Expl()sioii~prcipf. 
equipment must ,ti~ ·used ..Yheri coating ·~itl) tlj~s$• inat!'lri~lii: iii, 
confined :areas. keep. containers· dosed and .away from heat.-. 
sparks, and ·flames ·when· in .use. Spr<jy equfpmerif :must, be­
haiidled ·with due care and in .. accordanc'ii Wltli rriaiiiifat;tui.lilr's· 
r~·otr,ir}'lendati.o'n. High-prE$s~r.e injectioii qfCQatitigs into ttJ~_sR.iri 
by airless equipment may cause·•serious·injilry .. Read,all labeland 
Ma'ierial Safety Data 'Sheei for'.important beaith/safety informaiion· 
prior tO u,se: MSDS are. :E!v<;iiiafiJEi· \lirol)gl:i o'tfr webslt!'l; 
WWw.ppghpq:om 9r by Pilling 1-800-44;1 "969.5:" 

.~P,~:~~~~~~.~1,f~i~~~~~ !~~:;~eJf~.Y~. :fti,~ ,l~c;;~r}i~ -~~\a· p~~~n~~-a .. ~s .. Cl!11~9t1~:a~~at~:· hq;.~e~.~r! n_q .. ~uar0:nt.~e·9f act;u~cy, C.0'}1P~~h,en~iy~ery~s.~t .~::P.c;;~~~n~_;.i~ .. 9.iy~.~~~ 
tIT!~I~~:· .. t~R!?V.ent~i;its,1~ ·99.~tinQ~ ~ect)n9lqgy:f!l~Y P.~~se fu_tl.J~re-t~~n1.ca1_q~f~.;t9 v~ _froip ~hat 1s,m pi1s l;>ullebn. _F9r·comp!,ete,:.LIP·1<r9a:!e.!e9J.~!c;~~ .. !~.fo~p,t~~rh.:.~!~~,9~!,:~~1J 
si\e o, call 1 08CJ9-4'!1-.96~5: 

PPG Jridustnes, lhC.­
ArCtlitecrura1 coaun·gs· 
one PPG p1ac·e · 
Pittstiurgh,. PA:1.521Z 
.www,ppghP.c:com 

NAC International 

Technical,Services 
1:.aoci-441-99~.5 · ·· 
·1:aae-ao1,s12a•1ax 

Architecit~ecifier 
1 ~llciO-PPG.-IDEA 
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PPG Ccina'da, lr:ic. 
Afchitectural Coating·s. 
'4 Kenview. Blvd , 
Brampton, ON L6T·5E4 

123 11/2011 
supersedes'.(212009) 
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w PITT-THERM® 97-724 Series 

Air Dry Silicone, One Component 

General Description 

This coating is intended for use on austenitic stainless and carbon steel 
to provide protection against chloride attack and stress corrosion 
cracking on both insulated and uninsulated surfaces. PITT-THERM® 
has excellent tbem1al shock and barder properties, and may be used as 
a heat resistant coating for carbon steel. 

Recol)lmended Uses 

Austenitic Stainless Steel 
Carbon Steel 

Features I Benefits 

High heat and thermal stress resistance. 
Protects stainless steel against chloride attack and stress corrosion 
cracking. 

Limitations of Use 

97-724 Black 
UC59571 Gray 

Product Data 

Gloss: Matte 
VOC*: 4.62 lbs/gal 554.00 g/L 
Coverage: 279 to 372 sq ft/gal (26 to 35 sq. m/3.78L) 
Nofl'.' Does no! include loss due to mrying npplicarlon method, surfi1ce porosity, or mi.dng. 

OFT: 1.5 minimum to 2.0 maximum 
Weight/Gallon*: 9.6 lbs. (4.5 kg)+/- 0.2 lbs. (91 g) 
Volume Solids*: 34.8% +/- 2% 
Weight Solids*: 52.1%+/-2% 
Clean-up: 97-727 PPG Xylol Thinner 
Results will vnry by color. thinning nnd olhcr additives. 
•Product data calculated on foll fonnula. 

Drying Time: 

To Touch: 
To Handle: 
ToRecoat: 

20minutes 
2 hours 
16 hours 

Dry Time @77°F (25°C); 50% relative humidity 

In Service Temperature: 

For Professional Use Only; Not Intended for Household UsC. Apply Dry Heat (F): 850° Dry Heat (C): 454° 

only when air, product and surface temperatures are 40°F (4.4°C) and Flash Point: 
when surface temperature is at least 5°F (3°C) above the dew point. 
Avoid exterior painting late in the day when dew or condensation are 
likely to form, or when rain is threatening. Special attention should be 
given to insure that this product is not contaminated by moisture during 
the application process. Diying times listed may vaiy depending on 
temperature, humidity, color and air movement. 

NAC International 8.13-9 
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PITT-THERM® 97-724 Series 

HPC/lndustrial Maintenance PITT-THERM® High Heat & Stress Corrosion Coating 

General Surface Preparation 
Remove all loose paint, mill scale, and rust. The surface to be coated must be dimensionally stable, dry, clean. and free of oil, grease, and other foreign 
materials. Service life of coating is in direct prop01tion to surface preparation. WARNING! If you scrape, sand, or remove old paint, you may 

release lead dust or fumes. LEAD IS TOXIC. EXPOSURE TO LEAD DUST OR FUMES CAN CAUSE SERIOUS ILLNESS, SUCH AS BRAIN 

DAMAGE, ESPECIALLY IN CHILDREN. PREGNANT WOMEN SHOULD ALSO A VOID EXPOSURE. Wear a properly fitted 

NIOSH-approved respirator and prevent skin contact to control lead exposure. Clean up carefully with a HEPA vacuum and a wet mop. Before you 

start, find out how to protect yourself and your family by contacting the USEPA National Lead Information Hotline at 1-800-424-LEAD or log on to 

www.epa.gov/lead. In Canada contact a regional Health Canada office. Follow these instructions to control exposure to other hazardous substances 

that may be released during surface preparation. 

For application to Austenitic Stainless Steel SSPC-SPI Solvent Wash is the minimum surface preparation. For Carbon Steel applications, SSPC-SPJO 

Near White Metal Blast is required. Where appropriate bare areas should be primed with a suitable primer. 

HPC Systems in Detail Brochure (Hl0788) COATING SYSTEMS: 225-HD, 226-HD, 227-HD 

Recommended Primers 

none 

Steel 

Directions for Use 

Refer to HD Coating Systems. 

Self Priming, 97-673/674 or 675, 

97-676 or 677 

Mix thorouglily to suspend all pigmentation before, and during use. 

Explosion-proof equipment must be used when coating with these 

materials in confined areas. Keep containers closed and away from heat, 

sparks, and flames when not in use. USE WITH ADEQUATE 

VENTILATION. KEEP OUT OF REACH OF CHILDREN. Read all 

label and Material Safety Data Sheet (MSDS) infom1ation prior to use. 

MSDS are available through our website or by calling 1-800-44 I -9695. 

Permissible temperatures during application: 
Material: 40 to 90°F 4 to 32°C 
Ambient: 40 to I00°F 4 to 38°C 
Substrate: 40 to !30°F 4 to 54 °C 

Application Information 
Recommended Spread Rates: 

Wet Mils: 4.3 minimum to 5.7 maximum 
Wet Microns: 109.2 minimum to 144.8 maximum 
Dry Mils: 1.5 minimum to 2.0 maximum 
Dry Microns: 38.1 minimum to 50.8 maximum 

Applicntion Equipment: Changes in application equipment, 

pressures and/or tip sizes may be required depending on ambient 

temperatures and application conditions. Spray equipment must be 

handled with due care and in accordance with manufacturer's 

recommendation. High-pressure injection of coatings into the skin by 

airless equipment may cause serious injury. 

Conventional Spray: Fluid Nozzle: DeVilbiss MBC gun, with 

704 or 777 air cap with. E or FF tip and needle, or comparable 

equipment. Atomization Pressure: 55 - 70 Fluid Pressure: Can not 

specify, dependent on numerous factors. 
Airless Spray: Pressure 1500 psi, tip 0.011" - 0.015" 
Brush: Not Recommended 
Roller: Not Recommended 

Thinning: 
DO NOT THIN. Spray product as received. 

Packaging: I-Gallon (3.78L) 

Not nil products nrc- 3\'ailnble in all sizes. All containers nre not fuH-filled. 

PPGAF believes the technical data presented is currently accurate: however, no guarantee of accuracy, comprehensiveness. or performance is given or implied. 
Improvements In coatings technology may cause fUlure technical data to vaiy from what is in this bulletin. For complete, up-to-date technical Information, visit our web site or 
call 1-800-441-9695. 

PPG Industries, Inc. Technical Services 
Architectural Coatings 1-800-441-9695 
One PPG Place 
Pittsburgh, PA 15272 
www.ppghpc.com 

NAC International 

1-888-807-5123 fax 

Architect/Specifier PPG Architectural Finishes 
1-888-PPG-IDEA 400 S. 13th Street 

Louisville, KY 40203 
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TI1e melting temperature must not exceed 685°F (363°C) to 
prevent excessive drossing. The lead must be stirred immedi­
ately p1ior to sampling. TI1e molten lead shall be cast into 
shapes suitable for use in spectrographic analysis, cast into thin 
sample bars not to exceed 3AJ in. (9.5 mm) thick for sawing, or 
granulated by pouring into distilled water and drying the 
material thoroughly. For sample bars, saw cuts shall be made 
halfway across the bar from each side and staggered so that 
they are about Vi in. (12. 7 nm1) apart. The sav.--ings so produced 
are treated in accordance with 9.3.3. l. 

9.3.4 Sample Size: 
9.3.4.1 For spectrographic analysis, three samples shall be 

prepared of a size and shape satisfacto1y for use by the 
laboratory at which the analysis is to be made. 

9.3.4.2 For wet chemical analysis, each prepared sample 
(sawings, drillings, or granules) shall weigh at least 600 g.4 

9.3.5 Aspects of sampling and sample preparation not 
specifically covered in this specification shall be canied out in 
accordance with Practice E 88. 

10. Methods of Chemical Analyses 

10.1 TI1e chemical compositions enumerated in Table l of 
this specification shall, in case of disagreement, be detennined 
by wet chemical or spectrographic methods munially agreed 
upon by the supplier and the pw·chaser. 

l 0.2 By agreement between the purchaser and the supplier, 
analyses may be required and limits established for elements or 
compounds not specified in Table 1. 

11. Inspection 

11.1 Inspection of the material shall be agreed upon be­
tween the purchaser and the supplier as part of the purchase 
contract. 

12. Rejection 111111 Rebealing 

12.1 Material that fails to conform to the requirements of 
this specification may be rejected. Rejection should be reported 

4 -Determination of As, Sb, and Te in Lead and Lead Alloys Using Hydride 
Generation Atomic Absorption Spectrometry," GJ. Fox. Atomic Spectroscopy. \Ol 
II, No.I, Januaty 1990. p. 13. 

to the supplier promptly and in writing. In case of dissatisfac­
tion with the results of the test, the supplier may make clainl 
for a rehearing. 

12.2 Rejection shall be considered as follows: 
12.2.1 Variation of weight, quantity, din1ensions, or work­

manship. 

12.2.2 Chemical composition. 
12.2.2.l In case of dispute, the mateiial shall be sampled in 

the presence of both parties in accordance with 9.3. 
12.2.2.2 TI1e resulting sample (at least 1800 g) shall be 

mixed and separated into three equal pmts, each of which shall 
be placed in a sealed package, one for the supplie1~ one for the 
purchaser, and one for the tunpire if necessary, and analyzed in 
accordance with Test Methods E 37. 

12.3 When the lead metal satisfies the chemical and physi­
cal requirements of this specification, it shall not be con­
demned for defects in manufacturing or for defects of alloys or 
products in which it is used. 

13. Ce1·tlficatlon 

13. I When specified in the purchase order or contract, the 
purchaser shall be furnished ce1tification that samples repre­
senting each lot have been tested as directed in this specifica­
tion and the requirements have been met. When specified in tl1e 
purchase order or contract, a ce1tified repott of the test results 
shall be famished. 

14. Marking and Special Requirements 

14. l A brand, by which the supplier cm1 be identified, shall 
be cast or mm·ked legibly upon each pig, block, or hog. In 
addition, other markings shall identify the material by type and 
lot number. 

14.2 (Any) special marking, color code, and other quality 
requirements not covered by this specification shall be agreed 
upon between the supplier and the purchaser. 

15. Keywords 

15. l chemical-copper lead; lead; lead metal; pure lead; 
refined pure lead 

ASTM lnlemalional takes no posfflon respecting the validity or any patent rights asserted in connection with any item mentioned 
in this standard. Users orthis standard are expressly advised that determination of the validity of any such patent tights, and the ttsk 
of Infringement of S<JC/J rights, are enbre/y their own responsibility. 

This standard is subject to revision al any lime by the responsible lee/Jnical committee and must be reviewed every nve years and 
if not revised. ellher re approved or withdrawn. Your comments are invited either for revision of this standard or for addi/ional standards 
and should be addressed to ASTM lntema/ional Headquarters. Your comments will receive careful consideration at a meeting of Ille 
responsible tee/Jnical committee, wh/C/J you may attend. If you feel that your comments nave not received a fair hearing you should 
make your views known to the ASTM comm/t/ee on Standards, at Ille address Shown below. 

This standard is copyrighted by ASTM International. too Barr Hamor Drilre, PO Box C7DD. West consnohocl<en. PA 19428-2959, 
United Stales. Individual reprints (single or multiple copies) of this standard may be oblained by contacting ASTM at the above 
address or at 610-832-9585 (phone), 610-832-9555 (tax), or service@astm.org (e-mail); or through the ASTM website 
(www.astm.org). 
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8.13.8 PPG AMERLOCK 2/400GF (typical) 

AMERLOCK@ 2/400GF 

W PPG Protective & 
Marine Coatin~ 

May2013. 

Rev!slon of October 2012 
DESCRIPTION Hll)h :;ollds glass flake epoxy coating 

PRINCIPAL CHARACTERISTICS - High bulld, up to 20 mils in on& coal 
·-· Compatible with adherent rusl rema!nln9 en prepared surfi;ces 
.,.. Cootlnoous dry temperature rssistand! of 425'F oo lnsulatw or uninsulated 

surfaces 
.- Roslstanl to well defined cethodre pmtactlons 
- Dectaascd film permeabij!ty due to g.lass flake pigmaotatlon 

COLOR ANO GLOSS Flat 

BASIC DATA 
Volume solids 

voe 
Recommooooo 
01)' film lhlck1WJss (per coat)" 

Th&orelical Spruad Rate 

COmpon!ln!s 

Shelf Life 

SURFACE PREPARATION 
Sl&el 

Standard ptlrnor colors and custom oolorn 
• i!'po;,y Cfflir>go "''If disroe1g~U1 <llJIJJl w t.oo llpQJ1 "'~ lo >r.>nlj)l'll. ligJ11 cr,,'Ots &tll fli'C<J<! f<> 
MJ~gt•""""' "'*"'!. On.'f u.to t9cfmy«ll:>rs !or4'llm'<V'."11! ..,.,,,.,,. 

87%*3% 

1.4 lbslgnl (172 glL) 

8 -20 mils (200- 500 microns} 
• FM1"f;hllmp9'81t/111~• 41l<»'O 2UJ'1',!"111 lali!l !llm IJtlr.\ttos' la l(lffl~ <»I W<Yb$p{)f 11l~Sll> 12 

mlh. 

@1 miltidft 
@8milsdfl 
@20milsdlt 

1347 tt•/gat!on 
168!Wgalkm 
S7ft<19aUon 

s 
3 years from dale of manufacture 

Coaling performance Is. in general. proportloriel to lhe degrua of surlaoo preparation. 
Remove weld spatter. proltlJ$!ons, aod lamlnatlons in sleet Grind welds smooth in 
eccon:!ance with NACE RP·0178. Remove all surface contaminartlll. ell and !)reMe 
In accordanca with SSPC SP·1. 
Abrasive blast wllh an angular abrasive to an SSPC SP-1 o clean!loos;s or higher for 
immersion serllce.J\ci'lieve a surface profile ol 2.o-4.0 mus. For almospherio sorvie&, 
abrasive blast to SSPC SP-6 standards. 
'The product may be applied over an SSPC SP-12 WJ·2(L} where a previous l>!asl 
p:olile oan be exposed. 
For maintenance and repair in almosphcrlc ser11lce, the product c;an be app!lad 
ewer soo.aces prepared In eecordanco with SSPC SP-2 or SSPC SP-3 (hand and 
power tool cieanl119). 
Amercoat 114A may be us.ed as a pit llller for severely pitted steel and surface 
dlsconlinuilles. 
Cheek wilh PPG ledlnical .service for the maximum eflow!lb!a oolublo sail level for 
water lmmorslon service. This. w!U vary based on Ille water chemistry and service 
temperatures. 

- Remove oil surface C0111limlnante such as qi!. groase. and embedded cnemlcals. 
Abrade the surface per ASlM 0 4259 to romove all chalk sod surface gleze or 
llll4ance. Mechanic:el $urlaca preparaUoo &houtd expose sub-surface voids and 
provide a eurfae& profila uquivalonl to eo grit sandpaper or coerner. Surface shoo Id 
be fMe from moisture lo accordance with ASTM 04263. Rofi:r lo lnlotmal.!on Sheet 
II t496ACUS for furlher details regatding moisture measurements • .Slabs on grade 
sl1culd h11vo a maxlmlllll moislum conloot ol 3 lbs/1,000 ft'l24 hours when 
mel!lsured by carc:rum ch!orldo test 

NAC International 8.13-18 
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AMERLOCK 2/400GF 

Sli!inlt1$$ Steel 

ENVIRONMENl'AL CONDITIONS 
Ambient temperatures• 

Material temperatures 
R~atlYe humidity 

Suriaoe tampgraturo 
General a!r quality 

INSTRUCTIONS fOR USE 
Mixing rollo by volume 

Pot life 

Induction time 
Airless spray 

Thinner 

ClllMin!l so?v@nt 
Prlmslll 

NAC International 

PPG Protective&. 
Marine Coatings 

Ughlly abra$lve bl~t in accoftlancg wllh SSPC SP-16 lo achieve a uniform ood 
d&nse 1.5-4.0 mll anehot prolito. 

- AbrasM'I blast with a hard angular abrasive lo achieve a uniform and dense anchor 
prollle of M-4.0 mUs. 
Ensure the coating system is sound and well m:ll'le;ed. Do ool apply over acrylic 
eoatln95 or coalin!)s Iha! exhibit poor solvent resistance. A test patch is racommendll<t 
Sweep btilst or olho<Yiiso thorooghly abrade the axis.ling coating .In ~rdance with 
SSPC SP-7 .Alternately, Prep 88 may be used to preparo soma existing coatings. 
Please refer to Prop 88 ciala sheet for details. l'e!llhsr lho edges oftfghtly adhered, 
In-tact ooa!lr.gs at the perimeter of repair aram:. Power toot clean the existing steel 
In accaroanco vAlh SSPC SP-3 (atmtwipheric sorvioo) or SSPC SP·11 (lmmarslon 
$eNiCCI), 

2o•p to 122•F (-G*C lo 50''C} 
• Am~tl<Y;k 400-..,., .... tw 1181!<1 wifh !l»Ml\1'1•<1< V4-00 h= m.-npMem I:><' (IJl!P.V4Gtl(;(r9""'1r111..,..w 11 
IM!J ti<)! 11"'1. ~ A--r.f .. rm •• ,,,. fOl illllOll<xk m mid,,,_ z. Tl\o .0 romp<i-lll at6 infil<· 

cili1i>9•oblo 

40° to 90'F (5" to 32°C) 
0 lo 100%, surface must be free of visible molsture. For immersion soivloo and for 
optimum performanee, surface temperature must be at least 5'F above the dew point 
11\!!nPera!u!ll. 
20"f to 122"F (.O'C to 50'C) 
Area should be sllollerod from alrbome psrtlculstes and pollutants. Avoid combustion 
ga~s or other sources of carbon dioxide !hill may promote smlne blush and ambering 
of l!ght colors. Ensure good venlilallon during app!lcallon and c;uri119. Provide she'lter to 
prevent wind from affecting spray patt!'.ltns. 

1 part base IO 1 pan hardener 
Pn::i-rnlx pigmented ccmpommts with e pneumatic air ml.icer et moderate spoods to 
homDgQnlzo the container. Add hardooar to base end agitate wilh a piw.•er mixer for 1·2 
minutes unlll completely dispersed. Slowly lrn;orporale glass flake addltlvo undflf 
agltlltion over 1-2 ml!llJtos lo oosum !he glass t\ake Is lhcneugllly mixed. 

so•F 70'F OO"F 
,,_fa"_ ··--2GF 2 hours 1 hour 0.5 hours 

-~, .. ,.,,,;_,_,;, 

400GF 3 hours 2 hours 1 lioLll 
,,~ __ ..., 

' -
Nona required 
45:1 pump or larger, 0.027--0.035 fluid lip 
Can be sprayed with plural cornponanl appllcallon equipment. 
Tllln up to 20%. standard co1wentlonel equipment, 0.070'' Hold ori!k:e 
Use a high quaTity natural bristle brush and t or solllent resistant. m· nap roller. Ensure 
bMlh I roller is we!l loatloo to avoid alt enlrainmenl Multiple coals may be necessary to 
achieve adequate film bl.Ind. 
Ama!COlll 65 (x)'lone), Amerooat 101 {re«immenood tot"' !WF). Ametcoal S (to extend 
pot life 10-20%) 
Amarcoal 12 Claane: or An11i11V1Jal 65 thinner (xyl1111e} 
Dime! lo substrate; Dlmetoote series primets, Amorooo168HS, llmeroo..i GSMCZ. 
Amlilrfce:I< 2/400, Amarlack Sealer 
Amot<:tllJI 450 series potyuratharnes. Amorshlofd, PSX 700, PSX ONE, PHthant} 
polyurethanes 
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AMERLOCK 2/400GF 

ORYJCURE TIMES 

PRODUCT QUALIFICATIONS 

AVAILABIUTY 
Packaging 

lnvent!lly {made: to ortler. ele .• ) 

NAC International 

W PPG Protective& 
Marine Coatings 

For paint llnd recommended thinners see safely sheet 1430, 1431 snd relevant rM!er!'al 
safety data sheet;i 
ihis i,; a solvent boma paint end care sool!ld be taken to avoid inhalation of spray mis! 
or vap;:ir as well as contact betwean lhe we1 pain! and exposed skin or ayes. 
Ameriook 2GF @ 6 mils dlt 

32'F so·r 70•F oo•F 

Ory to touch 48hours 16 llouts 6 hours 

Ory through 72hours 24 hOUf$ 8 hours 51lours 
~---· 

Ory lo reooal/lopcoat 48hours 16 hours 7 hours 41iOUts 
Mwc reaoat, self 90days 60 dll)'S So days 14 dl:IY$ 
Max topcoat, 
urelhanes, PSX 30days 14days 7days 4days 

Cute to immersion 21 days 7days 3 da)I$ 2da~s -
Amerfock 400GF @ 6 mlls dft 

OOF 70"F 90'F 

Dry to touch ' 26 hours 9 hours 4.5 hours 

Ory through 46 h(JIP$ 20 hours 12hcvurs 

Dry to roeoat/ !opeoot 36hoUIS 16 hours. 10hoors -Max racoat, $Eilr 90 days 00 dllys 45da)'ll 
, Max 1aproas 
utelttanes PSX 

6!) days 3lJdays 14 days 

Cino to immersion 21 dl3)'$ 7 days 4da)I$ 

• l)iy llmo• -dcpmrltml tm air and.,,,,,,,,,, h>mp4ntfl.'11• lllf ""~ tt• 4'm tl>tMO'.!O; W111i,'¢fMJ!'A tllld M'fflJ.if! 

ham'difY; Mw/mlffn n><Q.!llll>g !&no lo hi~ dcp•lld<11if upQn ~ nnfow1empwa!u"s-1"'! &tttp}j IIJI 
/ll.~~woo, Swfuoo fGf!!P<Jr.i/;;t<;$ U>aldd l><>m<>.-1llomt:r; "~\'f w/lli""'"'"'P"'"d: er sti:cM.'u>-*"1 
sreflM::i!;r. H/glw&Uf<100 1e,•ul!11<:wroa &'ltl<fo!l' lM mal<11>11111m~ -•v. 
$wf;li;o rrwsl il'J do3n wtd <II)< Any Ct:ci>im\:r.\\\blt ""'"' b~ iihmli.li."'11W>1 r<>Jl!<i.¥.ld.;t ®1i>t!)MI l•U$11 W/fJ 
PP>p €9Jor<>q11iv .. '®/1$11>q~Jllli:tll>w6<aW!tof ~"f1«:JGdtryii al e~uto.JllN~Wf; ~1.fa1· 
lltt&lll!M mlJ8I oo pe.'IJ 10<''111'-'1 a"11C"'1d !11 SWA'l']f/I"""""' oll!lll:<ig ""'Y b1>pi;~Mf, /o li><>si> <ifv&.il:vl~" 
ful'Jillf~ <#<.Villrn"iti) lll&YIUJ ro~ PPG 7llG!l1~\;llf S'<if\'I:» <:ao e:W1:u; M $t:.ftA't3 <Jcnni'!I ""'"""""' 
lti=\nllmm""'>~Y-d !ht<> ill .,_.,,ad, 1J11mmul)lri!n_a,,,,. 

Compl!a11t wllh USDA lncldontal Food Con!l.let Requirements 
- U!EO's complla111 for Anti-corrosive Paint category 

Available In 2-gnlton and 5-gallon kits 
2-gallon kits hawi 1 tu!! gallon of base and 1 fUl.1 gallon of haiooner 
5 galkln kits have 2.5 gallons of base and '2.5 gelloos of hardener 
Add one S.gatzon con or Amercoal 800 grass flake additive for each 5 gallon kl'l 
Add one 1 ·gafron can of Amcl'CQal 800 glass .flake for each 2 gallon kit. 

GIObal avallablllly 
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AMERLOCK 2/4000F 

Product (ll)des 

Worldw.lde statement 

WARRANTYSTATEM~T 

AK2-1 
Al<2-3 
A1<2-9 
Al<2-23 
Al<2·72 
Al<2·81 
AK2-T1 
AK2·T2 
AK2-T3 
Al<2-T4 
AK2-T5 
AK2-6 
/\1<400-6 
AT860 

Buff 
Whilo 
Black 
Pearl Gray 
Oxide Red 
Safety Yellow 
Oeep Tmt base 
Llght Tint base 
Neutral Tint base 
Red Tlnt bllso 
High HldlngYellow Ttllt base 

W PPG Protective & 
Marine Coatings 

Hardener CClmponont for Amer/eek 2GF 
Hardener CQmpooont for Amcrkick 400GF 
Gltlss llako addillve 

While It Is al'llays the aim or PPG Proie.:tlvo & Marino Coalil1gs to supply the same prodllct 
on a worldwide basis, sfight modification ol tho product Is sometimes necessary to oomply 
v.ith local or national nles/cirrumstances. Under 1liese clrcumslancas an alfamatNo product 
data sheet is used. 

PPG warrants (i) its lllfe 1o Ute product, Qi) Iha! tho quality of tho product conforms lo PPG's spociflcations fOf such product in 
effect et the time of manufacture and (iii) llrot tho produ<:t shall be deliven!d fma or the rightful claim of any illin;I pen;on (or 
Infringement Of any U.S. patent OOVO!lng tho product. 
THESE ARE THE ONl.V WARRANTIES THAT PPG MAKES ANO All. OTHER EXPRESS OR IMPLIED WARRANTIES, 
UNDER STATUTE ORARISING OTHERWISE IN LAW. FROM A COURSE OF DEALING OR USAGE OF TRADE, INCl.UOING 
WITHOUT LIMITATION. ANY OTHER WARRANTY OF FITNESS FOR A PARTICULAR PURPOSE OR USE, ARE DISCLAIMED 
BY PPG. 
Any <:!aim under this warranty must be made by Buyer to PPG In writing wlihin five {5} days or Buyer's discovery of the claimlld 
defect, bt.Jt In no event lalarthan the expimUon or the applicable shelf life of the prodUet, ()( ono yo:ir rrom the data of the delivaiy 
of the product to thu Buyat, whichav&r is earlier. Buyer's failure to notify PPG of such oon-coorormaru:e as required hsteln 
shall ber Buyer from recovery under this warranly. 

LIMITATION OF LIABILITY 
IN NO EVENT WILL PPG BE LIABLE UNDER ANY THEORY OF RECOVERY (WHETHER BASED ON NEGLIGENCE OF 
ANY KIND, STRICT UABILfTV OR TORT) FOR ANY INDlRJ>CT, SPECIAL. INCIDENTAL, OR COt-JSEQUENTlAL DAMAGES 
IN ANY WAY REl.AieO TO, ARISING FROM, OR RESULTING FROM AfN USE MADE OF THE PRODUCT. 
The lnformetion in this wet ls Intended for guidance only and Is based upon labotatory tests that PPG believes lo be rellable. 
PPG may modify the information oontalned herein at any time as a result of proctlct\l experience and continuous product 
davelopmenl AU recommendations or suggestions relating la Iha use of th& PPG produd, whelher In technical documenlallon, 
or In response lo G specfflo inquily, or i:>lhanviso, 1110 basoo on data, whlch to !he best of PPG's knowlodgt>, is rellabfe, The 
product and related Information ls designed for uoors having Ille requlsite knowledge and Industrial skills In the lnduslly and it 
Is tho end-usets responsibility to d&terin!no tho sultabllity of the product ror its own particular use and it sliall be deemed lhat 
Buyer llas done so. as its solo cl'isetel!on and risk. 
PPG Ila$ no oonlrol over either tho qualJly or condl'ticn of lhe subslm19, or Ibo many factors affectlog the use and application or 
ihe produd. Theretom, PPG does not accept any llflbllily arising from any loss. lnJUf)I or damage resulllng from such 11S;Q or 
the contents ol lhls lnformallon (unless Chore ere Wtl11en agrecmonlS stating otherv.ise). Varlstiorn; In the apJ)licatlon cnvllttnmenl, 
cha~s In procedures of use, or exlrapolallon of data may eallSC o~asfactof)I rewlts. 
This sheet suptlfsedlls all prevlous. versions and It is tho Buyer's responsiblllty to ensure that this information Is current prior to 
using tho product. 
Current slieel$ for all PPG Prolectlva & Mazlna Coatings Producis are msintslned at 'vww.ppgpmc.com. The Engllsti !ext of 
lhis she-et shall prevell over aey rransla!lon thoroor. 
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AMERLOCK 2/400GF 

Product codes 

Worldwlde elatement 

WARRANTYSTA'T'EMENT 

AK2-1 
Al<2-3 
A.!(2..9 

Al<M3 
Al<2·72 
Al<2·81 
Al(2.T1 
AK2·T2 
AK2-T3 
AK2-T4 
AK2-T5 

AK2-8 
AK400-B 
AT8SO 

Buff 
White 
Block 
Pearl Gray 
Oxide Red 
Safety Yenow 
Oeep Tint base 
light 1lnt base 
Neull'al Tint base 
Rad Tint ooso 
High Hld!ngYellow Tint b!.Jse 

~ PPG Protective & 
Marine Coatings 

Hardooor eomponont for AmerlfJck 2GF 
Hardener oompoooot for Amorlock 400GF 
Glass llako additive 

While It is a~lllfy\l lhe aim of PPG Protective & Marino Coatings to ll!JPply the same product 
on a worldwide basis, sfight modircalion of lhG Jl(oduct Is sometimes necessary to comply 
Wllh local or national ni'es/eitrumsltlnces. Under lhese circumstances an altemotlvc product 
data sheet is umd. 

PPG wemmts (iJ its tide to the product, (ii) that tho quafity of ihe product conforms lo PPG's spociftcaoons ror such product in 
clfecl at the Ume of menufachna at1d (lil) that !ho product i;hell be delivered free of tho rightful claim of any third person ror 
Infringement of any U.S. patent coveting the product. 
THESE ARETliE ONLY WARRANTIES THAT PPG MAKES ANO All OTHER EXPRESS OR JMPUEO WARRANTIES, 
UNDER STATUTE ORARISlf\lG OTHERWISE IN LAW, FROM A COURSE OF DEALING OR USAGE OF TRADE, INCLUDING 
WITHOUT LIMITAllON. ANY OTHER WARRAITTY OF FITNESS FOR A PARTICULAR PURPOSE OR IJSE, ARE DISCLAIMED 
BY PPG. 
Any claim under this warranty must be made by Buyer to PPG in wriling wiih.in live {5) days of Buyer's discovery of Iha claimed 
defect, bvt tn no event later than the expiration of the applicable shelf life of the product, ex one yo;ir from the (late of the delivery 
of the product to tha Buyer, \\nichiiver is earlier. Buyer's failure to notify PPG of such nen-conformaooe as required herein 
shall bar Buyer from reeovfll)' under this warrooly. 

LIMITATION OF LIABILITY 
IN NO EVENT WILL PPG BE LIABLE UNOERANY THEORY OF RECOVERY (WI-I ETHER BASED ON NEGLIGENCE OF 
ANY KIND, STRICT UABJUTY OR TORT) FOR ANY INDIRECT; SPECIAL, INCIDENTAL, OR CONSEQUENTIAL DAMAGES 
IN ANY WAY RELATED 10.ARISING FROM, OR RESULTJNG FROM ANY USE MADE OF me PRODUCT. 
~ information in lhis sheet ls intended for guidance only and is based UJ)Ol'l laboratory tests that PPG believes to ba roliable. 
PPG may modify !he information eontalned herein at any time as a result of practical experience and conlinuous product 
development. AU recommendations or suggestloni; relating IO IM use of tho PPG product, whether In technical documonlallon, 
or In rosponse to 3 specific inquiry, or olherwise, aro based on data, wh!ch to !he best of PPG's knowlodgo, ls reliable. The 
preducl and related Information le designed for uoors having the requisite knowledge and industrial skills In 1he induslry and it 
Is the end-user's responsibility lo d11termino lho suitability of Ule product rer its own particular use and it shall be deemed that 
Buyer has done so. as its sole d:'isae11on and risk. 
PPG has no c;xmlrnl owr eflhet tho quallty or eondit!on of the substrate, or IM many tacters aff<M:tlng lhe use end application or 
the product. Thereiore, PPG does not accept eny lillbilily arising from any loss, Injury or damage resulting from such uso or 
the contenls or lhls information (unless lhere are written agrecmorns stating othe1wlse}. Variations in lha application onvlro~nl, 
changos In procedures of use, or extrapot:ation of data may eauoo unsatlsractoiy reeulls. 
n11s shtlol sup01sedcs all previoui; versions and it is lhc Suyet's respOflslblllty to ensure that this information h~ current prior to 
using tho product. 
Current sheets for ell PPG Pro!ectlve & Marino Coatings Products are mainlafned at www.ppgpmc.com. The English text cl 
!his sheet shall prevail over any translation thCJeor. 
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8.13.9 PPG AMERSHIELD (typical) 

AMERSHIELD"' 

W PPG Protective & 
Marine Coatings .. 

October 2012 
Revision of April 2012 

DESCRIPTION Polyester-Acrylic Aliphatic Polyurethano Topcoat 

PRINCIPAL CHARACTERISTICS - Unique, high-solids, high build coaUngs 

COLOR• AND GLOSS 

BA$1CDATA 
Volume solids 
voe· 

Recommended 
Dry film lhlc!<.rnlss 
iheorellcal Spread Raio 

C<>mponenls 
Dry Temperature Resistanco• 

Shelrllfe 

SURFACE PREPARATION 

Steel 
Aluminum 
Concrete I Masonry 

ENVIRONMENTAL CONDITIONS 
Ambient temperatures 

Material temperatures 

Relative humidity 
Swface temperature 

Outstanding weather resistance with excellent color and gloss retention 
voe compliant 

- Tough, fle~ible, and abtaslon resistant finish 
Goo.rl cilemical and stain resistance 
Direct lo me!al and concrete In protected environments 
SSPC SP 36 Level 3 

Gloss 
Custom Colors 
• Cerl'*1 oolots (oopeci/ilfy )'PA'o>Y, cwigo ood (l>d} m•y 1'q1l"' d<S(//llonill ""'" •o .mr.vu 0<1<q11<tfe Nd'111g, 
~""'"" ~ W!lfli/;Jrkw«m1n>.>l.flgprim'1<<>l«S, YQllO\¥, mt, """or1>11rMphtOO!DfB1ti\ftyp""1try 
fad& l~•IWl!NJn r;tJm """"""""' too... roplaoom&nJ of Ji>.-d.JJ""oo M""'"'' "''h te,,rUroe PlfJ/J!<llll> Ii> tho$D 
Clll'or&. 

73%±3% 
2.2 lbs/gel (264 gll) 
• Frx """1fl/IM"1l wMi lllOulallorni wll.\;h rcqulv < ICO ¢.. Atrmsh!eld VCC "90 bo >pot:1f.Y>d inlM:ll4A!1"0/lly 

3-6 mils per coat (75-150 mlcrollS) 
@ 1 mils drt 1171 ft>/gal 
@ 5 mils dft 234 ft>/gal 
2 
Continuous -200'F lnl&tmlttent - 250.F (<5% of Iha time, max 24 hours) 
• Color w111' drill st elevalod l!1111P'Jf'JfUro$, 

2 years from date of manufacture 
• whon .sJorod In or!!linal seat ad rontainars in <ir'J condilloos oetl'IOOll 4(}. tCO"F 

C-Oatlng performance is proportiooal to the degree of surface proparation, Refer lo 
Iha appllcatloo Instructions for speclric primers and lntenuedlate coats for applicaUon 
and curing procedures. Ensure epoxies are free from amioo blush prior to overcoating. 
All prellious coats must dry and free of contaminants. Adhore to an minimum and 
maximum topcoat limes for spociflc primers and lntermedfate coats.Ag-0d opo~ 
coatings may require abrading prior to applying Amcrs/1/cld. 
Abrasive blast to SSPC SP-6 or higher with a 1.0-3.0 mils surface profile 
UghUy abrasive blast with a fine abrasive 
See specific primer 

40'F to 120"F (5'C to 49'C) 
'With Amercoal 866M Acoelarator 
32"F to 1oo•F (O"C to 35•c) 
Surface temporaturo must bo at least 5'F above the dew polot temperature. 
With Amercoat 866MAccelerator 
40'F to OO'F (5•c lo 32"0) 
85%maximum 
Amen;hiefd 
40"F to 120'F (5'C lo 49"C) 
With Amorooal 866M Accelerator 
32"F to 1oo•F (o•c 10 36-C) 
Surface tempa1a1uro must be at least 5'F above tho dow point temperature. 

1'31)& 113 
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AMERSHIELD 

General air quarity 

INSTRUCTIONS FOR USE 
Mlxlng ra!lo by volume 

Pol fife 

Alr!ells spray 

Alrspray 

Brush & roll 

Thinner 

Cleaning solvont 

Primers 

Safely precautlons 

DRY/CURE TIMES 

PRODUCT QUALIFICATIONS 

NAC International 

W PPG Protective & 
Marine ~oacings 

Area should be llhellered from alrbomo particulates and pollutanls. Ensure good 
ventilation during appllcatlon end e1.1ring. F'rovlcle sheller to prevent wind from arfectilljl 
spray patterns. 

4 parts base to 1 part hardener 
Pre-mil< baso compooont wi!IJ a pm1umaUc air mixer at moderate speeds to homogoniu: 
tho container. Adel hardener to baso and agitate with a power mixer for 1·2 minutes until 
completely dls~rsed 

Temperature SO"F 70"F 90°1° 

Amorshleld 5 hours 2.5 hours 1.5 hours -Amershh:lld With 
866M accelerator 2 hours 1 hours 30 minutes 

28;1 pump or larger, 0.013--0.015 fluid lip 
Can be applied vnlh plural comJJ(lnent equipment 

Tttln up to 20%, starxlard OQnvQo!lcnal equipment, 0.070" fluid orifice. A moisture and oil 
Imp In the main line Is e&SCnllal. Product is sensitive to moisture contamination. 

Use a high quality natural bristle brush and I or solvent resistant, 114" or 3/8• nap rollci'. 
Ensure brush J rober ls well loaded to al/Old air entrainment. Multiple coats may be 
necessary to achieve adequate film build. Amorcoot 851 llow control additive can be 
used lo for enhanced now and Jovellng with brush and roa appficatlon. Mulllple coals 
may be requlmcl to achieve proper 1ilm build and hiding wllh roller application. 

AmBJWat 923, Amercoat 65 (xylene), Amercoat 101 (recommended for> 90 "F}, 
Amercoat911 

Amercoat 12 Cleaner or Amercoat 65 lhloner (xylene) 

AmelCO<ll 68HS, Amercoat 68MCZ, AmeffXffit 370, Amercoot 385, Amercoot 399, 
Amorlock 21400, Plttguard Epoxies, Amercoat 435, Amercool 256 

For J)lllnt and recommended thinners see safely sheot 1430, 1431 and relevant malarial 
safety data sheets 

This Is a solvent borne paint ancl cere should be taken to avoid Inhalation of sjl(ay mist 
or vapor as wan as contact between the wet paint and exposed skln or eyes. 

Amershffild@ 5 mib dll 
40.F 5o•F 70°F 

Ory to touch 8 hours 1 4 hours 2.5 hours 
.. 

5claY$ 72 liours Dry through 10 hours 

Dr'/ to recoat 72 hours 48 hours 8 hours 

Maximum re.coat 168 hours ! 168 hours 96 ll<H.JfS 

A.men;hie/dwllh 8ii6M Acrolerator@ 5 mils dft 

2o•F 32•F ' so•F 70•F ---···-· ~ --- _, __ , ~ 

Dry to touch 8hours 4 hours 75minules 25mlnutes 

Diy!IJrough 16hours 10 hOU!s 6 hours 3 hoors 

Oiy to reooat 16 hours 8hours 4 hours 2 hours 

Maximum recoat 96 hours 48 hourn 24 hours 12 hours 

COmpflant wllh USDA Inc.venial Food Con!act Requirements 
Nuclear Service Level 2 

,... NFPA Class A Flame $jl(ead 

-m 

8.13-24 

-· OO'F 

1 hour 

5 hoots 

4 hours 

12homs 

90'F 

10 minutes 

2hours 

1.5hours 

6 hours 
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AMERSHIELD 

AVAILABILITY 
Padlaglng 

F'roouct co<les 

Wortdwitle statement 

WARRANTY STATEMENT 

Available In Haalfon and 5-gallon kits 

W PPG Protective & 
Marine C:o!ltings 

1-gallon kits have 0.8 93llons of base and 0.2 gallons of hardener 
5- gallon kits have 4 gallons of base an<l 1 gallon of hat<lener 

AM·3 
AM-9 
AM·T1 
AM·T2 
AM-T3 
AM·T4 
AM-TS 
AM·71 
AM-81 
AM-23 

AM..S 

While base 
Black base 
Deep Tint base• 
Light Tint base• 
Neutral Tint base• 
Red lint base• 
High Hl<llng Yellow Tint base' 
Safety Red base 
Safely Yellow base 
Pearl Gray base 

Hardener (Part B) 

• Tintable using UCD V·Une coloranw only. 

While it ls atways 1'11' aim or PPG Pla!eciivo & Marioo Coatings ta supply the llama product 
on a worlct.vlda basis, s!lght modllication of the product is scme!lmcs necessaiy to comply 
with local or national RJ!ealcirwrll$lances. Under these ci=msta~ an alternative product 
data sheet ls O$$d, 

PPG warrants (Q Its true to the product, (II) that the quality or the product conforms to PPG's specifications for such product in 
elfe-ct at the time of manufacture and (ill) that tho product shall be delivered free of the rlghlful claim of any third person for 
infringement or any U.S. patent covering the product. 
THESE ARE THE ONLY WARRANTIES THAT PPG MAKES AND ALL OTHER EXPRESS OR IMPLIED WARRANTlES, 
UNDER STATUTE OR ARISING OTHERWISE IN lAW. FROM A COURSE OF DEALING OR USAGE OF TRADE, INCLUDING 
WITiiOUT LIMITATION, ANY OTilER WARRANTY OF FITNESS FOR A PARTICULAR PURPOSE OR USE, ARE DISClAIMED 
BY PPG. 
A:ny claim under this warranty must be made by Buyer to PPG In writing within five (5) days of Buyer's discovery of the claimed 
defect, but in no event later than !he eicplrallon of tho applicable shelf me of !he product, or one year from the date or the delivery 
of the product to lhe Buyer, whlchoVll! Is earlier. Buyer's failure to notify PPG of such ncn·confomwnca as requfred heroin 
shall bar Buyer from reGOvery under this warranty. 

LIMITATION OF LIABILITY 
IN NO EVENT WILL PPG Be LJASLE UNDER ANY THEORY OF RECOVERY (WHETHER BASED ON NEGLIGENCE OF 
ANY KIND, STRICT LIABILITY OR TORT) FOR ANY INDIRECT, SPECIAL, INCIDENTAL. OR CONSEQUENTIAL DAMAGES 
IN ANY WAY RELATED TO.ARISING FROM, OR RESULTING FROM ANY USE MADE OF THE PRODUCT. 
The lnformatlon in this sheet is Intended for guidance only and Is based upon laboratory tes1s thal PPG bollevos to be reliable. 
PPG may modify the information contalrmd hemln al any time as a result or praciical experience and continuous product 
develo.pment. All rocommendatlons or suggestions relating to !he use of tho PPG product, whether in te<:lmlcal documonratlon, 
or in response lo o specific inquiry, e>r olherv.ise, aro based on data, which to !he best of PPG's knov.iedge, is reliable. The 
prodoot and related Information Is designed !or users having the requisite knowledge and industrial skills in !he lndustty and it 
Is the end·user's responsibility lo determine the suitab!lity of the product for its own particular usa and it shan be deemed !hel 
Buyer hall dime so, es its sole discretion and risk. 
PPG !las no con1tol over either tho qualily or condition of !he substrahl, or tho many factors affecting the use and applieallcn or 
the product. Therefore, PPG does nol eocept any nablUty arising rrom any loss, inj\J!'f or damage resulting from such use or 
the contents ot !his lnformalion (unless thcro are wn1len agreements stating otherwise). 'lar!atlons rn the application environment, 
changes in procedures or use, or extrapolation or data may cause UllSalisfactory results. 
This sheet supersedes att previous versions and it Is the Buyer's responsibility to en5me !hat this information Is current ptlet to 
using the product. 
Current sheets Im all PPG Protective & Marine Cea lings Products are maintained al www.ppgpmc.com. The English loxl of 
this shoot shall prevail over any translation thereof. 

P@;/O 313 
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8.13.10 PPG DIMECOTE 9 (typical) 

DIMETC0~9 

PPG Protective & 
Marine Coadngs 

December2013 
Revision of October .2013 

DESCRIPTION lnorganlo Zinc Sll!cato Pr!mer 

PRINCIPAL CHARACTERISTICS - >85% zlr\C in dry rtlm 
- Provides oulslanding corrosion 1osistance 
- AbrasiQn resistant 
- Resisl<lnt to dry film tcmperaltJros of up 10 750'F 
- Rooommemfod £or ISO 12944 051 and C5M Cooditlons 

COLOR ANO GLOSS Groon 

BASIC DATA 
Volume ooltds 
voe• 

Reoo1T1111endad 
Oiy lilm thid:lless (por coat) 

Theorellcal Spread Ralo 

Componenls 

Ory Temperature Resl$lan~ 

Shelrlllo 

SURFACE PREPARATION 

Sleet 

ENVIRONMENTAL CONDITIONS 

Ambient tamp01alut0l> 

Material torupetatutoS 

Relative humidity 

Surface lemperatute 

General air quality 

Flot 

63% :t 3% (based on appllod film, Including porosity} 
4.1 lbsfgal (491 g/l.) 

• Fcr"'111PV011COl'ri!h~rntidtn>qu\'» <4Z!l1>t. ~lo QVOC-114 ·~-~~ 
FcrC>0111pllln,e1>1lh~mwhti:lffl!'1"li> <UO<Jli... ~. 9H"1!n l>f ~4i>lr..~•17bJJ< 

2 • 4 mils (5<MOO microns) 
• lfw/IClllloo!J!Jf) fQ 6nm M>aOO!VJ~ •fill'1>fld!Wn ll/2<A ~s upw 8 mv.. ForAA.;11 rom~r."' .. "" 
6~4--ol:lm.!skiAl\>lt'dd. 

@1 mll dll 1,011 fi'/gal 
@ 3 mils dft 337111/gal 

2 (liquid, zinc powder) 

Continuous - 700"F 
Color will dlift Bl OlovtJllXI km;!Otlllut1H. 

Liquid - 9 months from dato of manufaduro when stored indoors in the original unopened 
con!alnar. Storage lemperaturo shoufd ba 40-100'F aod in dry rondilions. 

Powder- 24 months from date of manllfacturo when stored indoors in the original 
unopened COlltalner. 

Coatmg porfotmaooe Is proPQrtlonal to the degree or awfaca ptoparatlon. 

Abrasive bli111t to SSPC SP·S or hfghor with e 1,5-3.0 mil s11rface prcrrla. Higher 
surface profiles up to 5 mils me Beteplable, but ttw product must ba applied in a 
lhlcknes:1 great eoOIJ{}h to achieve a minimum or 2.5 mils dry film thldllless. 

APPiy D/1119tcclo 9 as soon as p0$$ible to pn;vent the blasted surfaco from rusting. 
~ep moisture, oil, grease, or olher organic matter off surface boloro co:itlog. 

For tooth up and ropa!t. power tool cleaning In scco!dance with SSPC SP·l1 ls 
acellplnblo. 

O"F to 12o•F (-1s•c to 49•c) 
Surface t&mparature must be at least 5°F above the dew poisll tempamtum. 

40'F to 9o•F (1 o•c to s2•c) 

50%mlnlmum 
' IV0/11 N>M <Oii l>o "11ifd>,yhumi<!ilied by1>tomitt>d wo!!lf 1'!>r~t-""'1~ _,Wn1"' rr,., "'"""4 

~Aflforlh•M!nlJ<i'1)4'>-lood\ 1>bmi.tmeyl>o~-t1'>""8~/0'1~"'1rlt19.,/o"' 

~"""'"'-.. 
O'F to 130'F (-18'C to 54'C) 
Surface temperature must be al feast S'F above the dew PQlnl tempomtvre. 

Alea should be sheltered from airborne particulates and pollutants. Ensure good 
venlilallon during <lpplical!On and coring. ProYlde &heller to prevent wind rrom afloctlng 
spray patloms. 
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'DJMETCOTE 9 

INSTRUCTIONS FOR use 
Mixing 

Potllfe• 

AlrlOB&spmy 

Afr spray 

Srush&ro!I 

Repair 

Thinner 

Cleaning solvent 
Primers 
Topcoats 

Safety precautions 

DRY/CURE TIMES 

~RODUCT QUALIFICATIONS 

NAC International 

W PPG Protective & 
Marine Coatings 

77 parts liquid :: 23 parts powder by volume. 
Pre-mix base compoocnt with a pooumaUc air mixer Ill moderate spocds to homogenize 
the container. Add powder component sfowiy under agitation unrn fully mixed. Strain the 
mixtllra from ono container to another throtJgh a 30 mesh filtor/straloor to remove any 
undlsporsod lumps. 

Tomp<irature 1o•F 
Dimctcote9 8 hours 

• 14!1\'llallt ~lion lhrotJtlhmd ai:t>'icl!liorl ro pi'J'iM1 99tt.'fn!] of Ii» zlr>o. Pm!ncJ ~ 6Clll ~.ittw 
tctilMttrnl\bn 

Standard airless spray equipment, 30:1 pump or latgor, 0.019- 0.023. reversible flufd 
lip rocommended 
Thin up to 10%, dedicated equipment for Inorganic zinc Is highly recommend, standal'd 
conventional equipment, 0.010· fluid oriflco. A rnolsturo and oil trap In the main line is 
recommended. Separate regulators for air and nuld pressure are recommended. Uso an 
agltaled pH111sure pot Limit fluid hose length to S-0 feel 
Use a high quality natural brisll&. Brush application Is only reoommemicd for small 
touch up aod/or rapair areas. Reiter app!lcatlon Is not recommended. 
When dry though, meesute tho dry film thickness. If film thickness is lower lhan 
specified, additional matorial can oo applled up 24 hours from tho previous appllcatfon, 
Tllln the second cont Ylilh Amorcoal 101 thinner or Amercoat 930 lhinnor. Ensure any 
dty spray Is removed. 
For aged inorganic zinc coalfogs, spot blast rusted areas ln accordance with the surface 
preparation lnstrucifons before touching up with Dlmoleole 9. When blasting is not 
pmctlcal, Amerooat SSHS or Dime/Cote 302H may be used for repair. 
Amcrooat65 (xylene), Amercoat 101 (recorruoonded for> 60'F}, Amercoal 930 (recom­
mended for epplic:a!ions > ao•F or when dry epray Is a problem) 
Amerco.at 12 Cleaner OT Amarcoat 65 lhinner (xylene) 
Direct to metal 
PSX700, Amwfock 21400, Ametroa/ 385. Amen:oat 370, others 
A mlsl coat I run ooal application lechnlquo Is required when topcoatlng lo ptovont 
applle<11ion bubbling. Ensure dty spray ls removed from the surfuco. 
Prod11Ct can be un-topcoa!Cd In certain applications. 

For paint and ~mmended thinners soo safety sheet 1~0. 1431 and relevant matorial 
~fely data shoots 
This Is a soivanl borne paint and care st\Quld be taken lo avoid iohalalion of spray ml$t 
or vapor aa well as conlact between the wet paint and exposed skin or eyes. 
Dfmelcote 9 @ 3 mils dft and 50% relative humidity 

32'F 50"F 1o•F 00°F 

Diy to handle 2 hoUrs 1 hour 30m!nutes 20mlnules 

0ty to OVllfC01ll' 48 hours 36 hours 24 hours I 18hours 

Full Curo 4days 72 hours 46 hours 3611oUJS 

' A IEXl'/Jl> ~-1-r.iJJr>g of .t or/tj;>l!ct: ~••Iii'.> Am h~ i:t1tt1daifl!@nt1y A>rl~g. 

•• Stxf-""mutdM~rwaiJicdo$ r.oedcdf<>mma"""''"- ~lllNlll~•<:AAl\'!97"11> .. llS. S"'1•c& 
tml<I bo ckJM !Viti <Ir/, 

- SSPC Paint 20, Type IC, Leval 1 
RCSC Class B Slip Coefficlen! for High Strength Bolled Connections 

..., Zinc Dusi meets ASTM 0520 Type 2 standards 
MSHTOMSOO 

- Nuclear Qualified verslon available 

8.13-27 



MAGNASTOR System FSAR 

Docket No. 72-1031 

DIMETCOTE9 

AVAILABILITY 
Poci«.19!09 
Product codes 

Worldwide slatement. 

WARRANTY STATEMENT 

Avallable in 1.gallon and 5.gallon kits 

019-A liquid component 
019-P Zinc Powdat oompooent 

January 2017 

Revision 8 

W PPG Protective & 
Marine Coatings 

Wtiie 11 Is aW;Jl}$1hG aim of PPG Ptotoc!lve & Marine Coalln!J6 to supply !he same prodw:t 
en a worfcW.ide basis, sHght modificaUon of the psoducl Is sometimes nocess.aiy lo comply 
with !oca1 OI' nallonal ruleslclroomstaocos. Under 1he5e circumstoocos an aliema!lvo product 
data shectis usod. 

PPG warrants (I) llS 1l1Je to tho prodvct, (II) !hat the quality of lho product conforms to PPG'$ speciflcaUons for suc;h product in 
elrect at !ho llmo of manufacture and (Iii) that the pn:xlud shall be dalivefG<l free of Ibo rightful claim of eny tl'llrd pllfson fot 
lnfringemool of any U.S. patent covering the product. 
THESE ARE THE ONLY WARRANTIES THAT PPG MAKES ANO ALLOlHER EXPRESS OR IMPLIED WARRANTIES, 
UNDl:R STATUTE OR ARISING OTHERWISE lN LAW, FROM A COURSE OF DEALING OR USAGE OF TRADE, INCLUDING 
WITHOUT LIMITATION, ANY OTHER WARRANTY OF FITNESS FOR A PARTICULAR PURPOSE OR use. ARE DISCLAIMED 
BY PPG. 
Any claim under !his warranty must be made by Buyer to PPG in writing Wilhln five (5) days of Buyer's discovery of the claimed 
defed, but in no avant later than th& cxplra.tlon of the applicable shelf Ufa of Iha product, or one ye<>r from the dato of the deliVGfY 
of the product lo Iha Buyer. whlehover Is earllor. Buyer's failure lo nollfy PPG or such oon-oonromianre as required herein 
shall bar Buyer from reCOVGry l>ndor lhls warranty. 

LIMITATION OF LIABILITY 
IN NO EVENT WILL PPG BE LIABLE UNDER ANY THEORY OF RECOVERY (WHETHER BASED ON NEGLIGENCE OF 
ANY KIND, STRICT UABIUTV OR TORT) FOR ANY INDIRECT, SPECIAL, INCIDENTAL, OR CONSEQUENTIAi. DAMAGES 
IN ANYWAY RELATED TO.ARISING FROM, OR RESULTING FROM ANY USE MADE OF THE PRODUCT. 
The information In lhls shllol ls Intended for guidance only sod is based upon laboratory tests that PPG belleves lo be rellable. 
PPG may modify tho lnformallon contained flerein at any Uma as a result of prectlcal experience end conlinu-0us product 
dO'roiopmoot. AC recommendations Qr suggestions ralaling to the use of the PPG producl, whether In technical documenlaUoo, 
or ro response to a specific inquiry. or o!herwlso, are based on data, which 10 lhe best of PPG's knowledge, is rellablo. Tho 
product end related Information Is designed for usors having the requlslle lulowledge and industrial skills In the lruluslfy and It 
i$ lhe end-1.1sor'a responslb;llly to determine lho sultab!Jlty Qf Iha product for ils ovm pllfllcular uso and lt shall bo deemed lhBl 
Buyer has done so, as its so.le dlscre1fon and rll\ll, 
PPG has no control over either lho quality or wndition of the substrate, or IOO many factors affectJ119 the use and applicallon ol 
tho prodlltt. ihcroforo, PPG does not accepl any liability .alls1ng from any 100$, lnjwy or d1tma90 resulting from such uoo or 
lhe oontonls of this lnfonnallon (unl!lss them am written agreements stating otherwiee). Vllriations in the application environment, 
dian~s in procedures of use. ot oldtapoui:tlon of data may cause um1alisfacto1Y resul'IS. 
This. aheel supersedes all previous versions and it Is lhe Buyer's respqnscllffity to ensure !hat this intom1allon Is current prior lo 
using the produd 
Current sheel$ ror all PPG Proteciivo & Marin& Coatings Products em maintained at www.ppgpmc.com. Tho Engllsh texl of 
lhis sheet shall prevail over any translation lhe!'eof. 
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January 2017 

Revision 8 

PRODUCT DATA SHEET August 7, 2015 {Rw1sion or July 22. 2015) 

DIMETCOTE® 9 voe 

DESCRIPTION 

rnorgank: Zinc s:ncate Prl!OOr 

PRINCIPAL CHARACTERISTICS 

• Hfgtl!evel otzlnc In dry nrm 
• v oc ccmpnant ror <420 grL roqutriaironts 
• ProV.aes ou<stano1ng corroS1on resistance 
• Good atJraSlon rns!stanoo 
• Resistant to Ory temP*<!tum up to 750'F{399'C) 
• Recornmooooo ror ISO 129d4 cs1 ano C5M conam::ms 
• >80% zinc ln dry ntm 

COLOR AND GLOSS LEVEL 

• Grc.en 
• Flat 

BASIC DA TA AT 68"F (20"C) 

'Dliiiila'rriuild""·~-~ -~,-.... ,;.~~···:-..-~"-'ill -~;-:ti:~.,,, 5~;7 ~-:~:.~;,:·"'::ir~ 
"':: •• ·::-,.,~'* .. M~~--~=-= ~_,, .. ~ -.~'!-tl~ ...... .,,'@,~·· .... .,, ..,:!:. ..,"':" ·,,,;~ """di·~· .. ·"' ....... ~,,,. ""··· ~~ ~ :..,,,. -"::::.!.r .. ~··"'· 
Nmib&r of components Two 

Volum& sofids 71,.4% 

voe tSupplie-dJ max.3.4 lhlUSgal (aw<tJX.411 Gil/ 

Temperature resistance {Contiru>US) ToTWF~w·ci 

Recommended diy film thielmess 2.0 • s.o mils !SO· 125 µm) di!p&'1dng oo system 

Th~reti<:a! sproodin9 rote sro fl"AJS gal !er :i.o rrils {1 ao m'I! !er so jlll1) 

Shelf life IJ:;ti.d: at reast o mon:r.s when stcred eccl and di)' 
Powder. ai: !i!l!St 24 mow.hs when stC<Ed eccl and diy 

Notes: 
• See ADDITION-\L DA TA - 0.ooo:;oating inte:val's 
- See l\ODlT!OW.L DA TA- Curirg ti.-no 
- Co!orwili drill a: elevated tempMitu:es 
- App:caoons up to G.o nils (150 µm) ara aceeptal:le wilh randcm spot reedings up to 8.0 rri!s {200 µm,I. For l-Jgh tem;>:irature a~p!'catbns. 

a ma:rimum d 3.0 mis {75 pm) is e!'.OWE<i 
• voe (Supi;liooj: Fer ccm;:f~ with rogu'ations whicl! require" 2.a lblUS gal {:>40 9'Q. OIM:TCOiE 9 H can be spB<:it<?d 

i:-.wc.'iangeatlJ 
- ,'Oluma sor-os is basoo o:i awr-e0 properjes &1d a.:oom:s ra- flm por0$.':f 

Rs!. P108 ~01/6 
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PRODUCT DATA SHEET August 7, 2015 Q'l!Ylston or .rutf 22. 2015) 

DIMETCOTE® 9 voe 

RECOMMENDED SUBSTRATE CONDITIONS AND TEMPERA TURES 

• Coating perronnance 1s prpop:lltlOnal to tll9 oogroa or surrace prGparaoon. 

m.a 
• Aorasllfe Blastto SSPC SP-6 or lllgt?erwm1a1.0..s.o mll surta:e prome 
• Hlgllar si.lrface proni9s up to 5 m.lls {125 µm) am axeptmi9. but ma proouct must oo appUoo In a u11c1mess groot enoug11 to 

ac111evo a mtn!mum or 2.5 llllJS (65 µm) aiy mm tlllcimass 
• Ap:pty tll!S procluct as soon as possI1>'9 to a..ro)(I rusting or uiastea sll.lfacoo 
• Keep moisture. 011. grease ana other organ!<: matter otr surra:e berate coaung 
• FQ(tooon upooa repair. po.vortool cleanlng In accordancew1t11SSPCSP.111sacceplallle 

suostrate WJ)pwamrQ and app11qJt10n 00!]11tuons 
• surraca tMlp&rature aunng appl!cauon s110uia us oot,\'oon 2o•F (·7"C) all<l 130"F (54•C) 
• sunace tooip!Wtum aunng application s110uia 1.>a at least !)¢F (3•c) abO\le Clew potnt 
• Aml.llant temperature cturlng app!tcallOn and curing sllOUICI be ootwoon 20"F (-7"C) aoo 12o•F {49.C) 
• Rslatl\te 11um!dlty dullng appllcallon aoo cuMg slloU!d be abOve 50% to obtain opllma! curing pcopertBs 

NotG: wot,; ama can oo aruncrany 11Umlellf!OO 1:1f atomtze<:J water spray a!lC/or ponamg water under me coated structures. Aner 
me ntm Is !l!Y-to-tOUC11. a 1100 mist. may be applied over 11113 coa11ng to expeellte curtng rn v.v llum!Olly environments 

SYSTEM SPECIFICATION 

• Primers: orrect 10 metal 
.. Topcoats: PSX 700. AMERLOCK 2'400. AMERCOAT Ep::Dtles ano PIITGWl.RO Epaxtre 

Note: Protluct can l>G un-topcoatoo tn cooatn applleatlOns 

INSTRUCTIONS FOR USE 

• 011¥ rrux ru!l l<lts 
• Pm-mix base component wnn a pmrumatlc a.If mll(er at moaerate spee<:Js to liomoge!l!Ze um contalller. AOC! po.voer 

compollllflt s!Owly unoer agltat!On until ruriy m!XeCI. Strain too m!Xture irom one contllloor to anotJ1er mrougll a 30 mas11 
ntter/sl.ralner to remove aey tmellSpo!SOO rumps. 

Pot11te 
12 llOU!S at 70°F {21•C) 

Note: SOOADDmONAL CATA-Pot life 

Ref.P10S 

NAC International 
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PRODUCT DATA SHEET 

DIMETCOTE® 9 voe 

AllPllCanon 
• Arna S11ouXJ IX! sllGl!ern<I rrom a!ruo!'l'le'p&'!leulates ano polfutants 
• Ensum gooa ven!'lla!lon <lU!lng appucallon and a.nrng 
• ProVlae sl1'lller to prevent \\1lld rrom arrecnng spray patterns 

January 2017 
Revision 8 

August 7.2015 (Rl?l!Sfon or July 22. 20151 

• Mist spray: A nust coat I ruu coat ap~ca1l0n tOC11n1que Is roqulroownen ropooa!l!Y,J to prevent appucatlon l'Ubtxlng. Ensure 
dry sp."ey is rnmovoo rrom tne surraca 

• Repair: Foragoo 1norgan1CZ1nc coaungs. spot blast rustoo areas rn accoroance wm1 tllG surtaoo pr€fJaratlon lnstrucoons 
oorore toucll!ng up WIUl bl'llllS pro<IUC!. WMO IJlasllng IS not practJca.1. AMERCO\ T 6S HS or O!METCOTE 302 H may 00 
usoo tor f€flalr. 

• Repair: WIJ<an ctry t11oug11. measure me ctiy mm llllelcness. 1r rum tlllel<ooss Is 1ow{lf tllan .spocinoo. aooru:ma1 mate11a1 can De 
app!!GCJ up 24 llOUTS rrom ti¥.! PfEMOUS appllcatlon. 11lln UlG secona coat \Yltll AMERCOAT 101 !lllnner or AMERCOAT 930 
thinner. ensure any dry spla'f ls removeo 

Material temp9ratum 
Matel1al tempgratum aunng appiieallon sliouJa oo Der.voon 40"F (4"C) ana 1oo•F (38"C) 

Alrsprav 
• separate air ana tll.llO pmssuw mg!Jlators ana a mo!Sture ano oil trap In Ute maJn rur supp.'Y Bne am racornmooooo. 
• Maintain contlnucus a;iltatloo to koopzl~ In suspens!OO 
• Limit li!.ll!l l'!Oro teng11t to 50 teot 
• use stan::larcl comen11ona1 eqUlpment 

Rocommendl!d t111nner 
THINNER 21-06 (AMERCOAT 65) Qtylene)). THINNER 2l-25V\MERCOAT101) (rocommenaoo fOf> 60'F (16-Cj}. AMERCOAT 930 
(roconll'OOOOOO ror applleatlons > so•F (27-C) orw11en dry spf<¥ is a proll!em} 

vo1u1M ot t111nner 
0-8% 

NOZZIG ortnce 
Approx. 0.010 In (1.8 mm) 

Airless~ 

• 30:1 pump or larger 
• A reversruie nu!CI Up recommenatld 
• use staoo.arcJ alooss spray equipment 
• HosGS snoota normally oo kept as snort as possltte 
• Maintain continuous a;irtatlon to koopztr.c In suspens!OO 

Recommended tltlnner 
THINNER 21-06 (AMERCOAT 65) QtylOOe}}. THINNER 21-25V\MERCOAT101) (rocornmooooo for> OO"F {16"C)). AMERCOAT 930 
(rocollllTl9n<lOO tor app;icatlOns > SO'F (27"C) or w11eo dry spra,r ts a prolllem} 

NoZZie ormce 
o.019 - o.023 rn (approx. 0.48- 0.58 mm) 

Raf.P108 

NAC International 8.13-31 

~ PPG Protecm-e& 
Marine Coatings 
600;llna i::n<l':.clcntot.hc~ 



MAGNASTOR System FSAR 

Docket No. 72-1031 

PRODUCT DATA SHEET 
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Brusl1Jroll9r 
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• use a 1i;g1H1uanty natural-b:lstle brusli. Brusll appucauon Is onl'y recommenaeo ror small toucll·UP ancl/or repalf areas. 
Roiler app11ca11on Is not rncomnmooo 

Rocomroonood u11nnor 
AMERCOAT 65 (XYlt!n9}J AMERCOAT 101 {te<X>Oi!OOndOO ror >60.F {1WC)). AMERCOAT 930 {recommeoooo tor app!Jea!Jons 
>OO"F (27.C} Of Wll(ll'l dry spray IS a prot.-<iam) 

Volume or u11nnor 
0-5% 

c1ean1no sorvent 
AMERCC\11. T 12 CLEANER or AMERCOAT 65 THINNER {>:YlftOO) 

ADDITIONAL DATA 

<Nercoating with_ Interval Ml"F (4'C) SO'F (fO"C) 70"F (2i'C) OO"F (32-'C) 

itself 

Notes: 

Mnirr.um 

Maxi.'llum 

48 hourn 30 houra ro llol.J'1'; 

Extended Extooded Extended 

- To confirm ctr!l to topooa:t. ccndu::t a MEK rub te:;t per A!lTM 04752. A rllling of .i or higrnr is wtf\Cient fcnop::oati!lg 
- Maxi:num i:lll!r\·al is or..'y 1mlirrJtoowhen the surface is free from airJ ro:r .. amiru.:ion 
- When re-coatir,g to build fdm thickness w".Jiin 24 ho-0ra of tile ilit!ai a.ppli:atkm and prior to the film raachlr,g an MEX resistan:e ol 3 cr 

higher par ASTM 04752. use a wire ecroen to wrove arry dty spra1 and appi; a tllmed down coat using 25-30% &IAEl<CO\ r 101 

t!inn&r (lhinnB" 2Mo5) to athi""e lhe specified fdm thickne-.,s end eppl;• in a wet coat. 
- When ro-roating to blJild lilm tl!ickr:ess eftm product has reu:hsd a'l MEI< resislllllC<l d 3 or l'Jdher and passes a ccin rub tesi. uniform'y 

abrade the s!l!fai::e taking cs~-:ion 11ot to pofis!VbumSh tre firm. This is oost done bj lig'it alxa:!.Ye blasting fcllomid cy deanng ol amy 
pa.rt.iculato contaminetio.-i on tile surla:oe. Api:l;' a thinnoo down C1lat u~ing Arr.ero:;at 101 (lhihnf< 2:-25) as described alx:ll'e. 

·-11f'.}"'...,...tidi~-iJff""'°'.:'ios.ortias~a:a~:;. ·.·e;tfjf"· "-=·:" ,F'~~:~~---1f'·;··.:"' 
~-: --~~= ....... ~. ~- _,..,". ·· .. ,;..· .. ":."-!:'~~ .... : • ••• : •• ~~". ~ • ...:.~ 

Substrate temp&mture Dry to touch Dry to handle 

40'F{4<C) 45rrinutes 7Srrinutes 

SWF(t<rC) sorrJnllll!s &I rranutes 

70'f{2t"C} 15rninutes 25 rrlnutes 

OO'F{S2'C} sninutes to minutes 

RBf.?108 
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ii~tfifiicat~~ .. ··'!"<···· ......... 
" " " " " " " . " . ~ 

Mbced product tanpemrure Pot life 

SO'f(tO•Cj 1Gb:lurs 

70'F(2t'C} 12hoors 

90"F(32•C) a hours 

"" 

January 2017 

Revision 8 

August 7. 2015 (Re.r!Slon or JUty 22. 2015} 

Note: Maunain agltatton uuoogi1out appnca11on to prevent s.;ttnng or tllO ztnc. Protect product trom motsturo contamlnatlon 

Product 0Yal!t!Catlons 
• SSPC Pa!nt 20, TyJ» IC. Level 2 
• RCSC Class B s!ip e-0orne1ent ror 111g11 strongnt 1>otl9tl connections 
• zinc oust mootsASTM 0520 typ;i 2 stanaaros 
• AASHTO M300 

SAFETY PRECAUTIONS 

• For paltlt anCl mccmrnoollOCJ Ullnnro> soo INFORMl\TION SHEETS 1430. 1431 ano miwant Mater1al sarety Data SlJOOtS 
• Tiiis Is a sotvoot-l>Omo paint aoo care s11ou1a oo ta'.<;en to avOl<l 1n11a1auon or spray ml$t orvai:or. as weil as contact oetm:xm 

uw wet paint ana expo59CI skin or eyes 

WORLDWIDE AVAILABILITY 

It 1s aways II» aim or PPG Protec!Ne aoo M:artoo coaungs to supply me salJl9 pnxtuct on a \vorJO\v!Cle oasis. How over. Sllglll 
moamcauoo orn10 product IS sometimes oocessruy to comptywM local or nauooai rui&Stctrcumstanoes. unoor tl1\"ISG 
c!rromstances an a.'tematlVe proouct <lata S11oot IS usoo. 

REFERENCES 

• CONVERSION TABLES 
• EXPLANATION TO PRODUCT DATA SHEETS 
0 SAFETY INDICATIONS 
• SAFETY IN CONFINED SPACES AND HEALTH SAFETY. EXPLOSION HAZARD­

TOXIC J-f.AZARO 

WARRANTY 

INFORMATION SHEET 
INFORMATION SHEET 

INFORMATION SHEET 
INFORMATION SHEET 

1410 
1411 

1430 
1431 

~·~flhl&bh~~'J'mt~.,...~ll.'it-p:md~~--~~b-...hp::'JdJ;thd\dllh ... dJ":UU:ut.ni.v.!Cilt)':tWlt•~Jel-tlf'a-611\...St-~•haft}ftJdWa.:f•ty 
N'dpr.aib~d.yU.:.flllUd~tt.~nru.i:ARCn&:uuw~:i\\rwewn:sND.w.ornm~cn;IDl.S-n-WA>-nv.~L~:.?A.nrxon>.mNAan~w 

tAW.~A~C-f'CZM»ietm~Of:m~~Wtm:>'J?l.M.""..AUCH~Om...""A;~OtfmcsJetlA~~ont.-'tX*>$$0-~.AMDtJ'\'WC.A."fd:GnU'd:w~ 

Ylfl'lll:~lf'Nlltbomu+tTn,-t:i~hW'd)S:..:h'he.{!]~tt«~~dU.~dkb.1,.b.&ltfm~r.-~hlilq:~d.-.~O'lldfahdh~wOM-yrJaJ~fi'Md:hdh 

6'.A.VJttH~toi.~.-~•uw .. ~ntun10rd'J'P.'=Cf.~~ .. ,~tllll'Ctn1t.-~~~~n..wTUtt· 

Ret. P108 
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LIMITATIONS OF LIABILITY 
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N"Nt>MmWU.~U:::™:::li'.~kwtw;attcrr.u:x.m;s..'"f~OUlllOf~G:mt~SU'l'Cl'&~W!Om')R)l'tA.Vf~Cl,.~~~W..«¢.t:nCCM'::CUNf'A 

rANK::.CNA..WW>.Yhn.A.tmtcvn:r.cucu.Oa'~l'M:ilTO\f.AhTt.t;:;'"-'lt:O"flt.;;M~ .. ,,..~~nbi,,.,...,.ttn1cdb~~&tdllfb>od~~~,..AWC~-"'" 
hi>-'°'~R"Ctt#,fi'IWJy~t?:b:TI.itW~~11l~l'fM-n•~t:Jt~~-c::ittftO.ll.(ftlt.d~M~o~~1'!111.:1Ubt!•l'l'Clt¢Jtt.~~-~f!>­

~~ulU•A11fOlNb•~hJS~~u-~ ... __,~~~-'llllttcdf~bt.v'~ti:~lhopOOU:f:wd~~b~.Cb'~~._~14kiW'*1?t­
V4~1!lAl:~U.~JnJlttt..vd~~'t)'b~fh:3~tfdO.pok:tbrnc.t1~uavdl-1d'idt.~hc10..,VhMOct•~oer.:if~.nth;t.~hdt'IO 

n:irU:1owi\10ati.~a~dt\•~«tM~r..tbu.~1e.a.una.n:-~~,.~~rq;~rm.~.,-bbf~•*:rsor.rt.,-,,t::.,t,.tpy=.en~t•~'"'"-"~ 

w•a&~'Ol.Ht~~&Jld~-~~~Ok.M~}Vritb'ab'h:l'ff~b\ut~~hf~d~a~dt:W:•,,.-.,,~u:uttrto:t~~'l'<:#l 
~~d~U.:sdfWN~~tlOluol'tlftit~!Jt~pt;f"!CUPS'f'G~Gmrld'lalbbd:R--.~•-'1.trmit.Cl:ltbJlnut.-.,?.,..~,c 

·-fl~':!!O~taJdtt#Jbdd'td~""8°""'.mptv~t"#':d. 

Pac1<a.01nrr AVallaJ>!e ln o.85 ac 

Product code 

D!'N-A 

Dr!t-P 

Rer.P10& 

NAC International 

10.'l arX1 4.9~TIOO l<J!S 

Description 

Liqu'd 

Zinc i:\::Y111:!er 

Pa;}e6/6 
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8.13.12 PPG DIMETCOTE® 9 H (typical) 

PRODUCT DATA SHEET 

DIMETCOTE® 9 H 

DESCRIPTION 

inorganic zrnc Sl!Jcato Pr!lner 

PRINCIPAL CHARACTERISTICS 

• >85% Zinc In Cliy lilm 

• voe COnlJl!alll <2.s 11:1 gai 
• P!oVJOOS outstan0mg corros:on roststance 
• Gooa auras1on res1stanca 
• Roststant to Orf temp...-.rarure up to 7SO'F(399'C} 
• Rscommooeleel ror 1so 121ldt! cs1 ana CSM coni:nt!Ons 

COLOR ANO GLOSS LEVEL 

• Groon 
• Flat 

BASIC IY\ TA AT 68"F {20"C) 

Number of components 

Volume solids 

voe (Suppfl<!d) 

Temperature resistance (Continous) 

Recommended dry film thicknESs 

Theoretical spreading rate 

Shell fife 

Notes: 

Three 

so,,,4% 

max. 2.7 lh'US gal (approx.3249'~ 

To 750'F {399'C) 

2.0 -5.0 rnls {50- 125 p:n}depoo<f:ng on system 

s~z tr'"iUS g& fer 2.0 mls (1 a.o m'll for so µml 

Ulti<l: a: '!el!st 9 morrJis when .:ored eccl and dry 
AcWatcc a: least N rm.iths when sloo:d cool ard d"f 
Pctilder. at least 2.i: mon!hs whm mored cool lllld d:y 

• S<.>0 AOOffiOfl:.\L °'TA-0.-a:coating inteNa..'5 
- SooAOOfnON.\LO'tTA-Cu:ingtime 
- Colorwir drill at elwated tem;>erattres 

Al)JllSt 7. 2015 (Rev!SlOn 01Apr.I27, 2015) 
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Revision 8 

- App;:cat:oos up to 6.0 m'!s (150 ~m) &e e.cce?!3tlawi'J\ rar.do.TI :;p::.trwc!tlgS up to 8.0 mils {200 pm). R:digli mn;:ooitrw-re a;:p:l:ati:lns. 
a maxim1m cf 3.o mils {75 µm) is a!o'ff'.d 

- volume sci.ids ts basoo oo a;>pfod properties a.'ld acoooots fa Rm p::ros.'TJ• 

RECOMMENDED SUBSTRATE CONDITIONS ANO TEMPEAATURES 

• coaung !JGfformance IS prpop:m1ona1 to tlJe oogroo 01 surtaco prepara!lori. 

Rel.P107 Pa;jo 116 
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PRODUCT DATA SHEET Al.lgUSt 7.2015(Revlston OtAplll 27, 2015) 

DIMETCOTE® 9 H 

.S1lli!l 
• AbmSIVO Blast to SSPCSP-6 or tl!gtwwnn a 1.0-3.o mn sutfaco prol'l!e 
• Hlgl»r su~ ixon~ up to 5 rrGs (125 Jllll) aro a:::cGptID!il, llutt11e product must oo appnoo In a Uileknl.lSs grrot ;;noug1110 

ac111we a mlnlmum or 2.5 mllS (65 pm) cay rum tn!Cl<nass 
• Apply tll!S proouct as soon as poss<J>l9 to avOICl rusting or mastea surraces 
• Keep moisture. on. greaso am ouwr organ!C manor on surtooe ueroro coating 
• Fot toucll up am repair. po.vet tOOI Cleaning 1n accoroar.ca w1t11 SSPC SP-11 is accc.ptall!a 

SUl2Strnte teJD:>Arature and appucat!On coDdJt!ODs 
• surrace templ'lraturo dUMg appl!cauon s110uia oo ootwoon 2o•F (-7'C) aoo 130>F (51l'C) 
• S1Jrtaoo temperature aumg app!lcauon s110u1a oo at least s•F {3•C) anove aew point 

• Ambient t9111P9rature aurtrig app:tca.non ana cunng snootd b9 i:etwoon 2o•F Fl"C) and 1204F {49°C) 
• Re!at!Ve t1Ulllldl!'f ourtng appncatlOn aoo cunng s11ou:d oo aoove 50% to obtain optimal cur'111g propenl9s 

Nata: wori< aroa can oo artl!!Cla!ly f'IU!ll!dl11GO f1Y ato.'l'llZed water sprey anaror pooo!ng water unde< me coated structures. Anor 
tile ntm rs <11y-to-touc11. a nne mist mey bG appnoo over me coanng to expea1m CW!ng tn ~v numicmy oov1ronments 

SYSTEM SPECIFICATION 

• Primers: Direct to metal 
• Topcoats: PSX 700. AMERLOCK 21400, AMERCOA T EpoxtGS anti f'flTGUARD EpoX!eS 

INSTRUCTIONS FOR USE 

MIX as packaged 
• on~ mix tuil lmS. llqukl. powaer ano acwator are paci<agoo In uie correct proportions w1J1C11. \\1ten mlXOO togeo~. yle'Al 

0.68 ga!!Ons or 3.4 gaiOns or DIMETCOTE 9 H 
• Pm-mix base componoot w1U1 a pnoomatle air mtx:er at m0<1erate spooas to oomogen!Ze me conta:loor. Add powoer 

compommt stowt,r uooer agltallon unl!I ru11y m!Xe<J. strain Ula mll<ture trom one container 10 anomoc mrougn a 30 mesll 
rntertstraJner to mmove El'f1 uOOlSperSa<l !Umps. 

POtllfO 

8 llOU!S at 70'F (21 "C} 

Note: soo AOOffiONAL DATA- Pot ll!'o 
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Appt!CaUon 

• Area snou!<J be sMneroo rrom alftJOroo part!Culates anti pollutants 
• ensure good venmauon aurtng app!lcatlOn and cu11ng 
• Ptol/klG sMller to prevent wtncl rrom amicttng spray patterns 

January 2017 
Revision 8 

August 7. 2015 (RwlS!on or Apl'll 27, 2015) 

• Repair. Wll:ln dry t11oug11. measum me dJY.!lfm t111clmess. tr !!Im tl)!c!(ooss Is lower tl1an sim::ir:oo. a<ratt!onal matertal can be 
appUed up 24 llOurs rrom tl'IG prov!ous app!!CaUon. 11110 tlle second coat Wllll AMERCOAT 101 tlllnoor or AMERCOAT 930 
tlllnner. ensure any City spraJ IS removed 

• Repair: Foragea roorganlC zinc coallngs. spot l.JlaSt rust&cl areas Ill accoro~ wm1 tllGsurtace preparation InstructJons 
be!ore touCtllng up wltll tmnls proouct. W11en blasting IS not practical. AMERCOAT as HS oraa OIMETCOTE 302 H may be 
uOOd tor repair 

• Mist spray: A mist coot/ Ml coat app:lcatlcn toc11111que Is required wnen toproanng to pro.vent appucauoo bub1>11ng. Ensure 
dry spmJ IS removed rrom t110 surrace 

• Ptoouct can oo un-topcoated rn certain appucauoos 

Mauir1a1 temperature 
Matet!al tc-mperatum durtng appita!lon st;ollld be bat.voon 40"F WC> and WF (32°G} 

~ 
• &.lparate air ana lllli<l prassum mgUJatom and a moisture and Oll trap In t11e main air sup~ llne aro rocommsnaeo. 
• Ma!ntaln continuous a;inauoo to t<oopztnc m suspons!on 
• lllnlt t!Ulll l'!OSG 1eng111 to 50 feet 

RecommondGd n11nner 
THINNER 21-06 "'MERCOAT 65) Q<ylOOlli}. THINNER 21-25 ~MERCOAT 101) {rocomlOOl'lOOCI ror> 60°F (16.Cj). AMERCOAT 930 
(rocommanc100 for appl!Ca!rons > ao•F (27"G} or wnen dry spraJ rs a problem) 

VoJumo or tlllnner 
0-8% 

NOZZIO ortnco 
Approx. o.0701n (1.8 mm) 

AJnei>s 5IXW 
• 30:1 pump or Jargar 
• use stanclaro alt..JSS spray equipment 
• A revmiore TIUl!l np rocomroooooo 

Recomrnend9<11lllnner 
THINNER 21-00 (AMERCOAT 65) (ltyl&Oll}). THINNER 21-25(A.MERCOAT101) {recommooooo for> 60•F {16"Cj}. AMERCOAT 930 
(rocommeoooo ror app!Catlons > ao•F (27•q orw11en ary spmf Is a prot::lem} 

NOZZIO or1flco 
0.019 - 0.023 In (approx. 0.48- 0.58 mm} 

Rllf.P107 
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• usi; a h!glH!Ualtty r1a1uraJ.brtsl!e bruS!l. srus11 application Is only mcommemioct ror small 10uc11.up ano/or repair are.JS. 
Roller appncatlon Is not rocomroonaoo 

Recomnwnood Ullnnt1r 
AMERCO/ff as \X}'lene)J AMERCOAT 101 (recommeooro ror:>Qo•F {16°G)). AMERCOAT 930 (rC<X>mrneoow tor appllcat1:ms 
>80°F (27'C) Of\\1100 <Jry spray IS a prol»ilm) 

c1e.an1ng so.'Vont 

AMERCO>\ T 12 CLEANER or AMERCOAT 65 TH!NNER (Xylene} 

ADDITIONAL DATA 

Olrercoating with... !ntelVal Ml"F (4'C} 5G'f(1CY'CJ 70'F{21'C) OO•F (32"C) 

itseli Minimum 48 ho'Jrs 36hOU!S 24 bOU"S 1Gilourn 

MaximU<'TI Untmited IJnlrrited Unfll'l'Jted Un!i':mi!ed 

Not as: 
• A MB< rub rosistan00 test aota"dng to ASTM 0.!7S2 can be perioimed to cor.flfm curo to topeoat. A rl!ling of 4 or higher mdica!as 

sufficia-.•t cures. A minirrum rating ol ::isro!ld l::e 00-.ained prlorro O\'~g. 
- Smface must t:e i:xr11erwashoo es n:eded to mmove an sur'.ace contamnants il'lclooing zinc salts. S!Jr!ace m:.ist oo cl;;an and cry 
- Whil«'l re-cootir.g to build lilm th:Ckr.<r.s wi'.hin 24 hoors cf tile iniful appli::ati:~ and priorto t.00 F,;m re:iching an ME':< resis:ance of 3 ex 

higher per ASTM 04752. use a wire =oon to rerrove arq c!rj• ~ mxl apply a thlinned oonn coat us!11g 25-30<;~ Af,IE'llCCAT 101 
tli:'.ner (Thin!'H 21-25) to acl!:e.-e the sp:icif.ed mm thickness ar.d api:lt in aw et coat. 

- When re-coating to build film thl:knoss after i:roduct bas roached an W.3< rosis:ari::e d 3 or hgherar.d passes a ccin rub test. u11iform'y 
ab:ade the S'llriece taking caution l10t to polishlbtlm'sh th-J mm. This ls best dooo by {~'it abras.ve blasting fdkm!!d ty deanc.g of any 
prut'i::ula:e contam'na:ioo on th9 s!lriace. Apply a tlinood 001m coat using Ain:irooat 101 (Th:nllll<" 21-25) as dSG-~ above. 

Substrate temperature Dty to touch 

·Ul'F(4'C) .!IJrninutes 

SO'!'{IO'C) :31.>rninutes 

70'F{:21•C) 15 minutes 

90'F {:->:?"C} sninutoo 

Ref.P107 
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'Poi~;;,:·--;.~.:-:-;; •· :--·-;.;:.<~:::, --;,;!f:-· ·:·~-ii; 
~ .. ".~ "".,Jii; ...:..:X r ..... _'t&; ."!;;, ~.a..~- :"Jt.:~~ ~' 
Mixed product t<emperature Pot life 

SO"F(1ct'C} 12hours 

7o'F {21•Cj ehoors 

!IO'F(32•Cj .: hO'JIS 

January 2017 
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Note: Ma!lllaJn agltallon mrougiiout appncauon to provoot sennng or um zinc. Prot&e! proouct rrom mo1s1urt1 contamtnallon 

product ouaur~ttons 
• SSPC Pain! 20. 1YP3 IC, Lew! 1 
• Rcsc Class B s!lp coemC!ent ior 111911 s1roog11t !)CHOO connections 
• zinc dust mrotsASTM D520 ty1>3 2 standaros 
• AASHTO M300 

SAFETY PRECAUTIONS 

• For pa!nt and reccmmonaoo llllnners soo lNFORllA noN SHEETS 1430, 1431 ana rntevant Matellal sarety oa1a s11001s 
• Tllls rs a selVoot-oomG paint aoo care s110010 L~ ta;;en to avom 1n11aratl00 or spray mist or vapor. as wen as contact oer.voon 

tile wet parnt ano gxpo.~o s!<!n or eyes 

WORLDWIDE AVAILABILITY 

rt ls aways 111>.l aim or PPG Prol€<.,"'tlvo and Marine GoallngS to suppty tllG same proouct on a worlawroo basis. Howwer. sHgllt 
moomcauon or uie product IS someumes necessarf to comply W!tll IOC<ll or natlcnal rules!clrcumstances. unoor UIBSB 
circumstances an al!omatt.re pro00ct aata snoot ts usoo. 

REFERENCES 

• CONVERSION TABLES 
• EXPlANAlION TO PRODUCT DATA SHEETS 

• SAFETY !NOlCA TlONS 
• SAFETY IN CONFINED SPACES AND HEALTH SAFETY. EXPLOSION Hl\ZARD­

TOXIC HAZARD 

WARRMITY 

lNFORMATlON SHEET 
INFORMATION SHEET 

INFORMATION SHEET 
INFORMATION SHEET 

1410 
1411 

1430 
1431 

f";t;;;;•......Ufi.b!kb'1o~d.,.{')hth.y<.C:~d~A?"?"'~r'JboT::J'Un~'2~b~~h\C\d.C.'f»~drun/~#'1':1\it)'f...thp?:U::f..i.1t1t.dJA'indhtol':tr...'fc:ftt.J.e:btT'l.e•-..-y 

n.~f"l""JO'lb'tt'l!Ar.,,.«drywt.~tca~h~'dnm;;.AJc::ncen."t~~~'O.\\t~"'1'2:>.N:JA.tt.1Jnimi:;x:N.C:Zt:«,~:.uw~~~<r""-'ttm'o."1A~t..nont.wM:t:1t 

lA-W.nl:i\l,A Cct.'teJ;Cf' t'UAttf'iGQJtU~CU~TI'P:lf. t.cu .. ~WmQ'.Jtt.M"'..Anot~»--YO!'ntJt\W:i{A."ff'!'Of:f:i~n:~AR'.Rra.JJ.>.J.\nf1!$~.Ql ~O&:lJINt'Q t1l'i~A¥'fd:Ufl r.#0. t'!a 
w~nDtbli~~~to:~ttvrt.t-9~ba{!)~d~'tb~dlt.&~~.b.t$mA·.,,.-t.:Wf"..abali!iitlt~dl\t-tf'~*.,,...,V'-4-:ftl"•~1¥a-•)'OlilfO"'!ha:d:Ht:lto 

~ d htpxt.d.tohi~.•-WlMa' tria..t.~~nt.A.n tQtt.Uf;P:ttl.amtcrt-~il/ttJ> .. ~hsr.hlt'.-ltar~~fVCtl'*T~c• 'llr.lifft....,.. 
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IN~DttaWUl'-'tU::t!llllJ:tee:r::2A-WftW"-'b"<::tmo:?ltt'tt(lltL~t:.n~t1i~~cr:AA-i~:-rncr~:tmn:tljiotaNf~.$tn!'ti~-1..,tt.CCl:h'T>.2,at~.CU.l\"t'#.t 

r~NA.WWA't'li'.t.\Til>fQ..U~rnJM.,O't~t~t;0:v.AN'f~~~n=r;r:a..a.n.~tll:ll!•'.Jl...t&~u~uo-.,~ .. ~~~'IU7fl#ttt".-t.t'r".:bsk'.a·•!'.: 
t.!W:~Pf:'Cn#j~"f~•kl:r.n.fim~'twK..C_,-lbtu.rlU".4(1¢~0T"'"'°'*'d~p:d.Jd.::O~At~l7lSalU~~bb'at.-~N~~-t~ei 
~d»ttcbkr-""«h:~lv•~h"{Q/~Ol~an!amidm~w"J..C'\bb~d~borP-~•,.-.ui..Thl;t:d.dWdt.a..hd~:nei~w:u~-r."'S-.~t.UQl"W]Q 
~~1'lQo:te.U.l'~7'"1abhtu~,..~W:~•!hi~'fde.~nb.:Wt_pttchl'i:: .. W'dt.tAlht~llld~~-~-un.ti:/iottctU1Avdr.d..~t..»:~ 
c~Wo.•lllR•h~l)'tf~.fltfti'lt~,..«lh~;WN?f~W1~hW#.-dlff~"~lit!hpUU't.-~~n'a~mf~1"')'Mlil't~t9!knkl)'i:X .. ttl'fil~~~:wutrtg:\';nMlK 
l\.Ui'IJ/'ht~d.hll~\U'kl:~··~~Dbg~~Y~h.,_lf'f6:.cD\""~nd~e.':&•bf~d'"'-u-~,u,d~-tn..,-e-M~~.,._b~ 
IOaa!!a~llJ.~·unUU:wdl.#t:wD>)"1f"llt~br..u.NVU..-t7:Til!t:n~u...~yt:,t:c::ms?9~i.ct.~J.fwbbdJrt;~.,~C:wt-istntid~llff~ld 

-~~~b.!cllt•~CUl-1pa.allw:s-*"'fh~~ 

Paekao!nQ: AvaJiabl9 In 0.67 aallon ano 3.4·Qallon lilts 

Product code Description 

Oi9H-A Lqlid 

Di9H-B Ac'J.•aJor 

0!!}.P Zin::- Powder 
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6. Fill the TSC with clean or pool water. For PWR spent fuel contents, the soluble boron 

concentration in the TSC shall be verified and monitored in accordance with the LCO 3.2.1. 

7. Attach the lift yoke to a crane suitable for handling the loaded TSC, transfer cask and yoke. 

Position the lift yoke over the transfer cask and engage it with the two transfer cask trunnions. 

Note: The temperature of the transfer cask (surrounding ambient air temperature) must be 

verified to be at or above the minimum operating temperature of 0°F, per Section 

4.3. l .f. of the Technical Specifications (not applicable to the stainless steel MTC2 

design). 

8. Lift the transfer cask containing the empty TSC and move it to the spent fuel pool following 

the prescribed load path. 

Note: An optional protective cover, attached to the bottom of the transfer cask, may be used 

to prevent imbedding contaminated particles in the shield doors and door rails. 

9. Connect the clean water lines to the lower annulus fill ports of the transfer cask. Ensure that 

the unused ports are closed or capped to prevent pool water in-leakage. 

10. Lower the transfer cask to the pool surface and turn on the clean water supply lines to the 

lower annulus fill ports to fill the transfer cask/TSC annulus. 

Note: Sequence on connection and filling/draining transfer cask/TSC annulus is at the 

discretion of the user based on approved site-specific procedures. 

11. Spray the transfer cask and lift yoke with clean water to wet the exposed surfaces. 

Note: Wetting the components that enter the spent fuel pool and spraying the 

components leaving the pool will reduce the effort required to decontaminate 

the components. 

12. Lower the transfer cask as the annulus fills with clean water until the upper annulus fill ports 

are accessible. Hold this position and connect the clean water annulus fill lines to the upper 

fill ports. Ensure the unused ports are closed or capped to prevent pool water in-leakage. 

13. Lower the transfer cask to the bottom of the pool in the cask loading area. 

14. Disengage the lift yoke and visually verify that the lift yoke is fully disengaged. Remove the 

lift yoke from the spent fuel pool while spraying the yoke and crane cables with clean water. 

15. Load the previously selected fuel assemblies into the TSC basket. 

Note: The fuel assemblies shall be selected in compliance with the requirements of 

the approved contents specified in Appendix B of the Technical Specifications and the 

boron concentration limits of the Technical Specifications, including limitations on 

fuel assembly positions within the basket. Specific fuel assembly positions for 

preferential and zoned loading patterns shall be in full compliance with the 

requirements of Appendix B of the Technical Specifications. Assembly selection, 

placement and compliance with preferential zone loading patterns within the basket 

shall be independently verified. 
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Note: Up to four DFCs containing authorized PWR contents may be loaded in a TSC with a 

DF Basket Assembly. A DFC spacer is required to be positioned in the Designated 

DF Basket Assembly corner locations for the shorter length DFCs. Independently, 

visually verify proper placement and correct orientation of each required DFC spacer. 

Note: At the option of the user, install fuel assembly spacers for the axial positioning of the 

PWR fuel assembly types to be loaded. Verify spacer identification and install fuel 

spacers in each intended fuel loading location based on the fuel spacer plan prepared, 

which is based on the fuel assembly inventory and nonfuel hardware to be loaded. 

Independently, visually verify proper placement and correct orientation of each 

required fuel spacer. 

16. Visually verify the fuel assembly (and DFC, as applicable) identifications to confirm the serial 

numbers match the approved fuel-loading pattern. 

17. Install three swivel hoist rings hand tight in the three closure lid lifting holes or in three of the 

six TSC lift holes. Install a three-legged sling set to the hoist rings and connect the sling set to 

the crane hook or the attachment point on the lift yoke. 

Note: At the discretion of the user, the closure lid can be attached to the lift yoke 

and the lid installed during the lowering of the lift yoke. 

18. Raise the closure lid. Adjust closure lid rigging to level the closure lid. 

19. Move the closure lid over the spent fuel pool and align the lift yoke (if used) to the transfer 

cask trunnions and align the closure lid to the match marks of the TSC. 

20. Lower the closure lid until it enters the TSC and seats in the top of the TSC. Visually verify 

closure lid alignment using the match marks (± Yz inch). 

Caution: Following closure lid installation of the PWR TSC, there is a thermal time limit of 

19 hours to begin the Annulus Circulating Water System (ACWS), or approved 

alternative annulus flow system operation, and to begin temperature measurement of 

the MTC annulus outlet flow to verify MTC outlet temperature is maintained< l 13°F. 

However, if the circulating water cooling system is not utilized, or becomes 

nonoperational, measure the cavity water temperature every 2 hours. If TSC 

preparation operations through draining are not completed prior to the cavity water 

temperature reaching 180°F (5 hr. time) or 200°F (2 hr. time), a cooling water flow 

will be established through the cavity to lower the water temperature, or the TSC shall 

be returned to the spent fuel pool for in-pool cooling within 5 hours for 180°F or 2 

hours for 200°F. TSC in-pool cooling (seals deflated) will be continued until the 

ACWS operation is restored or initiated. 

21. Allow sling cables to go slack and move the lift yoke into position to engage the transfer cask 

trunnions. Engage the lift yoke to the trunnions, apply a slight tension, and visually verify 

engagement. 
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22. Raise the transfer cask until its top clears the pool surface. Visually verify that the closure lid 

is properly seated. If necessary, lower the transfer cask and reinstall the closure lid. Rinse the 

lift yoke and transfer cask with clean water as the equipment is removed from the pool. 

23. Rinse and flush the top of the transfer cask and TSC with clean water as necessary to remove 

any radioactive particles. Survey the top of the TSC closure lid and the top of the transfer 

cask to check for radioactive particles. 

24. As the transfer cask is removed from the spent fuel pool, terminate the annulus fill water 

supply, remove the annulus fill system hoses, and allow annulus water to drain into the spent 

fuel pool. 

25. Following the prescribed load path, move the transfer cask to the designated workstation for 

TSC closure operations. 

Note: At the option of the user, the TSC closure operations may be performed with the 

transfer cask partially submerged in the spent fuel pool, cask loading pit, or an 

equivalent structure. This operational alternative provides additional shielding for the 

cask operators. 

26. Disengage the three-legged sling set from the closure lid and the lift yoke from the transfer 

cask trunnions. Place lift yoke and sling set in storage/lay-down area. 

27. Inflate the transfer cask lower annulus seal with air or nitrogen. Disconnect the gas supply 

from the transfer cask. 

Note: The installation, use, and operational sequence of the lower annulus seal is at the 

discretion of the user based on approved site-specific procedures. At the option of the 

user, the gas supply can be maintained continuously to the annulus seals. 

28. Install the Annulus Circulating Water Cooling System (ACWS), or alternative annulus 

flush/cooling system, to the lower and upper annulus fill lines. Unused fill lines are to be 

closed or capped. 

Note: For TSCs prepared with the transfer cask partially submerged on an in-pool shelf, 

partially drained cask loading pit or equivalent partial submerged condition, alternative 

ACWS operations (e.g., reverse flow ACWS) may be utilized to maintain TSC and 

fuel clad temperatures within normal operational limits. 

Note: ACWS operation allows the vacuum drying and TSC transfer times in LCO 3.1.1 to be 

utilized. 

29. Initiate clean water flow into the transfer cask lower fill lines with annulus water discharging 

through the upper fill lines. Ensure water flow is maintained to keep the outlet water 

temperature :S 113°F. 

Note: Analysis of alternative reverse flow ACWS operations for PWR fuel are detailed in 

Chapter 4, demonstrating that the fuel clad and TSC temperatures are bounded by 
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standard ACWS cooling operations for the following reverse flow limits for PWR heat 

loads :S 35.5 kW: 

A maximum inlet water temperature of :S 100°F, which requires a minimum 

inlet flow rate of~ 60 GPM 
A minimum inlet flow rate of~ 40 GPM, which limits the maximum inlet 

water temperature of::; 70°F 
Additionally, for PWR heat loads :S 25 kW the following alternate operational limits 

are approved for reverse ACWS: 

A maximum inlet water temperature of :S 100°F, which requires a minimum 

inlet flow rate of~ 40 GPM 
Note: With the ACWS, or site-approved alternative ACWS, operating, there is no time limit 

through initiation of the draining of the PWR TSC. However, ifthe circulating water 

cooling system is not utilized, or becomes nonoperational, measure the cavity water 

temperature every 2 hours. If PWR TSC preparation operations through draining are 

not completed prior to the cavity water temperature reaching l 80°F (5 hr.) or 200°F (2 

hr.), a cooling water flow will be established through the cavity to lower the water 

temperature or the TSC shall be returned to the spent fuel pool within 5 hours for 

180°F or 2 hours for 200°F. TSC in-pool cooling will be continued until the ACWS 

operation is restored or initiated. 

30. Detorque and remove the lifting hoist rings from the closure lid. 

31. Using a portable suction pump, remove any standing water from the closure lid weld groove, 

and the vent and drain ports. 

32. Decontaminate the top of the transfer cask and TSC closure lid to allow installation of the 

welding equipment. Decontaminate external surfaces of the transfer cask and remove the 

bottom protective cover, if installed. 

33. Insert the drain line with a quick-connector attached through the drain port opening and into 

the basket drain port sleeve. Remove the quick-disconnect and any contaminated water 

displaced from the cavity. 

34. Torque the drain tube connector to the drain opening to the value specified in Table 9.1-2. 

Verify quick-disconnect is installed and properly torqued in the vent port opening. 

35. Install a venting device to the vent port quick-disconnect to prevent combustible gas or 

pressure buildup below the closure lid. 

36. Verify that the top of the closure lid is level (flush) with, or slightly above, the top of the TSC 

shell. 

37. At the discretion of the user, establish foreign material exclusion controls to prevent objects 

from being dropped into the annulus or TSC. 

38. Install the welding system, including supplemental shielding, to the top of the closure lid. 
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Note: At the discretion of the user, supplemental shielding may be installed around the 

transfer cask to reduce operator dose. Use of supplemental shielding shall be 

evaluated to ensure its use does not adversely affect the safety performance of 

MAGNASTOR. 

39. Connect a suction pump to the drain port quick-disconnect and verify venting through the vent 

port quick-disconnect. 

40. Operate the suction pump to remove approximately 70 gallons of water from the TSC. 

Disconnect the suction pump. 

Note: The radiation level will increase as water is removed from the TSC cavity, as shielding 

material is being removed. 

Note: Fuel rods shall not be exposed to air during the 70-gallon pump-down. 

41. Attach a hydrogen detector to the vent line. Ensure that the vent line does not interfere with 

the operation of the weld machine. 

42. Sample the gas volume below the closure lid and observe hydrogen detector for H2 

concentration prior to commencing closure lid welding operations. Monitor H2 concentration 

in the TSC until the root pass of the closure lid-to-shell weld is completed. 

Note: If H2 concentration exceeds 2.4% prior to or during root pass welding operations, 

immediately stop welding operations. Evacuate the TSC gas volume or purge the gas 

volume with helium. Verify H2 levels are <2.4% prior to restarting welding 

operations. 

Note: In place of continuous H2 monitoring, continuous gas purging of the volume below the 

lid may be used in conce1i with initial (prior to start of welding) and intermittent H2 
monitoring (upon termination of gas purging and prior to re-staiiing welding 

operations). 

43. Install shims into the closure lid-to-TSC shell gap, as necessary, to establish a uniform gap for 

welding. Tack weld the closure lid and shims, as required. 

44. Operate the welding equipment to complete the closure lid-to-TSC shell root pass weld in 

accordance with the approved weld procedure. 

45. Perform visual and liquid penetrant (PT) examinations of the root pass and record the results. 

46. Remove the H2 detector from the vent line while ensuring the TSC cavity vent line remains 

installed and allows venting of gases from the cavity. 

47. Operate the welding equipment to perform the closure lid-to-shell weld to the midplane 

between the root and final weld surfaces. Perform visual and PT examinations for the 

midplane weld pass, and record the results. 

48. Complete welding through the completion of the final pass of the closure lid weld, perform 

final visual and PT examinations, and record the results. 

49. Perform the hydrostatic test of the TSC as follows: 
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a. Connect a drain line to the vent port and a pressure test system to the drain port. 

b. Refill the TSC with clean water until water is observed flowing from the vent port 

drain line. Close the vent line isolation valve. Ensure continuing compliance with 

the boron concentration requirements of LCO 3 .2. I. 

c. Pressurize the TSC to I 50 (+I 0, -0) psig and isolate the TSC. 

d. Maintain the TSC pressure for a minimum I 0-minute hold period. At the end of 

the I 0-minute hold period, visually examine the closure lid-to-TSC shell weld for 

leakage of water, while maintaining the test pressure. The test pressure shall be 

maintained until the completion of the visual inspection of the closure lid-to-TSC 

shell weld. 

e. The hydrostatic test is acceptable if there is no visible water leakage from the 

closure lid-to-TSC shell weld based on a visual examination of the weld after a 

minimum I 0-minute hold period, while maintaining the test pressure. 

f. Vent the TSC cavity and remove the pressure test system from the drain port and 

the drain line from the vent line. Reinstall a vent line to the vent port to prevent 

pressurization of the TSC. 

50. Install and tack the closure ring in position in the closure lid-to-TSC shell weld groove. 

Note: Depending on the operational loading procedure and intended minimum helium 

backfill time (per LCO 3. I. I) to be utilized, the closure ring installation, welding and 

NDE sequence can be performed following final helium mass backfill (i.e., after Step 

60). 

5 I. Weld the closure ring to the TSC shell and to the closure lid. Perform visual and PT 

examinations of the final surfaces of the welds and record the results. 

Note: At the option of the user and in order to facilitate the Maximum Transfer Time of 

Technical Specification LCO 3. I. I the installation, welding, and NDE of the closure 

ring may be performed immediately after helium backfill (Step 61) or after completion 

of the welding, testing, and NDE of the vent and drain inner or outer port covers (Step 

63 or 67). 

52. Remove the water from the TSC using one of the following methods: drain down using a 

suction pump with a pressurized helium cover gas; or blow down using pressurized helium 

gas. Ensure the totalizer in the drain line is reset to zero prior to the start of draining. 

Note: Fuel rods shall not be exposed to air during canister draining operations. Record the 

start time of TSC draining operations. The maximum drying times ofLCO 3.1.l are 

based on the total time from start of the draining through completion of helium 

backfilling of the TSC cavity. 

Note: Vacuum drying and TSC transfer times of LCO 3. I. I, Table I .B are based on the 

cavity water temperature of :S 130°F prior to draining. If ACWS cooling was not 
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provided during welding operations, measure TSC cavity water to confirm temperature 

is< 130°F. 

53. Connect a drain line with or without suction pump to the drain port connector. 

54. Connect a regulated helium gas supply to the vent port connector. 

55. Open gas supply valve and start suction pump, if used, and drain water from the TSC until 

water ceases to flow out of the drain line. Close gas supply valve and stop suction pump. 

Note: A total allowable time of 4.5 hours is available for loss of ACWS contingency events 

for PWR TS Cs with decay heat loads of::=:: 3 0 kW from the start of draining through 

completion of the minimum helium backfill/cooling time (e.g., first vacuum drying 

cycle per LCO 3.1.1, Item 1). Loss of ACWS time shall be monitored to ensure that 

the 4.5 hours is not exceeded. Licensees shall take appropriate corrective actions to 

ensure that contingency cooling is available (either in-pool cooling or backup ACWS 

or equivalent site-approved cooling system) or implemented to ensure that the total 

Joss of ACWS time of 4.5 hours is not exceeded. For any loss of ACWS event during 

draining, vacuum drying or helium backfill cooling evolutions, the TSC shell is 

required to be cooled by using the Supplemental Annulus Cooling System (SACS) or 

equivalent site-approved system until steaming stops prior to re-initiating normal 

ACWS operations. 

56. Record the time at the completion of the draining of the TSC. Record the volume of water 

drained from the TSC (VTsc) as measured by the totalizer. At the option of the user, 

disconnect suction pump, close discharge line isolation valve, and open helium gas supply 

line. Pressurize TSC to approximately 25 psig and open discharge line isolation valve to blow 

down the TSC. Repeat blow down operations until no significant water flows out of the drain 

line. Note that time used for system draining and blow down is considered part of the vacuum 

drying time. 

57. Disconnect the drain line and gas supply line from the drain and vent port quick-disconnects. 

58. Dry the TSC cavity using vacuum drying methods as follows. 

Note: Ensure heat load dependent vacuum drying time limits are not exceeded so that fuel 

cladding temperatures are maintained below 752°F. Vacuum drying cycle time limits 

in LCO 3 .1.1 are based on utilizing the ACWS, reverse flow ACWS or equivalent 

annulus cooling/flush system. 

a. Connect the vacuum drying system to the vent and drain port openings. 

b. Operate the vacuum pump until a vapor pressure of::=:: 10 torr is achieved in the 

TSC. The time durations of the first vacuum drying cycle shall be in accordance 

with the time limits ofLCO 3.1.1. 

c. Isolate the vacuum pump from the TSC and tum off the vacuum pump. Observe 

the vacuum gauge connected to the TSC for an increase in pressure for a minimum 
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Note: 

period of I 0 minutes. If the TSC pressure is ::::; I 0 torr at the end of 10 minutes, the 

TSC is dry of free water in accordance with LCO 3. I. I. 

cooling period, subsequent drying cycle operations can continue for the times 

indicated in LCO 3. I. I, Table 2. Drying cycles and cooling periods may be continued 

until the TSC cavity passes the dryness verification per LCO 3.1.I. For fuel burnup 

greater than 45 GW d/MTU, the total number of cooling cycles is limited to ten, with 

cladding temperature variations more than 65 °C (l I 7°F). 

Note: A total allowable time of 4 hours is available for loss of ACWS contingency events for 

PWR TSCs with decay heat loads of :S 30 kW from the staii of helium evacuation 

through completion of the minimum helium backfill/cooling time for the second and 

subsequent vacuum drying cycles performed in accordance with LCO 3. I. I, Item 2. 

Loss of ACWS time shall be monitored to ensure that the 4 hours is not exceeded. 

Licensees shall take appropriate corrective actions to ensure that contingency cooling 

is available (either in-pool cooling or backup ACWS or equivalent site-approved 

cooling system) or implemented to ensure that the total loss of ACWS time of 4 hours 

is not exceeded. 

59. Upon satisfactory completion of the dryness verification, evacuate the TSC cavity to a 

pressure of::::; 3 torr. Isolate and turn off the vacuum pump, and backfill and pressurize the 

TSC cavity with 99.995% (minimum) pure helium as follows: 

a. Determine the free volume of the TSC (VTsc) per Step 56. 

b. Multiply the VTsc free volume by the helium loading value per unit volume 

(Lhelium) to determine required helium mass (Mhelium) to be backfilled into the 

cavity. 

c. Set the helium bottle regulator to 90 (+5,-0) psig. 

d. Connect the helium backfill system to the vent port and reset the mass-flow meter 

to zero. 

e. Slowly open the helium supply valve and backfill the TSC with the required 

helium mass (Mhelium) in accordance with LCO 3. I. I. 

60. Disconnect the vacuum drying helium backfill system from the vent and drain openings. Note 

the time the helium backfill is completed. 

Note: At the option of the user, Steps 50 and 5I can alternatively be performed at this point 

or immediately following Steps 63 or 67. The user to establish appropriate 

radiological controls to maintain operator dose ALARA. 
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63. Perform visual and PT examinations of the final surface of the port cover welds and record the 

results. 

64. Perform helium leak test on each of the inner port cover welds to verify the absence of helium 

leakage past the inner port cover welds. 

65. Install and weld the outer port cover on the drain po11 opening. Perform visual and PT 

examinations of the final weld surface and record the results. 

66. Install and weld the outer port cover on the vent port opening. Perform visual and PT 

examinations of the final weld surface and record the results. 

67. Using an appropriate crane, remove the weld machine and supplemental shield. 

68. The ACWS, reverse flow ACWS or equivalent annulus cooling/flush system will be utilized 

throughout the TSC closing operations until the helium backfill time is satisfied (see LCO 

3.1.1). Drain the TSC/transfer cask annulus by stopping ACWS flow to the annulus and 

connecting one or more drain lines to the lower annulus fill po11s. Once the annulus is 

drained, deflate the top and bottom annulus seals. Note the time the MTC/TSC annulus 

cooling flow is terminated. Remove the temporary plugs or ensure that a minimum of four 

annulus fill lines are open in the base of the transfer cask. 

Note: The time duration of the sequence of operations from stopping the MTC/TSC annulus 

cooling, or completing the helium backfill if the annulus circulating water cooling 

system is not used, through completion of TSC transfer into the concrete cask shall not 

exceed the transfer time limits in LCO 3.1.1. If the TSC transfer to the concrete cask 

cannot be completed in the defined time period, the transfer operation will be 

suspended and the TSC shall be cooled by the Supplemental Annulus Cooling System 

(SACS) or equivalent system until steaming stops and followed by continued cooling 

for a period of 30 hours using SACS and ACWS, reverse flow ACWS or site-approved 

alternative cooling system prior to restarting TSC transfer operations. The second, and 

subsequent, minimum helium backfill time and maximum TSC transfer time shall be 

limited to the heat load specific cooling and specific transfer times in the maximum 

TSC transfer Tables 1.B and l .D of LCO 3.1.1. For PWR fuel, the 24-hour minimum 

helium backfill time is followed by a maximum TSC transfer time of 48 hours for heat 

loads:::; 25 kW or 22 hours for heat loads >25 kW but:::; 35.5 kW. For BWR fuel, the 

24-hour minimum helium backfill time is followed by a maximum TSC transfer time 

of 65 hours for heat loads:::; 25 kW or 32 hours for heat loads >25 kW but:::; 33 kW. 

69. If using MTCl or MTC2 with retaining blocks, remove the lock pins and move the transfer 

cask retaining blocks inward into their functional position, and reinstall the lock pins. If using 

MTC2 with retaining ring, install the transfer cask retaining ring. 
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70. Install the six swivel hoist rings into the six threaded holes in the closure lid if TSC transfer is 

to be performed by two sets of redundant slings. Torque the hoist rings to the manufacturer's 

recommended value. 

Note: Utilize high temperature-resistant slings (::S 350°F). 

Note: Alternative site-specific TSC lifting systems and equipment may be used for lowering 

and lifting the TSC in the transfer cask. The lifting system design must comply with 

the user's heavy load program and the applicable requirements of ANSI N14.6, 

NUREG-0612, and/or ASME/ANSI B30.l, as appropriate. 

71. Complete final decontamination of the transfer cask exterior surfaces. Final TSC 

contamination surveys may be performed after TSC transfer following Step 21 in Section 

9.1.2 when TSC surfaces are more accessible. 

72. Proceed to Section 9.1.2. 

9.1.2 Transferring the TSC to the Concrete Cask 

This section describes the sequence of operations required to complete the transfer of a loaded 

TSC from the transfer cask into a concrete cask, and preparation of the concrete cask for 

movement to the ISFSI pad. 

1. Position an empty concrete cask with the lid assembly removed in the designated TSC transfer 

location. 

Note: The concrete cask can be positioned on the ground, or on a deenergized air pad set, 

roller skid, heavy-haul trailer, rail car, or transfer cart. The transfer location can be in 

a truck/rail bay inside the loading facility or an external area accessed by the facility 

cask handling crane. 

Note: The minimum ambient air temperature (either in the facility or external air 

temperature, as applicable for the handling sequence) must be 2: 0°F for the use of the 

concrete cask, per Section 4.3.1.g. of the Technical Specifications. 

2. Inspect all concrete cask openings for foreign objects and remove if present; install 

supplemental shielding in four outlets. 

3. Install a four-legged sling set to the lifting points on the transfer adapter. 

4. Using the crane, lift the transfer adapter and place it on top of the concrete cask ensuring that 

the guide ring sits inside the concrete cask lid flange. Remove the sling set from the crane and 

move the slings out of the operational area. 

5. Connect a hydraulic supply system to the hydraulic cylinders of the transfer adapter. 

6. Verify the movement of the connectors and move the connector tees to the fully extended 

position. 
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7. Connect the lift yoke to the crane and engage the lift yoke to the transfer cask trunnions. 

Ensure all lines, temporary shielding and work platforms are removed to allow for the vertical 

lift of the transfer cask. 

Note: The minimum ambient air temperature (either in the facility or external air 

temperature, as applicable for the handling sequence) must be~ 0°F for the use of the 

transfer cask, per Section 4.3 .l .f. of the Technical Specifications. 

8. Raise the transfer cask and move it into position over the empty concrete cask. 

9. Slowly lower the transfer cask into the engagement position on top of the transfer adapter to 

align with the door rails_and engage the connector tees. 

10. Following set down, remove the lock pins from the shield door lock tabs. 

11. Install a stabilization system for the transfer cask, if required by the facility heavy load 

handling or seismic analysis programs. 

12. Disengage the lift yoke from the transfer cask trunnions and move the lift yoke from the area. 

13. As appropriate to the TSC lifting system being used, move the lifting system to a position 

above the transfer cask. If redundant sling sets are being used, connect the sling sets to the 

crane hook. 

14. Using the TSC lifting system, lift the TSC slightly (approximately Yz-1 inch) to remove the 

TSC weight from the shield doors. 

Note: The lifting system operator must take care to ensure that the TSC is not lifted such that 

the retaining blocks (MTC1/MTC2) or the retaining ring (MTC2) is engaged by the 

top of the TSC. 

15. Open the transfer cask shield doors with the hydraulic system to provide access to the 

concrete cask cavity. 

16. Using the cask handling crane in slow speed (or other approved site-specific handling 

system), slowly lower the TSC into the concrete cask cavity until the TSC is seated on the 

pedestal. 

Note: The transfer adapter and the standoffs in the concrete cask will ensure the TSC is 

appropriately centered on the pedestal within the concrete cask. 

Note: The completion of the transfer of the TSC to the concrete cask (i.e., the top of the TSC 

is in the concrete cask cavity) completes the TSC transfer evolution time from Step 69 

in Section 9.1.1. 

17. When the TSC is seated, disconnect the slings (or other handling system) from the lifting 

system, and lower the sling sets through the transfer cask until they rest on top of the TSC. 

18. Retrieve the lift yoke and engage the lift yoke to the transfer cask trunnions. 

19. Remove the seismic/heavy load restraints from the transfer cask, if installed. 

20. Close the shield doors using the hydraulic system and reinstall the lock pins into the shield 

door lock tabs. 
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21. Lift the transfer cask from the top of the concrete cask and return it to the cask preparation 

area for next fuel loading sequence or to its designated storage location. 

22. Disconnect hydraulic supply system from the transfer adapter hydraulic cylinders. 

23. Remove redundant sling sets, swivel hoist rings, or other lifting system components from the 

top of the TSC, if installed. 

24. Verify all equipment and tools have been removed from the top of the TSC and transfer adapter. 

25. Connect the transfer adapter four-legged sling set to the crane hook and lift the transfer 

adapter off the concrete cask. Place the transfer adapter in its designated storage location and 

remove the slings from the crane hook. Remove supplemental shielding from outlets. 

Note: If the optional low profile concrete cask is used, proceed to Step 26. If the standard 

concrete cask is provided, proceed to Step 38. 

26. Install three swivel hoist rings and the three-legged sling set on the concrete cask shield ring. 

27. Using the crane, lift the shield ring and place it into position inside of the concrete cask top 

flange. 

28. Remove the three-legged sling and swivel hoist rings. 

29. Using the designated transport equipment, move the loaded concrete cask out of the low 

clearance work area or truck/rail bay. 

30. Install the three swivel hoist rings into the three threaded holes and attach the three-legged 

sling set to the shield ring. 

31. Using an external or mobile crane, lift and remove the shield ring. Place the shield ring in 

position for the next loading sequence or return it to its designated storage location. 

32. Install four swivel hoist rings in the threaded holes of the concrete cask extension using the 

manufacturer-specified torque. 

33. Install the four-legged sling set and attach to the crane hook. 

Note: A mobile crane of sufficient capacity may be required for concrete cask extension and 

lid installations performed outside the building. 

34. Perform visual inspection of the top of the concrete cask and verify all equipment and tools 

have been removed. 

Note: Take care to minimize personnel access to the top of the unshielded loaded concrete 

cask due to shine from the TSC. 

35. Lift the concrete cask extension and move it into position over the concrete cask, ensuring 

alignment of the two anchor cavities with their mating lift anchor embedment. 

36. Lower the concrete cask extension into position and remove the sling set from the crane hook. 

37. Remove the four swivel hoist rings and cables from the concrete cask extension. 

Note: If concrete cask transport is to be performed by a vertical cask transporter, proceed to 

Step 38. If transport is to be performed using air pads in conjunction with a flat-bed 

• 

• 

transporter, proceed to Step 40. • 
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38. Install the lift lugs into the anchor cavities of the concrete cask extension, or directly on top of 

the lifting embedment for the standard concrete cask, if applicable to the concrete cask design 

utilized. 

39. Install the lift lug bolts through each lift lug and into the threaded holes in the embedment 

base. Torque each of the lug bolts to the value specified in Table 9.1-2. 

40. Install three swivel hoist rings into the concrete cask lid and attach the three-legged sling set. 

Attach the lifting sling set to the crane hook. 

41. At the option of the user, install the weather seal on the concrete cask lid flange. Lift the 

concrete cask lid and place it in position on the top of the flange. 

42. Remove the sling set and swivel hoist rings and install the concrete cask lid bolts. Torque to 

the value specified in Table 9 .1-2. 

43. Move the loaded concrete cask into position for access to the site-specific transport 

equipment. 

44. Proceed to Section 9.1.3. 

9.1.3 Transporting and Placing the Loaded Concrete Cask 

The section describes the general procedures for moving a loaded concrete cask to the ISFSI pad 

using either a vertical cask transporter (Step 1 through Step 9) or a flat-bed transport vehicle 

(Steps I 0 through 17). Steps following Step 17 are performed for all concrete casks. 

Vertical Cask Transporter 
I. Using the vertical cask transporter lift fixture or device, engage the two concrete cask lifting 

Jugs. 

2. Lift the loaded concrete cask and move it to the ISFSI pad following the approved onsite 

transport route. 

Note: Ensure vertical cask transpo1ier lifts the concrete cask evenly using the two lifting 

lugs. 

Note: Do not exceed the maximum lift height for a loaded concrete cask of 24 inches, per 

Section 4.3. l .h. of the Technical Specifications. 

3. Move the concrete cask into position over its intended ISFSI pad storage location. Ensure the 

surface under the concrete cask is free of foreign objects and debris. 

Note: The spacing between adjacent loaded concrete casks must be at least 15 feet. 

4. Using the vertical transporter, slowly lower the concrete cask into position. 

5. Disengage the vertical transporter lift connections from the two concrete cask lifting lugs. 

Move the cask transporter from the area. 

6. Detorque and remove the lift lug bolts from each lifting Jug, ifthe Jugs are to be reused. 

Note: At the option of the user, the lift Jugs may be left installed during storage operations. 
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7. Lift out and remove the concrete cask lift lugs. Store the lift lugs for the next concrete cask 

movement. 

8. Install the lug bolts through the extension base (or through the cover plate for the standard 

concrete cask) and into the threaded holes. Torque each bolt to the value specified in Table 

9.1-2. 

9. For the casks with extensions containing anchor cavities, install the weather seal and cover 

plates. Install the bolts and washers and torque to the value specified in Table 9 .1-2. 

Flat-bed Transport Vehicle Loaded with the Closed Concrete Cask 
10. Move the transport vehicle with the closed concrete cask to a position adjacent to the ISFSI 

pad. 

11. If required, install a bridging plate to cover the gap between the vehicle and the ISFSI pad. 

12. If not already installed, insert four deflated air pads into the four inlets. 

13. Attach a restraining device around the concrete cask and connect to a tow vehicle suitable for 

pushing or pulling the concrete cask off of the transport vehicle. 

14. Using an air supply and an air pad controller, inflate the air pads. 

15. Verify the ISFSI pad surface in the storage location is free of foreign objects and debris. 

16. Using the tow vehicle, move the concrete cask into its position on the storage pad. 

Note: The center-to-center spacing of loaded concrete casks shall be a minimum of 15 feet. 

17. Lower the concrete cask into position by deflating and removing the four air pads. 

Note: Ensure that air pads are not installed longer than eight hours to complete the concrete 

cask transfer. 

All Concrete Casks 

18. If optional temperature monitoring is implemented, install the temperature monitoring devices 

in each of the four outlets of the concrete cask and connect to the site's temperature 

monitoring system. 

19. Install inlet and outlet screens to prevent access by debris and small animals. 

Note: Screens may be installed on the concrete cask prior to TSC loading to minimize 

operations personnel exposure. 

20. Scribe and/or stamp the concrete cask nameplate, if not already done, with the required 

information at a minimum. 

21. Perform a radiological survey of the concrete cask within the ISFSI array to confirm dose 

rates comply with ISFSI administrative boundary and site boundary dose limits. 

22. Initiate a daily temperature monitoring program or daily inspection program of the inlet and 

outlet screens to verify continuing effectiveness of the heat removal system. 
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Table 9.1-1 Major Auxiliary Equipment 

Item Description 
Air Pad Rig Set A device consisting of four air pads, a controller, and an air supply 

source that lifts the concrete cask using air supplied at a high 
volume. 

Annulus Fill System System that supplies clean/filtered spent fuel pool water through 
the transfer cask/TSC annulus using the lower and upper transfer 
cask fill lines. The system maintains a positive clean water flow to 
minimize the exposure of the TSC external surfaces to 
contaminated spent fuel pool water. 

Annulus Circulating Water The system provides a circulating water flow through the annulus 
Cooling System to maintain the TSC shell temperature during TSC preparation and 

drying evolutions. The system includes appropriate circulating 
pump, pressure gauges, and inlet and outlet water thermometer. 

Annulus Seals Inflatable seals provided at the top and bottom of the transfer 
cask/TSC annulus for use with the annulus fill and annulus 
circulating water cooling systems. 

Bottom Protective Cover Optional plate temporarily attached to the base of the transfer cask 
to prevent particulate contamination of the transfer cask shield 
doors and rails. 

Canister Upender Lifting device used to upright a TSC from the horizontal position to 
a vertical orientation to allow vertical handlinq. 

Cask Transporter A heavy-haul trailer, a rail car, a vertical cask transporter, or other 
specially designed equipment used onsite to move the concrete 
cask. The loaded concrete cask is transported vertically resting on 
its base (requiring a flat-bed transporter) or it is transported 
vertically suspended from its lifting lugs (requiring a vertical cask 
transporter). 

Closure Lid Lifting Sling Sling system used to install the closure lid into the TSC in the 
System spent fuel pool. At the user's option, the sling system can be 

suspended from the lift yoke and used to install the lid and engage 
the yoke with one crane sequence. 

Cooldown System (CDS) Introduces nitrogen (and/or helium), helium, and cooling water to 
the TSC cavity to cooldown the TSC internals and stored spent 
fuel to allow the return of the TSC to the spent fuel pool for the 
unloading of the fuel assemblies. This system would only be 
required in the highly unlikely event that a loaded TSC had to be 
unloaded. 
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Table 9.1-1 Major Auxiliary Equipment (continued) 

Drain and Blow Down System used to pump out and/or blow down the water from the 
System (DBS) TSC cavity prior to the start of drying operations, and to refill the 

cavity and hydrostatic test the closure lid weld. The system 
includes the appropriate suction pump, piping/hoses, flow 
meter/totalizer, helium cover gas supply, pressure gauges, and 
valves to connect to the TSC vent and drain port connections to 
complete the draining and hydrostatic testing of the cavity. 

Hydrogen Detection System that detects increased concentration of H2 in the cavity 
System resulting from material reactions during closure lid root pass 

welding operations and for closure lid weld removal operations. 
Helium Mass Spectrometer A system utilized to perform the helium leakage testing of the inner 
Leak Detector (MSLD) vent and drain port cover welds. 
Lid Retention System An optional component installed on top of the TSC closure lid to 

secure the lid during cask handling operations between the spent 
fuel pool and the workstation used to close the TSC. 

Lift Yoke (with Crane Hook Device for lifting and moving MAGNASTOR transfer cask by 
Extension, if required) engaging the lifting trunnions. 
Loaded TSC Sling System Redundant sling system (two 3-legged slings) used to transfer a 

TSC into a concrete cask or a transfer cask and meeting the 
requirements of ANSI N14.6 and the facility crane. Alternative 
TSC handling systems that meet site-specific or client 
requirements and comply with the facility's heavy lift program 
developed per NUREG-0612 may be utilized. 

Remote/Robotic Welding System that completes the closure lid and port cover welds with 
System minimal operator assistance. The system may include video 

cameras and a recording device to remotely observe the welding 
activities and to videotape the results of the closure lid PT 
examinations. 

Supplemental Annulus Cooling system utilized to provide cooling water to the transfer 
Cooling System (SACS) cask annulus and is designed to cool a TSC if a TSC transfer to 

the concrete cask cannot be completed in the time allowed by LCO 
3.1.1. SACS is used when TSC shell! temperatures will produce 
steam impeding TSC cooling via ACWS. Cooling of the TSC with 
SACS is performed until steaming stops, permitting ACWS cooling 
operations to continue. 

Supplemental Weld Shield Optional steel plate installed on the closure lid to provide additional 
shielding to the cask operators during TSC welding, preparation, 
and test activities. The supplemental weld shield may be installed 
separately or as the base plate for the welding system. 
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Table 9.1-1 

Vacuum Drying and Helium 
Backfill System 

Weld Removal System and 
Port Cover Drill Fixture 

Gas Sampling and 
Pressure Measurement 
System 

NAC International 

Major Auxiliary Equipment (continued) 

The system used to vaporize and remove residual water, water 
vapor, and oxidizing gases from the TSC cavity prior to backfilling 
with helium. The system includes the appropriate vacuum 
pump(s), vacuum and pressure gauges, helium supply 
connections and valves, and hoses to connect the system to the 
vent and drain connections. 
Semiautomatic mechanical weld and/or TSC shell cutting system 
used to remove the closure lid and port cover welds in the unlikely 
event that a TSC needs to be unloaded. The Port Cover Drill 
Fixture is used to access the outer and inner vent port covers prior 
to TSC cavity gas sampling and venting in order to prevent an 
uncontrolled release of pressurized gas during the vent port cover 
removal process. 
A system connected to the Port Cover Drill Fixture that allows the 
TSC cavity gas to be sampled and its pressure determined prior to 
venting of the TSC cavity gas without exposing operations 
personnel to any high pressure and temperature gas releases. 
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Table 9.1-2 Threaded Component Torque Values 

Threaded Component Torque Value (ft-lb) 
Concrete Cask Lid Bolts 40 ± 5 
Concrete Cask Body Extension 100±10 
Closure Lid Lifting Hoist Rings 

• Lid Handling Only 100, + 50, -0 

• Loaded TSC Handling 100, + 50, -0 
Drain Tube Connector 

• Viton, EDPM, or Elastomer Seal 200 ± 25 

• Metallic Seal 200 ± 25 
Vent Port Connector 

• Viton, EDPM, or Elastomer Seal 200 ± 25 

• Metallic Seal 200 ± 25 
Cover Plate Bolts 40 ±5 
Concrete Cask Lift Lug Bolts 115 ± 10 ft-lb 
Concrete Cask Lid Lifting Hoist Rings 100, + 50, -0 
Retaining Ring Bolts {MTC2 only) 30 (+O, -10) ft-lb 
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This section provides the basic operational sequence to prepare, open, and unload a TSC in a 

spent fuel pool. Due to the rugged design and fabrication of the TSC, users are not expected to 

perform this operational sequence. However, in accordance with the Technical Specifications, 

each user shall have the procedures and required equipment available, and perform a dry run of 

the unloading process. 

The procedure that follows assumes that the TSC is in a transfer cask in the appropriate 

workstation. 

1. If using MTC 1 or MTC2 with retaining blocks, pull the lock pins and retract the retaining 

blocks in the transfer cask, and reinstall the lock pins. If using MTC2 with retaining ring, 

detach and remove the retaining ring. 

2. Survey the TSC and transfer cask to establish radiation areas. 

3. Install and secure by welding the Port Cover Drill Fixture to the outer vent port cover. 

4. Install the Gas Sampling and Pressure Measurement System to the Port Cover Drill Fixture 

access port. 

5. Operate the Port Cover Drill Fixture to remotely drill through the outer and inner vent port 

covers. 

6. Measure cavity gas pressure utilizing the Gas Sampling and Pressure Measurement System. 

7. Obtain a cavity gas sample from the Port Cover Drill Fixture connection. 

8. Determine total gaseous inventory and connect a venting system to the Gas Sampling and 

Pressure Measurement System and route to the HEPA filters or to the off-gas system. 

9. Vent the TSC cavity gas and reduce TSC pressure to atmospheric. 

10. Remove the Port Cover Drill Fixture from the outer vent port cover. 

11. Install the weld removal system on the closure lid and bolt the system to the closure lid 

threaded holes. 

12. Establish appropriate airborne radiation controls. 

Note: Initial TSC cooling can be provided by an external TSC cooling system prior to port 

cover removal in order to satisfy the 11-hour maximum transfer time without cooling 

operations. 

13. Using the weld removal system, remove the outer and inner port covers from the vent and 

drain ports. 

14. Remove the weld removal system. 

15. Using appropriate radiological controls, remove the vent and drain quick-disconnects and 

seals. 
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16. Replace the quick-connects and seals with approved spares, and torque them to the value 

specified in Table 9 .1-2. 

17. Attach the cooldown system to the vent and drain connections. 

Note: Cooling of the TSC using the ACWS or equivalent annulus cooling/flush system may 

be required to assure cavity water boiling will not occur during closure lid weld 

removal operations per Section 9. I. I. 

18. Initiate purge gas flow (nitrogen or helium) through the TSC to flush out residual radioactive 

gases. Continue nitrogen or helium flow for a minimum of 10 minutes. 

19. Initiate the controlled filling (5 +3/-0 gpm) of the TSC with clean water through the drain 

connector under controlled temperature (minimum 70°F) and pressure conditions (25 + 10/-0 

psig). Borated water shall be used as required for the PWR fuel contents in accordance with 

LCO 3.2.1. 

20. Monitor steam/water temperature of the discharge from the vent connection. 

21. Continue cooldown operations until the discharge water temperature is below 180°F. 

22. Terminate cooling water flow and disconnect the cool down system from the drain and vent 

ports. Install a vent line to the vent port. 

Note: Cooling of the TSC using the annulus circulating water system may be required to 

ensure cavity water boiling will not occur during closure lid weld removal operations 

per Section 9.1.1. 

23. Connect a suction pump to the drain connector. Operate the pump and remove approximately 

70 gallons of water from the cavity. Disconnect and remove the pump. 

24. Remove the drain line from the closure lid. 

25. Install the hydrogen detector to the vent line and verify hydrogen gas concentration in the gas 

volume in the cavity. If the concentration reaches 2.4%, stop all cutting activities and remove 

cavity gas using a vacuum pump. 

26. Install the weld removal system on the closure lid. Operate the weld removal system to 

remove the closure ring-to-TSC shell and closure ring-to-closure lid welds. Remove the 

closure ring from the lid area. 

27. Operate the weld removal system to remove the closure lid-to-shell weld. 

28. Remove shims, if installed, to provide a suitable gap to be able to extract the closure lid under 

water. 

29. Remove the weld removal system. Terminate annulus circulating water flow, if used. 

30. Install three swivel hoist rings into the closure lid threaded holes. Attach three-legged sling 

set to the hoist rings and the lifting system (or, alternately, the transfer cask lifting yoke). 

31. Engage the lift yoke to the transfer cask trunnions and bring the transfer cask over the spent 

fuel pool. 
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Following completion of the closure lid-to-TSC shell weld during the TSC preparation 

operations after fuel loading, the TSC shall be hydrostatically pressure tested at not less than 

125% of the design pressure of 110 psig in accordance with ASME Code, Section III, Subsection 

NB, NB-6200 requirements as described and defined in Section 9 .1.1. A bounding minimum test 

pressure of 150 psig shall be applied to the drain port connection for a minimum 10-minute hold 

period. There shall be no visible water leakage from the closure lid-to-TSC shell weld based on 

visual examination of the weld after a minimum 10-minute hold period, while maintaining the 

test pressure. Test pressure shall be maintained until the completion of the visual weld 

examination. The design pressure and minimum test pressure are identical for both PWR and 

BWR TS Cs. The minimum test pressure conservatively exceeds the hydrostatic test pressure 

commitment stated in Table 2.1-2 (125% ofMNOP). 

10.1.2.4 Load Testing of Damaged Fuel Can (DFC) 

To qualify the design of the MAGNASTOR DFC, the first DFC to be provided to a user shall be 

load tested to 150% of the total weight of the DFC plus the heaviest contents to be loaded in the 

DFC. The test load on the DFC shall be applied and held for a minimum of 10 minutes. 

Following completion of the load test, all load bearing welds and surfaces shall be visually 

inspected for permanent deformation, galling or cracking. Load bearing welds shall be inspected 

using liquid penetrant examination in accordance with ASME Code, Section V, Article 6. 

Acceptance criteria shall be in accordance with ASME Code, Section III, NG-5350. 

Any evidence of permanent deformation, cracking or galling of load bearing surfaces, or 

unacceptable liquid penetrant examination results shall be cause for rejection, repair, 

reperformance of the load test and reexamination of the DFC. 

10.1.3 Leakage Tests 

The confinement boundary is defined as the TSC shell weldment, closure lid assembly, and vent 

and drain port covers. As described in Section 10 .1.1, the confinement boundary is designed, 

fabricated, examined, and tested in accordance with the requirements of the ASME Code, 

Section III, Subsection NB, except for the code alternatives listed in Table 2.1-2. 

At the completion of the TSC shell weldment confinement boundary welds (e.g., TSC shell seam 

and shell to bottom plate), the TSC shell weldment shall be leakage tested. The leakage test shall 

be performed in accordance with the requirements and approved methods of ASME Code, 

Section V, A1iicle 10, and ANSI Nl4.5-1997 [20] to confirm the total leakage rate (i.e., 

leaktight) is less than, or equal to, 1x10-7 ref. cm3/s (air) or approximately 2x 10-7 cm3/sec 

(helium). The sensitivity of the test shall be one-half of the acceptance test criteria as specified 

in ANSI N14.5-1997. 
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The TSC shell weldment will be closed using a test lid installed over the top of the shell and the 
cavity evacuated. A test envelope will be installed around the TSC enclosing all of the TSC shell 
confinement welds and base metal plates, and filled with 99.995% (minimum) pure helium to an 
acceptable test concentration. The percentage of helium gas in the test envelope shall be 
accounted for in the determination of the test sensitivity. A mass spectrometer leak detector 
(MSLD) will be used to sample the evacuated volume for helium. 

If helium leakage is detected, the area of leakage shall be identified, repaired and re-examined in 
accordance with the ASME Code, Section III, Subsection NB, NB-4450 or NB-4130, as 
appropriate. Following repair, the complete helium leakage test shall be re-performed to the 
original test acceptance criteria. 

Leakage testing of the TSC shell weldment shall be performed in accordance with written and 

approved procedures, and the test results documented. 

Based on the confinement system materials, welding requirements and inspection methods, shop 

helium leakage testing of the 9-inch thick closure lid is not required. However, due to the 

reduced thickness of the stainless steel closure lid ( 4-inch thick base material) of the composite 

closure lid assembly, and the presence of extended bolt holes for attachment of the shield plate 

assembly, a shop helium leakage test of the composite closure lid stainless steel plate shall be 

performed following fabrication. The leakage test shall be performed in accordance with the 

requirements and approved methods of ASME Code, Section V, Article 10, and ANSI N14.5-

1997 to confirm the total leakage rate is less than, or equal to, 2 x 10-7 cm3/s (helium). The 

sensitivity of the test shall be one-half of the acceptance test criteria as specified in ANSI N14.5-

1997. 

If leakage is detected, the area of leakage shall be identified, repaired and re-examined in 

accordance with ASME Code, Section III, Subsection NB, NB-4130. Following repair and 

completion of required NDE, the helium leak test shall be re-performed to the original test 

acceptance criteria. 

Leakage testing of the composite closure lid shall be performed in accordance with written and 

approved procedures, and the test results documented. 

In order to ensure the integrity of the vent and drain inner port cover welds, a helium leakage test 

of each weld is performed following welding of the inner port covers to the closure lid assembly 

using the evacuated envelope method, as described in ASME Code, Section V, Article 10, and 

ANSI N14.5. The leakage test is to confirm that the leakage rate for each port cover is :52x 10-7 

cm3/s helium .. Following inner port cover welding, a test bell is installed over the top of the port 

cover and the test bell volume is evacuated to a low pressure by a helium MSLD system. The 
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The most likely cause of a radioactive particulate release event is air passing over the external 

surfaces of a contaminated TSC. In spite of precautions taken to preclude contamination of the 

external surface of the TSC, it is possible that a portion of the TSC surface may become 

contaminated during fuel loading by the spent fuel pool water and that the removable 

contamination in excess of allowable limits may go undetected. Subsequently, surface 

contamination could become airborne and be released as a result of the airflow over the TSC 

surfaces. 

12.1.5.2 Detection of Radioactive Particulate Release Event 

The release of small amounts of radioactive contamination particulates over time is difficult to 

detect. Any release is likely to be too low to be detected by any of the normally employed long­

term radiation dose monitoring methods (such as TLDs) normally located at the ISFSI perimeter 

fence. It is possible that a suspected release could be verified by a smear survey of the air outlets. 

12.1.5.3 Analysis of Radioactive Particulate Release Event 

The analysis presented in Section 5.6.5 calculates a total dose ofless than 0.1 mrem at 100 

meters from a design basis concrete cask based on removable contamination levels of 20,000 

dpm/100 cm2 ~-y and 200 dpm/l 00 cm2 a. 

The method for determining the dose is based on the plume dispersion calculations presented in 

U.S. NRC Regulatory Guides 1.109 [4] and 1.145 [5] and is highly conservative. The analysis 

demonstrates that the off site radiological consequences from the release of TSC surface 

contamination is negligible, and all applicable regulatory criteria are met for an ISFSI array. 

ISFSI-specific allowable dose rates will be calculated on a site-specific basis to conform to 

10 CPR 72. 

12.1.5.4 Corrective Actions 

No corrective action is required since the radiological consequence is negligible. 

12.1.5.5 Radiological Impact 

As previously shown, the potential off site radiological impact due to the release of TSC surface 

contamination is negligible. 

12.1.6 Crane Failure During Loaded Transfer Cask Movements 

Before the TSC is placed into the concrete cask, it is handled using the transfer cask. If the crane 

used to lift and maneuver the transfer cask failed during a lift operation (e.g., moving the transfer 

cask from the spent fuel pool to the decon pit/work area or from the work area to the VCC), it 

NAC International 12.1-7 



"NAC PROPRIETARY INFORMATION REMOVED" 

MAGNASTOR System FSAR 

Docket No. 72-1031 

January 2017 

Revision 8 

would not be possible to submerge the transfer cask and TSC in the spent fuel pool, and it might 

be difficult to initiate cooling with the ACWS. This off-normal event does not result in the loss 

of load carrying capability of the crane. 

12.1.6.1 Cause of Crane Failure During Loaded Transfer Cask Movements· 

The transfer cask handling crane may become inoperable due to a mechanical or electrical 

malfunction of the crane or its supporting equipment. 

12.1.6.2 Detection of Crane Failure During Loaded Transfer Cask Movements 

Crane failure would be identified immediately by the crane operators. 

12.1.6.4 Corrective Actions 

The required corrective action for this event depends on the heat load of the TSC. Depending on 

the heat load, cooling flow may be required to be established to maintain fuel temperatures, 

basket temperatures, and TSC pressure below off-normal allowable limits. Regardless of heat 

load, the crane would need to be repaired and returned to an operable condition before loading 

operations could continue. 

12.1.6.5 Radiological Impact 

The radiological consequences for this event include the additional personnel dose resulting from 

the need to repair the crane, and to potentially perform additional annulus cooling operations 

prior to proceeding with the TSC transfer. 
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