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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 # 01931592

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

Change Description

Clarified an inconsistency between MAGNASTOR 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 8-1, 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) 71160-562-8A
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.”

Revise the sentence to: “the shop helium leakage test to approximately 2 x 10”7 cm®/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 cm?/sec (as described in Section 10.1.3) provides
reasonable assurance of the leak tightness of the TSC shell weldment.”

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., leaktight) is less than, or equal to, 1x1077 ref. cm®/s (air)
or approximately 2 x 107 cm®/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,
1x107 ref. cm®/s (i.e., leaktight).”
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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 71160-551-10PA/10NPA, Sheet 1

Source of Change: 72.48 Determination ID #NAC-15-MAG-025
Originating Document: DCR(L) 71160-551-10PA/10NPA

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 1D #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 < 113°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:

e 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 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.

2. Revise Page 8.11-3, Section 8.11, sentence in paragraph at top of page as follows:

e 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.

e 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.

e 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-16-MAG-004
Originating Document: DCR(L) 71160-FSAR-7I

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, 4.9.2-1 through 4.9.2-4, 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 < 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.
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.

(98]
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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
primer.

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

OH.
2. Add new sections 8.13.11, Data sheets for Dimetcote 9VOC and 8.13.12, Dimetcote 9H.
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72.48 Determination ID #NAC-16-MAG-011

Change Description

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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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) 71160-585-11A, 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%2-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., TSC1 and TSC2) are applicable to TSCs with closure
rings approximately %-inch and 1'2-in wide. "

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%2-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 TSCs with closure rings approximately %a-
inch and 1%-in wide. "

71160-585, TSC Assembly, MAGNASTOR, Revision 12

Originating Document: DCR(L) 71160-585-11A

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 10 symbol next to item 18 balloon.

3. Zone AS, 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 of Item 16 within the BOM by replacing all values of “1” with
“A/R”.

6. Modify the Quantity columns of ltem 18 within the BOM by populating all empty columns
with the value of "A/R" and remove delta note 10 symbol.

Sheet 2

7. Zone F5, add zone box referencing “SHI/AS5”.

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 ES.

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

Originating Document: DCR(L) 71160-685-5A

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 DS.

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-i1, 4.9.1-1, 4.9.2-1 through 4.9.2-4, 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-16-
MAG-006.

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

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 of LCO 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 <35.5 kW
consistent with the thermal evaluation. For crane malfunction contingencies change
discussion of actions based on 20 kW (e.g., <20 kW or > 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 CC1 & 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 CC1 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 — “A/R”.

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
CCS5 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 —“A/R”; item 7 — “4”; items 16 & 17 —“20”; item 18 — “8”; item 20 — “4”;
items 22, 24 & 27 — “1”.

Sheet 2:

3. Zone ES, 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.0.M.,, add assembly 91 and assign items quantities as follows: items 2, 3, 22 & 23 — A/R”,
items 8, 13 & 24 —“1”, items 10 & 11 —“6”, item 12 — “2”.

3. B.0O.M,, add assembly 90 and assign items quantities as follows: items 2, 3, 22 & 23 —“A/R”,
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 of 25kW using 40 GPM water flow at 100°F.

Chapter 4, page 4.4-26

Source of Change: 72.48 Determination ID #NAC-17-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 MAGNASTOR 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-17-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.

o Section 4.4.3 “Maximum Temperatures for PWR and BWR Fuel Configurations”
subsection “Transfer Condition for 24-Hour Cooling and Multiple Vacuum Drying
Cycles™.

e Section 4.9.2 “Draining, Vacuum Drying and Helium Backfill Phase Contingency Event
for PWR Fuel”

e Section 9.1.1 “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.

e Caution to step 20

e 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-17-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.

71160-561, Rev. 9
71160-562, Rev. 9
71160-585, Rev. 12
71160-590, Rev. 8
71160-685, Rev. 6

NEWND -
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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-17-MAG-004
Originating Document: DCR(L) 71160-FSAR-7V
The following DCR(L)s are being incorporated: 71160-FSAR; -7B, -7C, -7D, -7E, -7F, -7G, -

7H, -1, -7, -TM, -TN, -70, -7Q, -7S, -7T, and 7U. Additionally minor editorial / 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 of KPS 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-17-MAG-008
Originating Document: NAC-VNCR 845165-03

During closure operations of KPS 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. 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

Note:

Incorporates 72.48 changes for the period

July 2015 thru February 2017

=

The List of Effective Pages and the Chapter Table of Contents, List of Figures, and List of

s f ‘ e

Tables have been revised accordingly to reflect the list of changes detailed below.
Chapter 1
Page 1.3-5 NAC-16-MAG-018 Modified the third paragraph of Section 1.3.1.3 (first full
S 71160-FSAR-7Q paragraph on the page).

NAC-16-MAG-012 :

Page 1.3-13 71160-FSAR-70 Modified the first row of Table 1.3-1.
NAC-16-MAG-018 :

Page 1.3-15 71160-FSAR-7Q Modified the last row of Table 1.3-1.
NAC-17-MAG-003 ; - ;

Page 1.8-1 71160-FSAR-7U Updated the list of License Drawings.

Chapter 2

Page 2.1-4 NAC-15-MAG-023 Modified the second row of Table 2.1-2 on the page.

71160-FSAR-7E
Chapter 3

Pages 3.1-3 thru
3.1-4

NAC-16-MAG-018
71160-FSAR-7Q

Modified the third through fifth paragraphs in Section 3.1.2.

Pages 3.2-1 thru
3.2-3

NAC-16-MAG-018
71160-FSAR-7Q

Modified the third paragraph of Section 3.2.1; modified
Table 3.2.1-1, and the table Notes.

Page 3.5-3 thru 3.5-
4

NAC-15-MAG-022
71160-FSAR-7D

Modified text in third paragraph and equations throughout
Section 3.5.1.4.

Pages 3.5-27 thru
3.5-30

NAC-16-MAG-018
71160-FSAR-7Q

Modified text, tables and equations throughout Section 3.5.3.

Pages 3.7-59 thru
3.7-61

NAC-16-MAG-018
71160-FSAR-7Q

Modified text and equations throughout the pages.

Pages 3.7-65

NAC-16-MAG-018
71160-FSAR-7Q

Modified the last line of the first paragraph on the page.

Pages 3.7-67 thru
3.7-68

NAC-16-MAG-018
71160-FSAR-7Q

Modified the equations at the end of Section 3.7.3.3.

Pages 3.7-70 thru
3.7-72

NAC-16-MAG-018
71160-FSAR-7Q

Modified text and equations throughout the last pages of
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
71160-FSAR-70 3.10.3.1.

Page 3.10.3-2 NAC-16-MAG-012 Text flow changes.

71160-FSAR-70
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Page 3.10.3-24

NAC-16-MAG-012
71160-FSAR-70

Added text to the end of the first paragraph of Section
3.10:3:2.

Chapter 4

Page 4.4-4 thru
4.4-5

NAC-16-MAG-018
71160-FSAR-7Q

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

Page 4.4-6 thru
4.4-7

NAC-16-MAG-018
71160-FSAR-7Q

Text flow changes.

NAC-17-MAG-001

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

71160-FSAR-7Q

Page 4.4-26 71160-FSAR-7S page.
NAC-17-MAG-001 Text flow changes.
Page 4.4-27 71160-FSAR-7S
Page 4.4-32 NAC-16-MAG-018 Modified the first paragraph on the page.

Pages 4.4-33 thru
4.4-34

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

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

Pages 4.4-35 thru
4.4-36

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

Text flow changes.

NAC-16-MAG-018

Modified Table 4.4-3.

PaEet- 71160-FSAR-7Q
Pace 4.9 1-1 NAC-16-MAG-013 Modified the third and fifth paragraphs on the page in
Bt 71160-FSAR-7J Section 4.9.1.
NAC-16-MAG-009 Created and modified the fourth paragraph on the page in
71160-FSAR-7TM Section 4.9.1.
NAC-17-MAG-002 Added text to the end of the first paragraph in Section 4.9.2;
Page 4.9.2-1 71160-FSAR-7T added paragraph and third bullet before “Notes” following

the first two bullets on the page.

Pages 4.9.2-1 thru
4.9.2-4

NAC-16-MAG-013
71160-FSAR-7]

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

NAC-16-MAG-009
71160-FSAR-7TM

Continued text modification throughout Section 4.9.2.

NAC-16-MAG-013

Modified the second, third and fourth paragraphs on the page

71160-FSAR-7Q

PageaDianl 71160-FSAR-7J in Section 4.9.3.
NAC-16-MAG-009 Continued text modifications in the second and third
71160-FSAR-7TM paragraphs of Section 4.9.3.
Pace 4.9 4-1 NAC-16-MAG-013 Editorial edit to Section 4.9.4 heading. Modified the last
Bt 71160-FSAR-7] paragraph on the page.
Chapter 5
Page 5-2 NAC-16-MAG-018 Modified the second bullet at the top of the page.

Pages 5.1-4 thru
5.1-5

NAC-16-MAG-018
71160-FSAR-7Q

Added the second paragraph and modified the third
paragraph of Section 5.1.2.; modified the fourth paragraph of
Section 5.1.2.2.

Page 5.1-6

NAC-16-MAG-018
71160-FSAR-7Q

Text flow changes.
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Pages 5.1-9 thru
5.1-10

NAC-16-MAG-018
71160-FSAR-7Q

Modified the titles of Tables 5.1.3-5 and 5.1.3-6.

Pages 5.5-2 thru
5.5-3

NAC-16-MAG-018
71160-FSAR-7Q

Modified the last row paragraphs of Section 5.5.1.2.

Page 5.5-14 NAC-16-MAG-018 Modified the title of Figure 5.5.5-9 and modified the “Note”
71160-FSAR-7Q at the bottom of the figure.

Page 5.6-4 NAC-16-MAG-018 Modified the last sentence of Section 5.6.4.
71160-FSAR-7Q

Page 5.8.3-4 NAC-16-MAG-018 Modified the heading title of Section 5.8.3.4.2.
71160-FSAR-7Q

Page 5.8.3-32 NAC-16-MAG-018 Modified the title of Table 5.8.3-8.
71160-FSAR-7Q

Page 5.8.5-4 NAC-16-MAG-018 Modified the embedded table in Section 5.8.5.2.3.

71160-FSAR-7Q

Pages 5.8.5-8 thru
5.8.5-9

NAC-16-MAG-018
71160-FSAR-7Q

Modified Tables 5.8.5-4 and 5.8.5-6.

Page 5.8.7-4 NAC-16-MAG-018 Modified Table 5.8.7-1.
71160-FSAR-7Q
Page 5.8.8-1 NAC-16-MAG-018 Modified the last sentence in Section 5.8.8.3.

71160-FSAR-7Q

Pages 5.8.8-66 thru
5.8.8-79

NAC-16-MAG-018
71160-FSAR-7Q

Modified the title of Figure 5.8.8-10.0

Page 5.8.12-1

NAC-16-MAG-018
71160-FSAR-7Q

Modified the sixth paragraph in Section 5.8.12.

Chapter 6

No Changes.

Chapter 7

Page 7.2-1

NAC-15-MAG-024
71160-FSAR-7F

Modified the last sentence of the third paragraph in Section
722,

Chapter 8

Page 8.6-2 thru
8.6-3

NAC-15-MAG-018
71160-FSAR-7B

Modified the second and fifth paragraphs of Section 8.6.2.

NAC-16-MAG-004

Page 8.10-2 71160-FSAR-7] Modified the last half of the first paragraph on the page.
Pace 8.10-7 NAC-16-MAG-003 Modified the middle of the second paragraph of Section
age 8- 71160-FSAR-7H 8.10.3.2.

NAC-16-MAG-003 ’

Page 8.11-3 71160-FSAR-7H Modified throughout the first paragraph on the page.
NAC-15-MAG-018 " .

Page 8.13-1 71160-FSAR-7B Added text to paragraph in Section 8.13.
NAC-15-MAG-018 ; T ;

Page 8.13-7 71160-FSAR-7B Modified heading title for Section 8.13.3.

Page 8.13-9 RALHS-MAG-013 Modified heading title for Section 8.13.4.

71160-FSAR-7B
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Pages 8.13-18 thru
8.13-28

NAC-15-MAG-018
71160-FSAR-7B

Added new Sections 8.13.8, 8.13.9 and 8.13.10.

Pages 8.13-29 thru
8.13-40

NAC-16-MAG-010
71160-FSAR-7N

Added new Sections 8.13.11 and 8.13.12.

Chapter 9

Page 9.1-4

NAC-16-MAG-002
71160-FSAR-7G

Modified the first line of the “Caution” following Step 20.

NAC-16-MAG-013
71160-FSAR-7J

Added text to the end of the “Caution” following Step 20,
causing text flow changes on page 9.1-5.

NAC-16-MAG-009
71160-FSAR-7TM

Modified text to the end of the “Caution” following Step 20.

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

Moditied the first line of the “Caution” following Step 20.

Page 9.1-5

NAC-16-MAG-009
71160-FSAR-7TM

Editorial changes to the first line of Step 28.

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

Modified text on the first line of the “Note” following Step
29.

Page 9.1-6

NAC-16-MAG-013
71160-FSAR-7J

Modified text in the last “Note” of Step 29.

NAC-16-MAG-009
71160-FSAR-7TM

Continued modifications to the last “Note” of Step 29.

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

Continued modifications to the text throughout the two
“Notes” following Step 29.

Page 9.1-7

NAC-16-MAG-013
71160-FSAR-7]

Text flow changes.

Pages 9.1-8 thru
9.1-9

NAC-16-MAG-013
71160-FSAR-7]

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

71160-FSAR-7J

Page 9.1-9 NAC-16-MAG-009 Modified the “Note” to Step 55.
71160-FSAR-TM
Page 9.1-10 NAC-16-MAG-013 Modified the second “Note” of Step 58.
71160-FSAR-7]
NAC-16-MAG-009 Added the third “Note” to the end of Step 58.
71160-FSAR-7TM
Page 9.1-11 NAC-16-MAG-013 Modified the “Note” of Step 68.

Pages 9.1-12 thru
9.1-15

NAC-16-MAG-013
71160-FSAR-7J;
NAC-16-MAG-009
71160-FSAR-TM

Text flow changes.

71160-FSAR-7J

Page 9.1-16 NAC-15-MAG-014 Modified Step 20.
71160-FSAR-7C

Page 9.1-17 NAC-16-MAG-003 Modified the first line of the last row [“Cooldown System
71160-FSAR-7H (CDS)”] of Table 9.1-1.

Page 9.1-18 NAC-16-MAG-013 Added 8" row [“Supplemental Annulus Cooling System

(SACS)”] to Table 9.1-1.
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Page 9.1-19

NAC-16-MAG-013

71160-FSAR-7TM

Text flow changes.

71160-FSAR-7]

Page 9.3-2 NAC-16-MAG-003 Modified Step 18.
71160-FSAR-7H

Chapter 10

Page 10.1-5 NAC-15-MAG-023 Modified the second paragraph of Section 10.1.3.
71160-FSAR-7E

Chapter 11

No changes.

Chapter 12

Page 12.1-8 NAC-16-MAG-009 Modified Section 12.1.6.3.

| Chapter 13

No changes.

Chapter 14

No changes.

| Chapter 15

No changes.
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NAC INTERNATIONAL

CERTIFICATION OF ACCURACY
PURSUANT TO 10 CFR 72. 248(c)(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.

.VlceAPﬂres1dent Engineering and Licensing
NAC International

Subscribed and sworn before me this SO day of %O/W 0;/“(/&3/ ,2017.

\\\\“I""”]
S\NE Kt

WPﬁé\\( >

Al
Ty
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MAGNASTOR System FSAR
Docket No. 72-1031

January 2017
Revision 8

List of Effective Pages

Chapter 1

Page 1-1 coovveviiieee Revision 5
Page 1-1 oo, Revision 1
Page 1.1-1 thru 1.1-5.....ccceenneenns Revision 5
Page 1.2-1 oo, Revision 6
Page 1.2-2 .o, Revision 5
Page 1.3-1 thru 1.3-4.....ccocee.. Revision 5
Page 1.3-5 oo, Revision 8
Page 1.3-6 covveiiieeeieee, Revision 5
Page 1.3-7thru 1.3-8.................... Revision 7
Page 1.3-9 i, Revision 1
Page 1.3-10 ..ccoooiiriiieeeee Revision 4
Page 1.3-11 ccovieeeieeeeeeieee, Revision 1
Page 1.3-12 oo, Revision 7
Page 1.3-13 ., Revision 8
Page 1.3-14 ..o Revision 6
Page 1.3-15 o Revision 8
Page 1.3-16 thru 1.3-18................ Revision 5
Page 1.4-1 ccoovieeeieineeeicceeeee Revision 7
Page 1.5-1 oo, Revision 5
Page 1.6-1 .cooeviiiiiiieiiieie, Revision 2
Page 1.6-2 .ooocveiieieeieeeece Revision 0
Page 1.7-1 oooeriiiie Revision 0
Page 1.7-2 oo Revision 2
Page 1.8-1 ..ooeiiiiiiiiceeeeee Revision 8

26 drawings (see Section 1.8)

Chapter 2

Page 2-1 thru 2-1i ..ccceevveeverenenee. Revision 5
Page 2-1 oo, Revision 5
Page 2.1-1 i Revision 5
Page 2.1-2 .o Revision 0
Page 2.1-3 .o Revision 5
Page 2.1-4 v Revision 8
Page 2.1-5 oo Revision 5
Page 2.2-1 thru 2.2-3.......ccccuee.. Revision 5
Page 2.2-4 thru 2.2-5.................... Revision 0
Page 2.2-6 thru 2.2-7........cccc...c.. Revision 5
Page 2.2-8 ..o, Revision 6
Page 2.3-1 thru 2.3-4......ccccueennn. Revision 0
Page 2.3-5 oo, Revision 5
Page 2.3-6 thru 2.3-8....c.cccoveneene Revision 0

Page 2.4-1 oo Revision 0
Page 2.4-2 .o, Revision 2
Page 2.4-3 thru 2.4-4.................... Revision 5
Page 2.4-5 .eeiieeeeeeeee, Revision 0
Page 2.4-6 thru2.4-7.......cccuveee. Revision 5
Page 2.5-1 e, Revision 0
Page 2.6-1 thru 2.6-2........c.cc......... Revision 0
Chapter 3

Page 3-1 .o Revision 6
Page 3-11 cooveeiviviiieee e Revision 5
Page 3-1i1.ccoveeeeicieeeeeecceeeeeeeeeeee Revision 6
Page 3-iv thru 3-vi ceeeeveiveeeene Revision 5
Page 3-Vil coocevriiirereeeeeeeee, Revision 6
Page 3-Vill cooeeevieiciieeceeeiiecieee Revision 6
Page 3-1X oo Revision 5
Page 3-1 .o, Revision 0
Page 3.1-1 oo, Revision 1
Page 3.1-2 oo Revision 0
Page 3.1-3 thru 3.1-4......cccceeenee. Revision 8
Page 3.1-5 oo Revision 1
Page 3.1-6 .covveevveiiieeiiiieeeeeen Revision 6
Page 3.2-1 thru 3.2-3.......cccceeeeee Revision 8
Page 3.3-1 e, Revision 0
Page 3.4-1 o, Revision 2
Page3.4-2 e, Revision 5
Page3.4-3 e, Revision 6
Page3.4-4 e, Revision 1
Page 3.4-5 e, Revision 5
Page 3.4-6 thru3.4-42.................. Revision 3
Page 3.4-43 thru 3.4-48................ Revision 5
Page 3.5-1 oo, Revision 1
Page 3.5-2 i Revision 6
Page 3.5-3 thru 3.5-4........ccccce.... Revision 8
Page 3.5-4 thru 3.5-26.................. Revision 6
Page 3.5-27 thru 3.5-30................ Revision 8
Page 3.6-1 thru 3.6-2........cceeeeen... Revision 5
Page 3.6-3 thru 3.6-19.................. Revision 6
Page 3.7-1 e Revision 5
Page 3.7-2 thru 3.7-58.........cc....... Revision 6
Page 3.7-59 thru 3.7-61................ Revision 8
Page 3.7-62 thru 3.7-64................ Revision 6
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Revision 8

List of Effective Pages (cont’d)

Page 3.7-65 oo Revision 8§
Page 3.7-66 ....cccovvevveirerecrienn Revision 6
Page 3.7-67 thru 3.7-68................ Revision 8
Page 3.7-69 .....ooveeeeeeeeeeee, Revision 6
Page 3.7-70 thru 3.7-72................ Revision 8
Page 3.7-72 thru 3.7-81................ Revision 6
Page 3.7-73 thru 3.7-79................ Revision 6
Page 3.7-80 ccoevvvveveiiieeieee, Revision 8
Page 3.7-81 coovviveieiieeee Revision 6
Page 3.8-1 thru 3.8-10.................. Revision 0
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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 CC1 through CCS.
CCl1 and CCS5 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 218.3 inches high. CC1, 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. CC1, 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 CCS5 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 [10]. 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 1.3-3 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

NAC International 1.3-5
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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.

1.3.14 Transfer Cask

The transfer cask is designed, fabricated, and tested to meet the requirements of ANSIN14.6
[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—MTC1 and MTC2. MTCI1 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.

NAC International 1.3-6
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Table 1.3-1 Design Characteristics
Design Characteristic Nominal Value (in)2 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 (0.7t01.5)x 0.75 Stainless Steel
Length
TSC1 & TSC3 191.8
TSC2 & TSC4 184.8
Capacity (# 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 0.5t00.75 Carbon Steel
Support Bars (PWR) 0.875 Carbon Steel
Support Plate {(BWR) 0.75 Carbon Steel
Length 172.50r 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 1125 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 8 x8.75x1.50 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 525x7.5x 520 Low Alloy Steel
Gamma Shield 3.25 Lead
Neutron Shield 2.25 NS-4-FR, Solid Synthetic Polymer
Length 202.0
2 Thickness unless otherwise indicated.
NAC International 1.3-13
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Table 1.3-1 Design Characteristics (continued)
Design Characteristic | Nominal Value (in)2 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 8x8.75x1.50 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 525x7.5x52.0 Stainless Steel
Gamma Shield 3.25 Lead
Neutron Shield 2.25 NS-4-FR, Solid Synthetic Polymer
Length 192.2
Transfer Adapter Base Plate 20 Carbon Steel
Guide Ring 2.5x79dia. Carbon Steel
Concrete Cask CC1&CC2
Weldment Structures
Liner 1.75 x 83 dia Carbon Steel
Top Flange 1 x 91.0 dia. Carbon Steel
Standoffs (Channels) 3 x 7.5 (s-beam) Carbon Steel
Pedestal Plate 2 x72dia. Carbon Steel
Base Plate 1 x 128 dia. Carbon Stesl
Inlet Top 2 x 136 dia. Carbon Steel
Concrete Cask Carbon Steel
Concrete Shell 26.5 x 136 dia. Type |l Portland Cement
Lid 6.8 x 88 dia. Carbon Steel
Type Il Portland Cement
Rebar various lengths Carbon Steel
Length 2253
CC3
Weldment Structures
Liner 3 x 83 dia Carbon Steel
Top Flange 1x93.5 dia. Carbon Steel
Standoffs (Channels) 3 x 7.5 (s-beam) Carbon Steel
Pedestal Plate 2x72dia. 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 |l Portland Cement
Lid 12.8 x 91.5 dia. Carbon Steel
Type Il Portland Cement
Rebar various lengths Carbon Steel
Length 218.3

4 Thickness unless otherwise indicated.

NAC International
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Table 1.3-1  Design Characteristics (continued)
Design Characteristic | Nominal Value (in)® Material

Concrete Cask
(continued)

CC4

Weldment Structures
Liner

Top Flange
Standoffs {Channels)
Pedestal Plate

Base Plate

Inlet Top

Concrete Cask
Concrete Shell

Lid

Rebar
Length

CC5

Weldment Structures
Liner

Top Flange
Standoffs (Channels)
Pedestal Plate

Base Plate

Inlet Top

Concrete Cask
Concrete Shell

Lid

Rebar
Length

2 Thickness unless otherwise indicated.

NAC International

1.75 x 83 dia

1 x 93.5 dia.

3 x 7.5 (s-beam)
2 x 72 dia.

1x 128 dia.

2 x 136 dia.

26.5 x 136 dia.
6.8 x 91.5 dia.

various lengths
2183

3 x 83 dia.

1x 93.5 dia.

3 x 7.5 (s-beam)
2x 72 dia.

1x 128 dia.

2 x 136 dia.

25.3 x 136 dia.
12.8 x 91.5 dia.

various lengths
2259
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Carbon Steel
Carbon Steel
Carbon Steel
Carbon Steel
Carbon Steel
Carbon Steel
Carbon Steel
Type Il Portland Cement
Carbon Steel
Type Il Portland Cement
Carbon Steel

Carbon Steel
Carbon Steel
Carbon Steel
Carbon Steel
Carbon Steel
Carbon Steel
Carbon Steel
Type Il Portland Cement
Carbon Steel
Type Il Portland Cement
Carbon Steel
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Table 1.3-2 TSC Fabrication Specification Summary

Materials

o All materials shall be governed by the referenced drawings and meet the applicable
ASME Code sections.

Welding

e Welds shall be in accordance with the referenced drawings.
o Filler metals shall be appropriate ASME Code materials.

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

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

e Personnel performing weld examinations shall be qualified in accordance with the NAC
International Quality Assurance Program and SNT-TC-1A [13].

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

Fabrication

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

e Surfaces shall be cleaned to a surface cleanness classification C, or better, as defined in
ANSIN45.2.1 [14], Section 2.

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

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

Quality Assurance

e The TSC shall be fabricated under a quality assurance program that meets 10 CFR 72,
Subpart G, and 10 CFR 71, Subpart H.

NAC International 1.3-16
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1.8 License Drawings
This section presents the list of License Drawings for MAGNASTOR.

Drawing Revision
Number Title No.
71160-551 | Fuel Tube Assembly, MAGNASTOR - 37 PWR 10NP*

71160-556 | Assembly, MAGNASTOR Transfer Cask (MTC), Stainless Steel 4
71160-560 | Assembly, Standard Transfer Cask, MAGNASTOR 2
71160-561 | Structure, Weldment, Concrete Cask, MAGNASTOR 9
71160-562 | Reinforcing Bar and Concrete Placement, Concrete Cask, MAGNASTOR 9
71160-571 | Details, Neutron Absorber, Retainer, MAGNASTOR - 37 PWR 8
71160-572 | Details, Neutron Absorber, Retainer, MAGNASTOR - 87 BWR 8NP*
71160-574 | Basket Support Weldments, MAGNASTOR - 37 PWR 6
71160-575 | Basket Assembly, MAGNASTOR - 37 PWR 1INP*
71160-581 | Shell Weldment, TSC, MAGNASTOR 5
71160-584 | Details, TSC, MAGNASTOR 8
71160-585 | TSC Assembly, MAGNASTOR 12
71160-590 | Loaded Concrete Cask, MAGNASTOR 8
71160-591 | Fuel Tube Assembly, MAGNASTOR - 87 BWR 8NP*
71160-598 | Basket Support Weldments, MAGNASTOR - 87 BWR 7NP*
71160-599 | Basket Assembly, MAGNASTOR - 87 BWR 8NP*
71160-600 | Basket Assembly, MAGNASTOR - 82 BWR S5NP*
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 DF Corner Weldment, 0

MAGNASTOR - 37 PWR

71160-673 | Damaged Fuel Can (DFC), Spacer, MAGNASTOR 0
71160-674 | DF Corner Weldment, MAGNASTOR 3NP*
71160-675 | DF Basket Assembly, 37 Assembly PWR, MAGNASTOR 3NP*
71160-681 | DF, Shell Weldment, TSC, MAGNASTOR 1
71160-684 | Details, DF Closure Lid, MAGNASTOR 2
71160-685 | DF, TSC Assembly, MAGNASTOR 6

* Proprietary drawing replaced by nonproprietary version.

NAC International 1.8-1
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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 1ISG-15 [23].
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. A
TSC Closure | NB-5230 Radiographic (RT) In accordance with 1ISG-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.

NAC International
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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 shali 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 107 cm3/sec (helium) (as
described in Section 10.1.3) provides
reasonable assurance of the leak
tightness 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
Can Structural
Materials

NAC International
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3.1.2 Discussion of MAGNASTOR

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 CC1, CC2, CC3, CC4
and CCS5. The concrete cask is a reinforced concrete cylinder with an outside diameter of 136
inches and an overall height of approximately 226 inches (CC1, 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 (CC1, CC2 and CC4) or 3.0
inches (CC3 and CCS5). There are 24 standoffs (3 x 72 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 Ib/ft* 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 &5/8-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 CC1, CC2
and CC4 configurations has an overall thickness of 6.8 inches and an overall diameter of 88.0
inches. The CC3 and CCS5 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 TSCI 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-%2 inch diameter A193,
Grade B6 bolts.

The fuel basket assembly is provided in two configurations — one for up to 37 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 corner and side support weldments, which are bolted to the fuel tube array.

NAC International 3.1-4
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3.2 Weights and Centers of Gravity
3.2.1 Calculated Maximum Weights and Centers of Gravity

The maximum calculated weights and centers of gravity (CGs) for MAGNASTOR PWR, PWR
with Damaged Fuel Cans, and BWR configurations are presented in Table 3.2.1-1. 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 TSC1 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. TSC1 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 CC1 through CC5.
CCl1 is the standard 225.27-in high cylinder. CC2 is also 225.27-in high, but is a segmented
design. CC1, CC2 and CC4 are equipped with a 1.75-in thick carbon steel liner. CC3 isa218.3-
in high standard design cylinder equipped with a 3-in thick carbon steel liner and additional
shielding at the air inlets. CC4 is a 218.3-in high standard design cylinder with inlet shield bars.
CCS5 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 CC1, 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 Y4-in thick carbon steel plate. The lid
assembly used with the CC1 and CC2 configurations have an overall thickness of 6.8 inches and
an overall diameter of 88.0 inches. The CC3 and CCS5 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 CC1 and CC2 lid

configuration.

There are two MAGNASTOR Transfer Casks (MTCs) considered in this calculation, i.e., MTCI1
and MTC2. The MTCI1 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 MAGNASTOR Storage Weight and Center of Gravity Summary
CC1,CC2&CC5/MTC1 ™ CC3&CC4@/MTC2@
PWR BWR DF - PWR PWR DF - PWR
Weight CG Weight CG Weight CG Weight CG Weight CG
Description (Ib)® (in)@ (Ib)® (in)@ (Ib)® (in)® (Ib)® (in)@ (Ib)® (in)®
Maximum Contents (fuel, DFC and/or spacers, '
if used) 62,160 - 61,248 - 61,184 - 62,160 - 61,184 -
Basket 20,500 - 22,000 - 24,000 - 19,500 - 24,000 -
TSC wio Lid 9,500 - 9,500 - 9,500 - 9,500 - 9,500 -
Closure Lid 10,500 - 10,500 - 10,500 - 10,500 - 10,500 -
Loaded TSC (TSC, lid, basket, contents) 102,000 100 103,000 99 104,500 96 101,000 96 104,500 96
Water in TSC and Annulus 17,500 - 16,500 - 16,500 - 17,000 - 16,500 -
Transfer Cask® (does not include lifting yoke
or transfer adapter) 108,500 - 108,500 - 108,500 - 106,000 - 106,000 -
Lifting Yoke ©) (not included in transfer cask
weight) 7 5,500 - 5,500 - 5,500 - 5,500 5,500 -
Concrete Cask .8 (does not include concrete | 214,500 {4 214,500 (4 214,500 (14 225,000012 225,000
cask lid) 229,000 (19) - 229,000 (15 - 229,000 (19) - 210,000(13 - 210,000(13)
4,500 (14 4,500 14 4,500 (4 6,000 (12 6,000 012
Concrete Cask Lid @ 6,000 (9 - 6,000 (9 - 6,000 (19 - 4,500 (13) - 4,500 13) -
Storage Cask Loaded (Concrete cask w/ ||d, 320,500 (14) 113 014) 321,500 (14) 113 (14 323,500 (14 112 (14 332,500 (12) 108 (12 335,500 12 108 (12
TSC w/ lid, basket, contents) 336,500 (5 | 113 (19 | 337,500 (19 | 11319 | 329,500 (' | 113 (18 | 315,000('% | 109019 | 318,5003 | 109013
Transfer Cask, TSC w/o Lid, Basket, Lifting
Yoke — Empty 143,500 - 145,500 - 146,500 - 140,000 144,500
Loaded Transfer Cask Wet Weight ) 228,000 - 228,000 229,500 - 223,500 - 226,500 -
Under Hook Wet Weight (10) 233,500 233,500 234,500 - 228,500 232,000
Under Hook Dry Weight (1) 216,000 - 217,000 - 218,500 212,000 - 216,000 -

See following page for Notes.
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Table 3.2.1-1 MAGNASTOR Storage Weight and Center of Gravity Summary (continued)

Notes:
1. Bounding weights and centers of gravity for CC1, CC2 and CC5 concrete casks and MTCH1 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.

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.

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

The MTC1 and MTC?2 transfer casks can be used with all three concrete cask configurations (i.e., CC1, CC2, CC3, CC4 and CC5). The MTC2 transfer cask can only
be used for a short TSC configuration (i.e., TSC2 and TSC4), while MTC1 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 148 pcf for conservative weight calculation.

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

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

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

12. Value for the CC3 concrete cask configuration

13. Value for the CC4 concrete cask configuration

14. Value for the CC1 and CC2 concrete cask configuration

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

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

FS = Saew 2008, _ 56
TW TW
where:
Sm = 16.2 ksi --—---------=--- design stress intensity, SA-240 Type 304 at 650°F
3.5.1.4 TSC Handling L oads

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. A 1.1g 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 1.1g.

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.

W 2420010
Gbearin = — =_—"_"—_"=3954psi
e 4A  4(1.53in%) P
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where:
W = (10,500 1b+ 11,500 1b) x 1.1 =24,200 Ib

A

1.53 inch? Bearing area of each lifting lug

The allowable bearing stress is equal to the yield strength of Type 304 stainless steel at a
temperature of 125°F, or 27,885 psi. Therefore, the factor of safety (FS) is as follows.

1.0S, 27,885 psi
3,954 psi

=17.05

c bearing

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 24,200 1b

w = = = 1,137 psi
dA . 4532 in?)
where:
Aer = 5.32 inch? Area of lifting lug weld

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

pg = Saow _ 068, _ 0.6x20,000 psi _ ;46
T, T, 1,137 psi
where:
Sm = 20,000 psi Design stress intensity of SA-240, Type 304
stainless steel at 125°F
3.51.5 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, Tension 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.

W,

_ W4 _ 235,000 _

cask = = 27 pSi
A 8,785

where:

Weask = 235,000 b Bounding weight for empty concrete cask
Do = 136.0inch
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Di = 85.5inch
A = 7 (Do*-D?) /4 =8,785 inch?

The concrete bearing strength (fv) is much larger than the applied load.

fo =  $(0.85f/A)=10.85(0.85x3800x8785)=19.9 x 106 Ib > 235,000 lb

where:
. = 3,800 psi----- Compressive strength, concrete, at 300°F
é6= 07 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).

Wy 252,000

concrete cask — = =29 pSl
A 8,785
where:
Wrrr = 252,000 1b Loaded transfer cask with transfer adapter
Do = 136.0 inch
Di = 85.5inch
A = 7 (Ds*-Di*) /4 =18,785 inch?

3.5.3.3 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 = (I)fc’ = 2,660 pSl

where:

¢ = 0.7 Strength reduction factor [5]
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f. = 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 (St) is as follows.

Stc = 0.08 x Scon = 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 = 2000_1 53
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.
g = S, _ 0213 _ .
S, x1.275 0.129x1.275

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

Srebar = ¢Fr =54.0 kst

where:
¢ = 09 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 rebar is as follows.

S, esar 54.0

S, x1275 21.6x1275
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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 = 230,0001b 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.

0.67M,

FS = =2.24

w

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.

M_.c . . .
outer = %"“‘e’ = 19.6 psi (tension or compression)

\Y o . . .
iner = ~ —M&INE =19 3 psi (tension or compression)

where:

Do = 136.0 inches
Di = 85.5inches
H = 225.9 inches

2 2
A = M=8,785 inch?
D‘_D.*
[ = n("—D‘)=14.17x106inch4
64
F,xH

Mmax = = 407X106 Ib-inch

Couter = 136.0/2 = 68.0 inches
Cimner = 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 3.5.1.4.111.4, Spectrum I
missiles. These missiles are listed as follows.
e A massive high kinetic-energy missile (4,000 1b automobile, with a frontal area of 20
square feet that deforms on impact).
e A 280 Ib, 8.0-inch-diameter armor piercing artillery shell.
e 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.

05

18
4KNW(d‘°8{Lj } = 5.82 inch

X =
1000
where

d = 8.0inch Missile diameter

K = 180/(f)2=2.92 Coeff. depending on concrete strength
N = 1.14 Shape factor for sharp nosed missiles
W = 2801b Missile weight

V = 126 mph = 185 ft/sec Missile velocity

fe' = 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.

5= 22145
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)

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 280-1b
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 = ~—<%—=0.521inch
672D
where:
mm = 280 1b/32.174 ft/sec? = 8.70 slugs (Ib-sec?/ft) - Missile mass
Vs = 185 ft/sec Missile velocity
D = 8inch 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 = 075 _ 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

.[:z (F)(dt) =my, (V2 - Vl)

where:

F Impact impulse force on missile
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mm = 4,000 Ib/g = 124 slugs/12 = 10.4 (Ib sec? /inch)
Missile mass
t1 Time at missile impact
t2 Time at conclusion of deformation phase
vi = 126 mph =185 ft/sec ---==r=emmmmmmmm-- 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.

M, @)= [ (N =1, (0, ~0,)

Substituting,
I (0, —®
ENe)=m, (v, —v,) 1=l 02)
H
where:

M Moment of the impact force on the concrete
cask

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

01 Angular velocity at time t1

2 Angular velocity at time ta -

me = 230,000/32.174 = 7,149 slugs/12 = 596 1b sec? /inch
Mass of concrete cask
Imx = 1/12(mc)(3r* + H?) =3.21x10°% 1b-sec?-inch

Im = Imx+ (mc)(dcg )* = 12.75 x10° Ib-sec*-inch

r = 68.0 inches Concrete cask radius
rro = 58.915 inches Concrete cask radius of rotation
H = 225.27 inches Concrete cask height

deg = /1122 +58.915% = 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 — vi) =Im(01 — 02)/H

at time t1, vi = 185 ft/sec and w1 = 0 rad/sec

at time t2, 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-ft? 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)* = 260.4 inch? = 1.8 ft> < 20 ft?
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.

Vi = Fu = ¢Ve=Fy = ¢4/f,b,d =Fu=> $4,[f, (4b+50.5)d=>b=11.41 inch
and
Ve = [2 +Bi}/%: (bod) = 4\/5 (bod) ------- Concrete punching shear strength capacity
[5, Eq. 11-36]
Be = 2/1=2 Ratio of long side to short side
d = 25.25inch Concrete thickness
fo = 3,800 psi Concrete strength, 300°F
bo = (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 1b 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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3.7.3.3 Flood

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 (Fp) 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 (Vec) is as follows.

Vee= %(Do?‘ —Df)h = %(136.02 —~79.48% 122527 =2,154,777 inch?
where:
Do = 136.0 inches Concrete cask outer diameter
Di = 79.48 inches Concrete cask inner diameter
h = 22527 inches Concrete cask height

The buoyancy force (Fb) is equal to the weight of water (62.4 1b/ft®) displaced by the fully
submerged concrete cask.

A 2,154,777
Fo = 15 W = =5 —

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

62.4 77,8001b

of the water on the concrete cask is as follows.
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Fpis = CDpVZ(%) =0.7 x1.94x15.02(¥j 32,500 Ib [20]
where:
Co = 0.7 Drag coefficient [20]
= 1.94 slugs/ft3 Density of water

V = 15 ft/sec Flow velocity
A = HxDo=30,637 inch?> = 212.7 fi? ---- Projected area
H = 225.27 inches Concrete cask height

Do = 136.0 inches Concrete cask outer diameter

The force (Fp) 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.

(Wee —F, ), (200,000 —77,800)58.915

Fp = = =63,918 1b
hl2 225.27/2
where:
Wee = 200,000 1b Conservatively defined minimum empty
concrete cask weight
o = 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 = |2 =\/ 2x63918  _ 51 0 fsec
Copd V0.7x1.94x212.7

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

21.0 _
15.0

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

FS = 1.4

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

configuration.
Ovouter = M/ Souter = 17.7 psi (tension or compression)
Ovinner = M/ Simer = 11.1 psi (tension or compression)
where:

Do = 136.0 inches
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Di = 85.5inches
h = 225.9inchs
A = n(Ds-Di?)/4=8,785 inch?
I = 7 (Do*-Di*)/ 64 =14.17 x 10% inch*
Souter = 2I/Do = 208,3 82 il’lCh3
Sinner = 21/(D1) = 331,462 inch?
w = Fpis/h = 144.3 1b/inch
M = w(h)?/2=3.66x 10° inch-lb

3.7.3.4 Earthquake

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 CC1 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
Gh Vector sum of two horizontal acceleration
components
Gy Vertical acceleration component

Two cases are analyzed:

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

(ay = 1.0a, ax = 0.4a, and a, = 0.4a)
a;=0.4a

a? +a’ =+/(0.4a) +(0.42) = 0.566a

Gy = 1.0a, =1.0a
Case 2) One horizontal acceleration, ax, is at its peak:
(2y=0.4 x a, ax = a, and a, = 0.4a) /'i
a:=0.4a Gr, |

Ja2 +a’ _\[1 (1.02) +(0.4a) = 1.077a 2,=1.0

Gy = 0.4ay =(04a

For the cask to resist overturning, the restoring moment (Mr) about the point of rotation must be

greater than the overturning moment (Mo).
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Mr >M,, or Eb>F d= (Wx1-WxGv ) x b>(W x Gh) xd

d

Vertical distance measured from the base of

b

the concrete cask to the center of gravity

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

Y
Fo

Weight of the concrete cask

Fr

Overturning force

Substituting for Gy and Gx gives:

Case 1

(1- a)g > 0.566a

axs V

d
0.566+%

Empty concrete cask:

Case 1

58.92
a< %14 =0.477
0.566+58-9114

where:

= 58.92 inch

b
d = 114 inch

Loaded concrete cask:

Case 1

58.7

113 _
a< =0.479
58.7
0.566 + 113

where:

= 113 inch

Restoring force

Case 2
(1- O.4a)§ >1.077a

as %

B 1.077+0.4%

Case 2

58.92
- AY _
a< s 0.403
1.077+04 /1 N

Case 2

58.7
a< 113 = 0.404

= (58.7
1.077+04°% 74

d
b = 58.92 -x=58.92—-0.221 = 58.7 inches
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73.44-72.0

W..e 105,500 0.72
Wee 324,500

= (.72 inch ---------mnn---

TSC CG shift

= (0.221 inch- Loaded concrete cask CG shift

The minimum acceleration is 0.403g. 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.

dmax

0.403

= 0403 437
11 &

Concrete Cask Stress

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

v outer —

v inner =

where

ax
ay
WCC
Do
Di
A

1

NAC International

= 0.50g

M +(1+ay)W

< =150 psi

S

outer

M +(1+ay)W

< —116psi

S

inner

0.50g

340,000 1b---
136.0 inches
85.5 inches

7t (Do? - Di?) / 4 = 8,785 inch?

= 7 (Do*-Di*) /64 = 14.17 x 10% inch*

3.7-711

Horizontal direction
Vertical direction
Bounding weight of concrete cask
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Souter = 2I/Do = 208,3 82 inch3
Sinner = 21/(D1) = 331,462 inch3

W = (ax x Wee) /225.9 = 752.55 Ib-inch
M = (Wx225.9%)/2 =1.92x107 Ib-inch
3.7.3.5 Concrete Cask Combined Stresses

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 = Sepy _ 2,660 _ 1.47
S. 1806
where:
Scon=¢Fc = 0.7%3,800 = 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 = Sie _0213 1.54
S, 0.138
where:
Stc=0.08 % Scon = 0.08 x 2660 = 213 psi or 0.213 ksi.......c.......... Concrete ultimate strength

From Section 3.7.3.1, the maximum rebar tensile stress (Si) due to accident thermal load is 22.7
ksi. The factor of safety (FS) for the rebar tensile stress is as follows.

S 54.0

FS = o -~ =738
S, 227
where:
Srebar=¢Fr = 0.9%60.0 = 54.0 ksi-------emmemmmmmn- Rebar stress allowable
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Figure 3.7.3-4
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Table 3.7.3-1 Concrete Cask Vertical Stress Summary — Inner Surface, psi
Condition Dead Live Win 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 -1 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 Win 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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3.10.3 TSC Finite Element Models

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., TSC1 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., TSC1 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. ANSYS CONTACS2 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 CONTACS52 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 Ib/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., TSC1 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%2-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., TSC1 and
TSC2) are applicable to TSCs with closure rings approximately %-inch and 1'2-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
1.1g 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.

Inertial Load Summary

Condition Inertial Load
Dead Weight 1g — axial
Normal Handling 1.1g — axial
Off-normal Handling 1.5g — axial, 0.707g - lateral
24-inch drop 60g — axial
Tip-over Tapered 40g ~ lateral (40g at top of TSC closure lid, 1g
at base of concrete cask)

Pressure Load — Internal Pressure

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 1b 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, Py +Py, ksi

Section2 | Angle s S, CompSi hent Stsrfysses 5 se Sint [ Sallow FS
1 69 -0.54 -528 | 1047 | 015 | 051 | -044 | 1581 | 69.80 | 4.41
2 66 277 | 1366 | -2500 | 0.07 | 078 | 117 | 16.74 | 69.80 | 4.17
3 66 -0.17 -490 | 1694 | -006 | 133 | 118 | 2209 | 68.60 | 3.11
4 27 007 | 1954 | 384 | 001 | 415 | 001 | 2064 | 64.00 | 3.10
5 60 0.68 59.72 | 4178 | 002 | 081 | 0.28 | 59.06 | 63.75 | 1.08
6 60 008 | 2079 | 1191 | -0.01 | -0.75 | -0.02 |} 20.94 | 63.30 | 3.02
7 0 055 | 1840 | 089 | -0.23 | -0.11 | 0.00 | 18.96 [ 63.00 | 3.32
8 0 087 | 1835 | 484 | 001 | -0.02 | 0.00 | 19.22 | 63.00 | 3.28
9 30 514 5519 | 39.08 | 0.00 | -1.26 | -1.52 | 50.22 | 6350 | 1.26

10¢ 6 1347 | 1749 | 756 | -241 | 207 | -276 | 31.85 | 6350 [ 1.99
11d 0-6 { -2393 | -1643 | -16.49 | 11.98 | 154 | -1341 | 36.44 | 50.80¢ | 1.39
12 0 18.01 | 1662 | 195 | 055 | 071 | -1.04 | 1640 | 68.60 | 4.18
13 0 -4.19 286 | -141 | 012 | 055 | -361 | 7.82 | 6350 | 8.12
14c 6 257 | -1004 | 016 | 522 | 518 | -2.61 | 18.87 | 63.50 | 3.36
15¢ 6 8.66 144 | 034 | 110 | 055 | -1.76 | 10.79 | 63.50 | 5.88

2 See Figure 3.10.3-2 for section locations.

® Localized bending stresses are secondary and are excluded from evaluation.

¢ Bearing stress evaluation is not required for accident conditions.

d 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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3.10.3.2 TSC3/TSC4 Finite Element Model Description

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 %2-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%2-inch wide closure
ring. A review of the finite element analysis results for the TSC3/TSC4 with %-inch and 1%%-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 TSCs with closure rings approximately %:-inch and 1%2-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 (CONTACS?2). The gap elements are modeled initially closed
with a contact stiffness of 1 x 10® Ib/inch. The ten 1 -6 UNC-2A bolts (five bolts for
Yo-symmetry model) that connect the shield plate to the closure lid are modeled using 3-D spar
elements (LINK10) that transfer only tensile loads. The bolt element tensile area (A:) and an
initial strain (go0) are defined by real constants. The initial strain corresponding to a maximum
bolt torque is:

€ = oo/Epb = 0.000303 in/in

where:
co = 8,098 psi, Bolt tensile stress due to preload
= Fp/At
Ev = 26.7x10° psi, Elastic modulus of SA-193, Grade B6 material at SO0°F.
Fe = Q/(KDw), Bolt tensile force due to torque [30].

= 11,200 Ibs.
Q = 1,680 in-lbs., Maximum bolt torque
K = 0.1, Lower-bound nut factor for a lubricated bolt [30]
Dv = 1.5in., Nominal bolt diameter

At 1.383 in?, Tensile area of 1 ¥%-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.

4411 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:

e Concrete cask, including lid, liner, pedestal and stand

e Air in the air inlets, the annulus and the air outlet

e TSC shell, lid and bottom plate

e Basket with fuel (including damaged fuel cans, as applicable) and neutron absorber

e 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. CCI1/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 CC1 and CC2 cask configurations since CC2 is a segmented version of
CCl1. 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 CC1/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 (Jow Re k- ) and a transitional turbulence model (k- ).
Technical details for these turbulence models are contained in the documentation for FLUENT.

NAC International 4.4-5



MAGNASTOR System FSAR January 2017
Docket No. 72-1031 Revision 8

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 of MAGNASTOR.

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 the y+ 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.
e Natural convection heat transfer at the outer surfaces of the concrete cask.
¢ Radiation heat transfer at the concrete cask outer surfaces.

Solar Insolation

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:

2
Side surface: 1475Bwit” _ 61.46Btu/hr - ft?
24hrs
2
Top surface: 2950Btw/tt” =122.92Btu/hr- ft?
24hrs

Natural Convection

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 correlation 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)"?

for Gr > 10°
h, =Nu -k, /H,
Top surface (Incropera) [14]:
Nu=0.15Ra"”
for Ra > 10’
h,=Nu -k,/L
where:
Gr Grashof number
he --- Average natural convection heat transfer
coefficient
Hvee Height of the concrete cask
ks Conductivity
L e surface characteristic length,
L = area / perimeter
Nu Average Nusselt number
Pr -- Prandtl number
Ra 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.
b, = o(T) + T2 )T, +T,) [14]
y +y +y -2
€ €, F,

where:

hrad Equivalent radiation heat transfer coefficient
Fiz View factor
T1 & T2 Surface (T1) and ambient (T2) temperatures

g1 & &2 Surface (g1) and ambient (g2=1) emissivities
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G Stefan-Boltzmann Constant

At the concrete cask side, an emissivity for a concrete surface of €1=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, €1, 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 CC1 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 fora 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 ANSY S 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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Evaluation of Moving the TSC into the Concrete Cask

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 of 25 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.

4416 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.

e The water phase when the lid is being welded to the TSC.

e The drying phase during which helium is present while vacuum drying to remove
moisture from the TSC.

e 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).

e 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
44.1.5.
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442 Test Model

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 119°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
differences 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 Confiquration with DF 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 (718°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 cooling
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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 2 Temperature (°F)

(Btu/hr-in-°F) 221 415 612 813
Kx 0.019 0.026 0.036 0.048
Kyy 0.019 0.026 0.036 0.048
Kz 0.124 0.115 0.111 0.112

For fuel assemblies in positions without the neutron absorber:

Conductivity 2 Temperature (°F)
(Btu/hr-in-°F) 222 417 615 816
Kix 0.019 0.025 0.034 0.044
Kyy 0.019 0.025 0.034 0.044
Kz 0.127 0.117 0.114 0.115
Table 4.4-2 Effective Thermal Conductivities for 1010 BWR Fuel Assemblies for
Helium Backfill
Conductivity 2 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 0134 0.125 0.122 0.125

2 Kaxx and Kyy correspond to the in-plane directions and Kz 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 CC5 Allowable
Component PWR BWR PWR PWR PWR Temperature (°F)
Fuel Cladding 714 695 718 718 718 752
Fuel Basket @ 714 695 718 718 718 800
TSC Shell 457 436 462 462 462 800
Concrete local 271 241 256 271 271 300
bulk 160 153 155 160 160 200

Table 4.4-4 Helium Mass Per Unit Volume for MAGNASTOR TSCs

Helium Density

(g/liter)
Fuel Type Nominal Lower Bound | Upper Bound
PWR 0.763 0.694 0.802
BWR 0.774 0.704 0.814

? The maximum fuel cladding temperature is conservatively used.
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491 Water Phase Contingency Events for PWR Fuel

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 of lower
decay heat loads.

The following water phase contingency events have been analyzed:
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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 inctude 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 < 113°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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4.9.3 TSC Transfer Phase Contingencies for PWR Fuel

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 of TSC 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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494 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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5 SHIELDING EVALUATION

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 (MTC1) or
stainless steel shells for the PWR system (MTC2). Concrete casks are designed in:
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e A standard shielding configuration (one piece — CC1 and segmented — CC2) with a 1.75-
inch liner thickness (PWR and BWR systems);

e 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);

e 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 enrichment 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 %) mrem/hr, 895
(<1%) mrem/hr, and 3,000 (<1%) mrem/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 UO: 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 UO2 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 mrem/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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51.2 Concrete Cask Shielding Discussion and Dose Results

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.

51.21 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 of the concrete cask
normal condition and accident event maximum calculated dose rates for the standard (CC1/
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 CCS5 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 CCS5 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.

51.2.2 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/CCS).

Damaged fuel maximum dose rates in the standard concrete cask are summarized in Table
5.1.3-10.

51.3 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

NAC International 5.1-5



MAGNASTOR System FSAR January 2017
Docket No. 72-1031 Revision 8

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-
II1.) 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 2x10 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)
Transfer Cask Surface 1 Meter from Surface
(mrem/hr with relative uncertainty) (mrem/hr with relative uncertainty)
Source Side Top Bottom? Side Top Bottom
Neutron 706 (0.8%) 88 (1.6%) 1,056 (6.9%) 244 (0.6%) 22 (1.5%) 255 (3.9%)
Gamma 239 (2.2%) 480 (1.2%) 4,270 (2.8%) 108 (1.4%) 121 (1.8%) 2,213 (1.2%)
Total 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 uncertainty) (mrem/hr with relative uncertainty)
Condition Source Sideb Top Sideb Top
Neutron 0.8 (3.8%) 17 (4.5%) 0.4 (2.5%) 2.7 (4.6%)
Normale 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%)

® Includes fuel, thimble plug, and BPRA contribution. A full loading of 9 CEAs will increase bottom dose by 2,304 mrem/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%) mrem/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%) mrem/hr, respectively. CEAs may add an additional 6.7 mrem/hr to the
inlet dose. There is no CEA contribution to the outlet dose.

¢ 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 Type? MTU IDb (yrs) Burnup (GWd/MTU)e (wt% 235U)
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 04144 14b 6.0 44 2.5
Concrete | Radial BPRA WE 14x14 04144 14b 41 325 2.1
Concrete | Top TP WE 14x14 04144 | 14b 4.8 375 2.3
Concrete | Air Inlet BPRA WE 14x14 04144 14b 6.0 44 25
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 uncertainty) | (mrem/hr with relative uncertainty)
Condition Source Sided Top Sided Top
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%)

2 Refers to general core configuration on which assembly hybrid was based (e.g., Westinghouse 14x14).

® Indicates identifier for fuel characteristics documented in Section 5.2 of the SAR.

¢ Maximum fuel assembly average burnup limited to 60 GWd/MTU.

¢ 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.

¢ Accident condition dose rates are bounded by the values in Table 5.1.3-2.
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55 Model Specification

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 1ft, 1m, 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 2x10 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 the y 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.

5.6.1 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:
e heat transfer annulus with standoffs
e bottom weldment, including pedestal, bottom plate, and air inlet structure
e radial concrete cask body with rebar
e concrete lid

e 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/CCS) and CC4 are
designed in a one-piece version.

5513 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.

552  NMCNP 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 1ft, Im, 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 2x10 cask array models. An illustration
of the 2x10 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 burnup, 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/cm?®, 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/cm?
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 ISFSI 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 ISFSI containing a significant number of casks may be surrounded by a berm or wall
structure to reduce offsite 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 B~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 %/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)
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Figure 5.5.5-8  NAC-CASC “Black Body” Assumption Test Along Long (Y-Axis)
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Figure 5.5.5-9  Augmented Shield Concrete Cask (CC3) Model — Primary Shield
Dimensions

Security-Related Information
Figure Withheld Under 10 CFR 2.390.

Dimensions in inches.

Note: Cask sketch includes composite carbon/stainless steel TSC lid assembly. The CC5
configuration contains the same radial shield configuraiton but has an increased length.
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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 1ft, 1 m and 2 m are 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 of 286 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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5.6.3.2 Transfer Cask Dose Rates

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.

56.4 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 2x10 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 CC1, 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 CC1 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 cm? B~y and 200 dpm/100

cm? o

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. %°Co conversion
factors are applied to B-y activity and 2*! Am 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.1. 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 >*! Am release. The dose
conversion factors employed are:

Dose Type Unit (5°Co) (*1Am)
Submersion — Skin [rem-m3/Ci-yr] 1.69E+07 -
Inhalation — Lung [rem/Ci] 1.28E+06 6.81E+07
Inhalation — Whole Body [rem/Ci] 2.19E+05 4 44E+08
Inhalation — Bone [rem/Ci] - 8.03E+09
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5.8.3.3 Transfer Cask Dose Rates

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 Type (yrs) (GWd/IMTU) (wt% 235U) (mrem/hr) (mrem/hr)
Radial 14a 115 59 3.1 939 650
Top 14b 6.0 44 25 451 172
Bottom 14b 6.0 44 25 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 Bumnup Enrichment Dose Rate Dose Rate
Surface | Fuel Type |  (yrs) (GWd/MTU) (wt% 2350) (mrem/hr) (mrem/hr)
Radial 14a 11.5 59 3.1 922 630
Top 17b 5.6 375 2.3 505 206
Bottom 14b 6.0 44 25 5,239 2,713
5.8.34 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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5.8.3.4.1 Standard Shield Concrete Cask (1.75-inch Liner)

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/ 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 2x10 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

6 yr Heat Load (W) 1036

7 yr Heat Load (W) 933
Minimum Cool Time2 (yr) 6.74
Rounded Limit (yr) 6.8
Heat Load at Limit (W) 954

2 Conservatively based on a linear interpolation of the exponential decay curve.

NAC International
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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/IMTU) (wt% 235U) (mrem/hr) (mrem/hr)
Radial 14a 4 32.5 2.3 76.7 54.4
Top 16a 4.4 325 2.1 378 82.3
Air Inlet 14b 4.8 375 2.3 425 -
Air Outlet 16a 4.4 32.5 2.1 38.3 -
Table 5.8.3-6 PWR Bounding Surface Current Input Data?
Surface | Fuel | Cool Assembly Initial Cask Surface Cask Surface
Type | Time | Average Burnup | Enrichment | Neutron Source | Gamma Source
(yrs) (GWdIMTU) (wt% 235U) (n/sec) (y/sec)
Radial 14a 4.1 375 2.5 2.768E+07 2.602E+10
Top 16a 4.6 375 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

Direction Basis the Array [ft] the Array [m]
x direction
(Perpendicular to Long Side of 1521 463
the Array)
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 4.0 325 2.3 36.5 25.2
Top 14b 4.8 37.5 2.3 350 58.2
Air Inlet 14b 6.0 44 25 117 -
Air Outlet 17b 5.6 375 2.3 21.8

2 Based on cask heat load of 40 kW

NAC International
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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 ®Co

gammas. Therefore, the spectrum of the activated thimble plugs is not decay time sensitive. As
a result of the dominant ®®Co contribution, the burnup/cool-time loading table reflects the cool
time increase required to decay to a limiting %°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 %°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, 1s
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 / 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 1124 WE 14x14 115
CC4 Outlet B&W 17x17 36.8 B&W 17x17 428

NAC International
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Table 5.8.5-1 Sample Core Type BPRA Hardware Summary — Westinghouse 15x15
Core
Absorber Type Regional Stainless Steel/lnconel Mass (kg)
Upper End-Fitting Upper Plenum Active Fuel
Pyrex (4 rods) 214 1.78 2.28
Pyrex (5 rods) 2.16 1.68 2.85
Pyrex (6 rods) 2.18 1.58 342
Pyrex (13 rods) 2.33 0.88 748
Pyrex (16 rods) 2.39 0.58 9.11
Pyrex (20 rods) 247 0.18 11.39
WABA (4 rods) 2.23 218 0.00
WABA (6 rods) 2.24 1.91 0.00
WABA (8 rods) 2.26 1.63 0.00
WABA (12 rods) 2.30 1.09 0.00
WABA (16 rods) 2.33 0.54 0.00
Maximum 2.47 2.18 11.39
Table 5.8.5-2 Bounding Regional Nonfuel Hardware Masses
Assembly Component Regional Mass (kg)
Upper Nozzle Upper Plenum Active Fuel
. Thimble Plug 2.12 2.18 0
Westinghouse 14x14 BPRA 2 41 207 9.22
. Thimble Plug 2.19 2.72 0
Westinghouse 15x15 BPRA 947 918 1139
, Thimble Plug 2.73 3.16 0
Westinghouse 1717 BPRA 3.04 2.85 10.995
Thimble Plug 3.641 3.41 0
BEW 1515 BPRA 3,602 0 0
. Thimble Plug 3.641 3.41 0
BEW 1717 BPRA 3,602 0 0
NAC International 5.8.5-7
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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

95 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
60Co Activity (Ci) 718 733 19 637 26

Table 5.8.5-4 BPRA Dose Rate Contributions — Westinghouse 14x14

Maximum Dose | Average Dose
Cask / Dose Location (mrem/hr) (mrem/hr)

Standard Shield Concrete Cask Top 39 9.6
Standard Shield Concrete Cask Radial 7.8 49
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 Transfer Cask Bottom 86 47
Augmented Shield Concrete Cask (CC3) Top 52 8.8
Augmented Shield Concrete Cask (CC3) Radial 34 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 75 5.0
CC4 Inlet 2.6 -

CC4 Outlet 6.0 -
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Table 5.8.5-S 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
80Co 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 / 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 34 -
Carbon Steel Transfer Cask Top 95 28
Carbon Steel Transfer Cask Radial 152 16
Augmented Shield Concrete Cask (CC3) Top 57 9.9
Augmented Shield Concrete Cask (CC3) Radial 4.0 0.7
Augmented Shield Concrete Cask (CC3) Outlet 41 --
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 05 0.1

B&W 15x15 0.1 0.1

CE 16x162 - -

WE 17x17 05 0.1

B&W 17x17 0.1 0.1

2 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 / 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 247 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 53.0 774
CC4 Top 61.5 315 60.7 308
CC4 Inlet - 112.4 - 114
CC4 Outlet 36.8 - 37.3

NAC International
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5.8.8 Sample Input Files

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 MCNPS5 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 MCNPS5 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.

NAC International 5.8.81
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Figure 5.8.8-1 PWR Fuel Assembly Source Term Sample Input File

=SAS2H PARM= (HALTO03, SKIPSHIPDATA)
17a - 3.7 w/o U235, 45000 MWD/MTU, 5 - 16 years cool time
44GROUPNDFS5 LATTICECELL

uo2 1 0.950 900 92235 3.7 92238 96.3 END
ZR 2 1.0 620. END
H20 3 DEN=0.725 1.0 580 END

ARBM-BORMOD 0.725 1 1 0 0 5000 100 3 550.0E-6 580 END
ZR 4 1.0 580 END

H20 5 DEN=0.725 0.9751 580 END
ZR 5 0.0249 580 END
END COMP

SQUAREPITCH 1.2598 0.8192 1 3 0.9500 2 0.8357 0 END
NPIN=264 FUEL=365.760 NCYC=3 NLIB=1 PRIN=6 LIGH=5

INPL=1 NUMH=24 NUMI=1 MXTUBE=4 ORTU=0.6121 SRTU=0.5740 END
' Path B not used

POWER=18.5535 BURN=377.6050 DOWN=60 END

POWER=18.5535 BURN=377.6050 DOWN=60 END

POWER=18.5535 BURN=377.6050 DOWN=1461 END

' Cycle not used

' Cycle not used

FE 0.6738 CR 0.1900 NI 0.1150 MN 0.0200 CO 0.0012

END

=0ORIGENS

0$$ A4 21 A8 26 A10 51 71 E
1$$ 11T

COOLING 5 - 16 YEARS AND FISSION PRODUCT GAMMA REBIN
3$$ 21 0 1 28 A33 22 E

54$$ A8 1 E T

358 0T

56$$ 0 9 Al3 -2 5 3 E

57** 4.,0E T

COOLING 5 - 16 YEARS AND FISSION PRODUCT GAMMA REBIN
SINGLE REACTOR ASSEMBLY

60** 5.0 6.0 7.0 8.0 9.0 10.0 12.0 14.0 16.0

65$% A4 1 A7 1 R10 1 A25 1 A28 1 A31 1 R46 1 BA49 1 A52 1 E
61l** F.00000001

81$$ 2 51 26 1 E

82$$ F6

83** 1.40e+7 1.20e+7 1.00et+7 8.00e+6 6.50e+6 5.00e+6
4.00e+6 3.00et+t6 2.50e+6 2.00e+6 l.66e+t6 1.44e+6
1.22e+6 1.00e+6 0.80e+6 0.60e+6 0.40e+6 0.30et+6
0.20e+6 0.10e+t6 0.05e+6 0.02e+6 0.0le+6

84** 1.46e+7 1.36e+7 1.25e+7 1.125e+7 1.00e+7
8.25e+6 7.00e+6 6.07e+6 4.72e+6 3.68e+6
2.87e+6 1.74e+6 0.64et+6 0.39e+6 0.1lle+6
6.74e+4 2.48e+t4 9.12e+3 2.95e+3 9.6le+2
3.54e+2 1l.66et+t2 4.8le+l 1.60e+l 4.00e+0
1.50e+0 5.50e-1 7.09e-2 1.00e-5 T

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

=0RIGENS

05$ A4 21 B8 26 AL0 51 71 E

18 1 1T

COOLING 5 - 16 YEARS AND ACTINIDE GAMMA REBIN
386 21 0 1 28 A33 22 E

54$$ A8 L E T

3588 0T

56$$ 0 9 B13 -2 5 3 E

57** 4.0 E T

COOLING 5 - 16 YEARS AND ACTINIDE GAMMA REBIN
SINGLE REACTOR ASSEMBLY
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*TR8 0.0 0.0 0.0 45.000 135.000 90 -45.000 45.000 90 90 90 O
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 80 90 O
C 56.25 degree rotation around z-axis
*TR10 0.0 0.0 0.0 56.250 146.250 90 -33.750 56.250
C 61.875 degree rotation around z-axis
0.0 0.0 0.0 61.875 151.875 290 -28.125 61.
C 67.5 degree rotation around z-axis
0.0 0.0 0.0 67.500 157.500 90 -22.500 67.
C 73.125 degree rotation around z-axis
*TR13 0.0 0.0 0.0 73.125 163.125 90 -16.875 73.
C 78.75 degree rotation around z-axis

*TR11

*TR12

*TR14

0.0 0.0 0.0 78.750 168.750 90 -11.250 78

C 84.375 degree rotation around z-axis
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
0.0 0.0 0.0 95.625 185.625 90 5.625 95.625 90 90 90 O

*TR1S

*TR16
C 101.
*TR17
C 106.
*TR18
c 112.
*TR19
C 118.
*TR20
C 123
*TR21
C 129.
*TR22
C 135
*TR23
C 140.
*TR24
C 146.
*TR25
C 151.
*TR26
C 157.
*TR27
C 163.
*TR28
C 168
*TR29
C 174.
*TR30

NAC International

25 degree rotation around z-axis

0.0 0.0 0.0 101.250 191.250 90 11.
875 degree rotation around z-axis
0.0 0.0 0.0 106.875 196.875 90 16.
5 degree rotation around z-axis

0.0 0.0 0.0 112.500 202.500 90 22
125 degree rotation around z-axis
0.0 0.0 0.0 118.125 208.125 90 28.

.75 degree rotation around z-axis

0.0 0.0 0.0 123.750 213.750 90 33.
375 degree rotation around z-axis
0.0 0.0 0.0 129.375 219.375 90 39.
degree rotation around z-axis

0.0 0.0 0.0 135.000 225.000 30 45.
625 degree rotation around z-axis
0.0 0.0 0.0 140.625 230.625 90 50.
25 degree rotation around z-axis
0.0 0.0 0.0 146.250 236.250 90 56.
875 degree rotation around z-axis
0.0 0.0 0.0 151.875 241.875 90 61.
5 degree rotation around z-axis
0.0 0.0 0.0 157.500 247.500 90 67.
125 degree rotation around z-axis
0.0 0.0 0.0 163.125 253.125 90 73.

.75 degree rotation around z-axis

0.0 0.0 0.0 168.750 258.750 90 78.
375 degree rotation around z-axis
0.0 0.0 0.0 174.375 264.375 90 84.

250

875

.500

125

750

375

000

625

250

875

500

125

750

375

875

500

125

.750

90

90

90

90

90

101.250 SO

106

112.
118.
123.
129.
135.
140.
146.
151.
157.
163.
168.

174.

5.8.8-65

.875

500

125

750

375

000

625

250

875

500

125

750

375

90

90

90

90

90

90

90

90

90

90

90

90

90

90

90

90

90

90

90

90

90

90

90

90

90

90

90

90

90

90

90

90

90

90

90

90

90

90

90

90

920

90

920

90

90

90

0

0

0

0

0

Stainless Steel Transfer Cask Sample Input File — PWR TSC (cont’d)
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Figure 5.8.8-10 Augmented Shield Concrete Cask (CC3) Sample Input File - PWR TSC

MAGNASTOR Augmented Shield VCC - strShlDryRadFg _ngldb_32b2led.ly

C Radial Biasing - Fuel Gamma Source

C Fuel Assembly Cells - ngldb - v1.0

11 -2.5071 -1 u=6 $ Lower Nozzle

2 2 =-2.7253 -2 +1 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 v1.0

7 8 -7.8212 -8 +7 u=5 $ Tube

8 0 #7 -6 u=5 $ Outside below PFE
90 #7 +6 u=5 $ Outside above PFE
C Cells -~ PWR Basket v1.0

10 0 -9 ~-10 £i11=5 trcl = ( -23.5331 70.5993 0.0000 ) u=4 $ Assy loc 1

11 like 10 but £ill=5 trcl = ( 23.5331 70.5993 0.0000 ) u=4 $ Assy loc 3
12 like 10 but £ill=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 £ill=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 £ill=5 trcl = ( 70.5993 23.5331 0.0000 ) u=4 $ Assy loc 15
19 like 10 but £ill=5 trcl = ( -47.0662 0.0000 0.0000 ) u=4 $ Assy loc 17
20 like 10 but £i11l=5 trcl = ( 0.0000 0.0000 0.0000 ) u=4 $ Assy loc 19
21 like 10 but £ill=5 trcl = ( 47.0662 0.0000 0.0000 ) u=4 $ Assy loc 21
22 like 10 but £i11=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 £ill=5 trcl = ( 23.5331 -23.5331 0.0000 ) u=4 $ Assy loc 27
25 like 10 but £ill=5 trel = ( 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 1like 10 but £fill=5 trcl = ( -23.5331 -70.5993 0.0000 ) u=4 $ Assy loc 35
30 like 10 but £ill=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 #3¢6 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 v1.0
39 0 ~19 fill=6 trcl = ( -23.5331 70.5993 0.0000 ) u=3 $ Assy loc 1
40 1like 39 but fill=6 trcl = ( 0.0000 70.5993 0.0000 ) u=3 $ Assy loc 2
41 like 39 but £ill=6 trcl = ( 23.5331 70.5993 0.0000 ) u=3 $ Assy loc 3
42 like 39 but fill=6 trcl = ( -47.0662 47.0662 0.0000 ) u=3 $ Assy loc 4
43 like 39 but £fill=6 trcl = ( -23.5331 47.0662 0.0000 ) u=3 $ Assy loc 5
44 like 39 but £ill=6 trcl = ( 0.0000 47.0662 0.0000 ) u=3 $ Assy loc 6
45 like 39 but £fill=6 trcl = ( 23.5331 47.0662 0.0000 ) u=3 $ Assy loc 7
46 like 39 but £fill=6 trcl = ( 47.0662 47.0662 0.0000 ) u=3 $ Assy loc 8
47 like 39 but £fill=6 trcl = ( -70.5993 23.5331 0.0000 ) u=3 $ Assy loc 9
48 like 39 but fill=6 trcl = ( -47.0662 23.5331 0.0000 ) u=3 $ Assy loc 10
49 like 39 but £ill=6 trcl = ( -23.5331 23.5331 0.0000 ) u=3 $ Assy loc 11
50 1like 39 but f£ill=6 trcl = ( 0.0000 23.5331 0.0000 ) u=3 $ Assy loc 12
51 like 39 but £ill=6 trcl = ( 23.5331 23.5331 0.0000 ) u=3 $ Assy loc 13
52 like 39 but fill=6 trcl = ( 47.0662 23.5331 0.0000 ) u=3 $ Assy loc 14
53 like 39 but fill=6 trcl = ( 70.5993 23.5331 0.0000 ) u=3 $ Assy loc 15
54 like 39 but fill=6 trcl = ( -70.5993 0.0000 0.0000 ) u=3 $ Assy loc 16
55 like 39 but £fill=6 trcl = ( -47.0662 0.0000 0.0000 ) 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 f£fill=6 trcl = ~-23.5331 0.0000 0.0000 ) u=3 $ Assy loc 18
57 like 39 but £ill=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 txrcl = 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 = 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

(
(
(
(
(
(
(
(
(
( 23.5331 -23.5331 0.0000 )
(
(
(
(
(
(
(
(
(

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 £fill=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 v1.0
77 0O -20 £ill=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 ) .u=2 $ Bottom Drain Port
80 7 -7.9400 -22 +24 =26 trcl = ( 62.7565 43.1314 0.0000 ) u=2 $ Middle Drain Port
81 7 -7.9400 -23 426 -27.2 trcl = ( 62.7565 43.1314 0.0000 ) u=2 $ Top Drain Port
82 like 79 but trcl = ( -62.7565 -43.1314 0.0000 ) u=2 $ Bottom Vent Port
83 like 80 but trcl = ( -62.7565 -43.1314 0.0000 ) u=2 $ Middle Vent Port
84 like 81l 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 0 +27 u=2 $ Outside
C VCC Cells - vl1.1 nglédb
89 8 -7.8212 -28 u=1l $ Pedestal plate
90 8 ~7.8212 -29 +30 u=1l $ Stand
91 8 -7.8212 -35 +36 +42 +43 u=1l $ Bottom plate outer
92 8 -7.8212 (-36 +37 -31) : (-36 +37 -32) u=1l $ Bottom plate connector
93 8 -7.8212 -37 u=1 $ Bottom plate inner
94 8 -7.8212 (-30 -57 +58 -38) : (-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=1l $ Support rail outside
stand
96 8 -7.8212 (-47 +49 +31 +32 -40) :
(-48 +49 +31 +32 -40 +47) u=1l $ Air inlet top
97 8 -7.8212 (-44 +42 +46 -40 +31 +32 +35)
(-45 +43 +46 -40 +31 +32 +35) u=1l $ Air inlet wall
98 8 -7.8212 (-31 +33 +29 -40 +35) : (=32 +34 +29 -40 +35) u=1l $ Alr inlet angular
wall
99 8 ~-7.8212 (-46 -44 +42 +31 +32 +43 +35) :
(-46 —-45 +43 +31 +32 +42 +35) u=1l $ Air inlet remaining wall
100 8 -7.8212 -50 +52 +39 -40 u=l $ Air outlet steel X
101 8 -7.8212 -51 +53 +39 -40 u=1l $ Air outlet steel Y

102 12 -2.3234 -40 +38 +31 +32 +35 +47 +48 +44 +45 +41 +59 +50 +51
£i11l=7 u=1 $ Concrete

103 12 -2.3234 -41 u=1 $ Concrete pad

104 8 -7.8212 -38 +39 +50 +51 +55 +57 wu=1 $ Liner

105 8 -7.8212 -59 +60 u=1 $ Top flange

106 0O -59 -60 +62 u=1l § Flange void

107 8 -7.8212 -61 u=1 $ Lid top

108 8 -7.8212 -62 +64 u=1l $ Lid middle steel A

109 8 -7.8212 ~-62 -64 -66 +65 u=1l $ 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=1l $§ 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
115 8 -7.8212 -92 u=1l $ -x inlet pipe 1
116 8 -7.8212 -93 u=l $ -x inlet pipe 2
117 8 -7.8212 -94 u=l $ -x inlet pipe 3
118 8 -7.8212 -95 u=1l $ -x inlet pipe 4
119 8 -7.8212 -96 u=1l $ -x inlet pipe 5
120 8 -7.8212 -97 u=1l $ -x inlet pipe 6
121 8 -7.8212 -98 u=1l $ -x inlet pipe 7
122 8 -7.8212 -99 u=1 $ -x inlet pipe 8
123 8 -7.8212 -100 u=1l $ -x inlet pipe 9
124 8 -7.8212 -101 u=1l $ -x inlet pipe 10
125 8 -7.8212 -102 u=1 $ -x inlet pipe 11
126 8 -7.8212 -103 u=1l $ -x inlet pipe 12
127 8 -7.8212 -104 u=l $ -x inlet pipe 13
128 8 -7.8212 ~105 u=1l $ -x inlet pipe 14
129 8 -7.8212 -106 u=1l $ -x inlet pipe 15
130 8 -7.8212 -107 u=1l $ -x inlet pipe 16
131 8 -7.8212 -108 u=l $ -x inlet pipe 17
132 8 -7.8212 -109 u=1l $ +x inlet pipe 1
133 8 -7.8212 -110 u=1l $ +x inlet pipe 2
134 8 -7.8212 -111 u=1 $ +x inlet pipe 3
135 8 -7.8212 -112 u=1 $ +x inlet pipe 4
136 8 -7.8212 -113 u=l $ +x inlet pipe 5
137 8 -7.8212 -114 u=1l $ +x inlet pipe 6
138 8 -7.8212 -115 u=1l $ +x inlet pipe 7
139 8 -7.8212 -116 u=1l $ +x inlet pipe 8
140 8 -7.8212 -117 u=1 $ +x inlet pipe 9
141 8 -7.8212 -118 u=1l $ +x inlet pipe 10
142 8 -7.8212 -119 u=1l $ +x inlet pipe 11
143 8 -7.8212 -120 u=1l $ +x inlet pipe 12
144 8 -7.8212 -121 u=1 $ +x inlet pipe 13
145 8 -7.8212 -122 u=1l $ +x inlet pipe 14
146 8 -7.8212 -123 u=1l $ +x inlet pipe 15
147 8 -7.8212 -124 u=l $ +x inlet pipe 16
148 8 -7.8212 -125 u=1l $ +x inlet pipe 17
149 8 -7.8212 -126 u=1l $ -y inlet pipe 1
150 8 -7.8212 ~127 u=l $ -y inlet pipe 2
151 8 -7.8212 -128 u=l $ -y inlet pipe 3
152 8 -7.8212 -129 u=1l $ -y inlet pipe 4
153 8 -7.8212 -130 u=l $ -y inlet pipe 5
154 8 -7.8212 -131 u=1l $ -y inlet pipe 6
155 8 -7.8212 -132 u=1 $ -y inlet pipe 7
156 8 -7.8212 -133 u=1l $ -y inlet pipe 8
157 8 -7.8212 -134 u=1 $ -y inlet pipe 9
158 8 -7.8212 =135 u=1l $ -y inlet pipe 10
159 8 -7.8212 -136 u=l $ -y inlet pipe 11
160 8 -7.8212 -137 u=1l $ -y inlet pipe 12
161 8 -7.8212 -138 u=1l $ -y inlet pipe 13
162 8 -7.8212 -139 u=1l $ -y inlet pipe 14
163 8 -7.8212 -140 u=1l $ -y inlet pipe 15
l64 8 -7.8212 -141 u=1l $ -y inlet pipe 16
165 8 -7.8212 ~-142 u=1l $ -y inlet pipe 17
166 8 -7.8212 -143 u=1l $ +y inlet pipe 1
167 8 -7.8212 -144 u=l $ +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)

u=1l $

u=1l $

Bottom plate outer void x

Bottom plate outer void y

Bottom plate connector void

u=

1 $ Support rail inside stand

u=1l $ Support rail outside stand

u=1l $

u=1 $

u=l $

u=1

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=1l $ +y inlet pipe 5
171 8 -7.8212 -148 u=1l $ +y inlet pipe 6
172 8 -7.8212 =149 u=1l $ +y inlet pipe 7
173 8 -7.8212 ~-150 u=1l $ +y inlet pipe 8
174 8 -7.8212 -151 u=1l $ +y inlet pipe 9
175 8 -7.8212 -152 u=1l $ +y inlet pipe 10
176 8 -7.8212 -153 u=1 $ +y inlet pipe 11
177 8 -7.8212 -154 u=1l $ +y inlet pipe 12
178 8 -7.8212 -155 u=1 ¢ +y inlet pipe 13
179 8 -7.8212 -156 u=1l $ +y inlet pipe 14
180 8 -7.8212 -157 u=l $ +y inlet pipe 15
181 8 -7.8212 -158 u=1 $ +y inlet pipe 16
182 8 -7.8212 ~-159 u=1l $ +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 +10S
+106 +107 +108 +109 +110 +111 +112
+113 +114 +115 +116 +117 +118 +119
+120 +121 +122 +123 +124 +125
184 © -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
185 0 -36 +37 +31 +32 u=1l $
186 0 (-30 -58 -39) (-30 -56 +57 -39)
void
187 0 (+29 -58 -38) (+29 -56 +57 -38)
void
188 0 -42 +29 +31 +32 -40 +35
+92 +93 +94 +95 +96 +97 +98
+99 +100 +101 +102 +103 +104 +10S
+106 +107 +108 +109 +110 +111 +112
+113 +114 +115 +116 +117 +118 +119
+120 +121 +122 +123 +124 +125
189 0 -43 429 +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 4155 +156 +157 +158 +159
190 0 -49 +29 +31 +32 u=l $ Air inlet top
191 0 (=33 +35 +29) (-34 +35 +29)
192 0 -30 +55 +57 u=1l $ Stand void
193 0 -52 +39 -40 u=1 $ Air outlet wvoid X
194 0 -53 +39 -40 u=1l $ Air outlet void Y
195 0 -39 +28 +29 +55 +57 +62 +63 #114
£ill=2 ( 0.0000 0.0000 6.9850 )
196 0 +40 +38 +59 +61 u=l $§ Outside
C VCC Rebar Cells - vl.1 ngldb
197 8 -7.8212 -160 u=7 $ Outer hoop 1
198 8 -7.8212 -161 u=7 $ Outer hoop 2
199 8 -7.8212 -162 u=7 $ Outer hoop 3
200 8 -7.8212 -163 u=7 $ Outer hoop 4
201 8 -7.8212 -164 u=7 $ Outer hoop 5
202 8 ~7.8212 -165 u=7 $ Outer hoop 6
203 8 -7.8212 -166 u=7 $ Outer hoop 7
204 8 -7.8212 -167 u=7 $ Outer hoop 8
205 8 -7.8212 -168 u=7 $ Outer hoop 9
206 8 -7.8212 -169 u=7 $ Outer hoop 10
207 8 -7.8212 -170 u=7 $ Outer hoop 11
208 8 -7.8212 -171 u=7 $ Outer hoop 12
209 8 -7.8212 -172 u=7 § Outer hoop 13
210 8 -7.8212 -173 u=7 $ Outer hoop 14
NAC International 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 1
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
#1224 #225 #226 #227 #228 #229 #230 #231 #232 #233
#234 #235 #236 #237 #238 #239 #240 #241 #242 #243
#244 £i11=8 u=7
246 8 -7.8212 -208 trcl = ( 160.3375 0.0000 0.0000 ) u=8 $ Outer bar 1
247 like 246 but trcl = 159.3293 17.9521 0.0000 ) u=8 $ Outer bar 2
248 like 246 but trcl = 156.3175 35.6785 0.0000 ) u=8 $ Outer bar 3
249 like 246 but trcl = 151.3399 52.9561 0.0000 ) u=8 $ Outer bar 4
250 like 246 but trcl = 144.4591 69.5678 0.0000 ) u=8 $ Outer bar 5
251 like 246 but trcl = 135.7616 85.3047 0.0000 ) u=8 $ Outer bar 6
252 like 246 but trcl = 125.3569 99.9688 0.0000 ) u=8 $ Outer bar 7
253 like 246 but trcl = 113.3757 113.3757 0.0000 ) u=8 $ Outer bar 8
254 1like 246 but trcl = 99.9688 125.3569 0.0000 ) u=8 $ Outer bar 9
255 like 246 but trel = 85.3047 135.7616 0.0000 ) u=8 $ Outer bar 10
256 like 246 but trcl = 69.5678 144.4591 0.0000 ) u=8 $ Outer bar 11
257 like 246 but trcl = 52.9561 151.3399 0.0000 ) u=8 $ Outer bar 12
258 like 246 but trcl = 35.6785 156.3175 0.0000 ) u=8 $ Outer bar 13
259 like 246 but trcl .9521 159.3293 0.0000 ) u=8 $ Outer bar 14

It
U U P S S |
=
~

260 like 246 but trcl = 0.0000 160.3375 0.0000 ) u=8 $ Outer bar 15

261 like 246 but trcl = -17.9521 159.3293 0.0000 ) u=8 $ Outer bar 16
262 like 246 but trcl = -35.6785 156.3175 0.0000 ) u=8 $ Outer bar 17
263 like 246 but trcl = -52.9561 151.33399 0.0000 ) u=8 $ Outer bar 18
264 like 246 but trcl = -69.5678 144.4591 0.0000 ) u=8 $ Outer bar 19
265 like 246 but trcl = -85.3047 135.7616 0.0000 ) u=8 $ Outer bar 20
266 like 246 but trcl = -99.9688 125.3569 0.0000 ) u=8 $ Outer bar 21
267 like 246 but trcl = -113.3757 113.3757 0.0000 ) u=8 § Outer bar 22
268 like 246 but trcl = ~-125.3569 99.9688 0.0000 ) u=8 $ Outer bar 23
269 like 246 but trcl = -135.7616 85.3047 0.0000 ) u=8 $ Outer bar 24
270 like 246 but trcl = -144.4591 69.5678 0.0000 ) u=8 $ Outer bar 25
271 like 246 but trcl = -151.3399 52.9561 0.0000 ) ‘u=8 § Outer bar 26
272 like 246 but trcl = -156.3175 35.6785 0.0000 ) u=8 $ Outer bar 27

NAC International 5.8.8-70
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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 1like 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 f£ill=1l $ Cask

400 0 -400 +399 $ Surface

500 0 -500 +399 +400 $ 1ft

600 0 -600 +399 +400 +500 $ 1m

700 0 ~-700 +399 4400 +500 +600 $ 2m

800 0O -800 +399 +400 +500 +600 +700 $ 4m

900 O +399 +400 +500 +600 +700 +800 $ Exterior

C Fuel Assembly Surfaces - ngldb - v1.0

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 $ Lower Plenum

3 RPP -9.8590 9.8590 -9.8590 9.8590 0.0000 378.6454 $ Fuel

4 RPP -9.8590 9.8590 -9.8590 9.8590 0.0000 400.3040 $ Upper Plenum
5 RPP -9.8590 9.8590 -9.8590 9.8590 0.0000 409.1940 $ Upper Nozzle
6 PZ 255.7094 $ Flood elevation

C Surfaces - Fuel Tube v1.0

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 v1.0

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 $ Side support +x

12 RPP -83.7883 -81.8833 -33.1851 33.1851 7.6200 430.5300 $ Side support -x

13 RPP -33.1851 33.1851 81.8833 83.7883 7.6200 430.5300 $ Side support +y

14 RPP -33.1851 33.1851 -83.7883 -81.8833 7.6200 430.5300 $ Side support -y

15 RPP -60.2552 60.2552 -60.2552 60.2552 7.6200 430.5300 $ 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 v1.0

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 v1.0
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

C VCC Surfaces - vl.1l ngléb

28 RCC 0.0000 0.0000 -5.0800 0.0000 0.0000 5.0800 91.4401 $ Pedestal plate

29 RCC 0.0000 0.0000 -30.4800 0.0000 0.0000 25.4000 63.4999 $ Stand outer

30 RCC 0.0000 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 -21.5%900 $ Air inlet wall X

45 RPP -64.7700 €4.7700 -172.7200 172.7200 -33.0200 -21.5300 $ 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 €4.7700 -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 -5.0800
56 RPP -108.5850 108.5850 -4.4450 4.4450 -16.5100 -5.0800
57 RPP -5.7150 5.7150 -108.5850 108.5850 -16.5100 -5.0800 Support rail exterioxr
58 RPP -4.4450 4.4450 -108.5850 108.5850 -16.5100 -5.0800 Support rail interior
59 RCC 0.0000 0.0000 518.9728 0.0000 0.0000 2.5400 118.7450 $ Top flange

60 CzZ 102.8700 $ Top flange ID

61 RCC 0.0000 0.0000 521.5128 0.0000 0.0000 1.9050 116.2050 $ Lid top

62 RCC 0.0000 0.0000 506.1458 0.0000 0.0000 15.3670 100.3300 $ Lid middle

63 RCC 0.0000 0.0000 490.9058 0.0000 0.0000 15.2400 76.2000 $ Lid bottom

Support rail exterior
Support rail interior

W A Wy
oKX

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 $ Standoff outer 1

69 11 RPP -100.9650 100.9650 ~0.4432 0.4432 172.2628 477.0628 $ Standoff outer 2
70 12 RPP ~100.9650 100.9650 -0.4432 0.4432 172.2628 477.0628 $ Standoff outer 3
71 9 RPP -100.9650 100.9650 -0.4432 0.4432 172.2628 477.0628 $ Standoff outer 4
72 13 RPP -100.9650 100.9650 ~0.4432 0.4432 172.2628 477.0628 $ Standoff outer 5
73 14 RPP -100.9650 100.9650 -0.4432 0.4432 172.2628 477.0628 $ Standoff outer 6
74 RPP -0.4432 0.4432 -100.9650 100.9650 172.2628 477.0628 $ Standoff outer 7

75 11 RPP -0.4432 0.4432 -100.9650 100.9650 172.2628 477.0628 $ Standoff outer 8
76 12 RPP -0.4432 0.4432 -100.9650 100.9650 172.2628 477.0628 $ Standoff outer 9
77 9 RPP -0.4432 0.4432 -100.9650 100.9650 172.2628 477.0628 $ Standoff outer 10
78 13 RPP -0.4432 0.4432 -100.9650 100.9650 172.2628 477.0628 $ Standoff outer 11
79 14 RPP -0.4432 0.4432 -100.9650 100.9650 172.2628 477.0628 $ Standoff outer 12
80 RPP -93.3450 93.3450 -0.4432 0.4432 172.2628 477.0628 $ Standoff inner 1

81 11 RPP -93.3450 93.3450 -0.4432 0.4432 172.2628 477.0628 $ Standoff inner 2

82 12 RPP -93.3450 93.3450 -0.4432 0.4432 172.2628 477.0628 $ Standoff inner 3

83 9 RPP -93.3450 93.3450 ~0.4432 0.4432 172.2628 477.0628 $ Standoff inner 4
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84
85
86
87

107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
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

NAC Inte

13 RPP -93.3450 93.3450 -0.4432 0.4432 172.2628 477.0628 $ 8
14 RPP -93.3450 93.3450 -0.4432 0.4432 172.2628 477.0628 $ S

tandoff inner 5
tandoff inner 6

RPP -0.4432 0.4432 -93.3450 93.3450 172.2628 477.0628 $ Standoff inner 7

11 RPP -0.4432 0.4432 -93.3450 93.3450 172.2628 477.0628 $ S
12 RPP -0.4432 0.4432 -93.3450 93.3450 172.2628 477.0628 $S
9 RPP -0.4432 0.4432 -93.3450 93.3450 172.2628 477.0628 $ St
13 RPP -0.4432 0.4432 ~93.3450 93.3450 172.2628 477.0628 $s
14 RPP -0.4432 0.4432 -93.3450 93.3450 172.2628 477.0628 $ s
RCC -146.0500 58.4200 -33.0200 0.0000 0.0000 11.4300 3.8100
RCC -146.0500 36.5760 -33.0200 0.0000 0.0000 11.4300 3.8100
RCC -146.0500 14.7320 -33.0200 0.0000 0.0000 11.4300 3.8100
RCC -146.0500 -7.1120 -33.0200 0.0000 0.0000 11.4300 3.8100
RCC -146.0500 -28.9560 -33.0200 0.0000 0.0000 11.4300 3.8100
RCC -146.0500 -50.8000 -33.0200 0.0000 0.0000 11.4300 3.8100
RCC -133.3500 50.8000 -33.0200 0.0000 0.0000 11.4300 3.8100
RCC -133.3500 28.9560 -33.0200 0.0000 0.0000 11.4300 3.8100
RCC -133.3500 7.1120 -33.0200 0.0000 0.0000 11.4300 3.8100
RCC -133.3500 -14.7320 -33.0200 0.0000 0.0000 11.4300 3.8100
RCC -133.3500 -36.5760 -33.0200 0.0000 0.0000 11.4300 3.8100
RCC -133.3500 -58.4200 -33.0200 0.0000 0.0000 11.4300 3.8100
RCC -120.6500 43.1800 -33.0200 0.0000 0.0000 11.4300 3.8100
RCC -120.6500 21.3360 -33.0200 0.0000 0.0000 11.4300 3.8100
RCC -120.6500 -0.5080 -33.0200 0.0000 0.0000 11.4300 3.8100
RCC -120.6500 -22.3520 -33.0200 0.0000 0.0000 11.4300 3.8100
RCC -120.6500 -44.1960 -33.0200 0.0000 0.0000 11.4300 3.8100
RCC 146.0500 -58.4200 -33.0200 0.0000 0.0000 11.4300 3.8100
RCC 146.0500 -36.5760 -33.0200 0.0000 0.0000 11.4300 3.8100
RCC 146.0500 -14.7320 -33.0200 0.0000 0.0000 11.4300 3.8100
RCC 146.0500 7.1120 -33.0200 0.0000 0.0000 11.4300 3.8100 $
RCC 146.0500 28.9560 -33.0200 0.0000 0.0000 11.4300 3.8100
RCC 146.0500 50.8000 -33.0200 0.0000 0.0000 11.4300 3.8100
RCC 133.3500 -50.8000 -33.0200 0.0000 0.0000 11.4300 3.8100
RCC 133.3500 -28.9560 -33.0200 0.0000 0.0000 11.4300 3.8100
RCC 133.3500 -7.1120 -33.0200 0.0000 0.0000 11.4300 3.8100
RCC 133.3500 14.7320 -33.0200 0.0000 0.0000 11.4300 3.8100
RCC 133.3500 36.5760 -33.0200 0.0000 0.0000 11.4300 3.8100
RCC 133.3500 58.4200 -33.0200 0.0000 0.0000 11.4300 3.8100
RCC 120.6500 -43.1800 -33.0200 0.0000 0.0000 11.4300 3.8100
RCC 120.6500 -21.3360 -33.0200 0.0000 0.0000 11.4300 3.8100
RCC 120.6500 0.5080 -33.0200 0.0000 0.0000 11.4300 3.8100 $
RCC 120.6500 22.3520 -33.0200 0.0000 0.0000 11.4300 3.8100
RCC 120.6500 44.1960 -33.0200 0.0000 0.0000 11.4300 3.8100
RCC -58.4200 -146.0500 -33.0200 0.0000 0.0000 11.4300 3.8100
RCC -36.5760 -146.0500 -33.0200 0.0000 0.0000 11.4300 3.8100
RCC -14.7320 -146.0500 -33.0200 0.0000 0.0000 11.4300 3.8100
RCC 7.1120 -146.0500 -33.0200 0.0000 0.0000 11.4300 3.8100
RCC 28.9560 -146.0500 -33.0200 0.0000 0.0000 11.4300 3.8100
RCC 50.8000 -146.0500 -33.0200 0.0000 0.0000 11.4300 3.8100
RCC -50.8000 -133.3500 -33.0200 0.0000 0.0000 11.4300 3.8100
RCC -28.9560 -133.3500 -33.0200 0.0000 0.0000 11.4300 3.8100
RCC -7.1120 -133.3500 -33.0200 0.0000 0.0000 11.4300 3.8100
RCC 14.7320 -133.3500 -33.0200 0.0000 0.0000 11.4300 3.8100
RCC 36.5760 -133.3500 -33.0200 0.0000 0.0000 11.4300 3.8100
RCC 58.4200 -133.3500 -33.0200 0.0000 0.0000 11.4300 3.8100
RCC -43.1800 -120.6500 —-33.0200 0.0000 0.0000 11.4300 3.8100
RCC -21.3360 -120.6500 -33.0200 0.0000 0.0000 11.4300 3.8100
RCC 0.5080 -120.6500 -33.0200 0.0000 0.0000 11.4300 3.8100
RCC 22.3520 -120.6500 -33.0200 0.0000 0.0000 11.4300 3.8100
RCC 44.1960 -120.6500 -33.0200 0.0000 0.0000 11.4300 3.8100
RCC 58.4200 146.0500 -33.0200 0.0000 0.0000 11.4300 3.8100
RCC 36.5760 146.0500 -33.0200 0.0000 0.0000 11.4300 3.8100
RCC 14.7320 146.0500 -33.0200 0.0000 0.0000 11.4300 3.8100
RCC -7.1120 146.0500 -33.0200 0.0000 0.0000 11.4300 3.8100
RCC -28.9560 146.0500 -33.0200 0.0000 0.0000 11.4300 3.8100
RCC -50.8000 146.0500 -33.0200 0.0000 0.0000 11.4300 3.8100
RCC 50.8000 133.3500 -33.0200 0.0000 0.0000 11.4300 3.8100
RCC 28.9560 133.3500 -33.0200 0.0000 0.0000 11.4300 3.8100

rnational 5.8.8-73

tandoff inner 8
tandoff inner 9
andoff inner 10
tandoff inner 11
tandoff inner 12
$ -x inlet pipe 1
$ -x inlet pipe 2
$ -x inlet pipe 3
$ -x inlet pipe 4
5 -x inlet pipe 5
$ -x inlet pipe 6
$ -x inlet pipe 7
$ -x inlet pipe 8
$ -x inlet pipe 9
$ -x inlet pipe 10
$ -x inlet pipe 11
$ -x inlet pipe 12
$ -x inlet pipe 13
$ -x inlet pipe 14
$ ~-x inlet pipe 15
$ -x inlet pipe 16
$ -x inlet pipe 17
$ +x inlet pipe 1
$ +x inlet pipe 2
$ +x inlet pipe 3
+x inlet pipe 4
$ +x inlet pipe 5
$ +x inlet pipe 6
$ +x inlet pipe 7
$ +x inlet pipe 8
$ +x inlet pipe 9
$ +x inlet pipe 10
$ +x inlet pipe 11
$ +x inlet pipe 12
$ +x inlet pipe 13
$ +x inlet pipe 14
+x inlet pipe 15
$ +x inlet pipe 16
$ +x inlet pipe 17
$ -y inlet pipe 1
$ -y inlet pipe 2
$ -y inlet pipe 3
$ -y inlet pipe 4
$ ~y inlet pipe 5
$ -y inlet pipe 6
$ -y inlet pipe 7
$ -y inlet pipe 8
$ -y inlet pipe 9
$ -y inlet pipe 10
$ -y inlet pipe 11
$ -y inlet pipe 12
$ -y inlet pipe 13
$ -y inlet pipe 14
$ -y inlet pipe 15
$ -y inlet pipe 16
$ -y inlet pipe 17
$ +y inlet pipe 1
$ +y inlet pipe 2
$ +y inlet pipe 3
$ +y inlet pipe 4
$ +y inlet pipe 5
$ +y inlet pipe 6
$ +y inlet pipe 7
$ +y inlet pipe 8
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Figure 5.8.8-10 Augmented Shield Concrete Cask (CC3) Sample Input File — PWR TSC (cont’d)
151 RCC 7.1120 133.3500 -33.0200 0.0000 0.0000 11.4300 3.8100 $ +y inlet pipe 9
152 RCC -14.7320 133.3500 -33.0200 0.0000 0.0000 11.4300 3.8100 $ +y inlet pipe 10
153 RCC -36.5760 133.3500 -33.0200 0.0000 0.0000 11.4300 3.8100 $ +y inlet pipe 11
154 RCC -58.4200 133.3500 -33.0200 0.0000 0.0000 11.4300 3.8100 $ +y inlet pipe 12
155 RCC 43.1800 120.6500 -33.0200 0.0000 0.0000 11.4300 3.8100 $ +y inlet pipe 13
156 RCC 21.3360 120.6500 -33.0200 0.0000 0.0000 11.4300 3.8100 $ +y inlet pipe 14
157 RCC -0.5080 120.6500 -33.0200 0.0000 0.0000 11.4300 3.8100 $ +y inlet pipe 15
158 RCC -22.3520 120.6500 -33.0200 0.0000 0.0000 11.4300 3.8100 $ +y inlet pipe 16
159 RCC -44.1960 120.6500 -33.0200 0.0000 0.0000 11.4300 3.8100 $ +y inlet pipe 17
C VCC Rebar Surfaces - vl.l1l nglédb
160 TZ 0.0000 0.0000 -1.3218 162.2425 0.9525 0.9525 $ Outer hoop 1

161 TZ 0.0000 0.0000 8.7863 162.2425 0.9525 0.9525 $ Outer hoop 2
162 TZ 0.0000 0.0000 18.8945 162.2425 0.9525 0.9525 $ Outer hoop 3
163 TZ 0.0000 0.0000 29.0027 162.2425 0.9525 0.9525 $ Outer hoop 4
164 TZ 0.0000 0.0000 39.1108 162.2425 0.9525 0.9525 $ Outer hoop 5
165 TZ 0.0000 0.0000 49.2190 162.2425 0.9525 0.9525 $ Outer hoop 6
166 TZ 0.0000 0.0000 59.3271 162.2425 0.9525 0.9525 $ Outer hoop 7
167 TZ 0.0000 0.0000 69.4353 162.2425 0.9525 0.9525 $ Outer hoop 8
168 TZ 0.0000 0.0000 79.5435 162.2425 0.9525 0.9525 $ Outer hoop 9
169 TZ 0.0000 0.0000 89.6516 162.2425 0.9525 0.9525 $ Outer hoop 10
170 TZ 0.0000 0.0000 99.7598 162.2425 0.9525 0.9525 $ Outer hoop 11
171 TZ 0.0000 0.0000 109.8680 162.2425 0.9525 0.9525 $ Outer hoop 12
172 TZ 0.0000 0.0000 119.9761 162.2425 0.9525 0.9525 $ Outer hoop 13
173 TZ 0.0000 0.0000 130.0843 162.2425 0.9525 0.9525 $ Outer hoop 14
174 TZ 0.0000 0.0000 140.1924 162.2425 0.9525 0.9525 $ Outer hoop 15
175 TZ 0.0000 0.0000 150.3006 162.2425 0.9525 0.9525 $ Outer hoop 16
176 TZ 0.0000 0.0000 160.4088 162.2425 0.9525 0.9525 $ Outer hoop 17
177 TZ 0.0000 0.0000 170.5169 162.2425 0.9525 0.9525 $ Outer hoop 18
178 TZ 0.0000 0.0000 180.6251 162.2425 0.9525 0.9525 $ Outer hoop 19
179 TZ 0.0000 0.0000 190.7333 162.2425 0.9525 0.9525 $ Outer hoop 20
180 Tz 0.0000 0.0000 200.8414 162.2425 0.9525 0.9525 $ Outer hoop 21
181 TZ 0.0000 0.0000 210.9496 162.2425 0.9525 0.9525 $ Outer hoop 22
182 TZ 0.0000 0.0000 221.0578 162.2425 0.9525 0.9525 $ Outer hoop 23
183 TZ 0.0000 0.0000 231.1659 162.2425 0.9525 0.9525 $ Outer hoop 24
184 TZ 0.0000 0.0000 241.2741 162.2425 0.9525 0.9525 $ Outer hoop 25
185 TZ 0.0000 0.0000 251.3822 162.2425 0.9525 0.9525 $ Outer hoop 26
186 TZ 0.0000 0.0000 261.4904 162.2425 0.9525 0.9525 $ Outer hoop 27
187 TZ 0.0000 0.0000 271.5986 162.2425 0.9525 0.9525 $ Outer hoop 28
188 TZ 0.0000 0.0000 281.7067 162.2425 0.9525 0.9525 $ Outer hoop 29
189 TZ 0.0000 0.0000 291.8149 162.2425 0.9525 0.9525 $ Outer hoop 30
190 TZ 0.0000 0.0000 301.9231 162.2425 0.9525 0.98525 $ Outer hoop 31
191 TZ 0.0000 0.0000 312.0312 162.2425 0.9525 0.8525 $ Outer hoop 32
192 TZ 0.0000 0.0000 322.1394 162.2425 0.9525 0.9525 $ Outer hoop 33
193 TZ 0.0000 0.0000 332.2476 162.2425 0.9525 0.9525 $ Outer hoop 34
194 TZ 0.0000 0.0000 342.3557 162.2425 0.9525 0.9525 $ Outer hoop 35
195 TZ 0.0000 0.0000 352.4639 162.2425 0.9525 0.9525 $ Outer hoop 36
196 Tz 0.0000 0.0000 362.5720 162.2425 0.9525 0.9525 $ Outer hoop 37
197 TZ 0.0000 0.0000 372.6802 162.2425 0.9525 0.9525 $ Outer hoop 38
198 TZ 0.0000 0.0000 382.7884 162.2425 0.9525 0.9525 $ Outer hoop 39
199 TZ 0.0000 0.0000 392.8965 162.2425 0.9525 0.9525 $ Outer hoop 40
200 TZ 0.0000 0.0000 403.0047 162.2425 0.9525 0.9525 $ Outer hoop 41
201 Tz 0.0000 0.0000 413.1129 162.2425 0.9525 0.9525 $ Outer hoop 42
202 Tz 0.0000 0.0000 423.2210 162.2425 0.9525 0.9525 $ Outer hoop 43
203 Tz 0.0000 0.0000 433.3292 162.2425 0.9525 0.9525 $ Outer hoop 44
204 Tz 0.0000 0.0000 443.4373 162.2425 0.9525 0.9525 $ Outer hoop 45
205 TZ 0.0000 0.0000 453.5455 162.2425 0.9525 0.9525 $ Outer hoop 46
206 TZ 0.0000 0.0000 463.6537 162.2425 0.9525 0.9525 $ Outer hoop 47
207 Tz 0.0000 0.0000 473.7618 162.2425 0.9525 0.9525 $ Outer hoop 48

208 RCC 0.0000 0.0000 -11.4300 0.0000 0.0000 495.3000 0.9525 $ Bar

C Storage Cask & Pad Container

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

NAC International 5.8.8-74
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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 (1ft)
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 (1lm)
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 PzZ 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 PzZ 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 301.7682
808 PzZ 349.5951

NAC International 5.8.8-75
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Figure 5.8.8-10 Augmented Shield Concrete Cask (CC3) Sample Input File — PWR TSC (cont’d)
809 Pz 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

o

C Materials List - Common Materials - v1.0

c

C Homogenized Lower Nozzle

ml 24000 -1.9000E-01 25055 -2.0000E-02 26000 -6.9500E-01
28000 -9.5000E-02

C Homogenized Lower Plenum

m2 24000 -1.0000E-03 50000 -1.5000E~-02
26000 -1.2500E-03 7014 ~-5.0000E-04
40000 -9.8225E-01

C Homogenized UO2 Fuel - Dry

m3 92235 -3.6891E-02 40000 -1.6011E-01 24000 -1.6300E-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

mé 24000 -1.4890E-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

mS 24000 -1.9000E-01 25055 -2.0000E-02 26000 -6.9500E-01
28000 -9.5000E-02

C Water

mé6 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

ml0 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 $ Disable Doppler energy broadening
C

C Cell Importances

c

imp:p 1 307r O

C

C Source Definition -~ Fuel Gamma - nglé4b_32b2led.ly

C

sdef x=dl y=d2 z=d3 erg=d4 cell=399:195:77:d5:3
sil -9.85901 9.85901

spl 01

si2 -9.85901 9.85901

NAC International 5.8.8-76
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Figure 5.8.8-10 Augmented Shield Concrete Cask (CC3) Sample Input File — PWR TSC (cont’d)
sp2 01
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
.5470 0.6358 0.7247 0.8135 0.9023 0.9912 1.0800
.0800 0.9912 0.9023 0.8135 0.7247 0.6358 0.5470
.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00
.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00
.000E-02 2.000E-02 5.000E-02 1.000E-01 2.000E-01 3.000E-01
.000E-01 6.000E-01 8.000E-01 1.000E+00 1.220E+00 1.440E+00
.660E+00 2.000E+00 2.500E+00 3.000E+00 4.000E+00 5.000E+00
.500E+00 8.000E+00 1.000E+01 1.200E+01 1.400E+01
.0000E+00 6.2752E+14 8.7664E+14 4.0250E+14 3.3810E+14 9.5410E+13
.0043E+13 7.5264E+14 1.9045E+15 2.9488E+14 4.5444E+13 4.6708E+13
.6468E+12 1.7127E+12 4.1272E+12 1.3579E+11 1.6921E+10 8.6551E+06
.4736E+06 6.8141E+05 1.4468E+05 7.4804E+03 0.0000E+00
C Source Information
si5 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

sp3 d
sb3 d

si4

sp4

WU NOoOOFRaRBEBE PO

73 74 75
C Source Probability
sp5 1.0 1.0 1.0
1.0 1.0 1.0 1.0 1.0
1.01.01.01.01.01.0 1.0
1.01.01.01.01.0 1.0 1.0
1.01.01.0 1.0 1.0 1.0 1.0
1.01.01.0 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

de0 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

dfo 3.96E-03 5.82E-04 2.90E-04 2.58E-04 2.83E-04 3.79E-04 5.01E-04
6.31E-04 7.59E-04 8.78E-04 9.85E-04 1.08E-03 1.17E-03 1.27E-03
1.36E-03 1.44E-03 1.52E-03 1.68E-03 1.98E-03 2.51E-03 2.99E-03
3.42E-03 3.82E-03 4.01E-03 4.41E-03 4.83E-03 5.23E-03 5.60E-03
5.80E-03 6.01E-03 6.37E-03 6.74E-03 7.11E-03 7.66E-03 8.77E-03
1.03E-02 1.18E-02 1.33E-02

C

C Weight Window Generation - Radial

C

wwg 2 0000

wwp:p 5 350 -120

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 511251
jmesh 101 104 112 118 129 141 151 520 550 580 603 625 656 657 1157
jints 11 1111111111111
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 Input File - PWR TSC (cont’d)
t£2
fcl2 Radial 1ft Tally
£12:p +500.1
fml2 2.0224E+17
fs12 -501 -502 -503 -504 -505 -506
-507 ~508 -509 -510 -511 T
tfl2
fc22 Radial 1m Tally
f22:p +600.1
fm22 2.0224E+17
fs22 -601 -602 -603 -604 -605 -606
-607 -608 -609 -610 -611 -612
-613 -614 T
t£22
fc32 Radial 2m Tally
£32:p +700.1
fm32 2.0224E+17
fs32 -701 -702 -703 -704 -705 -706
-707 -708 -709 -710 -711 -712
-713 -714 -715 -716 -717 -718
-719 T
tf32
fc42 Radial 4m Tally
f42:p +800.1
fm42 2.0224E+17
fs42 -801 -802 -803 -804 -805 -806
-807 -808 -809 -810 -811 -812
-813 -814 -815 -816 -817 -818
-819 T
tf42
C
C
C Print Control
C
prdmp -30 -60 1 2
print
C
C Random Number Generator
C
rand gen=2 seed=19073486328125 stride=152917 hist=1
C
C Rotation Matrix
C
C 18 degree rotation around z-axis
*TR1 0.0 0.0 0.0 18 108 90 -72 18 90 90 90 O
C 36 degree rotation around z-axis
*TR2 0.0 0.0 0.0 36 126 90 -54 36 90 90 90 0
C 54 degree rotation around z-axis
*TR3 0.0 0.0 0.0 54 144 90 -36 54 90 90 90 ©
C 72 degree rotation around z-axis
*TR4 0.0 0.0 0.0 72 162 90 -18 72 90 90 90 O
C 108 degree rotation around z-axis
*TR5 0.0 0.0 0.0 108 198 90 18 108 90 90 90 O
C 126 degree rotation around z-axis
*TR6 0.0 0.0 0.0 126 216 90 36 126 90 90 90 0
C 144 degree rotation around z-axis
*TR7 0.0 0.0 0.0 144 234 90 54 144 90 80 %0 0
C 162 degree rotation around z-axis
*TR8 0.0 0.0 0.0 162 252 90 72 162 90 80 90 0
C 45 degree rotation around z-axis
*TRY 0.0 0.0 0.0 45 135 90 -45 45 90 90 90 O
C 135 degree rotation around z-axis
*TR10 0.0 0.0 0.0 135 225 90 45 135 90 90 90 ©
C 15 degree rotation around z-axis
*TR11 0.0 0.0 0.0 15 105 90 -75 15 90 90 90 O
C 30 degree rotation around z-axis
*TR12 0.0 0.0 0.0 30 120 90 -60 30 90 90 %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 O
C 75 degree rotation around z-axis
*TR14 0.0 0.0 0.0 75 165 90 -15 75 90 90 90 O
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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_ngld4b_44b25e06y

C Bottom Axial Biasing - Fuel Gamma Source
C Fuel Assembly Cells - ngldb - vl1.1
11 -2.5071 -1 u=7 $ Lower Nozzle
2 2 -2.7253 -2 +1 u=7 $ Lower Plenum
3 3 -3.9171 -3 +2 u=7 $ Fuel
4 4 -1.0067 -4 +3 u=7 $ Upper Plenum
55 -2.8608 -5 +4 u=7 § Upper Nozzle
6 0 +5 u=7 $ Outside
C Cells - Fuel Tube v1.3
13 8 -7.8212 -8 +7 u=5 $ Tube
14 9 -2.6336 -9 -10 -11 : -12 u=5 $ Poison
15 0 #13 #14 -6 u=5 $ Outside below PFE
16 0 #13 #14 +6 u=5 $ Outside above PFE
C Cells - PWR Basket v1.5
17 0 -13 -14 £ill=5 trcl = ( -23.5331 70.5993 0.0000 ) u=4 $ Assy loc 1
18 like 17 but f£ill=5 trcl = ( 23.5331 70.5993 0.0000 ) u=4 $ Assy loc 3
19 like 17 but £ill=5 trcl = ( -47.0662 47.0662 0.0000 ) u=4 $ Assy loc 4
20 like 17 but fill=5 txcl = ( 0.0000 47.0662 0.0000 ) u=4 $§ Assy loc 6
21 like 17 but £ill=5 trcl = ( 47.0662 47.0662 0.0000 ) u=4 $ Assy loc 8
22 like 17 but fill=5 txcl = ( -70.5993 23.5331 0.0000 ) u=4 $ Assy loc 9
23 like 17 but £ill=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 £ill=5 trcl = ( -70.5993 -23.5331 0.0000 ) u=4 $ Assy loc 23
30 like 17 but £ill=5 trcl = ( -23.5331 -23.5331 0.0000 ) u=4 $ Assy loc 25
31 like 17 but £ill=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 £ill=5 trcl = ( 0.0000 -47.0662 0.0000 ) u=4 $ Assy loc 32
35 like 17 but £i11=5 trcl = ( 47.0662 -47.0662 0.0000 ) u=4 $ Assy loc 34
36 like 17 but £ill=5 trcl = ( -23.5331 -70.5993 0.0000 ) u=4 $ Assy loc 35
37 like 17 but £i11=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 v1.5
46 0 -23 £ill=7 trcl = ( -23.5331 70.5993 0.0000 ) u=3 $ Assy loc 1
47 like 46 but £fill=7 trcl = ( 0.0000 70.5993 0.0000 ) u=3 $ Assy loc 2
48 like 46 but £fill=7 trcl = ( 23.5331 70.5993 0.0000 ) u=3 $ Assy loc 3
49 like 46 but £fill=6 trcl = ( -47.0662 47.0662 0.0000 ) u=3 $ Assy loc 4
50 like 46 but £ill=7 trcl = ( -23.5331 47.0662 0.0000 ) u=3 $ Assy loc 5
51 like 46 but £fill=7 trcl = ( 0.0000 47.0662 0.0000 ) u=3 $ Assy loc 6
52 like 46 but £ill=7 trcl = ( 23.5331 47.0662 0.0000 ) u=3 $ Assy loc 7
53 like 46 but fill=6 trcl = ( 47.0662 47.0662 0.0000 ) u=3 $ Assy loc 8
54 like 46 but fill=7 trcl = ( -70.5993 23.5331 0.0000 ) u=3 $ Assy loc 9
55 like 46 but f£ill=7 trcl = ( -47.0662 23.5331 0.0000 ) u=3 $§ Assy loc 10
56 like 46 but fill=7 trcl = ( -23.5331 23.5331 0.0000 ) u=3 $ Assy loc 11
57 like 46 but fill=7 trcl = ( 0.0000 23.5331 0.0000 ) u=3 $ Assy loc 12
58 like 46 but fill=7 trcl = ( 23.5331 23.5331 0.0000 ) u=3 $ Assy loc 13
59 like 46 but £ill=7 trcl = ( 47.0662 23.5331 0.0000 ) u=3 $ Assy loc 14
60 like 46 but £ill=7 trcl = ( 70.5993 23.5331 0.0000 ) u=3 $ Assy loc 15
61 like 46 but £fill=7 trcl = ( -70.5993 0.0000 0.0000 ) u=3 $ Assy loc 16
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5.8.12 PWR Damaged Fuel

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 UO2 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 UO2 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/CCS).

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.

5.8.121 Transfer Cask Dose Rates

5.8.12.1.1  Active Fuel Scenario

Transfer cask dose rates are computed using the bounding fuel assembly source terms from
Section 5.8.3.3.1 for the first scenario (fuel material filling void space at the active fuel region
elevation). In addition to these source terms, the WE 14 x14 (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
14x14 (14a) and WE 14x14 (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 Standard Concrete Cask Dose Rates

5.8.12.2.1 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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7.2 Requirements for Normal Conditions of Storage

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.

7.21 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 electroless 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 O-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.
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Materials Evaluation
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8.6 Coatings

The exposed surfaces of carbon steel and concrete components of MAGNASTOR 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 electroless 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 MTC1 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 MTC1 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 MTC1 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.

NAC International 8.6-2



MAGNASTOR System FSAR January 2017
Docket No. 72-1031 Revision 8

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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8.10 Chemical and Galvanic Reactions

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 of ISG-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 of MAGNASTOR 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 nonreactive 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 TSC’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 Acavity 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 >2.4% 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.
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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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8.13 Vendor Supplied Documentation

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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8.13.1 Electroless Nickel Coating

Nonelectrolytic Nickel Plating

THREE METHODS may be employed
for depositing nickel coatings without
the use of electric current:

{ Immersion plating
2 Chemical reduction of nickelous oxide st

1600 to 2000 P

3 Autocatalytic chemical reduetion of nickel

salts by hypophosphite {n an ague-

ous bath at 190 ta 205 P (“electroless”
nickal plating},

All three methods are, under certain
limited conditions, ussful substitutes for
nickel electyoplating; they are particu-
larly useful in applications in which
electroplating is impracticable or im-
poasible because of cost or technical
difficuities, Of the three methods,
electroless nickel plating is in widest
use, and is the method to which the
most attention 1s devoted in this article,

{mmersion Plating

The composition and operating con-
ditions of an aqueous immersion plating
bath are as follows:

Nlickel chloride (NICL-6H.O)... 800z pergal

acld (H, 4

1
......... . oz per gal
"o 358

TEMPOrRLUN® (ovesvssoroerrane 180 P
When using this bath, it s desirsble, but
not mandatory, 10 move the work at s rate
of about 16 {t per min,

This solution is capable of depositing
a very thin (about 0.025 mil) and uni-
form coating of nickel on steel in
periods of up to 30 min. The coatlng
i3 porous and possesses only inoderate
adhesion, but these conditions can be
improved by heating the coated part at
1200 F for 45 min in 2 nonoxidizing
atmosphere, (Higher temperaturea will
promote diffusion of the coating.)

High -Temperature
Chemical-Reduction Coating

By the reductlon of s mixture of
nickelous oxide and dibasic ammonium
phosphate in hydrogen or other reduc-
ing atmosphere at 1600 to 2000 F, a
nickel coating can be deposited without
the use of electric current. This method
(U, 8. Patent 2,633,831) consists of 2p-
plying a slurtry of the two chemicals to
all or selected surfaces of the work-
piece, drying the slurry in air, and
performing the chemical reduction at
elevated temperature. No special tanks

* 804 pags 432 for commItIes lUst.

NAC International

or other plating facilfties are required.
Some diffusion of nickel and phos-
phorus into the basis metal occurs at
elevated temperature; when the coating
Is applied to steel, i will consist of
nickel, Iron, and about 3% phosphorus.
The slurry may be used for brazing.

Electroless Nickel Ploting

The electroless nickel plating process
employs a chemical reducing =gent
(sodium hypophosphite) to reduce a
nickel salt (such as nickel chloride) In
hot agueous solutlon and to deposit
nickel on a catalytic surface. The de-
posit obtained from an electroless nickel
solution is an alloy contalning from 4
to 12% phosphorus and Is quite hard.
{AS ind{cated later in this article, the
hardness of the as-plated deposit can
be increased by heat treatment.) Be-
cause the deposit i3 not dependent on
current distribution, it i3 uniform in
thickness, regardless of the shape or
size of the plated surface,

Electroless nickel deposits may be ap-
plied to provide the basis metal with
resistance to corrosion or wear, or for
the buildup of worn areas. Typical ap-
plications of electroless nickel for these
purposas are given in Table 1, which
also indicates plate thicknesses and
postplating heat treatinents.

Surface Cleaning. In general, the
methods cmployed for cleaning and
preparing metal surfaces for electroless
nickel plating are the same as those
used for conventlonal electroplating.
Heavy oxides are removed mechanically.
and ol)s and grease Are removed by
vapor degreasing. A typlcal precleaning
cycle might constst of alkaline cleaning
(either agitated soak or anodic) and
acid pickling, both followed by water

rinsing.

Prior to electroless plating, the sur-
faces of all stainless steel parts must
be chemically activated in order to ob-
taln satisfactory agheaion of the plate.
One actlvating treatment conaists of
immersing the work for about 3 min in
3 hot (200 F) solutlon containing equal
volumes of watler and concentrated sul-
furic acid. Another treatment conxzists
of immersing the work for 2 to 3 min
in the following solution at 160 F:

Sulfuric scid (88° Bé) ..... 25% by volume

Hydrochloric scld (18° Bé)., 5% by volume

Perric chiorids hexahydrate.. 0.53 63 pergal

8.13-2
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Pretreatments that are unique to

electroless nickel plating Include:

1 A strtxe copper plate must be applied to
PATG made of or conl lead, Lin,
cadmium or =zine, to insure adequate

. caveragc aud to prevent contaminaton
of tha elzctroless solution.

kR, varts are d to bath tem-
perature to avoid dalay In the deposition
of nicke) from the ho! electroleas bath.

Bath Charucteristics. A simplified

equation that describes the formation
of electroless nickel deposits is:

NISO, + NaHPO, 4 B0 zhtrs
Ni 4 NaR,»O, + H,80,

The essential requirements for any
electroless nickel solution are:

1 A malt to supply the nickel

2 A hypophosphlts aalt to provide chesnlcal
reduction

3 Water

4 A complexing agent
: A bliulcr to control pH

Hes
7 A catalytic surface to be pisted.

Detalled discussions of the chemical
characteristics of electroless baths, and
of the critical concentration Ilmits of
the varlous reactants, can be found In
several of the references listed at the
end of this article.

Both alkaline (pH, 7.5 to 10) and
actd (pH, 45 to 6) electroless nlckel
baths are used in industrial production.
Although the acid baths are easier to
maintain and are more widely used, the
alkaline baths are reported to have
greater compatibility with sensitive
substrates (such as magnesium, sillcon
and aluminum).

Catalysis. Nickel snd hypophosphite
ions can exist together in a dilute solu-
tion without Interaction, but will react
on a catalytic surface to form a de-
posit. Furthermore, the surface of the
deposit 13 also catalytic to the reaction,
so that the catalytic process continues
until any reasonable plate thickness ja
applled. This autocatalytic effect is the
principle upon which all electroless
nickel solutions are based.

Metals that catalyze the plating re~
action are members of group VII In
the periodic table, which group includes
nickel, cobalt and palladium, A deposit
will begin to form on surfaces of these
metsls by simple contact with the
solution. Other metals, such as alumi~
num or low-alloy steel, first form an
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8.13.3 PPG METALHIDE 97-694 (typical)

HPE/Industrial Maintenance

l\/lE"l'v_‘/ﬂ\LHI'DE®

97-694 Series

METALHIDE® 2000 inorganic Zinc Rich Coaling

| GENERAL DESCRIPTION ) TINTING AND BASE INFORMATION

Heavy. duty corrosion resistant primer for ferrous metal surfacesin ~ 97-694 Liquid ComponentA - Red
industrial environments, Provides galvani¢, protection similar to ~ 97-695 Liquid Compongnt A - Green
galvanizing,, Paricularly suited as-a lining for the interior, and'as ~ 97-697P PowderComponent

a primer to be -topcoated for the exterior- of tanks ‘containing

organic-solvents,.gasoling,:and other fuels. It is also excellent for BO NOT TINT.

applicatioh in cogstal, marine, ‘and ‘Gthier offshore envirorimients.

RECOMMENDED USES

Ferrous i\‘/_[e’téf

§ FEATURES AND BENEFITS

Provides gzlvanic;corrosion ‘protection

Excellent resistance to'organic ‘soivents

Can be handled with slings:in 5-6 hours (77°F at'’50% relative
humidity)

Class B:Slip Coefficent under ASTM:A-325.

| PACKAGING . ,
1-Gallon (3.78L)

3-Gallon (11:3L)
5-Gallon (18:9L)

Not-all-products are-available in-all'sizes. Not-all containers are
fullfilled.

' PRODUCT DATA

PRODUCT TYPE: Inorganic seifcuring-ethyl silicate-métalli.zinc
GLOSS: Matte:

VOG*: .3:88 Ibsi/gal. (466'g/L)

COVERAGE: 330 10,500 sq. fu/gal. (31 fo 46 §q.mi3.78L),

WEIGHT/GALLON®:  20.3 Ibs. (9:2 kg) +/- 0.3 Ibs. (136 g)
WEIGHT SOLIDS* 80.3%, +I- 2%
Results will vary by color, thinning and othér additivés..
*Product data calculated on mixed 97-695/97-697R..
Dry Film Thickness™: 2105 mils not to .exceed § mils

on spot readings

POT LIFE:

IFE 16 houré
MIX RATIO:

Mix as packaged.

‘See mixing instructions.

IN SERVICE TEMPERATURE: 750%F (399°C) Dry; heat
140°F. (60°G) Wet heat

DRYING TIME@ 77°F (25°C}; 50% relative humidity..

To Touch: 16 minutes.
To Handle: 4 hours:
To Recoat: 24 hours

Drying times: listed may vary..depending on 'iempera{ure,. 'humidi'ly,
colorand air movement.

CLEANUP: 97-727 PPG Thinner
FLASH POINT: 97:695,60°F (15.6°C)
123
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97-694 Series

anic¢ Zine Rich Cdating HPC/lndustnal Mainténance:

Ii paint; mill.scale,:and:rust.. The-surface to.be.coated must be dimensionally stable, dry, clean,:and:free ‘of‘oll, grease, ‘and: other
forelgn aterials.

WARNING! Ifyou scrape; sand, or reniove old paint, you'may release Jead dust.or fumes. LEADIS TOXIC. EXPOSURE TO'LEAGDUST
OR FUMES CAN GAUSE 'SERIOUS ILLNESS, 'SUCH AS BRAIN DAMAGE, ESPECIALLY IN CHILDREN. PREGNANT WOMEN
SHOULD ALSO AVOID EXPOSURE. "Wear a properly fitted NIOSH-approved respirator and prevent:gkin.contactto control lead eXpo:
C refully: with @ HEPA vaguum arid a wet mop. Before you start, find out how-to protect yourself” and your"'famxly by R
the USEPA National ‘Lead Information Hotiine at 1-800-424-LEAD:or log on to www.epa:govilead. I Canada contacta regjonal Health
Canada :office. Fdllow these insfructions: 1o’ control exposure to, other hazardous :substances that may be released’ dunng surface.
preparation,

STEEL‘ Non-lmmersron Servrce - The mmrmUm surface preparatlon for ferrous metal substrates is SSPC-SP6 Commercral Blast'

t RECOMMENDED PRIMERS MIXING AND APPLICATIONS INFORMATION (conlr)

_Sglﬁp' iing'on properly: prepared; surfa S Permissible temperatures. durrng applicatiOn'
Material: 50.to 90°F- 10-to 82°C
Ambient: 0to 100°F =18 to 38°C
Substrate: 0'to 140°F =180 60°C:

f LIMITATIONS OF USE

Apply in géod weather when arr and surface 'temperatu S. ‘are.

gitation: ]
through ‘. 30-60 e screen
ORDER Mamtarn consta £

above the dew point. Do not: expose container*io tel p, ratures
gredter than 135°F (57°C). Do fat.use-for potable water..

For Professional Use Orily; Not Intended'for-Household Use.
[( S, and/or" p.sizes may . .
Alrless: Spray. ‘Pressure 4500 psi; tip, 04017 0:021” Filter. 30 handllng fhis product USE WITH ADEQUATE’ VENTILA ION

mésh KEEP' ‘OUT OF REACH OF CHILDREN.,

equipment must be 'uséd .Wheéd coating ‘Wi
Conventronal Spray Fluid Nozzle: DeVilbiss: MBC-510gun with: confined “aréas. Keep. containers: closed 4nd - awa from heat.

cap wnh E trp and. .needle or oomparable equlpment. sparks, and flames ‘when- in -use:
h‘a"hdled “with due céz’re ahd in .,a'ccdrd

by airless equrpment may cause'serious’ 1nJu . Re
Matenal Safety Data Sheet for rmportant heallh/safety mformatlon

Q Wi, ppghpc com: or by callmg 1-800-441-9695
serious injury:

Brush: Not récomriended

Roller: Not recommierided

data-presenfed is.
alse futre lechiiical. dat

urafer however, no guarantee of accuracy, comprehensrven
y from'what i is.in thrs bulietin. For complete,: up- -to-date techi

PPG Indusfiies, In¢.- “Technical Services ArchiteciSpecifier PPG Canada, Inc. 123 1172041

Architectural Cdalings' “1:800-441-9695 1-800-PPG-IDEA. Architectural Coafings- hEreades

Ohé PRG Pliite $:888-807:5123 fax 4 Keérividw, Bivd SUbBrscdes:(212009)
Pittsburgh,. PA15272 Brampton, ON'L6T-5E4

www.ppghpeicom
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8.13.4

PPG PITT-THERM 97-724/UC59571 (typical)

PITT-THERM®

97-724 Series

HPC/Industrial Maintenance PITT-THERM® High Heat & Stress Corrosion Coating
Generic Type Tinting and Base Information

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 thermal shock and barrier properties, and may be used as
a heat resistant coating for carbon steel.

Recommended Uses

Austenitic Stainless Steel
Carbon Steel

Features / Bénéfits

High heat and thermal stress resistance.
Protects stainless steel against chloride attack and stress corrosion
cracking.

Limitations of Use )

For Professional Use Only; Not Intended for Household Use. Apply
only when air, product and surface temperatures are 40°F (4.4°C) and
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. Drying times listed may vary depending on
temperature, humidity, color and air movement.

97-724
UCs9571

Black
Gray

Gloss: Matte
VOC*: 4.62 Ibs/gal 554.00 g/L.
Coverage: 279 to 372 sq fi/gal (26 to 35 sq. m/3.78L)

Nore: Does not include loss due fo varying application method, surface porosity, or mixing.

DFT: 1.5 minimum to 2.0 maximum
Weight/Gallon*: 9.6 1bs. (4.5 kg) +/- 0.2 1bs. (91 g)
Volume Solids*:  34.8% +/- 2%

Weight Solids*:  52.1% +/- 2%

Clean-up: 97-727 PPG Xylol Thinner

Resulis will vary by color, thinning and other additives.

*Product data d on full formula.

Drying Time:
To Touch: 20 minutes
To Handle: 2 hours
To Recoat: 16 hours

Dry Time @77°F (25°C); 50% relative humidity
In Service Temperature:
Dry Heat (F): 850°

Dry Heat (C):  454°

Flash Point: 62°F, (16.7°C)

o
|
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97-724 Series
PITT-THERM® High Heat & Stress Corrosion Coating

PITT-THERM®

HPC/Industrial Maintenance

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 proportion 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 SERIQUS ILLNESS, SUCH AS BRAIN
DAMAGE, ESPECIALLY IN CHILDREN. PREGNANT WOMEN SHOULD ALSO AVOID 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 {o
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-SP1 Solvent Wash is the minimum surface preparation. For Carbon Steel applications, SSPC-SP10
Near White Metal Blast is required. Where appropriate bare areas should be primed with a suitable primer.

HPC Systems in Detail Brochure (H10788) COATING SYSTEMS: 225-HD, 226-HD, 227-HD

Recommended Primers

Application Information

none Refer to HD Coating Systems. Recommended Spread Rates:
Steel Self Priming, 97-673/674 or 675, Wet Mils : 4.3 minimum to 5.7 maximum
97-676 or 677 Wet Microns: 1092 minimumto 1448  maximum )
Dry Mils : 1.5 minimaum to 20  maximum '
Dry Microns: 38.1 minimum to 50.8  maximum

Application 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.

Directions for Use Conventional Spray: Fluid Nozzle: DeVilbiss MBC gun, with

Mix thoroughly 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) information prior to use.
MSDS are available through our website or by calling 1-800-441-9695.

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.

Permissible temperatures during application:
1?0 to 90°F 410 32°C

Material:
Ambient; 40 to 100°F 410 38°C
Substrate: 40 to 130°F 4 t0 54°C

Packaging: 1-Gallon (3.78L)
Not all products are available in all sizes. All containers are not full-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 future technicat data to vary from what is in this bulletin. For complete, up-to-date technical information, visit cur web site or
call 1-800-441-9695,
. PPG Industries, Inc. PPG Canada, Inc.
: Architectural Coatings
4 Kenview Bivd

Brampton, ON L6T 5E4

Technical Services
1-800-441-9695
1-888-807-5123 fax

Architect/Specifier PPG Architectural Finishes
1-888-PPG-IDEA 400 S. 13th Street
Louisville, KY 40203

Architectural Coatings
One PPG Place
Pittsburgh, PA 15272
www.ppghpc.com

17 10/2006
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LQEB?’ B29-03

The melting temperature must not exceed 685°F (363°C) to
prevent excessive drossing. The lead must be stirred immedi-
ately prior to sampling. The molten lead shall be cast into
shapes suitable for use in spectrographic analysis, cast into thin
sample bars not to exceed 3% in. (9.5 mum) 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 ¥ in. (12.7 mm) apart. The sawings so produced
are treated in accordance with 9.3.3.1.

9.3.4 Sample Size:

9.3.4.1 For spectrographic analysis, three samples shall be
prepared of a size and shape satisfactory 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.*

9.3.5 Aspects of sampling and sample preparation not
specifically covered in this specification shali be carried out in
accordance with Practice E 88.

10. Methods of Chemical Analyses

10.1 The chemical compositions enumerated in Table 1 of
this specification shall, in case of disagreement, be determined
by wet chemical or spectrographic methods mutually agreed
upon by the supplier and the purchaser.

10.2 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 and Rehearing

12.1 Material that fails to conform to the requirements of
this specification may be rejected. Rejection should be reported

# “Determination of As, Sb, and Te in Lead and Lead Alloys Using Hydride
Genenation Atomic Absorption Spectrometry,” G.J. Fox, dtomic Spectroscopy. Vol
11, No.1, Jamuary 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 claim
for a rehearing.

12.2 Rejection shall be considered as follows:

12.2.1 Variation of weight, quantity, dimensions, or work-
manship.

12.2.2 Chemical composition.

12.2.2.1 In case of dispute, the material shall be sampled in
the presence of both parties in accordance with 9.3.

12.2.2.2 The resulting sample (at least 1300 g) shall be
mixed and separated into three equal parts, each of which shall
be placed in a sealed package, one for the supplier, one for the
purchaser, and one for the umpire 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. Certification

13.1 When specified in the purchase order or contract, the
purchaser shall be furnished cestification that samples repre-
senting each lot have been tested as directed in this specifica-
tion and the requirements have been met. When specified in the
purchase order or contract, a certified report of the test results
shall be furnished.

14, Marking and Special Requirements

14.1 A brand, by which the supplier can be identified, shall
be cast or marked 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

15.1 chemical-copper lead; lead; lead metal; pure lead;
refined pure lead
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responsible technical committee, which you may atiend. If you feel that your comments have not received a fair hearing you should
make your views known lo the ASTH Commillee on Standards, at the adaress shown below.

This standard is copyrighted by ASTM Intemnational, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-8555 (fax), or service@asim.org (e-mail); or through the ASTM websile
(www.astm.org).
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8.13.8 PPG AMERLOCK 2/400GF (typical)

@,@ PPG Protective & |

‘Marine Coatings
AMERLOCK® 2/400GF
May 2013
Revigion of October 2012
DESCRIPTION High salids glass fake epoxy coating
PRINCIPAL CHARACTERISTICS  ~  High bulid, up to 20 mils in one coat
= Compalible with adhersal rust remaining oo prepared surfaces
= Continuous dry temperatura resistancy of 425°F on ingulated or uninsulaled
surfaces
»  Ragistant to well defined cathadic profsctions
-~ Dacraased fim permeability due o gless flake pigmentation :
3
COLOR AND GLOSS Flat H
Standard primer colors and cusiom oolors
* Epoy contings Wi Shisroctsataty cholk and 59 ypon expamive losuadghl. Light el am prooe fo
ambering i spmo matant. Only use fdlory oobrs forinmersion ssnios, 3
BASIC DATA :
Volume soiids 87% 2 3% i
voe 1.4 Ibefgal (172 1) :
Recommendod i

Dry film thickness {pey cont)” B-20mils {200~ 500 microns)
¥ For high domypsrsiure sppicalions abvo 200°K Jimi totef Fn ickosss fo 30 mily G wirs spot raadiogs i 12

Theopstical Sproad Rate & 1mils ot 1347 féigalion
@8mils g 168 iitigation
@20 milsdit 67 ftigalion

Componants 3
Shelf Life 3 ypars from dats of manufacture

SURFACE PREPARATION Coaling parformancs Is, in genesad, proportional to the degres of surface praparation, 5
Stesl - Re weald spatter, prolrusions, and ferminations in steel. Grind welds smooth In H

accordance with NACE RP-0178, Remove &)l surface contaminants, ol and grease §
in accordance with SSPC §P-1, )
Abrasive blast with an angular abrasiva to an SSPC SP-10 sleantiness or higher for
immersion sendce, Achiave s surface profile of 2.0-4.0 mils, For atmospheric service,
Abrasive blast tg 8SPC §P-6 standards.
‘The product may be appliad over an SSPC SP.12 WJ-2{L} where a pravious biast
piofile can be exposud, :
For maintenance and repalr in atmosphero service, the product can be applied :
over suidaces prapared in sccordanco with SSPC SP-2 or SSPC SP-3 (hand and
power tool claaning).
Amercoat 114A may be used ss a plt filler for severaly pitied stes! and surface
discontinuities,
Chack with PPG teciinical sarvics for the maximum allowabie soluble salt teve! for
wister mmotsion service. This will vary based on lhe water chemistry and senvice ‘
tamporatures.

Concrlo “—  Remove all surface contaminants such as oil, grease, and embedded chemicals,
Abrade the surface per ASTM D 4259 to romove all chalk and surdzcs glaze of
ialtance, Machanical surface preparation should expase sub-surface voids and
provide a surfece profils equivalent to B0 gnit sandpaper orcoarser. Surface should
be fres from moistuns in accordance with ASTM D4263. Refer o Information Sheet
RIM96ACUS for further detalls regarding moisture measurements, Slabs on grade
should huve a maximum mdisture contant of 3 ibs/1,000 R¥24 bours when
maasyrad by calcium chioride test

page WS
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% PPG Protective &

Marine Coatings )

AMERLOCK 2/400GF
o B .
Monslerrous medaly - Lightly absasive blast in accordance with SSPC §P-16 o achieve a unifor and i
dense 1.5-4.0 mil anchor profile.
Slainless Stesl = Abrasive blast with & hard angular sbeasive (o echiave a uniform and dense anchor :
profile of 1.5-4.0 mils. i
Aged Costings and Repairs = Basure the coating system is sound and well adhered, Do nol apply over acrylic «\

coslings or coatings that exhibit poor solvent resistence. A tast palch is rocommended.
Swaap bisst or otherwise thoroughly sbrads the existing coating in acoordance with
58P0 SP-7. Allarnately, Prep 88 may be used 10 prepars somg exisling coatings.
Please rafer to Prop 88 data sheet for details. Feather the adges of tightly adherad,
in-tact coatings al the perimeter of repair areas. Power tool ¢ipan the existing stes!
In aceoedancs with SSFC SP-3 (stmospharic service) or SSPC SP-11 {immarsion

x5 ST

serdico).
ENVIRONMENTAL CONDITIONS
Amblent temparatures* 20°F {o 122°F {-8°C o 50°C)
* Amurioch 400 hardonor ey be vsed wih Ite k 28400 base ! e appiestions St mguie &
g pot s, The A compunont it tha zams for 400 ond A & 2, Tho B camyp Arg Sl
chnngocile
Material lamparatures 40° to 90°F {5° 1o 32°C) :
Relatlve bumidity D to 100%, surface must bo Iree of visible molsture. For imimersion sarvice and for
optimum performance, surfoce temperature must be at least 5°F asbove the dew point
temparature,
SBuriane lemparaluro 20°F to 122°F (-6°C 10 50°C)
General air quality Area should be sheltersd from girbome particulstes and poilutants. Avold combustion
gases or other spurces of carbon dicxide that may promote amine blush and ambering
of fight colors, Ensure gond ventitation during application and curing. Provida shelter to
prevent wind from affecting spray pattems,
INSTRUCTIONS FOR USE
Mixing ratio by volume 4 part base Io 1 part herdener
Pronix plgmonted components with a preumatic alr mixer at moderate speeds to
homogenizo the container. Add hardener 1o bogs and agitate with a powsr mixor for 1-2
minutes unlil completsly dispersed. Slowly Incorpornte glass fiake additve under :
agitation over 1-2 minutes to ensure the glass fake Is thoroughly miked, :
Potife . )
50°F 0°F SO°F
26F i 2 houss 1 hour 0.5 hours
400GF 3 hours 2howrs | thour
induction time Mone vequired
Alrless sproy 451 pump or larger, 0.027-0.035 fluid tip
Can be sprayed with plural componem application equipment.
Air spray Thin up to 20%, standard conventlonal equipment, D.070" Ruld orifice
Brush & rodf Use a high quality natural bristle brush and / or solvent resistant, 3/8" nap roller, Ensure
brush / rollar is well loaded 1o avold air entrainment. Muitiple coats may be necessary (o
achiave adequals Kim bulld,
Thinner Amercost 85 {xylonn), Amercoat 101 {recommeandad for > 50*F), Amercost! B (o extend
pot life 10-20%)
Claaning solvent Amaercoat 12 Cleaner or Amercea! B5 thinner (xylenc)
Primarg Direct lo subsitale; Dimelcole series primers, Amercoal 68HS, Amercoz! 88MC2Z,
Amerlock 21400, Amerlack Sealer
Topeoals Ampecont 450 sorles polyurethanas, Amorshisld, PSX 700, PEX ONE, Pilthase
. polyutethanas
pagn M
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PPG Protective &
Marine Coatings
AMERLOCK 2/400GF
Salaly pracautions For paint and recommended thinners see safety sheet 1430, 1431 snd relevant matarial
safely datn sheels
This i 3 solvent bome paint and care should be taken to avoid inhalation of spray mist
orvapor 85 wall 88 condect between the wel paint and exposad skin or ayes.
DRY/CURE TIMES Amuorock 2GF @ 8 mils dft
3F 50°F T0°F o0°F
Dry to touch i 48 hours 16 howrs & hours 2hours
Dry through 72 hours 24 hours 8 hours 5§ howrs
Dry o recoaifiopcost 48 hours 16hours | 7 hours 4 hours
Max racoat, sell 90 days 80 cays 30 days 14 days
ﬁ:%"m?ng‘gsx 30 days 14 days 7 days 4 days
Gute to immeorsion 21 days 7 days 3days 2 days
Amerfock 4005F (@ 8 mils dift
‘ 50K T0°F 90°F
Dry to touch . 28 howrs 9 howrs 4.5 hours
Dry through . 48hows 20 hours 12 hours
Dry 1o recoalf lopeoat i 36 hours 16 howrs 10 howts
Max recoat, self X 90 duys 20 days 45 days
hlax topeoat, »
wrethanes, PEX &0 days 30 days 14 days
Cure to immeraion : 21 days 7 days 4 days
* Dry timas eve depontont oo o and strfsce bitmparativns 05 well a3 ot Ioinoss, venitaete. st slsive
Pamicly. Maripuw recoating S is Righly dopendont apor axduol seface tepantunes ~ Fol SITF R
t Sutacs tares shawid bo ik it ar affaniize heated
arefacss Higher ssfdos shorlon iy PR WD,
Surface must be alpae and dhp Any conlamization md be @onlilfad sod remostd. A BNeand wish Wil
Frop 63 areguiviiont s ioguipd price o tion of lop after 33 dups of aaptove, Howsest, parstuler
Sitenin mist by Peid 1o srtanks exnosed 10 Sunlph! whano chaliibg may be presont, &3 those sifusdions, #
Surthe degued of CBOEND w49 coived, FRG Sorvice cin advize an sitshle ceaning matheds
i y ¥ # dina i 4, $hen 1afies,
PRODUCT QUALIFICATIONS - Compliard with USDA Incldental Food Conlact Requirements
~  LEED's compliant for Anlhcorrosive Paint category
AVAILABILITY
Packaging Available In 2-galion and B-gatlen kits

fnventory (made lo order, ele..)

NAC International

2-gallon Kits have 1 full gallon of base and 1 full galion of hardaner

5 galion kits have 2.5 gallons of base and 2.5 gaflons of hardener

Add one 3-gaion con of Amercoat 880 glass flake addilive for each 5 galion kit
Add one 1-gsion can of Amercont 880 glass fzke for each 2 gallon kit

Global avallabiity
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m PPG Protective &

Marine Coatings
AMERLOCK 2/400GF
Product codes AK2-1 Bufl
AK2-3 Whita
AK2.9 Black
AK2-23 Pearl Gray
AK2.72 Oxide Red
AK2-81 Safely Yellow
AK2-T4 Doep Tint base
AK2-T2 Light Tint base
AK2-T3 Nautral Tint base
AK2-T4 Rad Tint base
AK2-TS High HidingYeliow Tint bese
AK2-B Hardener componont for Amerlock 26F
AK400-B Hardener componont for Amerfock 400GF
AT880 Glass fiako additive
Worldwide staterent While it Is always the alm of PPG Prolective & Maskis Coatings o supply the sama protuet
on a workdwide basis, slight modification of the product Is somelimes nacessary {6 comply
with local or national ndes/crasmstances. Under these circumstances an altemative product
data sheetis used,
WARRANTY STATEMENT

PPG warrants (i) its litle to the product, (i) that the quality of the product conforms lo PPG's specifications for such praduct in
effect st the time of manufacture and (iii) thal the product shall ba delivered fres of the rightful claim of any third parson for
Infringamaent of any U.S. patent covaring the product.

THESE ARE THE ONLY WARRANTIES THAYT PPG MAKES AND ALL OTHER EXPRESS OR IMPLIED WARRANTIES,
UNDER STATUTE OR ARISING OTHERWISE IN LAW, FROMA COURSE OF DEAUNG OR USAGE OF TRADE, INCLUDING
m’%ﬂ LIMITATION, ANY OTHER WARRANTY OF FITNESS FOR APARTICULAR PURPOSE OR USE, ARE DISCLAIMED
Any claim under this warranty must be madae by Buyer to PPG in wriling within five {(5) days of Buyer's discovery of the claimad
defest, but in no event iatar than the axpiration of the applicable shelf fife of the produel, or one yaar from the data of the delivary
of the product fo tha Buyar, whichever is earlier. Buyer’s faftura to notify PPG of such non-conformance as required hatein
shall bar Buyer from racovery under this wamanty.

LIMITATION OF LIABILITY

1N NO EVENT WILL PPG BE LIABLE 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 PRODUGT.

The infarmation in this shaet Is intended for guldance only and is based upon laboratory tests that PPG believes to be reliable,
PPG may modify the information contained herein at any time as a result of practical experience and continuous product
davelppment. Afl recommandations or suggestions relating 1o the use of the PPG produdd, whether in technical documantation,
or in rosponse 1o a specific inquiry, or othenwise, are based on data, which to the best of PPG's knowledge, is rellable. The
product and related information is designed for users having the requisite knowledge and industrial skilfs in the Industry and it
is the end-user’s responsibility lo determing the sullability of the product for its awn particutar use and it shafi be deemad that
Buyer has done so, 85 its Sols discration and sk,

PPG has no control over sithar the quality or condition of the substrate, or tho many factors alfecting the use and application of
ihe produck. Thersfore, PPG doss not accept any fisbility arising from any loss, Injury or damage resulting from such use or
the contents of this information (unfess there ara writlen agraemonis stating otherwdse), Veristions in the epplication caviranment,
changes in procadures of use, or exirapolation of dala may cause unsatisfactory resulls,

This shost supersedes ali previous versions and it is the Buyer's responsibilily to ensure that this information Is cusrent prior fo
using the product,

Cureent sheets for all PPG Protective & Marine Coatlngs Producis sre maintsined at www.ppgpmec.com. The English text of
this sheet shell prevail over any transialion thereof,

paga 44
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@48 PPGProtective &

Marine Coatings
AMERLOCK 2/400GF
Product codes A2 Buff
AK2-3 White
AK2.9 Black
AK2.23 Pear Gray
AK2.72 Oxlde Red
AKZ-81 Safety Yeltow
AK2-TH Deep Tint base
AR2-T2 Light Tint base
AK2-T3 Mautral Tint base
AK2-T4 Rad Tint base
AK2-T5 High HidingYellow Tint base
AK2-8 Hardener component for Amperlock 2GF
AK400-8 Hardener vomponent for Amerlock 400GF
AT880 Glass flake additive
Woridwide statement Whila it is alvays the aim of PPG Proteciive & Markie Coalings to supply the sama product
on a worldwide basis, slight modification of the product is sometimes necessary to comply
with local or natianal ies/croumstances. Under these clreumstances an afternative peoduct
data sheetis used.
WARRANTY STATEMENT

PPG warrants (i) its fitle to the produet, (8)) that tho quality of the product conforms lo PPG's spacificatons for such praduct in
effect ot the time of manufaciure and (i) that tho product shall ba deliversd fras of tha rightful claim of any third person for
Infringemant of any U.S. patent covering the product,

THESE ARE THE ONLY WARRANTIES THAT PPG MAKES AND ALL OTHER EXPRESS OR IMPLIED WARRANTIES,
UNDER STATUTE OR ARISING OTHERWISE IN LAW, FROM A COURSE OF DEALING OR USAGE OF TRADE, INCLUDING
WJTH%T LIMITATION, ANY OTHER WARRANTY OF FITNESS FOR A PARTICULAR PURPOSE OR USE, ARE DISCLAIMED
BY PPG.

Any claim under this warranly arust be made by Buyer lo PPG in writing vathin five {(5) days of Buyer's discovery of tha claimad
defect, but in no event latar than the axpiration of the applicable shelf life of the produgt, o¢ one yoar from the date of the delivary
of the product to the Buyar, whichever is earlicr. Buyer’s failure to notify PPG of such non-conformance as required hetaln
shgll bar Buyer from recovery under this waranty.

LIMITATION OF LIABILITY

N NO EVENT WiLL PPG BE LIABLE UNDERANY THEORY OF RECOVERY (WHETHER BASED ON NEGLIGENCE OF
ANY KIND, STRICT LIABILITY OR TORT) FOR ANY INDIRECT, SPECIAL, INCIDENTAL, OR CONSEQUENTIAL DAMAGES
INANY WAY RELATED TO, ARIBING FROM, OR RESULTING FROM ANY USE MADE OF THE PRODUCT.

The information in this sheet is intended for guldance only and is based upon laboratory tesig that PPG believes to be roliable,
PPG may modify the information contalned herein at any time as a result of practical experience and continuous product
davelopment. All recommendations or suggestions ralating o the use of the PPG produdt, whether in technical documentation,
of in response 10 a specific inquiry, or otharwise, are based on data, which lo the best of PPG's knowlsdge, i reliable, The
product and refated information Is designed for users having the requisite knowledye and industrial skilfs in the industry and it
I3 the end-user’s responsibility 1o determina tho sultability of the product for its own particular use and it shall be deemad that
Buyer has done so, a5 its sols discretion and risk.

PPG has no cantrol ovar ajther the quabily or condition of the subsirate, or the many factors alfecting the use and application of
ihe producd. Thersfore, PPG does not accept any liability arising from any loss, Injury or damage resuiting from such use or
the contants of this information {uniess there ara written agreemenis stating othenwise), Verations in the epplication environmsny,
changes in procedures of use, or extrapoiation of data may cause unsatisfactory resulls.

This shost supersedes all previous versions and # is the Buyer's respensibility to ensure that this information is current prior to
using the produgt,

Cureent sheets for all PPG Protective & Marino Goatings Products sre maintained at www.ppgpme.com, The English lext of
this shest shall prevall over any transiation theteofl,

pagae 44
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PPG AMERSHIELD (typical)

Wf PPG Protective &

Marine Coatings 3
AMERSHIELD™
H
Oclober 2012
Revision of April 2012
DESCRIPTION Polyaster-Acrylic Aliphatic Polyurathane Topcoat
PRINCIPAL CHARACTERISTICS -  Unique, high-solids, high bulld coatings :
- Quistanding weather resistance with excellent color and gloss ratention
-~ VOC compliant
~  Tough, flexible, and abrasion resistant finish
—  Good chemical and stain resistanco
~  Direct to melal and concrete in protected environments :
-~  S8PC 8P 36 Lavel 3 H
H
COLOR*AND GLOSS Gloss
Custom Colors :
* Carlgin colors (ospeciaty yeliow, crengo and (od) miay equie SOUTORA! £0ATS 1o schiova ndaquale Mg, i
X whevi sEpisd everdark or conirasting poimer c0lons, Yalow, rod, and arhar bripht colors witf fyplcaly H
foup fagtorthan cther colovs wue 10 the repl of laad-based piy With teatHroe In theso N
Tors. !
BASIC DATA :
Voluma solids 73% £.3%
voc* 2.2 bslgal (264 giL) i
¥ Frv compiance with fagutolions wivoh requirg < 100 gL, Anseshield VOO can be spucified intosthangebly .
Recommended :
Dry fitm thickness 3-6 mils per coat {75-150 microns) i
Theoreticat Spread Rate @ Imilsdit 1171 fitigat §
@5miisdit 234 fit/gal .
Components 2 i
Dry Temperature Resistance® Continuous — 200°F  Intermitient — 250°F (<5% of the time, max 24 hours) ]
* Cofor wik drift &t plavalod temporatures, H
Shelf Life 2 years from date of menufacture i
* iwhen stored in onigingl seafad conlsiners In dry conditions between 40-100°F H
SURFACE PREPARATION Coating performance is propartional to the degree of surface proparation. Refer lo :
tha application Instructions for specific primers and intenmediate coats for application
and curing procedures. Ensure epoxies are free fram amine blush prios to overcoating,
All previous coats must dry and free of contaminants. Adhere to gl minimum and
maximurm topcoal fimes for spacific primers and intermediate coals. Agad epoxy
ooatings may require abrading prior to spplying Amershield.
Staal -~  Abrasive blast 1o SSPC SP-B or higher with a 1.0-3.0 mils surface profile
Aluminum - Lightly abrasive blast with 8 fine abrasive
Concrete / Masonry —  Ses spacific primer
ENVIRONMENTAL CONDITIONS
Ambient temperatures 40°F 1o 120°F (5°C 10 49°C)
With Amercoal 868M Acceleralor

Material lemporatures

Relative humidity
Surface temperalure

NAC International

32°F lo 100°F (0°C 10 36°C)

Surfsce lamperature must be al least 5°F above the dew point temperature.
With Amarcoat B66M Accelerator

40°F to 90°F (5°C {0 32°C)

85% maximum

Amurshield

40°F to 120°F (5°C 10 49°C)

Vith Amercoat 866M Accelerator

32°F fo 100*F (G*C 10 36°C)

Surlaca tempsrature must be al least 5°F above the dow point temperature.
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m PPG Protective &
Marine Coatings

AMERSHIELD

General gir quality

INSTRUGTIONS FOR USE
Mixing ratio by volume

Pol life

Airless spray

Alr spray

Brush & roll

Thinner

Cieaning solvent
Primers

Salely precautions

DRY/CURE TIMES

PRODUCT QUALIFICATIONS

NAC International

Area should be shelierad from alrborne parficulates and poliutants. Ensure good
ventilation during application and curing. Provide shelter to prevent wind from alfecting
spray patterns,

4 parts bage to 1 part hardener

Pro-mix base component with s pneumatic alr mixer at moderate speeds lo homoganize
the container. Add hardener to base and agitale with a power mixer for 1-2 minutes untit
completely disparsed

T A°F | 50F TOF | GOF
Ory fo touch Shours || 4hours 25hours | 1hour
Dry through " | SBdays | 72hours 10 haurs § hours
Dry to recoat 72 hours dg8hours | Shours | 4hous
| Maximum recoat 168 hours || 168 hours @8 hours | 12hows
Amershieid with 866M Accelerator @ 5 mils dft
T 20F | _32°F 1| 50F 70F | SOF
Dry to touch . 8 hours 4 hours | 75 minufes | 25 minutes { 10 minutes
Dry through 18howrs | 10hours | 6hours 3 hours 2 hours
Dryforecoat 18hours | Bhours | 4hours | 2hours | 1.5hours
‘Maximum recoat g6hours | 48hours | 24hours § 12hours | 6 hours

Temperature 50°F - TWF 90°F

Amorshisid 5 hours 2.5 hours 1.5 hours
Amarshield with -
866M accelsrator 2 hours 1 hours 30 minutes

28:1 pump or larger, 0.013-0,015 fluld tip

Can be applied with plural component equipment

Thin up to 20%, standard conventional equipment, 0.070" fluid orifice, A moisture and oil
trep in the main line i essential. Product is sensitive o maisture contamination,

Usa a high quality netural bristle brush and / or solvent resistant, 1/4" or 3/8* nap rollar.
Ensure brush / roller Is well loaded to avoid air entrainment. Multiple coats may be
necassary 1o achieve edequate {ilm build. Amorcoat 851 fiow control additive can be
used lo for enhenced flow and Jeveling with brush and roll application. Multiple coals
may be required to achleve proper film build and hidiag with roller spplication.
Ampgreoat 923, Ameércoal 65 (xylene), Amercoat 101 (recommendad for > 90 °F),
Amercost 811

Amercost 12 Cleaner or Amercoat 85 thinner {xylene)

Amercoal 88HS, Amercoat 68MCZ, Amercoat 370, Amercoat 385, Amercoat 389,
Ameriock 2/400, Piltguard Epoxies, Amercoat 435, Amercoal 258

For paint and recommended thinners see safely sheat 1430, 1431 and refevan! matariat
safety data sheets

This Is a solvent borne paint and care should be taken to avold inhalation of spray mist
or vapor as well as contact between the wet paint and exposed skin or eyes.

Amershield @ 5 mils dit

-~ Compliant with USDA Incidental Food Contact Requirements
—  Nuclear Service Level 2
=~  NFPAClass A Flame Spread
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&8 PPGProtective &

Marine Coatings
AMERSHIELD
AVAILABILITY

Packaging Avallable in 1-galion and 5-galion kits
1-galion kits have 0.8 gatlons of base and 0.2 gallons of hardener
8- gallon kits have 4 gallons of base and 1 gation of hardaner

Product codes AM-3 White base
AM-8 Black base
AM T4 Deep Tint base®
AM -T2 Light Tint base*

AM-T3 Neutral Tint base*

AM T4 Red Tint base*

AM-T5 High Hliding Yellow Tint base*
AM .71 Salely Red base

AM-§1 Safely Yallow base

AM-23 Poarl Gray base

AM-B Hardener (Part B)

* Tintable using UCD V-Line colorants only.

Worldvide statement While itis atways the aim of PPG Protectiva & Marine Coatings to supply tha same praduct
©on a worldwida basis, slight modification of the product is scmetimes necessary to comply
with local or nations! rules/circumstances. Under these circumstances an altemalive product
data sheet is used,

WARRANTY STATEMENT

PPG warants () its title 1o the product, {il) that the guality of the product conforms to PPG’s specifications for such preduct in
effect ot the lime of manufacture and (ili) that the product shall be delivered free of the rightiul claim of any third persen for
infringemant of any U.S. patent covering the product.

THESE ARE THE ONLY WARRANTIES THAT PPG MAKES AND ALL OTHER EXPRESS OR IMPLIED WARRANTIES,
UNDER STATUTE OR ARISING OTHERWISE IN LAW, FROM A COURSE OF DEALING OR USAGE OF TRADE, INCLUDING
WITHOUT LINITATION, ANY OTHER WARRANTY OF FITNESS FOR A PARTICULAR PURPOSE OR USE, ARE DISCLAIMED
BY PPG.

Any clalm under this warranty must bs made by Buyer (6 PPG in vriting within five (5) days of Buyer's discovery of the claimed
defect, but in no event later than tha expiration of tho applicable shelf life of the product, or one year from the date of the defivary
of the product to tha Buyer, whichever is earlier. Buyer's failure 1o notify PPG of such non-conformance as required herein
shall bar Buyer from recovery under this warranly.

LIMITATION OF LIABRRITY

IN NO EVENT WILL PPG BE LIABLE 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 information in this sheet is inlended for guidance only and is based upon laboratory tests that PPG believes to be reliable,
PPG may modify the information containad herein at any ime as a result of practical experisnce and continuous product
developmant. All recommendations or suggestions relating o the use of tha PPG product, whether in technieal documantation,
or in response to a specific inquiry, or otherviza, are based on date, which to the best of PPG’s knowdedge, is reliable. The
produtt and reloted information Is designed for users having the requisite knovdedge and industrial skills in the industry and it
Is the end-user’s responsibility lo determina tha suitabliity of the product for its own particular use and it shalt be deemed that
Buyer has done $0, as s sole dlscretion and risk.

PPG has no control over elther tho quality or condition of the subsirale, or the many factors affecting the usa and application of
tha preduct. Therefore, PPG does nol accept any llabliity arising from any [oss, injury or damage rasulling from such use or
the conlents of this infarmation {(unless there are writlen agreemants stating othensise), Varations in the application environment,
changes in procedures of use, or extrapolation of data may cause unsatisfactory resulls.

This sheot supersedes all previous versions and i Is the Buyer’s responsibility to ensure that this information Is curmrent prior to
using the product.

Current sheste for all PPG Protective 8 Marine Coatings Products are malntalned at vavw.ppgpme.com, The English laxt of
this sheet shall pravail over any translation theroof.

pago 313
N Amarstiaii is 8 dsmark of PPG i Cio, e
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ENVIRONMENTAL CONDITIONS
Ambient lamperalures

Material tantperalures
Relative humidity

Susface temperature

General air quality

NAC International

surface profilos up to 5 mils sve acceptable, but the product must ba applied ina
thickness great enough o achiave a minimum of 2.5 mils dry film thickness,

Apply Dimeteoto 8 a5 scon as possible to prevent the blasted surface from rusting.
Keep molsture, ofl, grease, or ather organic maller off surfate bofore coating.

For touch up and repals, power lool cleaning in sccordance with SSPC SP-11is
accsptable.

O°F to 120°F (-18°C o 48°C)

Surfacs tamparature must be at leost 5°F sbove the dew poln{ tempemture,

40°F ta 90°F (10°C to 32°C)

50% minimum

* vk ama can bo antifichtly bumidBed by atomiced walt 3y G2 ponging welar unter 150 aoatod
Structwes: Alter the Nim s dysn-foocly, 2 five mist ey be mopled oy the 00sliag 0 erpeede cunng o low
humily envirarmaonta.

0°F to 130°F (-18°C {0 54*C)

Surfacs temperature must bo at least 5°F above the dew point tamperature,

Area should be sheltered from airbome pasticulates and poliutants, Ensure good

ventilation during application and curing. Provide sheller to prevent wind from affecting

spray pattems.

poge Y3
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8.13.10 PPG DIMECOTE 9 (typical)
;
]
PPG Protective &
Marine Coatings K
DIMETCOTE® 9
Decamber 2013 ;
Revision of October 2013
DESCRIPTION norganis Zing Siilcale Primer :
PRINCIPAL CHARACTERISTICS  ~ >B5%zincindry film
~  Provides outstanding cotraslon resistance H
-~ Abrasion resistant 5
-~ Resistant (o dry fim temperaturos of up to 750°F :
- Retommended for ISO 12044 G5l and C5M Condithns H
COLOR AND GLOSS Groon !
Flat
BASIC DATA
Yelumo solids 63% 3% (based on apptied film, Including porosity) :
voe' 4.1 Ibatgal (491 gL)
'Fwwm\mumummdmsmwmﬂmubf‘ BYOC can ba 55 povhiy. i
iBCo b Yol reguine <340 L, Dimeteoty 9H con be 3peniliod i 5 5
Recommended H
Dry film thickness {par coat) 2 4 mUs {50100 mlcmns) 3
o Smidz o Wl it resiodn apod reedings up 10 6 mis, For high femperatus g
emvcwrm a emarimam of T sl s M, ;
Theoretical Spread Ralo @1midk 1,01 #i¥gal :
@3milsdh 337 fYgal :
Components 2 (liquid, zine posvdes)
Ory Temperature Resistance Continuous ~— 780°F
Color will driff of slovatvd fuporalres.
Shelf Life Liguid 9 monihs from date of manufacture when stored indoors in the original unspened
containar, Storage temperature should ba 40-100°F and in dry condifions.
Powder — 24 months from date of manufacture when stored indoors in the orginal
unopanad contalnes.
SURFACE PREPARATION Coating porformancs Js proportional 1o the degree of aurfaca preparation, :
Slos! =~ Abrasive blast to SSPC SP-8 or higher with 8 1.5-3.0 mil surfaca profite. Higher !



MAGNASTOR System FSAR
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January 2017
Revision 8

PPG Protective &
Marine Coatings

DIMETCOTE 8

INSTRUCTIONS FOR USE
Mixing

Pot iife*

Aldess spray

Alr spray

Brush & rolf

Repair

Thinner

Cleaning scivent
Primars
Topcoats

Safetly precautions

DRY/CURE TINES

PRODUCT QUALIFICATIONS

NAC International

77 pants liquid 2 23 parts povider by volume.

Pre-mix bsse component with a pneumatic air mixer at modorale spoeds to homoegenize
tha container. Add powder component slowly under agitation untll fully mixed, Sirain the
mixture from one contalner to snother through a 30 mesh filler/stralner to resnove any
undisporsed lumps.

TJomperature | 70°F

Dimstcoled 8 hours

* Mabair oyitation throuphtud aEpkcason (o prevent seiting of i zina. Protoct prodic o molitive
coniaminelon

Standard alrless spray equipment, 30:1 pump or larger, 0.019 — 0,023, revarsible fiuid

lip recommended

Thin up to 10%, dedizated equipment for incrganic zinc Is iighly recommend, standard

conventional equipment, 0.070" fluid orifice. A moisture and ofl frap In the main lins is

recommanded. Separats regulators for air and fluld pressure are recommended. Use an

agitated pressurs pot. Limit fluld hose Jength to 60 feet.

Use a high quality natural biistie. Brush application Is only recommanded for small

touch up andfor repair areas. Roller apptication Is not recommended.

When dry though, measure the dry im thickness, If film thickness is lower than

spacified, additional materisl can be applied up 24 hours from the previous application,

Thin the second coat with Amercoat 101 thinner or Amercoat 930 thinner. Ensure any

dry spray is vomoved.

For aged inorganic zine coalings, spot hast rusted areas In accordance with the surface

proparation Instructions before touching up with Dimetcote 9. When blasting s not

pragtical, Amercoaf 68HS or Dimeleole 302H may be used for repalr.

Amercost 85 (xylens), Amercoat 101 (recommended for > 60°F}, Amercoal 930 (recom-

mendad for spplications > 80°F or when dry spray Is 8 preblem}

Amercoat 12 Claaner or Amarcoat 85 thinaer (xylone)

Direct to matsl

PSX 700, Amerlock 21400, Amercoal 385, Amercoat 370, others

Amist coat £ full coat application technique [s required when topeoating fo prevent

application bubbling. Ensure dry spray is removed from the surface.

Product can be undopecated In certain applications,

For paint and recommended thinners see safety shest 1430, 1431 and relavant material

safely data sheats

This is 8 solvent borne palnt and care should be taken fo avoid inhalalion of spray mist

or vapor ag well as contact between the wet paint and expesed skin or eyes,

Dimeleote 9 @ 3 mils dft and 50% relative humidity

32°F 50°F 70°F SO°F

Dty 1o handle 2 hours 1 hour 30 pinutes | 20 minules

Dry to ovorcoal® | 48tours 36 hours 24hours | 18hours

| Full Curo - 4days | 72hours 46 hours 36 hours

T A MEX wib reaistanco rating of £ ov iphes. lndiales the fim has cwed sulicenlly forinpooating,

¥ Surfice must be pewsr washed 33 poaded fo remavo o surfacy conisminanta Sckiding Zine sofle. Swruce
mus! be claan 84d dyl

SSPCPaint 20, Type IC, Level 1

— RCSC Class B Slip Coeffigient for High Strength Bolted Connections
- Zinc Dust meets ASTM D520 Type 2 standards

—  AASHTO M300

—  Nuclaar Qualified verslon gvallable

page U3
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MAGNASTOR System FSAR January 2017

Docket No. 72-1031 Revision 8
H
PPG Protective &
Marine Coatings
DIMETCOTES
AVAILABILITY
Packaging Avallable in 1-gallon and 5-galion kils
Produtt codes DIB-A Liquid component h
DIg-P Zine Poveder component H
Worldwide statement While R Is always the aimof PPG Protoctive & Marine Costings o supply the sams product

on a worigwida basis, slight modification of the product Is sometimes necasssry lo comply
with local or national ndeschoumstances. Under these circumstances an aflemative product
data sheetis used.

WARRANTY STATEMENT

PPG warrants {)} Its title to the produgt, (i) that tha qualily of the product conforms to PPG's specifications for such product in
effect at the ime of manufacture and (i) that the product shall ba defivered frae of the rightful claim of any third person for
infringement of any U.,S. patent covering the product,

THESE ARE THE ORLY WARRANTIES THAT PPG MAKES AND ALL OTHER EXPRESS OR IMPLIED WARRANTIES,
UNDER STATUTE DR ARISING OTHERWISE IN LAW, FROM A COURSE OF DEALING OR USAGE OF TRADE, INCLUDING
gdyl’r;igGlJT LIMITATION, ANY OTHER WARRANTY OF FITNESS FOR APARTICULAR PURPOSE OR USE, ARE DISCLAIMED
Any claim untler this warranty must ba made by Buyer to PPG in wriling within five (5) days of Buyer’s discovery of the claimed
dafact, bulin no svent later than the oxpiration of the applicable shelf life of the preduct, o¢ ona year from the date of the delivery
of tha product fo the Buyar, whichover Is earfier, Buyer’s fajlure fo nolify PPG of such non-confontance a3 required hersin
shall bar Buysr from recovery undor this wananiy,

XA MATY AL BKRE SRS IR He

i
ki
3

e ¢ rg e

LIMITATION OF LIABILITY

IN NO EVENT WILL PPG BE LIABLE 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 informaticn In this sheol s intonded for guldance only and is based upon jaboratory tests that PPG bellaves to be rellable.
PPG may modily the Information conlsined hersin &t any ime ns a resull of practical experience and continuous product
davelepmont, All rscommendalions or suggestions relating 1o the uss of the PPG product, whether in technical documentation,
or In response to a specific inquiry, or othenvise, are based on data, which to the best of PPG's knowledgs, is reliablo. The
product and ralated information Is designed for users having the requisiie knowledge and industrial skills in the Indusiry and it
is the end-user'a respansibility to determine the sultability of the product for its ovm particular use and it shall be deemad that
Buyer has dona 50, 8s 1S sole distretion and risk,

PPG has no conlrol over either the quality or condition of the substrale, or the many factors affecting the use and application of
the product, Thercfore, PPG does not accept any linbility srsing from any loss, injury or damage resulting from such use or
the contents of thig information {unless there are writlen agreoments stating othervise). Variations in the application envirenment,
changes in procedures of use, of oxtrapolation of data may cause unsatisfactory resulis. :
This shee! supersetes all pravious versions and it is the Buyer's responsibility fo ensure thal this information Is current prior to

using the product, ’
Current sheets for all PPG Protective & Marine Coatings Products are maintained at wavv.ppgpme.com, The English text of ¢
this sheat shall prevail aver any lransiation thereof,

Dimnetouta is a ragit i irosamars of PPG & oz Ohl, Inc,

NAC International 8.13-28
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8.13.11 PPG DIMETCOTE® 9 VOC (typical)

PRODUCT DATA SHEET AUgUSt 7, 2015 [Revision of July 22, 2015}

DIMETCOTE® 9 VOC

DESCRIPTION
Inorganic ZinG Siicale Pimer

PHRINGIPAL CHARAGTERISTICS

»

High level of Zinc in dry fim

* VOG compiant for <420 g/l requirements

* Provides oulsianging comosion resistance

* (G0od avrasion resisiance

* Resistant 1o Oy temperatum up to 750°F(389°C)

* Hecommended 107 1S0O 12044 C5l and C5M conditons
* >B80% zinc In dty tim

COLORAND GLOSS LEVEL
* Groen
* Fla

BASIC DATA AT 68°F (20°C)

, &dp

Number of components Two

Volume solids Ttz 4%

VOC {Supplisd) max. 3.4 IUS gal {spprox. 411 g/f

Temperature resistance {Continous) To 780°F [395°C)

Recommended dry film thickness 2.0 ~ 5.0 mils {50 - 125 pm} depanding on systemn
Theoratical spreading rats 669 HRALS gl for 2.0 mils [10.0 sl {or 50 pm)
Shelf ke Liguid: at lezst 8 momths whan stered cool and dry

Povrder: at least B¢ months when stored coctand dry

Notes:

- Soa ADDITIONAL CATA - Ovarcosting interv’s

~ Sez ADDITIONAL CATA - Curing time

- Colorwill drift at elevated temperatures

- Appieations up to 6.0 mis (150 pm) are acceptable with random spot readings up to 8.0 mils {200 pm. For Kgh temparature appications,
a maxirmien of 3.8 mils {75 pm) is elowed

~ VOO (Supplied): For compfancs with reguiations which requine « 2.8 TvUS gal {340 g'L), DIMETCOTE 8 H can be specifed
erchangsatly

- yolume soids & based on epplad propenies snd accounts foe fim poroshy

G5 PPG Protective &
Marine Coatings
Bringing innovation to the sufacal®
Ret. P108 Page 178
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PRODUCT DATA SHEET August 7, 2015 (Reviston of July 22, 2015)

DIMETCOTE® 9 VOC

RECOMMENDED SUBSTRATE CONDITIONS AND TEMPERATURES
*  GCoaling performancs Is prpoporticnal to the deglree O SWface preparation.

Stogl

* Atwasie Blast 1o SSPC 8P-6 or igharwith a 1.0-3.0 mif surtace profie

* Higher surface profisas up 10 5 mis (125 pm) are accepiatis, but the produst must be applied n a ilckness great enough to
achigve a mirtmum o 2.5 mis (65 pm) dry tim thickness

* AR UES protiuct a3 soan as possiiia 10 avold rusting of biastad suiTaces

* Keep moistura, olf, grease and other organic matter off surface bafofe coating

* Foriouch up and repalr, pawver {col claaning In aCcondance with 8SPGC 8R-11 is gocepiabls

Subsirate temperatue and application conitions

* Surizce temperature during application shiould 18 batwean 20°F (-7°C) and 130°F (54°C)

*  Suriace temparaturs durng gpplication should ba at fpast 5°F (3°C) above daw point

¢ Ambiant temparatura aring appiication and curing should be between 20°F (-7°0) and 120°F {49°C)

» Relative humidity during application and cuitng shouid ba above 5034 1o obtaln optimal curing propesss

Mote: WorK area can ta artinclally humidifind by atomlzed water spray and’or ponding water under the coated strucluras. Aner
s nim s cry-to-touch, a ine mist may be applied over the Coating 10 expadite curing in Kw Bumidly anvironments

SYSTEM SPECIFICATION

* Prmars: Direct to matal
* Topeoats: PSX 700, AMERLQCK 2400, AMERCOAT Epaxias and PITTGUARD Epoxies

Mote: Proguct can De un-topcoatad In cedtaln appications

INSTRUCTIONS FOR USE
* Ony mix rull Kits
* Pre-mix base component with @ pnsumatic ayr mixer at moderate speedsto DDHBQBQIZG tha container, Add powdaer

component Slowly under agitation until fuy mixed. Straln tha mixture from one containar 1o another tirough a 30 mash
Tier/srained 1o remove any Undispersad umps.

Potiits
12 hours at 70°F 21°C)

dote: Sec ADDITIONAL DATA - Pot Bfe

&I PPGProtective&
Marine Coatings

otionio the sefaos™

ke

Retf. P108 Paje 2/8
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MAGNASTOR System FSAR January 2017
Docket No. 72-1031 Revision 8

PRODUCT DATA SHEET Augusl 7, 2015 @Revision of July 22, 2015)

DIMETCOTE® 9 VOC

Application
* Araa Should b shellered Tom alrboms pasticuletes and poliutants

*  Ensure good ventiation curing appiication end cuiing

*  Provide shlter to prevent wind from affecting spray pattsms

*  Mist spray: A mist ooat/ fuil coat appication technique Is required when topoeating to prevent application bubliing. Ensure
diy spray is remaved from te sutace '

* Repaln For aged Inorganic zine coatings. spot blast rusted areas In accordance With the surface preparation Instructons
Defore touching up with SIS product. When 1¥asiing IS 10! practical, AMERCOAT 68 HS or DIMETCOTE 302 H may bo
usad 1or rEpaY.

* Repalr Wian dry iough, messurs the oy fim hiCKness. If AIm tricknass I$ Jower than Specified, agdivonal matertal can ba
appiiald up 24 iours from tha previous appitcation. Thin the second coat with AMERCOAT 101 thinner of AMERCOAT 930
thinner. Ensure any diy spray 1S removed

Materia} temperature
»atenal temperaturs dunng application shoud be bedvesn 40°F (4°C) and 100°F (38°C)

Alr spray

+ Saparato alf and Mg pressure reguistors and a mojstura and of trap In the main iy suppy ne ara racommended.
* Mantan continucus agitation 1o keep zins in suspension

= Limit rutd hose tanght 1o 50 1eat

~ Use standard cornentional eqipment

Recommended thinner
THINNER 21-06 (AMERCOAT 65) {ylene)), THINNER 21-25 AMERGOAT 101} {fecommanded 10r > 60°F (16°C}), AMERCOAT 930
{recommandtad fof appIcatons > 80°F (27°C) or when ¢y spray is a protiem)

Vvolume of thinner
0-8%

Nozzie orifice
Approx. 0.070 In (1.8 mm)

Alrless spray

= 301 pump or larger

» A reversibie fuid tip recornmendaad

< Use slandard alrass spray equipment

* Hoses should nomally be Xept as short as possitia

* Maintaln continuous agiation 10 keepzine in suspension

Recommendad thinner
THINNER 21-08 (AMERCOAT 65) Xylens)), THINNER 21-25 AMERCOAT 101} {recommenaa for > 60°F {16°Cj. AMERCOAT 930
{recommendad for appications > 80°F (27°C) or when dry spray Is a protieny

Rozzie ofilice
0.019 - 0.023 10 (2pproX. 0.48 - 0.58 mm)

QE PPG Protective &
Marine Coatings
Bringine innvovation Lo dho ssfacet®

koo
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MAGNASTOR System FSAR January 2017
Docket No. 72-1031 Revision 8

PRODUCT DATA SHEET August 7. 2015 Revision of July 22, 2015)

DIMETCOTE® 9 VOC

Brusivrolier

* Use a high-quaity natural-bristis brush. Brush 2ppUCaton Is only recommendad for small louch-up and/or repair areas.
Roller application Is not recommanded

Recommended thinner
AMERCOAT 65 (Xylens)] AMERCOAT 101 {reconimended for >50°F (16°C)). AMERCOAT 930 {recommanded for appications
»>80°F (R7°C} OF When Ory spray Is a protiem)

Voiums of thinner
0~5%

Cleaning solvent
AMERCOAT 12 CLEANER of AMERCOAT 65 THINNER {ylensy

APFIC)  (SO°F(10°C) | TO°F {24°C) 190°F (32°C)
itself Minimum 48 hours 30 hours 2o hows 16 hours
Maxinun Extendad Extandad Extended Extended

Notes:

- To confiom cura to topooat, conduct 2 MEK rub test per ASTM D752, A rating of & or higher & sutficlant for topcoating

- Maxinum Iiterval is onfy unlimited when the surface is free from any costamination

- \When re-ooating to bulld Bim thickness within 24 hours of the nitla) application and prior to the Em reaching an MEK resistance of 3 oe
higher per ASTM D4752, use a wine screen 10 remove any &y spray and sppl 2 thinnad down cost using 25-30% AMERCCAT 101
thénner (Thinner 21-25) to athive the spacified film thickasss and epply in awetcoat.

- When re-coating to build im thickness after product has rezched an MEK resistance of 3 or higher and passes a coin rub test, unfionmy
sbrade the surdfzce taking cavtion ot to polshfburnish tha fim. This is bast done by fight sbrasve blasting fcllowed by cleanbg of any
particulzte contamination on the sudace. Apply a thinned down coat using Ammerocal 101 (Thinner 24-25) as describad sbove.

o ZEET T

Dry to handle

.

Dry 1o touch

40°F {4°C) 45 minutes 75 minutas
50°F {16°C} 30 minutes £0 rrinutas
70°F {21°C) 5 minutes 25 minutes
S0'F {52°C} S5 minutes 10 minutes
G438 PPG Protective &
Marine Coatings
Bringping innovation te the swice!
Reaf. P108 page 4/8
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PRODUCT DATA SHEET Augus! 7. 2015 [Revislon of July 22, 2015}

DIMETCOTE® ¢ VOC

Dot tifa (of epphcation viscosity) N

Mixad product temperature Potlife
SO°F {10°C) 18 hours
70°F {21°C} 12 hours
|30°F {32°C} 8 hours

MNote: Mainain agitation tRUGhoUT application to pravent SSlting of the zinc. Proiect product from molsture contamination

Broguct Qualiications

*» SSPG Pant 20, Typo 1C, Leval 2

* RCSC Class B S3p coeficiant for lugh strenght bolted connections
* ZInc dust meels ASTM D520 typs 2 stantiards

* AASHTO M3D0D

SAFETY PRECAUTIONS

* Fof paint and recommendad thinners sea INFORMATION SHEETS 1430, 1431 and rejovant Material Satety 0ala Sheats
* Thisis & scivent-bDome paint and care should be iaken 1o avols Inhalation of spray mist or vapor., as well as contact belween

e wal palnt and exposed sKin or eyes

WORLDWIDE AVAILABILITY

Itis anways 1 aim Of PG Protective and Maring Coatings to supply the sama Yoduct on a wWorlgwide basis. Howaver, slight
moaincalon of tha product Is Sometimss Necessaly tocomply with foca or national niles/circumstances. Unger these
clrcumstances 2n aitemnative proguct data shoat Is used.

REFERENCES
* CONVERSION TABLES INFORMATION SHEET 1410
* EXPLANATION TO PRODUCT DATA SHEETS INFORMATION SHEET 1411
* SAFETY INDIGATIONS INFORMATION SHEET 1430
* SAFETY IN CONFINED SPACES AND HEALTH SAFETY, EXPLOSION HAZARD -~ INFORMATION SHEET 1431
TOXIC HAZARD
WARRANTY
e 2 P tre ety £ Rt 2 PP T ¥ o g e v b ot o 0if 14 bt ary
porn b yeting wy LS p v St BN AT DU Y FEIALL AL -
LW STISUA O | YT 4 . v A ASSGETI ARIRD U FPG. Ay
sporsa b v by Phape 5 {1 apa ot Shyars chaconsey ot 1 B gedint Pasry s ths procsact or ces your e
advery o tmp Dy aher. oy ¥ e Ragor o ¥ ¥
G4 PPG Protective &
Marine Coatings
Bringing innovation to the susfecx™
Ret. P108 Paje 58
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PRODUCT DATA SHEET August 7, 2015 Revision of July 22, 2018}

DIMETCOTE® 9 VOC

LIMITATIONS OF LIABILITY

FIND DRRTWEL PINIE ¥ P CERNE ¥ o WBRTTONTAL, ! WL

AN HANT NAY ICIATID I, IRRTH VR P Tria st s F Y

o ekt ] S A 2 P PIE prodad, whelim B

b 3 ¥ & - ! or o

¥ 2 15 3% whtie 5 5 ) o
el ¥ x e gt s v 'y g ; Dy > ot i AAsenon and sk, KOG b no

Sredns vor sl e ady 53 i1 s Parstom, F¥G 7 By G Ty b rgry o cheids 2

ET A% Qpdincy trers. y 15 e a3 Vet It g 5 = SAcdn ey oy £

P By rg: ¥ He P e R duda b 38 £ Leryns Cowiage Frext L3
P e fd ¥ oy

Packagng: Avaliable In 0.85 galion and 4,25-gallon KIS

Product code Description
DiV-A Liqisd
Dig-p Zing Powder
Tha BV Loga, Fngyrg aca, wd 5 [Fopary of o STy of o parkad
@G48 PPGProtective &
Marine Coatings
Bringing innovetion to the arfoce
Ref, P108 Faje 6/6
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PPG DIMETCOTE® 9 H (typical)

PRODUCT DATA SHEET

DIMETCOTE® 9 H

DESCRIPTION
norganic Zing Sgicata Primer

AUUSL 7, 2015 (Revision of Apsl 27, 2015)

PRINCIPAL CHARACTERISTICS

* >85%6 ZInc In Ay Tim
* YOG Compiiant <2.8 it/ gal

*  Provkiss outstanding Ccorosion fesistance

+ CGood awasion resisiance

* Rasistant 1o gry temparanre up io TS0°FReS°C)
*  Rocommendad 107150 12044 C5 and C5M congitions

COLORAND GLOSS LEVEL

* Green
» Pt

BASIC DATA AT 68°F {20°C)

{Number of components Threo

Volume solids §0=4%

VO {Supplied) e, 2.7 WUS gal {approx. 324 o7

Temp. i {Continous} To 750°F {355°C)

R ded dry fm thick 2.0 - 5.0 mils {50 - 125 pm) depanding on gystem

Theoratical spreading rate 642 YIS gad {or 2.0 malds {16.0 &) for SO pm}

Shell fife Ligtid: at least 8 mormths when stored cocl and dry
Activater: at least 24 moaths when stored cool and dy
Powder: at feast 24 months whan stoced cool and dry

Notas:

- Sea ADDITIONAL DATA ~ Cuercoating intenvals

- Ses ADDITIONAL DATA ~ Curing time
- Colorwil ddh at alevated tempemtires

- Appicatons up to 8.0 mas (150 ym) ere ecceptabla with racdom spot readings up 2o 8.0 mils {200 pm). For high tempacature applieations,
2 maximun of 3.0 mils {75 pm) is aSowed
- voluma sofids is based on appfed propesdes and ecoounts for fim porosity

RECOMMENDED SUBSTRATE CONDITIONS ARD TEMPEPATURES
> Coating parfonmancs is prpoporticnal 1o th ¢agres Of SUTIAcs preparation.

Rel. P107

NAC International
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PRODUCT DATA SHEET AUgUSL 7, 2015 {Revision of Apml 27, 2015)

DIMETCOTE® 9 H

Stend

* Absashe Blast to SSPC 8P-6 or higher with a 1.0-3.0 mii surtate prolie

* Highar SUrtace profiias Up 1o 5 mds (125 um) are accepiabin, but the froduct must be applied In a ihickness great snough to
achigve a rlnimum of 2.5 mils (65 ym) dry gin thicknass

o Apply 1hS pronuct as scon as possibie 10 avolkd rsting of blasted surfaces

* Keep moistura, oll, grease and other ogarsc matter off surtace batoro coatng

* For touch Upand repalr, power tool cleaning In accordance With SSPG SP-11 Is accepialie

Substrate temperature and apolication condrions

* Surace temparature dunng application should be Balwesn 20°F {-7°C) and 130°F (54°C)

* Surace temperatire during application shoula b2 81 12ast 5°F {3°C)above dow point

* Ambient tamperalure Guring appRication and Curing Should b betwesn 20°F {-7°6) and 120°F (49°C)

* Relative humidily curing application and cuing shouls b above 56% 1o obtaln optimal curing propariss

Note: Work araa can ba anicialy umidined by stomized wales Spray and/or ponding water unoe tha coated Stuctures, Aftel
tha Bim Is dry-to-touch, 4 ine mist nay be applied over the coating 10 expedite curing In KW humidity ervironments

SYSTEM SPECIFICATION

* Primars: Direci 1o malal
* Topcoats: PSX 700, AMERLOCK 24400, AMERCOAT Epoxies and PITTGUARD Epoxles

INSTRUCTIONS FOR USE

Mix a3 packagad

= Ony mix full its. Liquid, powder and activator are packagad In the comect proportions wiich, whan mixad iogather, yleks
0.68 galions or 3.4 gaions of DIMETCOTES H

* Pro-mix base component with 2 preumalic & mixer at moderals speads 10 omogenze e Container. Add powder
component Slowly under agiation untl] fully mexed. Straln the mixture from ona contalner 1o another tirough a 30 mash

Miterstralner 1o RMoVe &1y UNJiSpersad mps.

Potie
8 hours at 70°F {21°C)

Note: See ADDITIONAL DATA -~ Pot &

GL8 PPGProtective &
Marine Coatings
Bringing innavation to the surfacel™
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DIMETCOTE® 9 H

Application

* Area shouid be sheitered trom alrbome particulates ang poliutanis

Ensure good veniiiation coring appiication and cuing

* Provide shelter 10 provent wind from affecting spray pattems

* Repalns Whan diy though, measure the dry fim thickness. If 1iim thicknass Is lower than specified, additional matertal ¢can be
appiied up 24 hours from the previcus appiication, Thin the second coat with AMERCCAT 101 thinner of AMERCOAT 930
thinner. Ensure any diy spray Is removed

* Repalf: Foraged Inorganic zinc coatings, spot blast rusted areas In accordance with the surtace preparation instructions

before touching up with TI2this produci. When tiasting is not practical, AMERCOAT B8 HS oriid DIMETCOTE 302 H raay be

usad for repair

Mistspray: A mist coal/ gl coat appication technique Is required when toproating to pravent appiication bubbiing. Ensure

dry spray Is removed from the surtace

* Product can te u-topooated In cartatn applications

.

®

Matonal ternperature
Materal temperature during appication shiou ba bebvesn 40°F {4°C) and 90°F (32°G)

Alr spray

* Soparato air and uid pressure reguiators and a molsture and o3 trap in he main air supply Bne are recommiended.
* Malintain continucus agitation to keepzinG in suspensicn

»  Limit Tuig hosa fengiit to 50 teal

Recommendad thinner
THINNER 21-06 (AMERCOAT 65) (ylong)), THINNER 21-25 AMERCOAT 101) recommendedt for > 60°F {18°CH, AMERCOAT 830
{recommendad for appiications » B0°F (27°C) or when dry spray Is a problem)

Volume of thinner
0-8%

Nozzie orfice
Apprax. 0.070 In (1.8 myn}

Alness spray

* 30:1 pump or larger

= 5o standard alriess spray equipment
* A reversibie fivid i raeommendoc

Rocommendsd thinner
THINNER 21-06 (AMERGOAT 65) ryleng]). THINNER 21-25 (AMERCOAT 101) (fecommendad for > 60°F (16°Cl. AMERGOAT 930
{recommendad for appications > 80°F (27°C) or whed dry spray Is a problem)

Nozzlo onfice
0.019 - 0.023 In {@pprox. 0.48 - 0.58 mmy

GL8 PPG Protective &
Marine Coatings
Bringing innovation to the surfacel”
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DIMETCOTE® 9 H

Brustyrofior
* Usaa high-qualtty natural-bristie brush. Brush application Is only recommended for small Iouch-up ang/or repalr areas.,

Roller application Is not recommended

Recommendsd thinner
AMERCOAT 66 fXylena)] AMERCOAT 101 {recommandsd {or »60°F {16°Cjj, AMERGOAT 930 {recommerndtad for 3ppicalions
>8O°F (27°C) or when dry spray Is a proliam)

Cleaning soivent
AMERCOAT 12 CLEANER or AMERGOAT 65 THINNER Xylane)

ADDITIONAL DATA
v : s e e
s 3 2 wﬁkﬁn,‘:@gmm%»@% A AB -
Overcoating with... Intervat A°F (4*1’:) SCF{oC) |T0F (wc) 90°F (32°C)
ftsel Minimum 48 hours 36 hours 24 hotes 16 hours
Maximum Unimited Unlimited Unlimited Uniimited
Notes:

- AMEK rub resistanca tez actording to ASTM D752 can be parformed 1o confirm curs to topeoat A rating of 4 or higher indieates
suificiant cuces, A minimum reting of 3 should be obainsd prior to overcozting.

-~ Surface must be power washed &s nsaded 10 remove Y surface contaminants hieluding zine salts. Surfaca must ba clean and &y

- Whan re-coating to buld Bim thickness within 24 hours of the initizl application and prior 1o the Bm reaching an MEX resistance of 3o
higher par ABTM D272, use a wire sorean to remove any ory spray end spply a thinnad down coat psing 25-3055 AMERCCAT 104
thinner (Thinner 21-25) 10 echiieve the spacified film thickness and apply inswstcoat.

- \Whan re-coating to bulld fm thickness efter product has reachad arn MEK resistance of 3 or higher end passes a coin rub test. unfermly
abrada the surface taking caution not to polish/burish the flm. This is bast done by fight sbrasive bizsting Idllowed by cheaning of any
partoulste contamination on the surface. Apply & tnned down coat using Ameroca 101 {Thinner 25-25) as desorbed sbove.

Substm:e lemperature Dry to touch Dry to handle
LO°F {8°C) 45 winutes 70 minutes
S0°F {1070} 5% minutes 40 minutas
70°F {21°C) 15 minutes 20 minutes
00 F {52°C) 5pénutss 16 minutes
GL8 PPG Protective &
Marine Coatings
Brinping innavation to the surfacel™
Ref. P107 Page 4/8
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DIMETCOTE® 9 H

SO°F (10°C) 12 hours
TOF {21°C) 8 hours
90°F (32°(} £ hours

Notel Malniain agitation throughout application 10 prevent seitiing of the zinc. Profect product irom moisture contamination

Product Qualinications

¢ SSPCPam 20. Typ IC, Leved 1

* RCSC Class B s#p cogicient for ligh stranght beitad connections
* Zinc Cust meels ASTM D520 yps 2 standeras

* AASHTO M300

SAFETY PRECAUTIONS

+ For paiat and recemmended hinners see INFORMATION SHEETS 1430, 1431 and relevant Matania) Safety Daia Sheels
* This s a selvant-bome paint and care should be taken to avold Inhalation of spray mist of vapor, 8s Wwed as conact beivean

e wet paint and exposed skin O eyes

WORLDWIDE AVAILABILITY

{15 aways i1 am of PPG Protective and Maring Coatings 10 supply the same product on a woridwide basls. Howaver, stight
modifcation o1 th product s Somelimas Nacessary 1o comply with local or naticnal ruies/circumstances. Uncar ness
creumstances an anematve product data sheat 1s used.

REFERENCES
* CONVERSION TABLES INFORMATION SHEET 1410
* EXPLANATION TO PRODUCT DATA SHEETS INFORMATION SHEET 1411
* SAFETY INDICATIONS INFORMATION SHEET 1430
¢ SAFETY IN COMFINED SPACES AND HEALTH SAFETY, EXPLOSION HAZARD - {NFORMATION SHEET 1431
TOXIC HAZARD
WARRANTY
fiss .29} Had the sty LS T g 1wty £5 oot ot 1 L ey Tud W pratiad At S ot P rihd el ary
Tor ydngenad of woy 05 ¢ X5 TN AIC T CLY THAT SYE5 IR AND AL ENIXE TATULS ORASEL AT N
AW, FRISOA COLTET 06 THRME, FOe ANEUBHR NS FORA FRARINRR $HT WS ASG TS ANMEE Y SIN2 Mty cuies e chy Wiy
warcazy ant bw srass by Doyer 5 Zaaws el Darare oy BT s i s B sy T sy il ¥a o O PO, 0 €8 yout froms 50 s o Tia
dadvisy of fuprscad @t Doyor, wikhens i aada. Ssy ar's Bl W ectly 550 ot mach i Thayos 500 ooy wY sertor D warnasty,
EL8 PPG Protective &
Marine Coatings
Brnging innovation t the saefad
Ret, P107 Page 56
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DIMETCOTE® 9 H

LIMITATIONS OF LIABILITY
NS INTWEL PV I LAt s AN TS ST N L 2 KR SRGT LAY O, WL, S INTAL
EANMASER BLANY WAY FRRATID 1O, ASTEDEFHOM, O B TO0T IVIDMANY USE BADZ OF THE PRy, Th bk b Rhordod k¥ g ¥y s i Y Soft S Y
tesdatie. TGty 5 Faee 235 012 e o gt B ot p Rt a4 tre e £ 56 FITS prodst, wiedr £
I oA TR w0 d ey by b et < PO & 134 W sxatis. Thy peccict gred TF s st T4 e braacedn
yeeidis ¥ Ay of {r piacd Sor Latad S Esad B o e, e 20 AL shachvRte s ek, PG bak
R e st e SRy o of B Xtubute, ¥ 5 g » Thentire, SV shoss et wieg? Wy By ot o, b ryat the g 2
‘ ¢ 7 5  uewsa s b agy e} o st vy y serstn. it
wak 22 2 Doy fia Ty priy 33 <2 e product, ryad¥ LS o Py 13

f J
v oo, T Drga s of Dk stoct s’ pramd oves xry rasshaaon thasct.

Packaqing: Avalialie In 0.67 galion and 3.4-gaiion Xits

Product code Dascripion
DigH-A Liguid
DigH-B Activater
Dis-p Zinz Powder
The $UG Lngs, g besidon b e s, and s) Serolrs 4 prpary gag g
58 PPG Protective &
Marine Coatings
Bringing Isneaation to the swefzco
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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
4.3.1.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.

NAC International 9.1-3
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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 fue] 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.

20.

21.

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.

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 (£ % 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 < 113°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.

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. ‘

NAC International 9.1-4



MAGNASTOR System FSAR ‘ January 2017
Docket Nc. 72-1031 Revision 8

22.

23.

24.

25.

26.

27.

28.

29.

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.

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.

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.

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.

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.

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.

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.

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 < 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 <35.5 kW:
- A maximum inlet water temperature of < 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 <25 kW the following alternate operational limits
are approved for reverse ACWS:
- A maximum inlet water temperature of < 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, if the 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 180°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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39.

40.

41.

42,

43.

44,

45.
46.

47.

48.

49.

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.

Connect a suction pump to the drain port quick-disconnect and verify venting through the vent

port quick-disconnect.

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.

Attach a hydrogen detector to the vent line. Ensure that the vent line does not interfere with

the operation of the weld machine.

Sample the gas volume below the closure lid and observe hydrogen detector for Hz

concentration prior to commencing closure lid welding operations. Monitor H> concentration

in the TSC until the root pass of the closure lid-to-shell weld is completed.

Note: If Hz 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 Hz levels are <2.4% prior to restarting welding
operations.

Note: In place of continuous Hz2 monitoring, continuous gas purging of the volume below the
lid may be used in concert with initial (prior to start of welding) and intermittent H»
monitoring (upon termination of gas purging and prior to re-starting welding
operations).

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.

Operate the welding equipment to complete the closure lid-to-TSC shell root pass weld in

accordance with the approved weld procedure.

Perform visual and liquid penetrant (PT) examinations of the root pass and record the results.

Remove the H; detector from the vent line while ensuring the TSC cavity vent line remains

installed and allows venting of gases from the cavity.

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.

Complete welding through the completion of the final pass of the closure lid weld, perform

final visual and PT examinations, and record the results.

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 3.2.1.
c. Pressurize the TSC to 150 (+10, -0) psig and isolate the TSC.
d. Maintain the TSC pressure for a minimum 10-minute hold period. At the end of
the 10-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 10-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 e
backfill time (per LCO 3.1.1) to be utilized, the closure ring installation, welding and ~-

NDE sequence can be performed following final helium mass backfill (i.e., after Step
60).

51. 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 3.1.1 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 of LCO 3.1.1 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 3.1.1, Table 1.B are based on the
cavity water temperature of < 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 TSCs with decay heat loads of <30 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
loss 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 (V1sc) 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 of LCO 3.1.1.

c. Isolate the vacuum pump from the TSC and turn off the vacuum pump. Observe
the vacuum gauge connected to the TSC for an increase in pressure for a minimum
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period of 10 minutes. If the TSC pressure is < 10 torr at the end of 10 minutes, the
TSC is dry of free water in accordance with LCO 3.1.1.

Note:

cooling period, subsequent drying cycle operations can continue for the times

indicated in LCO 3.1.1, Table 2. Drying cycles and cooling periods may be continued

until the TSC cavity passes the dryness verification per LCO 3.1.1. For fuel burnup

greater than 45 GWd/MTU, the total number of cooling cycles is limited to ten, with
cladding temperature variations more than 65 °C (117°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 <30 kW from the start 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 3.1.1, 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 (V1sc) per Step 56.

b. Multiply the Vrsc 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 3.1.1.

60. Disconnect the vacuum drying helium back{ill 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 51 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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61. Install and weld the inner port cover on the drain port opening.

62. Install and weld the inner port cover on the vent port opening.

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

65.

66.

67.
68.

69.

leakage past the inner port cover welds.

Install and weld the outer port cover on the drain port opening. Perform visual and PT

examinations of the final weld surface and record the results.

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.

Using an appropriate crane, remove the weld machine and supplemental shield.

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 ports. 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 1.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.

If using MTC1 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

71.

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 (< 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 ANSIN14.6,
NUREG-0612, and/or ASME/ANSI B30.1, as appropriate.

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 > 0°F for the use of the
concrete cask, per Section 4.3.1.g. of the Technical Specifications.

Inspect all concrete cask openings for foreign objects and remove if present; install

supplemental shielding in four outlets.

Install a four-legged sling set to the lifting points on the transfer adapter.

. 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.

Connect a hydraulic supply system to the hydraulic cylinders of the transfer adapter.

Verify the movement of the connectors and move the connector tees to the fully extended
position.
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10.
11.

12.

13.

14.

15.

16.

17.

18.
19.
20.

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 4.3.1.f. of the Technical Specifications.

Raise the transfer cask and move it into position over the empty concrete cask.

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.

Following set down, remove the lock pins from the shield door lock tabs.

Install a stabilization system for the transfer cask, if required by the facility heavy load

handling or seismic analysis programs.

Disengage the lift yoke from the transfer cask trunnions and move the lift yoke from the area.

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.

Using the TSC lifting system, lift the TSC slightly (approximately }2-1 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.

Open the transfer cask shield doors with the hydraulic system to provide access to the

concrete cask cavity.

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.

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.

Retrieve the lift yoke and engage the lift yoke to the transfer cask trunnions.

Remove the seismic/heavy load restraints from the transfer cask, if installed.

Close the shield doors using the hydraulic system and reinstall the lock pins into the shield

door lock tabs.
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21.

22.
23.

24.
25.

26.
27.

28.
29.

30.

31.

32.

33.

34.

35.

36.
37.

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.

Disconnect hydraulic supply system from the transfer adapter hydraulic cylinders.

Remove redundant sling sets, swivel hoist rings, or other lifting system components from the

top of the TSC, if installed.

Verify all equipment and tools have been removed from the top of the TSC and transfer adapter.

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.

Install three swivel hoist rings and the three-legged sling set on the concrete cask shield ring.

Using the crane, lift the shield ring and place it into position inside of the concrete cask top

flange.

Remove the three-legged sling and swivel hoist rings.

Using the designated transport equipment, move the loaded concrete cask out of the low

clearance work area or truck/rail bay.

Install the three swivel hoist rings into the three threaded holes and attach the three-legged

sling set to the shield ring.

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.

Install four swivel hoist rings in the threaded holes of the concrete cask extension using the

manufacturer-specified torque.

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.

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.

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.

Lower the concrete cask extension into position and remove the sling set from the crane hook.

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 10 through 17). Steps following Step 17 are performed for all concrete casks.

Vertical Cask Transporter
1. Using the vertical cask transporter lift fixture or device, engage the two concrete cask lifting

lugs.
2. Lift the loaded concrete cask and move it to the ISFSI pad following the approved onsite
transport route.
Note: Ensure vertical cask transporter 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 4.3.1.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 lug, if the lugs are to be reused.
Note: At the option of the user, the lift lugs 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

ltem

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 cleanffiltered 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
Cooling System

The system provides a circulating water flow through the annulus
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 handling.

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
System

Sling system used to install the closure lid into the TSC in the
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 (DBS)

System used to pump out and/or blow down the water from the
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

System that detects increased concentration of Hz in the cavity
resulting from material reactions during closure lid root pass
welding operations and for closure lid weld removal operations.

Helium Mass Spectrometer
Leak Detector (MSLD)

A system utilized to perform the helium leakage testing of the inner
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
Extension, if required)

Device for lifting and moving MAGNASTOR transfer cask by
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

System that completes the closure lid and port cover welds with
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 (SACS)

Cooling system utilized to provide cooling water to the transfer
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 shelll 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

NAC International

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

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.

Weld Removal System and
Port Cover Drill Fixture

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 Drrill
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.

Gas Sampling and
Pressure Measurement
System

NAC International

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-Ib)

Concrete Cask Lid Bolts 40+£5
Concrete Cask Body Extension 100 £ 10
Closure Lid Lifting Hoist Rings

e Lid Handling Only 100, + 50, -0

o |loaded TSC Handling 100, + 50, -0
Drain Tube Connector

e Viton, EDPM, or Elastomer Seal 200+ 25

o Metallic Seal 200+ 25
Vent Port Connector '

e Viton, EDPM, or Elastomer Seal 200 £ 25

o Metallic Seal 200+ 25
Cover Plate Bolts 4045
Concrete Cask Lift Lug Bolts 115 £ 10 ft-lb
Concrete Cask Lid Lifting Hoist Rings 100, + 50, -0

NAC International

Retaining Ring Bolts (MTC2 only)
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9.3 Wet Unloading a TSC

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 MTCI1 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.

17.

18.

19.

20.
21.
22.

23.

24,

25.

26.

217.

28.

29.
30.

31.

Replace the quick-connects and seals with approved spares, and torque them to the value

specified in Table 9.1-2.

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 9.1.1.

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.

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.

Monitor steam/water temperature of the discharge from the vent connection.

Continue cooldown operations until the discharge water temperature is below 180°F.

Terminate cooling water flow and disconnect the cooldown 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.

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.

Remove the drain line from the closure lid.

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.

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.

Operate the weld removal system to remove the closure lid-to-shell weld.

Remove shims, if installed, to provide a suitable gap to be able to extract the closure lid under

water.

Remove the weld removal system. Terminate annulus circulating water flow, if used.

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).

Engage the lift yoke to the transfer cask trunnions and bring the transfer cask over the spent

fuel pool.
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10.1.2.3 Pressure Testing of the TSC

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 TSCs. The minimum test pressure conservatively exceeds the hydrostatic test pressure
commitment stated in Table 2.1-2 (125% of MNOP).

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 II1, 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, Article 10, and ANSI N14.5-1997 [20] to confirm the total leakage rate (i.e.,
leaktight) is less than, or equal to, 1x107 ref. cm®/s (air) or approximately 2x107 cm®/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 107 cm?/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
ANSIN14.5. The leakage test is to confirm that the leakage rate for each port cover is <2x107
cm’/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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12.1.56.1 Cause of Radioactive Particulate Release Event

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 of less than 0.1 mrem at 100
meters from a design basis concrete cask based on removable contamination levels of 20,000

dpm/100 cm? B-y and 200 dpm/100 cm? o.

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 offsite 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 CFR 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 offsite 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
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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.

12.1.6.3 Analysis of Crane Failure During Loaded Transfer Cask Movements

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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