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April 24, 2014

U.S. Nuclear Regulatory Commission
11555 Rockville Pike
Rockville, MD 20852-2738

Attn: Document Control Desk

Subject: NAC Responses to the NRC Request for Supplemental Information for NAC's
Request for an Amendment of Certificate of Compliance (CoC) No. 9235 for the
NAC-STC Cask to Incorporate West Valley Demonstration Project Vitrified High
Level Waste and PWR 17x 17 Uncanisterized High Burnup Fuel

Docket No. 71-9325

Reference: 1. Model No. NAC-STC Package, U.S. Nuclear Regulatory Commission (NRC)
Certificate of Compliance (CoC) No. 9235, Revision 12, October 5, 2010

2. Safety Analysis Report (SAR) for the NAC Storage Transport Cask (NAC-
STC), Revision 17, NAC International, April 2011

3. ED20130164, Request for an Amendment of Certificate of Compliance (CoC)
No. 9235 for the NAC-STC Cask to Incorporate West Valley Demonstration
Project Vitrified High Level Waste and PWR 17xl 7 Uncanisterized High
Burnup Fuel, November 26, 2013

4. NRC Letter, Application for the Revision of Certificate of Compliance No.
9235 for the Model NAC-STC (Revision 13A) - Supplemental Information
Needed, February 12, 2014

NAC International (NAC) hereby submits responses to Reference 4. This submittal package
includes one proprietary and one non-proprietary hard copy version of this package, which
includes the Revision 14A changed pages (Enclosure 5) to the Reference 2 and 3 SAR pages.
Enclosure 1 includes NAC's responses to Reference 4 along with supporting documentation.
Enclosures 2 and 3 contain a brief summary of the changes to the SAR for Revision STC- I 4A
and associated drawing changes, respectively. Enclosure 4 includes the proposed changes to
Reference 1. All proprietary information is requested to be withheld from public disclosure, see
attached to this letter, via 10 CFR 2.390.

Consistent with NAC administrative practice, this proposed SAR revision is numbered to
uniquely identify the applicable changed pages. Revision bars mark the SAR text changes on the
Revision STC-14A pages. In order to better facilitate the review process, NAC is providing the
Revision STC-14A changed pages with appropriate Reference 2 (SAR Revision 17) and 3
(Revision STC-13A) backing pages, as appropriate. In accordance with NAC's administrative
practices, upon final acceptance of this application, the STC-13A and 14A changed pages will be
reformatted and incorporated into the next revision of the NAC-STC SAR.

ED20140028



NAC
INTERNATIONAL

* U.S. Nuclear Regulatory Commission
April 24, 2014
Page 2

If you have any comments or questions, please contact me on my direct line at 678-328-1274.

Sincerely,

Anthony L. Patko
Director, Licensing
Engineering

Attachment

Enclosures:

Enclosure 1 - RSI Responses and Supporting Documents for NAC-STC SAR, Revision 14A
Enclosure 2 - List of Changes, NAC-STC SAR, Revision 14A
Enclosure 3 - List of Drawing Changes, NAC-STC SAR, Revision 14A
Enclosure 4 - Proposed Changes for Certificate of Compliance Revision 12, NAC-STC SAR,

Revision 14Ab Enclosure 5 - SAR Page Changes and LOEP, NAC-STC SAR, Revision 14A
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qNACAUINTERNATIONAL NAC INTERNATIONAL
AFFIDAVIT PURSUANT TO 10 CFR 2.390

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 says that:

1. Affiant has reviewed the information described in Item 2 and is personally familiar with the trade
secrets and privileged information contained therein, and is authorized to request its withholding.

2. The information to be withheld includes the following NAC Proprietary Information that is being
provided to support the technical review of NAC's Request for an Amendment of Certificate of
Compliance (CoC) (No. 9235) for the NAC International STC System.

" NAC-STC SAR, Revision 14A pages marked as
"NAC PROPRIETARY INFORMATION"

" 630087-DI- 110, Rev. 1, "Gas Specification"

NAC is the owner of the information contained in the above documents. Thus, all of the above
identified information is considered NAC Proprietary Information.

3. NAC makes this application for withholding of proprietary information based upon the exemption
from disclosure set forth in: the Freedom of Information Act ("FOIA"); 5 USC Sec. 552(b)(4) and the
Trade Secrets Act; 18 USC Sec. 1905; and NRC Regulations 10 CFR Part 9.17(a)(4), 2.390(a)(4), and
2.390(b)(1) for "trade secrets and commercial financial information obtained from a person, and
privileged or confidential" (Exemption 4). The information for which exemption from disclosure is
herein sought is all "confidential commercial information," and some portions may also qualify under
the narrower definition of "trade secret," within the meanings assigned to those terms for purposes of
FOIA Exemption 4.

4. Examples of categories of information that fit into the definition of proprietary information are:

a. Information that discloses a process, method, or apparatus, including supporting data and
analyses, where prevention of its use by competitors of NAC, without license from NAC,
constitutes a competitive economic advantage over other companies.

b. Information that, if used by a competitor, would reduce their expenditure of resources or improve
their competitive position in the design, manufacture, shipment, installation, assurance of quality
or licensing of a similar product.

c. Infornmation that reveals cost or price information, production capacities, budget levels or
conmmercial strategies of NAC, its customers, or its suppliers.

d. Information that reveals aspects of past, present or future NAC customer-funded development
plans and programs of potential commercial value to NAC.

e. Information that discloses patentable subject matter for which it may be desirable to obtain patent
protection.

The information that is sought to be withheld is considered to be proprietary for the reasons set forth

in Items 4.a, 4.b, and 4.d.

5. The information to be withheld is being transmitted to the NRC in confidence.
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AFFIDAVIT PURSUANT TO 10 CFR 2.390

6. The information sought to be withheld, including that compiled from many sources, is of a sort
customarily held in confidence by NAC, and is, in fact, so held. This information has, to the best of
my knowledge and belief, consistently been held in confidence by NAC. No public disclosure has
been made, and it is not available in public sources. All disclosures to third parties, including any
required transmittals to the NRC, have been made, or must be made, pursuant to regulatory provisions
or proprietary agreements, which provide for maintenance of the information in confidence. Its initial
designation as proprietary information and the subsequent steps taken to prevent its unauthorized
disclosure are as set forth in Items 7 and 8 following.

7. Initial approval of proprietary treatment of a document/inforination is made by the Vice President,
Engineering, the Project Manager, the Licensing Specialist, or the Director, Licensing - the persons
most likely to know the value and sensitivity of the information in relation to industry knowledge.
Access to proprietary documents within NAC is limited via "controlled distribution" to individuals on
a "need to know" basis. The procedure for external release of NAC proprietary documents typically
requires the approval of the Project Manager based on a review of the documents for technical
content, competitive effect and accuracy of the proprietary designation. Disclosures of proprietary
documents outside of NAC are limited to regulatory agencies, customers and potential customers and
their agents, suppliers, licensees and contractors with a legitimate need for the information, and then
only in accordance with appropriate regulatory provisions or proprietary agreements.

8. NAC has invested a significant amount of time and money in the research, development, engineering
and analytical costs to develop the information that is sought to be withheld as proprietary. This
information is considered to be proprietary because it contains detailed descriptions of analytical
approaches, methodologies, technical data and/or evaluation results not available elsewhere. The
precise value of the expertise required to develop the proprietary information is difficult to quantify,
but it is clearly substantial.

9. Public disclosure of the information to be withheld is likely to cause substantial harm to the
competitive position of NAC, as the owner of the information, and reduce or eliminate the availability
of profit-making opportunities. The proprietary information is part of NAC's comprehensive spent
fuel storage and transport technology base, and its commercial value extends beyond the original
development cost to include the development of the expertise to determine and apply the appropriate
evaluation process. The value of this proprietary information and the competitive advantage that it
provides to NAC would be lost if the information were disclosed to the public. Making such
information available to other parties, including competitors, without their having to make similar
investments of time, labor and money would provide competitors with an unfair advantage and
deprive NAC of the opportunity to seek an adequate return on its large investment.
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0NACWE INTERNATIONAL NAC INTERNATIONAL
AFFIDAVIT PURSUANT TO 10 CFR 2.390

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 herein are true and correct to the best of his
knowledge, information and belief.

Executed at Norcross, Georgia, this -24L day of A .,' I ,2014.

George Carver
Vice President, Engineering and Licensing
NAC International

Subscribed and sworn before me this -,W2 day of r / ,2014.
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Enclosure 1 Sections:

Enclosure 1.1 - RSI and Observation Responses
Enclosure 1.2 - 630087-DI-1 10, Rev. 1, "Gas Specification"
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NAC-STC
Docket No. 71-9235

TAC No. L24860

NAC INTERNATIONAL

RESPONSE TO THE

UNITED STATES
NUCLEAR REGULATORY COMMISSION

REQUEST FOR SUPPLEMENTAL INFORMATION

APRIL 2014

FOR REVIEW OF THE CERTIFICATE OF COMPLIANCE NO. 9235, REVISION FOR
THE MODEL NO. NAC-STC PACKAGE TO INCORPORATE UNCANISTERED HIGH

BURNUP PRESSURIZED WATER REACTOR (PWR) FUEL AND WEST VALLEY

DEMONSTRATION PROJECT

(TAC NO. L24860 DOCKET NO. 71-9235)

April 2014
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NAC-STC
Docket No. 71-9235

TAC No. L24860

NAC INTERNATIONAL RESPONSE
TO

REQUEST FOR SUPPLEMENTAL INFORMATION

GENERAL INFORMATION EVALUATION

1-1 Provide Drawing No. 423-876 or provide, in Drawing No. 423-878, the specifications for

the tube weldment shown in Drawing No. 423-878 (item number 1).

Drawing No. 423-878, "Alternate Tube Assembly," refers to a Drawing No. 423-876 for

the specifications of the tube weldment. Drawing No. 423-876 was not provided in the

application and appears to include important design information for the direct load spent

fuel basket tubes that are part of the package design. The information is relevant to the

package analyses.

This information is needed to be able to confirm compliance with 10 CFR 71.33 and

71.35.

NAC International Response to General Information Evaluation RSI 1-1:

The relevant details provided in Drawing No. 423-876 are now incorporated into Drawing No.

423-878 and all references to 423-876 have been removed.
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NAC PROPRIETARY INFORMATION REMOVED
NAC-STC

Docket No. 71-9235
TAC No. L24860

NAC INTERNATIONAL RESPONSE
TO

REQUEST FOR SUPPLEMENTAL INFORMATION

STRUCTURAL EVALUATION

2-1 Explain the licensing basis used to ensure structural integrity of the HBU fuel cladding.

Provide appropriate engineering justification.

Chapter 2 of the application states the following:

a. "Cladding structural performance influenced by potential hydride reorientation
remains above ductile to brittle transition temperatures." However, the ductile-to-

brittle transition temperature (DBTT) is not specified anywhere in the application.

If this is the intended licensing basis, a thermal analysis must show that the fuel

cladding temperature will remain above the DBTT for each cladding material,
with a valid basis for the DBTT (i.e., experimental data, modeling). The DBTT

evaluation should state the bounding hydrogen concentration and maximum hoop

stresses expected during loading, drying, and transport conditions. The applicant

must also explain how it will prevent embrittlement and potential retrievability

issues for rod sections at temperatures below the DBTT (e.g., these sections do

not reach a temperature where significant hydride reorientation occurs).

b. "The difference between vacuum drying condition and the cask in the transport

conditions (backfilled with helium), conditions will typically be less than 30'C.

Hydrides will not re-precipitate because of the phenomenon associated with

hysteresis between dissolution and precipitation." However, the application does
not provide a thermal analysis to justify that repeated heatup/cooldown of the fuel

assemblies during transport (up to one year) will be limited to less than 300 C or

even 65°C, the difference between the solvus and precipitation curve for each

cycle.

The information is needed to ensure compliance with 10 CFR 71.43(f), 71.51, and 71.55.

NAC International Response to Structural Evaluation RSI 2-1:
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NAC PROPRIETARY INFORMATION REMOVED
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NAC-STC
Docket No. 71-9235

TAC No. L24860

NAC INTERNATIONAL RESPONSE
TO

REQUEST FOR SUPPLEMENTAL INFORMATION

CONTAINMENT EVALUATION

4-1 Provide, in Chapter 1 of the application, a description of the condition of the uncanistered

high burnup (HBU) fuel of a pressurized water reactor fuel assembly 17x17 (PWR

I 7x 17) prior to transport (e.g., is it undamaged prior to transport?).

The application does not address if the uncanistered HBU PWR 17x17 fuel is undamnaged

or damaged prior to transport. The need for canistering of the fuel is based on the fuel's

initial state. Section 4.4.1 of NUREG-1617, "Standard Review Plan for Transportation

Packages for Spent Nuclear Fuel," states that "...damaged fuel should be canned to

facilitate handling and to confine gross fuel particles to a known subcritical volume under

normal conditions of transport and hypothetical accident conditions."

This information is required by staff to determine compliance with the requirements of 10

CFR 71.63.

NAC International Response to Containment Evaluation RSI 4-1:

Chapter 1 has been revised to clarify that the directly loaded configuration is only applicable to
undamaged fuel. Sections 1.1 and 1.2.3.1 have been revised to include the undamnaged assembly

specification. Section 1.0 "Terminology" has been revised to include a definition for undamaged

fuel consistent with ISG-i, Rev. 2.
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NAC-STC
Docket No. 71-9235

TAC No. L24860

NAC INTERNATIONAL RESPONSE
TO

REQUEST FOR SUPPLEMENTAL INFORMATION

CONTAINMENT EVALUATION

4-2 Provide information, in Chapter 4 of the application, to show that containment will be

maintained under normal conditions and hypothetical accident conditions when

transporting uncanistered HBU PWR 17x1 7 fuel.

Section 1, page 1.1-1, of the application requests authorization for high level waste

(HLW) canisters and uncanistered HBU PWR 17x]7 fuel to be added as contents for the

NAC-STC transportation package. Section 4.7 of the application provides containment

related details for the West Valley Demonstration Project HLW canister contents, such as

indicating that the containment boundary is tested with helium per ANSI N14.5-1997,

"Radioactive Materials - Leakage Tests on Packages for Shipment," leak tight criteria,

and confirming that normal condition and hypothetical accident condition pressures are

below the design pressure. However, similar information was not provided for

uncanistered HBU PWR 17x17 fuel and, therefore, a containment review related to this

proposed content cannot be performed.

This information is required by staff to determine compliance with the requirements of 10

CFR 71.31, 71.33, 71.43(c), and 71.51(a)(1) and (2).

NAC International Response to Containment Evaluation RSI 4-2:

The containment boundary for directly loaded fuel is described in Section 4.1, in particular Table

4.1-1. For this application, there is no difference between high burnup (i.e. > 45 GWd/MTU)

and low burnup (i.e. < 45 GWd/MTU) and all PWR fuel assemblies are directly loaded. The

containment boundary is currently licensed with an evaluation for fuel with 60 GWd/MTU of

burnup, which is conservative. Therefore, the current application is bounded by the existing

analysis.

In response to RSI 4-1, the text referring to the directly loaded fuel in Chapter 1 has been revised

to "undamaged" while Chapter 4 was referring to this material as "intact". For consistency, the
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TAC No. L24860

text in Chapter 4 was revised to "intact/undamaged" fuel when referring to directly loaded fuel

for transport (i.e., no previous dry storage).

In addition, NAC identified that text referring to a conservative 60,000 MWd/MTU burnup

remained in Section 4.2. The text did not adequately address that tile licensed NAC-STC SAR

already identified the HBU material requested. Section 4.2 has been revised to clarify the

existing containment section is bounding for the requested material.
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NAC-STC
Docket No. 71-9235

TAC No. L24860

NAC INTERNATIONAL RESPONSE
TO

REQUEST FOR SUPPLEMENTAL INFORMATION

OPERATING PROCEDURE EVALUATION

7-1 Provide procedures to verify the high burnup spent fuel assemblies are not substantially

altered when they are received (after transport). The design basis of the proposed

amendment assumes undamaged fuel at shipment and reception. The application does not

describe procedures to verify that damage of the cladding did not occur during transport.

The information is needed to ensure compliance with 10 CFR 71.43(o, 71.51, and 71.55.

NAC International Response to Operating Procedure Evaluation RSI 7-1:

The following revision has been incorporated to the Chapter 7, Operating Procedures, Section
7.3.2.1 to measure the amount of radioactivity in the atmosphere of the cask cavity via gas

sampling prior to initiating content cool down and unloading of the NAC-STC cask at the
receiving facility. The purpose is to confirm that there has been no significant increase in cavity

gaseous radioactivity resulting from damage to the spent fuel cladding during transport.

The unloading procedure has been revised to reflect:

"4. Access the NAC-STC cavity as follows:

a. Remove the port cover plates from the drain and vent ports in the inner lid with

caution.

b. Attach a pressure gauge/gas sampling fixture with an evacuated stainless steel

sample bottle with valve to the vent port.

c. Measure and record cavity pressure for any pressure buildup that may have

occurred during transport on the cask unloading report.

d. Open gas sample bottle valve and obtain a cavity gas sample, isolate sample

bottle, and disconnect for analysis of cavity gaseous radioactivity to determine if

spent fuel cladding failures occurred during transport.

e. Record the final cavity gaseous radioactivity levels on the cask unloading report.

f. Connect a venting system to the pressure gauge/gas sampling fixture and

discharge to the facility's off-gas system or to HEPA filter system to bring cavity
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TAC No. L24860

gas pressure to atmospheric pressure, after determining total gaseous radioactivity

of cavity gas.

g. Disconnect the pressure gauge/gas sampling fixture from the vent port."
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NAC-STC
Docket No. 71-9235

TAC No. L24860

NAC INTERNATIONAL RESPONSE

TO
REQUEST FOR SUPPLEMENTAL INFORMATION

OBSERVATION: STRUCTURAL EVALUATION

2-1 (OBS) Clarify if the 120 microns (grm) bounding oxide layer assumed in the accident

scenarios includes any hydride layer present in the cladding prior to shipment.

As discussed in Section 2.13.6.15 of the application, the increased oxidation in
HBU fuel results in higher hydrogen absorption by the cladding. The analysis for

hypothetical accident conditions only takes into account the oxide thickness, not

the hydride thickness which will reduce the assumed alloy thickness used for the

structural model. A reduction in clad thickness will lower both the fuel rod
flexural rigidity and cross-sectional area used in the analysis, which, in turn, may

reduce the calculated safety factor.

The information is needed to ensure compliance with 10 CFR 71.51 and 71.55.

NAC International Response to Observation Structural Evaluation RSI 2-1 (OBS):

The 12 0 [t reduction to the rod cladding for the fuel rod structural evaluation was to account for

the formation of the oxide layer. The properties used in the evaluation were obtained from the

fuel clad testing presented in 2005 by Cazalis, et.al, which is listed as a reference in the NAC

calculation. The Cazalis et.al test program used fuel clad which would be considered as being

subjected to high burn-up conditions. Since the physical test employed high bum uip cladding,
any effect of hydrogen absorption would have been taken into account in the development of the

properties, which were used in the NAC structural evaluations.
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NAC-STC
Docket No. 71-9235

TAC No. L24860

NAC INTERNATIONAL RESPONSE
TO

REQUEST FOR SUPPLEMENTAL INFORMATION

OBSERVATION: THERMAL EVALUATION

3-1 (OBS) Justify the use of different temperatures for determining the fuel clad yield

strengths used in the finite element analysis of the fuel rod structural performance

for the cask end- and side- drop accidents.

The clad yield strength of the bounding M5 cladding (i.e., 63.5 kilopounds per

square inch) for the end-drop evaluation corresponds to 310 degrees Celsius (°C).

The yield strength for the side-drop corresponds to 337°C. There is no

explanation of why the same temperature of 337°C, per Table 3.8-4, "Maximum

Component Temperatures - Normal Transport Conditions, Maximum Decay

Heat, Maximum Ambient Temperature, among Three Configurations - the STC-

HBU," is not considered for determining the yield strengths.

The information is needed to ensure compliance with 10 CFR 71.51 and 71.55.

NAC International Response to Observation Thermal Evaluation RSI 3-1 (OBS):

The details for the fuel rod response to the transport cask end-drop are contained in NAC

Proprietary Calculation 71160-2126, Appendix D. In the results section of this Appendix, a

description exists for the separate post processing that was performed on the thermal evaluation

used to identify the temperature of the outer rods of the hottest assembly. This location was

selected since it corresponds to the location of the maximum stress for all the rods in the

assembly. The temperature determined was 31 0°C, which was then used as the temperature to

identify the yield strength of the cladding material.
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NAC-STC
Docket No. 71-9235

TAC No. L24860

NAC INTERNATIONAL RESPONSE
TO

REQUEST FOR SUPPLEMENTAL INFORMATION

OBSERVATION: CONTAINMENT EVALUATION

4-1 (OBS) Provide justification for the statements in Section 4.7.2 of the application in

reference to the West Valley Demonstration Project HLW contents, "The contents

will not produce any further gas within the canister. Additionally, any gas
produced would be trapped within the borosilicate glass." The application does

not provide justification, based on the temperatures that will be seen during

normal and accident conditions, that the contents will not produce any further gas

within the canister or that any gas produced would be trapped within the

borosilicate glass.

This information is required by staff to determine compliance with the

requirements of 10 CFR 71.71 (c)(1) and 71.73(c)(4).

NAC International Response to Observation Containment Evaluation RSI 4-1 (OBS):

SAR Section 4.7.2 has been revised to align with NAC proprietary reference report WVDP-

I 86/WQR-3.2, which identifies no significant gas quantities will be generated by the material

and states that retention of the helium that is generated by the decay of the small quantity of

alpha emitting nuclides is not required. The minor quantity of gas generated/released does not

significantly impact the canister and/or cask pressure. The referenced report is included as an

attachment to the RSI responses.
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NAC-STC
Docket No. 71-9235

TAC No. L24860

NAC INTERNATIONAL RESPONSE
TO

REQUEST FOR SUPPLEMENTAL INFORMATION

OBSERVATION: QUALITY ASSURANCE

1-1 (OBS) Provide information regarding the version of the quality assurance program used

for Revision 13A of the NAC-STC.

The staff noted that the application does not identify the quality assurance

program and corresponding revision number used to ensure that the proposed

designs under Revision 13A have been adequately developed and controlled

under an approved quality assurance program. Provide information similar to

Section 1.3 of NAC-STC, Revision 17, (which has been used to develop Revision

18) or to be used in the NRC review of the submitted revision (i.e., 13A).

The information is needed to ensure compliance with 10 CFR 71.101 (c)(2) and

(f), and 71.105.

NAC International Response to Observation Quality Assurance RSI 1-1(013S):

The current revision of NAC's QA program is Revision 9 and is approved by the NRC under

Docket No. 71-0018. This revision of the QA program was used to develop the current

amendment request. A letter formally requesting renewal of the QA program approval was sent

to the NRC on April 3, 2014.
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ENCLOSURE 1.2- 630087-D1-110, REV 1, "GAS SPECIFICATION"

WITHHELD IN ITS ENTIRETY PER 10 CFR 2.390



Enclosure 2

List of Chan2es

NAC-STC SAR. Revision 14A
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List of Changes, NAC-STC SAR, Revision 14A

Note: The List of Effective Pages and the Chapter Tables of Contents, including the List of
Figures, the List of Tables, and the List of Drawings, were revised as needed to incorporate the
following changes.

Chapter I

* Page I-ii, updated Figure 1.1-1 page number from 1.1-8 to 1.1-9.
" Page 1-10, added new sub-paragraph to the bottom of the page "Directly Loaded Undamaged

Fuel Assembly".
* Pages 1-11 thru 1-12, text flow changes.
* Page 1.1-1, added last sentence to second paragraph. Changed first two words of third

paragraph, first sentence, to "Undamaged high..." Added last sentence to third paragraph.

* Pages 1 .1-2 thru 1 .1-9, text flow changes.

* Page 1.2-24, added last sentence to first paragraph in Section 1.2.3.1 stating, "PWR fuel
assemblies that are directly loaded must be undamaged."

Chapter 2

* Page 2.13.6-48, changed temperature in the second sentence from 3560 C to 336'C; deleted
four sentences, "Minimum fuel cladding...21 kW and cold condition." from the middle of
the first paragraph. Added new text in the middle of the first full paragraph, "The following
summary... STC HBU fuel."

* Pages 2.13.6-49 thru 2.13.6-51, text flow changes.
* Page 2.13.6-60, added three references (numbers 7 thru 9) to the end of Section 2.13.6.16.

Chapter 3

• Page 3.8.4-14, added "(7F)" at bottom of "Hot Case 100°F Ambient" column header.
" Page 3.8.4-15, added "('F)" at bottom of "Cold Case -40'F Ambient" column header.

Chapter 4

* Page 4.1-1, added "intact/undamaged" to the second bullet for "Containment Condition B".
* Page 4.1-6, added "intact/undamaged" to the "Content Condition" column.
* Page 4.1-7, added "intact/undamaged" to the "Content Condition" column.
• Page 4.2-1, deleted, last sentence in the third paragraph, "The source term if the reference

fuel assembly bounds the licensed inventory as described in Chapter 5." Changed "restricted
to 45,000" to "limited to 60,000". Revised the remaining sentences of the fourth paragraph
in Section 4.2.

* Page 4.2-2 thru 4.2-5, text flow.
* Page 4.3-1, added "/undamaged" to last sentence of the first paragraph of Section 4.3.1.
* Page 4.3-2, added "/undarnaged" to first sentence of second paragraph.
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List of Changes, NAC-STC SAR, Revision 14A (cont'd)

* Page 4.7-1, deleted last three sentences of first paragraph in Section 4.7.2; added three new
paragraphs to Section 4.7.2.

* Page 4.7-2, added new sub-header "Temperature Effects" to first full paragraph.

Chapter 5

* No changes.

Chapter 6

* No changes.

Chapter 7

* Page 7-i, changed start of page numbering for Section 7.3.4 to "7.3-8".

* Page 7.3-2 thru 7.3-3, revised step 4 "Access the NAC-STC cavity as follows" with new sub-
steps "a" thru "g".

* Pages 7.3-4 thru 7.3-8, text flow changes.

Chapter 8

* No changes.

Chapter 9

• No changes.
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Enclosure 3

List of Drawing Changes

NAC-STC SAR. Revision 14A
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List of Drawing Changes, NAC-STC SAR, Revision 14A

Drawing 423-875, Sheets 1 thru 2 of 2, Revision 9
1. All sheets, revise all controlling dimensions to reference dimensions.

Drawing 423-878, Sheets 1 thru 2 of 2, Revision 1
Sheet 1:

1. B.O.M., revise Item 1, Name to "TUBING" was "TUBE WELDMENT"; Material to
"304 ST. STL." was "Empty"; Spec to "SEE NOTE 2" was "Empty"; Drawing No. to
"Empty" was "423-876-99"; Description to "18 GA SHEET" was "Empty".

2. B.O.M., add Item 4, Qty "1 "; Name "FLANGE"; Material "304 ST. STL."; Spec "SEE
NOTE 2"; Description "1/4 PLATE".

3. Zone D5, add balloon callout for Item 4 and "SEE DETAIL B-B".
4. Zones B5/6 and A4/5, add graphics detailing both "Detail B-B" from drawing.
5. Zones AI/2 (all sheets), remove "I/I" and "NOTED" from title block.
6. Zone D3, revise weight reference for Assembly 99 callout to "EST. WEIGHT: 155#".
7. Zone E8, revise dimension to "(9.1) TYP", was "(9.09) TYP"; revise dimension to "(8.2)

NEUTRON ABSORBER", was "(8.18) NEUTRON ABSORBER".
8. Zone E7, revise dimension to "(8.7) TYP", was "(8.73) TYP".
9. Zone El, add dimensions "(.5)", "(1.0)" & "FULL R".
10. Zone B8, revise dimension to "(8.8) TYP", was "(8.83) TYP"; add dimension "(. 1)".
11. Zone A8, Detail A-A, delete "SCALE: 4/1".
12. Zone C3, add Delta Note 3 as follows: "ALTERNATIVELY, CLADDING MAY BE

ATTACHED TO TUBE VIA A CONTINUOUS WELD"; add callout for Delta Note 3
adjacent to weld symbol in Zone A8.
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Enclosure 4 - Proposed
CoC Changes



Enclosure 4

Proposed Changes for Certificate of Compliance Revision 12

NAC-STC SAR, Revision 14A
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CoC Sections (new)

Page 6 of 15
5.(a)(3) Drawings (Continued)

(ix) For the West Valley Demonstration Project High Level Waste overpack, the shell,
overpack closure lid, spacers, transport insert and basket are constructed and assembled
in accordance with the following NAC International Drawing Nos.:

630087-501, sheets 1-2, Rev. 0
630087-504, Rev. 0
630087-505, Rev. 0
630087-510, Rev. 0

630087-511, Rev. 0
630087-512, Rev. 0
630087-513, Rev. 0
630087-514, Rev. 0

Page 11 of 15
5.(b)(1) Contents - Type and Form of Material (Continued)

(vi) West Valley Demonstration Project (WVDP) High Level Waste (HLW) canisters
containing HLW vitrified in borosilicate glass. An overpack may contain melter-
evacuated HLW canisters partially filled with glass or HLW debris. The nominal height
of a canister shall be < 118 inches and the nominal width shall be < 24 inches. The heat
load shall be < 0.300 kW per HLW canister. The maximum gross weight allowed per
canister is 5,500 lbs. The following are the applicable design limits for the HLW:

WVDP HLW Canisters

Earliest Transport Date: 4/1/2014
Maximum HLW Mass [kg]: 2200
Maximum Ci Content HLW

Cs-137: 42000
Ba-137m: 40000

Sr-90: 23000
Y-90: 23000

Co-60: 0.2

Page 13 of 15
5.(b)(2) Maximum quantity of material per package (Continued)

(vii) For the contents described in 5.(b)(I)(vi): Up to 5 HLW canisters, including
melter-evacuated HLW canisters partially filled with glass or HLW debris, may be
transported in the WVDP HLW overpack. For an overpack loaded with less than 5
canisters, a transport insert shall be loaded in all empty basket cell locations.

The NAC-STC content weight shall be < 45,800 lbs. in the WVDP HLW overpack
configuration. The HLW overpack heat load shall be < 1.5 kW. Top and bottom spacers
are authorized for axially positioning the WVDP HLW overpack with the NAC-STC cask
cavity.
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CoC Sections (revised)

Page 1 of 15
5.(a)(2) Description

Revised 1SI Full Paragraph

A steel, lead and polymer (NS4FR) shielded shipping cask for (a) directly loaded
irradiated PWR fuel assemblies, (b) intact, damaged and/or the fuel debris of
Yankee Class or Connecticut Yankee irradiated PWR fuel assemblies in a
canister, (c) West Valley Demonstration Project (WVDP) High Level Waste
(HLW) canisters in a HLW overpack, and (d) non-fissile, solid radioactive
materials (referred to hereafter as Greater Than Class C (GTCC) as defined in 10
CFR Part 61) waste in a canister. The cask body is a right circular cylinder with
an impact limiter at each end. The package has approximate dimensions as
follows:

Page 4 of 15
5.(a)(2) Description (Continued)

New Last Full Para,?'aph

The WVDP-HLW overpack consists of three (3) principle components. These are
the HLW Overpack shell, basket, and closure lid. The HLW Overpack consists of
an annular right-circular shell closed at one end by a bottom plate. The shell is
constructed of 3/8-inch rolled dual-certified Type 304/304L stainless steel plate.
The edges of the rolled plates are joined with full penetration welds. The Type
304/304L stainless steel bottom plate is also attached to the shell by using a full
penetration weld. The shell is constructed in accordance with ASME Code
Section VIII, Division 2. The nominal inside and outside diameters of the HLW
Overpack are 69.8 inches and 70.6 inches, respectively. The overall external
length of the HLW Overpack is 126.5 inches, the inside depth is 124.5 inches and
the bottom plate is 2.0-inch thick. The closure lid is a 4-inch thick Type
304/304L stainless steel plate or forging. It is joined to the HLW Overpack shell
using a partial penetration weld. The basket has 5 cells that allows up to 5 HLW
canisters, including melter-evacuated HLW canisters partially filled with glass or
HLW debris, to be loaded. Empty cells shall have a transport insert loaded.
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Page 4 of 15
5.(a)(3) Drawings

(i) The cask is constructed and assembled in accordance with the following Nuclear
Assurance Corporation (now NAC International) Drawing Nos.:

423-800, sheets 1-3, Rev. 16P & 16NP
423-802, sheets 1-7, Rev. 21
423-803, sheets 1-2, Rev. 9
423-804, sheets 1-3, Rev. 9
423-805, sheets 1-2, Rev. 6
423-806, Rev. 7
423-807, sheets 1-3, Rev. 3

423-811, sheets 1-2, Rev. 11
423-812, Rev. 6
423-900, Rev. 7
423-209, Rev. 0
423-210, Rev. 0
423-901, Rev. 2

(ii) For the directly loaded configuration, the basket is constructed and assembled in
accordance with the following Nuclear Assurance Corporation (now NAC International)
Drawing Nos.:

423-870, Rev. 6
423-871, Rev. 5
423-872, Rev. 6
423-873, Rev. 2

423-874, Rev. 2
423-875, sheets 1-2, Rev. 9
423-878, sheets 1-2, Rev. 1
423-880, Rev. OP & ONP

Page 15 of 15
13. For shipment of non-fissile contents, with fissile content in the package not exceeding

Type A quantity, and qualifying as a fissile exempt quantity under 10 CFR 71.15, the
Model No. NAC-STC shall be designated as Type B(U)F-96, with package identification
number USA/9235/B(U)-96.
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Page 7 of 15
5.(b)(1) Contents

(1) Type and Form of Material

(i) Irradiated PWR fuel assemblies with uranium oxide pellets. Each fuel
assembly may have a maximum burnup of 45 GWD/MTU(2). The minimum fuel
cool time is defined in the Fuel Cool Time Table, below. The maximum heat load
per assembly is 850(2) watts. Prior to irradiation, the fuel assemblies must be
within the following dimensions and specifications:

Assembly Type

Cladding Material

Framatome-
14x14 15x15 16x16 17x17 (OFA) Cogema

17x17

Zirconium
Alloy

Zirconium
Alloy

Zirconium
Alloy

Zirconium Zirconium
Alloy Alloy

Zirconium
Alloy

Maximum Initial Uranium
Content (kg/assembly)

Maximum Initial
Enrichment (wt% 235U)

Minimum Initial
Enrichment (wt% 235U)

Assembly Cross- Section
(inches)

Number of Fuel
Rods per Assembly

Fuel Rod OD (inch)

Minimum Cladding
Thickness (inch)

Pellet Diameter (inch)

Maximum Active Fuel
Length (inches)

407 469 402.5 464 426

4.2 4.2 4.2 4.2 4.2

1.7 1.7 1.7 1.7 1.7

464

4.5

1.7

7.76
to 8.11

176
to 179

8.20 8.10
to 8.54 to 8.14

8.43
to 8.54

8.425to 8.518

204
to 216 236 264 264 264"')

0.422 0.418
to 0.440 to 0.430

0.374to 0.379 0.3714
to 0.3740

0.023 0.024 0.025 0.023 0.023 0.0204

0.344 0.358
to 0.377 to 0.390

0.325 0.3225
to 0.3232

0.3224to 0.3230

146 144 137 144 144 144.25

Notes:
(1) Fuel rod positions may also be occupied by solid

or stainless steel fill rods.
poison shim rods or solid zirconium alloy

(2) - For 17x17 PWR high burnup fuel (HBU), a maximum assembly decay heat above 0.85 kW,
up to 1.71 kW, and a burnup of 45 to 60 GWD/MTU is allowed provided the loading pattern
meets the requirements of Configuration A, B or C, as shown in NAC International Drawing
No. 423-800.
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Page 8 of 15
5.(b)(l)(i) Contents - Type and Form of Material - Irradiated PWR fuel assemblies

(Continued)

New Fuel Cool Time Tables

FUEL COOL TIME TABLE
(Configuration A 17x 17 PWR HBU)
Minimum Fuel Cool Time in Years

Cobalt Min Enr. Burnup [GWd/MTU]
[g/kg] [wt.%] 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60

0.4 2.9 4.0 4.0 4.0 4.3 4.9 5.6 6.3 7.0 7.8 8.7 - - - - - -

3.1 4.0 4.0 4.0 4.0 4.1 4.7 5.3 6.0 6.8 7.5 8.3 9.2 10.1
3.3 4.0 4.0 4.0 4.0 4.0 4.1 4.5 5.1 5.8 6.5 7.2 8.0 8.9
3.5 4.0 4.0 4.0 4.0 4.0 4.1 4.2 4.3 4.9 5.5 6.2 7.0 7.8 8.6 9.4 10.3
3.7 4.0 4.0 4.0 4.0 4.0 4.0 4.2 4.3 4.4 4.7 5.3 6.0 6.7 7.5 .8.3 9.1
3.9 4.0 4.0 4.0 4.0 4.0 4.0 4.1 4.2 4.3 4.4 4.5 5.1 5.8 6.5 7.2 8.0

4.1 4.0 4.0 4.0 4.0 4.0 4.0 4.1 4.2 4.3 4.4 4.5 4.6 4.9 5.6 6.3 7.0
4.3 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.1 4.2 4.3 4.4 4.5 4.7 4.8 5.4 6.1
4.5 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.1 4.2 4.3 4.4 4.5 4.6 4.7 4.9 5.2
4.7 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.1 4.2 4.4 4.4 4.5 4.7 4.8 4.9
4.9 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.1 4.2 4.3 4.4 4.5 4.6 4.8 4.9

0.8 2.9 6.4 6.9 7.4 8.0 8.6 9.1 9.8 10.4 11.1 11.8 - - - - -

3.1 5.7 6.2 6.7 7.2 7.8 8.3 8.9 9.5 10.1 10.8 11.5 12.2 12.9
3.3 5.1 5.6 6.0 6.5 7.0 7.6 8.1 8.7 9.3 9.9 10.6 11.2 11.9
3.5 4.6 5.0 5.4 5.9 6.4 6.8 7.4 7.9 8.5 9.0 9.7 10.3 11.0 11.6 12.3 13.1
3.7 4.1 4.5 4.9 5.3 5.7 6.2 6.7 7.2 7.7 8.3 8.8 9.4 10.1 10.7 11.4 12.0
3.9 4.0 4.0 4.4 4.7 5.2 5.6 6.0 6.5 7.0 7.5 8.1 8.7 9.2 9.8 10.5 11.2
4.1 4.0 4.0 4.0 4.3 4.6 5.0 5.5 5.9 6.4 6.9 7.4 7.9 8.5 9.0 9.6 10.3
4.3 4.0 4.0 4.0 4.0 4.2 4.5 4.9 5.4 5.8 6.3 6.7 7.2 7.8 8.3 8.9 9.4
4.5 4.0 4.0 4.0 4.0 4.0 4.1 4.5 4.9 5.3 5.7 6.1 6.6 7.1 7.6 8.1 8.7
4.7 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.4 4.8 5.2 5.6 6.0 6.5 7.0 7.5 8.0
4.9 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.3 4.7 5.1 5.5 5.9 6.4 6.9 7.4

1.2 2.9 8.9 9.4 9.9 10.4 11.0 11.5 12.0 12.6 13.3 13.8 - - - - -

3.1 8.3 8.8 9.2 9.7 10.2 10.7 11.3 11.8 12.4 13.0 13.6 14.2 14.9

3.3 7.7 8.1 8.6 9.0 9.5 10.0 10.5 11.1 11.6 12.1 12.7 13.3 13.9
3.5 7.2 7.6 8.0 8.4 8.9 9.3 9.8 10.3 10.9 11.4 11.9 12.5 13.1 13.7 14.3 15.0

3.7 6.7 7.0 7.4 7.9 8.3 8.7 9.2 9.6 10.1 10.7 11.2 11.7 12.3 12.9 13.5 14.0
3.9 6.2 6.6 6.9 7.3 7.7 8.1 8.6 9.0 9.5 10.0 10.5 11.0 11.5 12.0 12.6 13.2
4.1 5.8 6.1 6.5 6.8 7.2 7.6 8.0 8.4 8.9 9.3 9.8 10.3 10.8 11.3 11.9 12.4
4.3 5.4 5.7 6.0 6.4 6.7 7.1 7.5 7.9 8.3 8.8 9.2 9.7 10.1 10.7 11.2 11.7
4.5 5.0 5.3 5.6 6.0 6.3 6.7 7.0 7.4 7.8 8.2 8.6 9.1 9.5 10.0 10.5 11.0
4.7 4.6 4.9 5.2 5.6 5.9 6.2 6.6 6.9 7.3 7.7 8.1 8.5 8.9 9.4 9.9 10.3

4.9 4.3 4.6 4.9 5.2 5.5 5.8 6.2 6.5 6.9 7.2 7.6 8.0 8.4 8.8 9.3 9.7
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FUEL COOL TIME TABLE
(Configuration B 17x1 7 PWR HBU)
Minimum Fuel Cool Time in Years

Cobalt Min Enr. Burnup [GWd/MTUJ
[g/kgl [t. %] 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60

0.4 2.9 4.3 4.4 5.0 5.7 6.5 7.3 8.2 9.1 10.0 11.0 - - - - - -

3.1 4.2 4.3 4.4 4.8 5.5 6.2 7.0 7.9 8.8 9.7 10.7 11.7 12.7
3.3 4.1 4.3 4.4 4.5 4.6 5.2 6.0 6.7 7.6 8.4 9.4 10.3 11.3
3.5 4.1 4.2 4.3 4.4 4.5 4.7 5.0 5.7 6.5 7.3 8.2 9.0 10.0 11.0 11.9 13.0
3.7 4.0 4.2 4.3 4.4 4.5 4.6 4.8 4.9 5.5 6.3 7.0 7.9 8.8 9.7 10.6 11.6
3.9 4.0 4.1 4.2 4.3 4.5 4.6 4.7 4.8 5.0 5.3 6.1 6.8 7.6 8.5 9.4 10.3
4.1 4.0 4.1 4.2 4.3 4.4 4.5 4.6 4.8 4.9 5.0 5.2 5.9 6.6 7.4 8.2 9.1
4.3 4.0 4.0 4.1 4.3 4.4 4.5 4.6 4.7 4.9 5.0 5.2 5.3 5.7 6.4 7.2 8.0
4.5 4.0 4.0 4.1 4.2 4.3 4.4 4.6 4.7 4.8 5.0 5.1 5.3 5.4 5.6 6.2 7.0
4.7 4.0 4.0 4.1 4.2 4.3 4.4 4.5 4.6 4.8 4.9 5.0 5.2 5.4 5.6 5.7 6.1
4.9 4.0 4.0 4.0 4.1 4.2 4.4 4.5 4.6 4.7 4.8 5.0 5.1 5.3 5.5 5.6 5.8

0.8 2.9 7.4 8.0 8.6 9.2 9.9 10.6 11.4 12.1 12.9 13.7 - - -

3.1 6.6 7.2 7.8 8.4 9.0 9.7 10.4 11.1 11.8 12.6 13.4 14.2 15.1
3.3 5.9 6.5 7.0 7.6 8.1 8.8 9.4 10.1 10.8 11.5 12.3 13.1 13.9
3.5 5.3 5.8 6.3 6.8 7.4 8.0 8.6 9.2 9.9 10.6 11.3 12.0 12.8 13.6 14.4 15.3
3.7 4.8 5.2 5.7 6.1 6.7 7.2 7.8 8.4 9.0 9.6 10.3 11.1 11.8 12.5 13.3 14.1
3.9 4.3 4.7 5.1 5.6 6.0 6.5 7.0 7.6 8.2 8.8 9.4 10.1 10.8 11.5 12.3 13.1

4.1 4.0 4.2 4.6 5.0 5.4 5.9 6.4 6.9 7.5 8.0 8.6 9.3 9.9 10.6 11.3 12.0
4.3 4.0 4.0 4.2 4.5 4.9 5.3 5.8 6.3 6.8 7.3 7.9 8.5 9.1 9.7 10.4 11.1
4.5 4.0 4.0 4.1 4.2 4.4 4.8 5.3 5.7 6.2 6.7 7.2 7.8 8.3 8.9 9.6 10.2
4.7 4.0 4.0 4.1 4.2 4.3 4.4 4.8 5.2 5.6 6.1 6.6 7.1 7.6 8.2 8.8 9.4

4.9 4.0 4.0 4.1 4.1 4.3 4.4 4.5 4.7 5.1 5.6 6.0 6.5 7.0 7.5 8.1 8.6
1.2 2.9 9.8 10.4 11.0 11.6 12.1 12.8 13.5 14.1 14.8 15.6 - - - -

3.1 9.1 9.6 10.2 10.8 11.3 11.9 12.5 13.2 13.8 14.5 15.3 16.0 16.8
3.3 8.5 9.0 9.5 10.0 10.6 11.1 11.7 12.3 12.9 13.6 14.2 15.0 15.7
3.5 7.9 8.3 8.8 9.3 9.8 10.4 10.9 11.5 12.0 12.7 13.4 14.0 14.7 15.4 16.1 16.9
3.7 7.3 7.8 8.2 8.7 9.1 9.6 10.2 10.7 11.3 11.9 12.5 13.1 13.8 14.4 15.2 15.9
3.9 6.8 7.2 7.6 8.1 8.5 9.0 9.5 10.0 10.6 11.1 11.7 12.3 12.9 13.5 14.2 14.9
4.1 6.3 6.7 7.1 7.5 8.0 8.4 8.9 9.4 9.9 10.4 11.0 11.5 12.1 12.7 13.3 14.0
4.3 5.9 6.3 6.6 7.0 7.4 7.9 8.3 8.8 9.2 9.7 10.2 10.8 11.4 11.9 12.5 13.1
4.5 5.5 5.9 6.2 6.6 6.9 7.4 7.8 8.2 8.7 9.1 9.6 10.1 10.7 11.2 11.7 12.3
4.7 5.1 5.5 5.8 6.1 6.5 6.9 7.3 7.7 8.1 8.6 9.0 9.5 10.0 10.5 11.1 11.6
4.9 4.8 5.1 5.4 5.8 6.1 6.5 6.8 7.2 7.6 8.0 8.5 8.9 9.4 9.9 10.4 10.9
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FUEL COOL TIME TABLE
(Configuration C 17x17 PWR HBU)
Minimum Fuel Cool Time in Years

Cobalt Min Enr. Burnup [GWd/MTU]

[g/kg] [wt. %] 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60
0.4 2.9 7.1 8.0 9.1 10.3 11.6 12.9 14.2 15.6 17.0 18.4 - - - - - -

3.1 6.0 6.9 7.8 8.8 10.0 11.2 12.5 13.8 15.2 16.5 17.9 19.4 20.8
3.3 5.2 5.8 6.7 7.5 8.5 9.7 10.9 12.1 13.4 14.8 16.1 17.5 18.9

3.5 5.1 5.3 5.7 6.5 7.3 8.3 9.4 10.6 11.8 13.1 14.4 15.7 17.1 18.4 19.8 21.3
3.7 5.1 5.3 5.4 5.6 6.3 7.1 8.0 9.1 10.2 11.5 12.7 14.0 15.3 16.7 18.0 19.4
3.9 5.0 5.2 5.4 5.6 5.8 6.1 6.9 7.8 8.9 10.0 11.2 12.4 13.7 15.0 16.3 17.6
4.1 5.0 5.1 5.3 5.5 5.7 5.9 6.0 6.8 7.6 8.6 9.7 10.9 12.1 13.4 14.6 15.9
4.3 4.9 5.1 5.3 5.5 5.6 5.8 6.0 6.2 6.6 7.5 8.5 9.5 10.7 11.8 13.1 14.3

4.5 4.9 5.0 5.2 5.4 5.6 5.8 5.9 6.1 6.4 6.7 7.3 8.3 9.3 10.4 11.6 12.8
4.7 4.8 5.0 5.1 5.4 5.5 5.7 5.9 6.1 6.3 6.6 6.8 7.2 8.1 9.1 10.2 11.4

1 4.9 4.8 4.9 5.1 5.3 5.5 5.7 5.8 6.0 6.2 6.5 6.7 7.0 7.3 8.0 9.0 10.0
0.8 2.9 10.6 11.4 12.2 13.1 14.0 15.1 16.2 17.4 18.6 19.8 - - - - - -

3.1 9.6 10.4 11.2 11.9 12.8 13.7 14.7 15.8 17.0 18.1 19.4 20.6 21.9
3.3 8.8 9.4 10.2 10.9 11.7 12.5 13.4 14.4 15.5 16.6 17.7 19.0 20.2

3.5 8.0 8.6 9.3 10.0 10.7 11.5 12.3 13.2 14.1 15.1 16.2 17.4 18.6 19.8 21.0 22.3
3.7 7.5 7.8 8.5 9.1 9.8 10.5 11.3 12.0 12.9 13.8 14.8 15.9 17.1 18.2 19.4 20.6
3.9 7.2 7.4 7.7 8.3 9.0 9.6 10.4 11.1 11.9 12.7 13.6 14.6 15.6 16.7 17.9 19.0
4.1 6.9 7.1 7.3 7.6 8.2 8.8 9.5 10.2 10.9 11.7 12.5 13.4 14.3 15.4 16.4 17.6
4.3 6.7 6.8 7.0 7.2 7.5 8.1 8.7 9.4 10.0 10.8 11.5 12.3 13.2 14.0 15.1 16.1
4.5 6.4 6.6 6.7 6.9 7.1 7.4 8.0 8.6 9.2 9.9 10.6 11.4 12.1 13.0 13.8 14.9

4.7 6.2 6.3 6.5 6.7 6.8 7.0 7.4 7.9 8.5 9.1 9.8 10.5 11.2 12.0 12.8 13.7
4.9 5.9 6.1 6.3 6.4 6.6 6.8 6.9 7.3 7.8 8.4 9.0 9.7 10.4 11.1 11.8 12.6

1.2 2.9 12.9 13.6 14.3 15.1 15.9 16.7 17.7 18.7 19.8 20.9 - - - - - -

3.1 12.0 12.7 13.4 14.0 14.8 15.6 16.4 17.3 18.3 19.4 20.5 21.6 22.8
3.3 11.4 11.8 12.5 13.1 13.8 14.6 15.3 16.1 17.0 17.9 19.0 20.1 21.2
3.5 10.9 11.2 11.7 12.3 12.9 13.6 14.3 15.1 15.9 16.7 17.7 18.7 19.7 20.8 21.9 23.1
3.7 10.5 10.8 11.1 11.5 12.1 12.8 13.4 14.1 14.9 15.6 16.5 17.4 18.3 19.4 20.5 21.6
3.9 10.3 10.4 10.7 11.0 11.4 11.9 12.6 13.3 13.9 14.7 15.4 16.2 17.1 18.0 19.1 20.1
4.1 10.0 10.1 10.3 10.6 10.8 11.2 11.8 12.4 13.1 13.8 14.5 15.2 16.0 16.9 17.8 18.8
4.3 9.7 9.9 10.1 10.2 10.5 10.7 11.1 11.7 12.3 12.9 13.6 14.3 15.0 15.8 16.6 17.5
4.5 9.5 9.7 9.8 10.0 10.1 10.4 10.6 11.0 11.6 12.1 12.8 13.5 14.1 14.9 15.6 16.4

4.7 9.2 9.4 9.6 9.7 9.9 10.1 10.3 10.5 10.9 11.5 12.0 12.7 13.3 14.0 14.7 15.4
4.9 9.0 9.2 9.4 9.5 9.7 9.8 10.0 10.2 10.4 10.8 11.4 11.9 12.6 13.2 13.8 14.5
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Page 12 of 15
5.(b)(2) Maximum quantity of material per package

(i) For the contents described in Item 5.(b)(l)(i): PWR fuel with a burnup
< 45,000 MWD/MTU, 26 PWR fuel assemblies with a maximum total
weight of 39,650 lbs. and a maximum decay heat not to exceed 22.1 kW
per package. For 17x17 HBU fuel, the positioning of the fuel assemblies
and shielded thermal shunts shall meet the requirements as shown in
Configurations A, B or C of NAC International Drawing No. 423-800 and
a maximum decay heat not to exceed 24 kW per package.

Page 14 of 15
5.(c) Criticality Safety Index (CSI):

(1) CSI=0.0 for contents described in 5.(b)(I)(i), 5.(b)(1)(ii), 5.(b)(l)(iii), 5.(b)(l)(iv)
(i.e., Yankee Class and CY Fuel and GTCC Waste), and 5.(b)(I)(vi),
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Table 1 -1 Terminology (continued)

Reconfigured Fuel

Assembly

CY-MPC Damaged Fuel

Can

Yankee-MPC Damaged

Fuel Can

Fuel Rod Retainer

A stainless steel container having approximately the same external

dimensions as a standard spent fuel assembly that ensures criticality

control geometry and permits gaseous and liquid media to escape

while preventing dispersal of gross particulates. The reconfigured

fuel assembly may contain intact fuel rods, damaged fuel rods and

fuel debris from any type of Yankee Class or Connecticut Yankee

spent fuel assembly.

A stainless steel container that confines a damaged Connecticut

Yankee spent fuel assembly, which allows gaseous and liquid

media to escape but minimizes the dispersal of gross particulate.

Connecticut Yankee damaged fuel assemblies must be loaded ill the

CY-MPC damaged fuel can. The damaged fuel can may also hold

an Intact Fuel Assembly, a Lattice or a Failed Rod Storage Canister.

A stainless steel container that is similar to an enlarged fuel tube
and that confines a Yankee Class Intact Fuel Assembly, Damaged
Fuel Assembly, Recaged Fuel Assembly or a Reconfigured Fuel

Assembly. A damaged fuel can is closed on its end by screened
openings that allow gaseous and liquid media to escape, but
minimize the dispersal of gross particulate. Use of the damaged
fuel can requires that four cans be used in the canister in
conjunction with a special shield lid machined to accept tile calls.

A retainer used for the Gulf United Nuclear Fuel (GUNF) lead test
assemblies to retain the removable fuel rods within the fuel
assembly during normal and accident conditions of transport.
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Table 1-1 Terminology (continued)

Intact Fuel Assembly

Intact Fuel Rod

Damaged Fuel Assembly

Damaged Fuel Rod

Fuel Debris

Greater Than Class C

Waste (GTCC)

Directly Loaded

Undamaged Fuel

Assembly

A fuel assembly without known or suspected cladding defects

greater than pinhole leaks or hairline cracks. Connecticut Yankee

fuel assemblies with missing fuel rods, or with missing fuel rods

replaced with solid filler rods, or with structural damage, are

considered intact fuel assemblies, provided that they have no

damaged fuel rods. Yankee Class fuel assemblies with missing fuel

rods replaced with Zircaloy or stainless steel rods, or with structural

damage, are considered intact fuel assemblies provided that they

have no damaged fuel rods.

A fuel rod without known or suspected cladding defects greater

than pinhole leaks or hairline cracks.

A fuel assembly containing at least one damaged fuel rod with a

known or suspected cladding defect greater than a hairline crack or

a pinhole leak, or an assembly that cannot be handled by normal

means, or both. Yankee Class fuel assemblies containing up to 20

fuel rod positions that are either missing or that are holding

individual fuel rods classified as damaged.

A fuel rod with known or suspected cladding defects greater than

pinhole leaks or hairline cracks.

Fuel in the form of particles, loose pellets and fragmented rods or

assemblies.

Irradiated and surface contaminated metal, usually stainless steel,

whose disposal in controlled by 10 CFR 61 due to the presence of

very long-lived isotopes, including 59Ni, 94Nb and "4C. This waste

results from reactor decommissioning.

A spent nuclear fuel assembly that can meet all fuel-specific and

system-related functions. Directly loaded undamaged assembly is

spent nuclear fuel that does not contain assembly structural defects

that adversely affect radiological and/or criticality safety. As such,

the assembly may contain rods with minor defects up to hairline

cracks or pinholes, but cannot contain grossly breached fuel rods.
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Table 1-1 Terminology (continued)

MPC-WVDP HLW

Contents

Personnel Barrier

Lattice

Up to five (5) welded HLW canisters filled with vitrified, solidified

high-level waste, or up to two (2) melter-evacuated canisters that

are partially filled with glass, and one (1) HLW debris canister.

An expanded metal screen with appropriate support structure that is

installed between the impact limiters and covers the cask during

transport. The expanded metal screen, and its support structure, are

aluminum. The personnel barrier precludes incidental contact with

the cask surface, which may be at elevated temperature compared to

the rail car.

A fuel assembly structure that is used to hold up to 204 Intact Fuel

Rods or Damaged Fuel Rods from other fuel assemblies. A Lattice

is sometimes called a fuel skeleton, cage or structural cage. It is

built from the same components as a standard fuel assembly, but

some of those components may be modified slightly, such as relaxed

grids, to accommodate the distortion that may be present in a

Damaged Fuel Rod. The outside dimensions are identical to a

standard fuel assembly.

A handling container for moving up to 60 individual intact or

damaged fuel rods in stainless steel tubes into a CY-MPC Damaged

Fuel Can. The steel tubes are held in place by regularly spaced

plates welded in an open stainless steel frame. The failed rod storage

canister, which is closed at the top end by a bolted closure and at the

bottom by a welded plate to capture the fuel rods in the tubes, must

be loaded in a CY-MPC Damaged Fuel Can.

A device constructed primarily of redwood with limited use of balsa

wood. This device is designed to dissipate energy during normal and

accident conditions impact events for packages weighing Lip to

250,000 lb. The redwood impact limiter is 124 inches in diameter

with redwood providing primary protection during end and side

impact events and balsa wood for corner impact events.

Failed Rod Storage

Canister

Redwood Impact

Limiter
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Table 1-1 Terminology (continued)

Structural Damage Damage to the fuel assembly that does not prevent handling the fuel

assembly by normal means. Structural damage is defined as partially

torn, abraded, dented or bent grid straps, end fittings or guide tubes.

The damaged grid straps or end fittings must continue to provide

support to the fuel rods, as designed, and may not be completely torn

or missing. Guide tubes cannot be ruptured and must be continuous

between the upper and lower end fittings. Fuel assemblies with

structural damage are considered to be intact fuel assemblies

provided that they do not have failed or damaged fuel rods.

1-12



NAC PROPRIETARY INFORMATION REMOVED

NAC-STC SAR

Docket No. 71-9235

April 2014

Revision 14A

1.1 Introduction

The NAC-STC is designed to safely transport spent fuel assemblies in two configurations and

Greater Than Class C (GTCC) waste in a canistered configuration, and HLW canisters loaded in

an HLW overpack. The fuel assemblies may be placed directly into a fuel basket installed in the

cask cavity (uncanistered) or sealed in a transportable storage canister (canistered).

The design basis spent fuels for the uncanistered (directly loaded) configuration are the

Westinghouse 17x 17 or 15x 15 PWR fuel assemblies and Framatome-Cogema 17x 17 PWR fuel

assemblies. These fuels bound smaller array Westinghouse and similar Babcock & Wilcox and

Combustion Engineering PWR fuel assemblies. Design basis spent fuel is comprised of

undamaged fuel assemblies.

There are two canistered fuel configurations. The first is designed to store up to 36 intact

Yankee Class spent fuel and reconfigured fuel assemblies and is referred to as the Yankee-MPC.

The second is designed to store up to 26 Connecticut Yankee fuel assemblies, reconfigured fuel

assemblies and damaged fuel in CY-MPC damaged fuel cans, and is referred to as the CY-MPC.

Yankee Class fuel includes United Nuclear, Combustion Engineering, Exxon-ANF, and

Westinghouse Type A and Type B fuel designs. The Type A and Type B fuel designs are

complementary configurations that accommodate the use of a cruciform control blade in reactor

operations.

Connecticut Yankee spent fuel includes 15xI5 PWR fuel assemblies having a square

cross-section. The fuel specifications that serve as the design basis for the CY-MPC are
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presented in Section 1.2.3. The Connecticut Yankee fuel consists of fuel assemblies

manufactured by Westinghouse, Gulf Nuclear/Gulf General Atomic, NUMEC and Babcock &

Wilcox.

The canister configurations also accommodate GTCC waste. The Yankee-MPC and CY-MPC

canister and GTCC basket accommodate up to 24 fuel assembly sized containers of GTCC waste.

The GTCC canister designs have the same external dimensions as the respective spent fuel

canisters, but have different basket designs.

The MPC-WVDP HLW overpack is a sealed welded-vessel design provided with a basket

assembly accommodating up to five (5) HLW canisters.

The NAC-STC, when loaded, has a maximum design weight of 260,000 pounds. The NAC-STC

provides a radioactive material containment boundary for maximum safety during the handling

and transport operations required for spent-fuel shipment. The general configuration of the

NAC-STC and the major cask dimensions are shown in Figure 1.1-1.

The NAC-STC cask may be transported after loading with or without a period of interim storage.

The structural components of the transport containment boundary are the:

(1) Inner shell center section and upper and lower inner shell rings (transition sections);

(2) Bottom inner forging; and.,

(3) Top forging.

The closure components of the containment boundary for transport without interim storage after

loading are the:

(1) Inner lid and inner lid O-ring;

(2) Vent port coverplate and the coverplate inner O-ring; and,

(3) Drain port coverplate and the coverplate inner O-ring.

As described in the following sections, the O-rings may be either metallic or nonmetallic.

The closure components of the containment boundary for transport after an extended period of

storage are the:

(1) Inner lid and inner lid outer metallic O-ring;

(2) Inner lid interseal test port threaded plug with metallic O-ring;
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(3) Vent port coverplate and the coverplate outer metallic O-ring;

(4) Vent port coverplate interseal test hole threaded plug with metallic O-ring;

(5) Drain port coverplate and the coverplate outer metallic O-ring; and,

(6) Drain port coverplate interseal test hole threaded plug with metallic O-ring.

Metallic O-rings are required for the storage configuration and are qualified for transport prior to

shipment in accordance with the operating procedure.

The NAC-STC is designed to meet 10 CFR 71 and IAEA Safety Series No. SSR-6 licensing

requirements for spent fuel transport packages. The transport licensing requirements include

providing safe containment during the handling and transport of spent nuclear fuel. Certain

design features of the NAC-STC that have been included for the sole purpose of satisfying

storage licensing requirements also provide added safety for transport conditions. The design

features of the NAC-STC include: inner and outer lids, redundant seals at each containment

boundary penetration, cavity penetrations located in the inner lid, and a puncture-resistant outer

shell and outer lid.

This Safety Analysis Report is written for transport cask licensing only. Design features related

to storage cask licensing are included for clarity and for ease of review.

The NAC-STC closure design provides dual lids for transport and storage operations, as well as

protection of the vent and drain ports that are located in the inner lid. This design permits

performance of a periodic verification leak test on the containment seals prior to transport

following extended storage. Both the inner and outer lids are installed during transport and

storage.

The inner lid and its O-rings are the major removable components in the primary containment

boundary. Two concentric O-rings are used to seal the inner lid to the cask cavity flange. An

O-ring test port connects to the annulus between the two O-rings to permit leak testing.

The vent and drain port coverplates, which protect the vent and drain ports located in the inner

lid, are also part of the primary containment boundary of the cask. Each coverplate is sealed by

two concentric O-rings.

As described in Section 4.1, the inner O-rings of the inner lid and two coverplates are the

containment boundary for contents (either directly loaded fuel or a loaded transportable storageS canister) that is loaded for transport without interim site storage. The outer O-rings of these
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components are the containment boundary for directly loaded fuel that is to be transported after

an extended period of storage.

The inner lid and coverplate O-rings may be either metallic or non-metallic as shown in the

License Drawings. However, metallic O-rings must be used when the NAC-STC is directly

loaded for long-term storage or for the transport of canistered contents. The metallic O-rings

provide long-term sealing capability in an elevated temperature and radiation environment.

The outer lid provides a sealed secondary closure for transport and storage operations using a

single O-ring. The O-ring may be either metallic or non-metallic. The outer lid protects the

inner lid and the vent and drain ports from external puncture events.

There are two penetrations in the top forging: an interlid port, which serves primarily as a drain

for the interlid region, and a pressure port, which may house a transducer that monitors the

pressure in the interlid region during storage. During transport, the pressure port is closed by a

threaded plug. The pressure port plug is covered by the transport port coverplate. The interlid

and pressure port penetrations in the top forging are protected by SA-705, Type 630, 17-4

precipitation-hardened (PH) stainless steel port covers with two piston-type blended

polytetrafluoroethylene (PTFE) O-rings.

The body of the NAC-STC is a smooth right-circular cylinder of multiwall construction,

consisting of stainless steel inner and outer shells separated by lead gamma radiation shielding,

which is poured in place. The center section of the inner shell is fabricated from Type 304

stainless steel. At each end of the inner shell center section, inner shell rings fabricated from

Type XM-1 9 stainless steel provide the transition to the bottom inner forging and the top forging.

The outer shell is also fabricated from Type 304 stainless steel. The inner and outer shells are

welded to the Type 304 stainless steel top forging, which is a ring that is machined to mate with

the inner and outer lids. The inner and outer shells are also welded to the Type 304 stainless

steel bottom inner and outer forgings, respectively. The cask bottom consists of the two forgings

and a plate with neutron shield material sandwiched between the bottom inner forging and the

bottom plate. Neutron shield material is also placed in an annulus that surrounds the cask outer

shell along the length of the cask cavity. The neutron shielding material is a solid synthetic

polymer (NS-4-FR). The neutron shield annulus is enclosed by a Type 304 stainless steel shell

and by end plates that are welded to the outer shell. Two pressure relief valves are provided in

the bottom of the neutron shield annulus to relieve pressure in the neutron shield annulus due to a

severe thermal accident condition (fire). Neutron shielding is also provided on the top of the

cask by a layer of NS-4-FR enclosed in the inner lid.
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Redundant lifting capability for the NAC-STC is provided by four lifting trunnions welded to the

top forging at 90-degree intervals. Rotation trunnion recesses are located on the outer shell near

the bottom of the cask to permit the NAC-STC to be rotated to the horizontal position and to

provide longitudinal tiedown restraint in the aft direction. A Type 304 stainless steel shear ring

is provided at the top end of the radial neutron shield to supply longitudinal restraint when the

cask is positioned horizontally for transport in the front support structure.

For fuel assemblies loaded directly into the NAC-STC, a stainless steel basket locates and

supports the 26 PWR fuel assemblies in the cask cavity. The basket design utilizes a series of

high-strength stainless steel support disks to support the fuel assemblies in stainless steel tubes,

which include BORAL or TalBor neutron absorber sheets (0.02 g/cm2 1°B minimum).

Aluminum heat transfer disks are provided to enhance the thermal performance of the package.

For the Yankee-MPC canistered configuration, two aluminum honeycomb spacers, placed one

above the canister and one below, locate the canister in the cask cavity so that the location of the

center of gravity of the packaging is the same as it is for the uncanistered fuel packaging. The

aluminum honeycomb is enclosed in a 6061-T6 aluminum alloy shell. In the CY-MPC

canistered configuration, a single stainless steel spacer, placed below the canister, is used to

position the canister so that the location of the center of gravity of the packaging is the same as it

is for the uncanistered fuel packaging.

The canister shell, bottom and welded shield and structural lids are fabricated from stainless

steel. The basket for the canistered configuration is similar in design to that used for directly

loaded fuel. Two basket configurations are used for Connecticut Yankee fuel. A 26-assembly

basket is used for all of the fuel types except Westinghouse Vantage 5H. Vantage 5H fuel must

be installed in the 24-assembly basket, which may also hold other Connecticut Yankee fuel types.

The construction of the two basket configurations is identical except that two fuel loading

positions of the 26-assembly basket are blocked to form the 24-assembly basket.

The Yankee-MPC canisters may contain one or more Reconfigured Fuel Assemblies. The

Yankee Reconfigured Fuel Assembly is shown in Figure 1.2-2. It is designed to contain up to 64
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Yankee Class fuel rods, or portions thereof, which are classified as failed, and to maintain the

geometric positions of the rods. The external dimensions and the top end fitting of the Yankee
Reconfigured Fuel Assembly are the same as those of a standard Yankee Class fuel assembly,

allowing it to be handled in the same way as a standard assembly.

The Yankee-MPC Damaged Fuel Can, shown in Figure 1.2-3, is designed for Yankee fuel

classified as intact or damaged. This configuration provides four stainless steel damaged fuel
cans located in the four corner positions of the basket. A damaged fuel can is similar to an

enlarged fuel tube, except that the can is closed on the bottom end with a screened plate that is
welded into place and closed on the top by a screened lid, which is held in place by the damaged

fuel shield lid once the canister is closed. The square holes in the four corner positions of the

Yankee-MPC basket top and bottom weldments are enlarged to allow the damaged fuel can to be
removed or inserted after the basket is assembled. The damaged fuel can is captured between the

canister bottom plate and the shield lid to preclude vertical movement and to hold the can lid in
place. The shield lid has four machined recesses on the underside to mate with the damaged fuel

can lids.

The Yankee-MPC is also designed to hold recaged fuel assemblies. Recaged fuel assemblies

consist of a Combustion Engineering fuel assembly lattice holding United Nuclear fuel rods.

Fuel rods removed from United Nuclear fuel assemblies for inspection or testing cannot be
reinstalled in the United Nuclear fuel assembly lattice. The Combustion Engineering fuel

assembly lattice provides the same grid support structure as did the original United Nuclear fuel
assembly lattice, but it does not have the shroud fixture used to preclude water impingement on
the fuel rods. No empty fuel rod positions are permitted in the recaged Combustion Engineering

fuel assembly lattice.

The CY-MPC canister may contain one or more Reconfigured Fuel Assemblies, Damaged Fuel

Cans, or Failed Rod Storage Containers. The CY-MPC Reconfigured Fuel Assembly is shown in

Figure 1.2-4. It consists of a 10 x 10 array of stainless steel tubes attached to upper and lower
end fittings that are similar to those used on standard fuel assemblies. The diameter of the tubes

is sized to allow the insertion of individual damaged or bowed fuel rods. The design allows the
release of gaseous products and liquids, but minimizes the dispersal of particulates.

The CY-MPC Damaged Fuel Can is shown in Figure 1.2-5. It is designed to hold a complete

fuel assembly, which may be intact or damaged, a lattice or a failed rod storage canister. The
CY-MPC Damaged Fuel Can has a square cross-section that is slightly larger than a standard

Connecticut Yankee fuel assembly. The damaged fuel can is fabricated from stainless steel and
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has top and bottom closures that allow the release of gaseous products and liquids, but minimizes

the dispersal of particulates.

The CY-MPC Failed Rod Storage Canister, shown in Figure 1.2-6, is similar in design to the
CY-MPC Reconfigured Fuel Assembly but holds only a maximum of 60 fuel rods classified as

failed in stainless steel tubes.

Some of the Connecticut Yankee fuel assemblies will be stored with flow mixers, reactor control

cluster assemblies (RCCA) or stainless steel rods installed. Flow mixers are thimble plug

assemblies used during reactor operation to maintain equal coolant flow in fuel assemblies that
do not contain a reactor control cluster. Reactor control clusters were used to control the

reactivity of the Connecticut Yankee reactor during operations and shutdown. Some Connecticut
Yankee fuel assemblies may have missing fuel rods and/or may have solid filler rods replacing

the missing fuel rods.

A maximum of two assemblies with up to two irradiated stainless steel filler rods per assembly may

be loaded in the CY-MPC canister. These assemblies may only be loaded in the two central basket

positions.

In the HLW overpack configuration, two stainless steel spacers, one placed below and one above
the HLW overpack, are used to position the HLW overpack so that the location of the center of
gravity of the packaging is the same as it is for the uncanistered fuel packaging. The HLW

overpack shell, bottom, and welded closure lid are fabricated from stainless steel. The basket for
the HLW canister configuration is an assembly of five vertical cylindrical cells, each designed to

accommodate a welded HLW canister, a melter-evacuated canister (EC) partially filled with

glass, or an HLW debris canister.

Two impact limiter designs consisting of a combination of redwood and balsa wood, encased in
Type 304 stainless steel, are provided to limit the g-loads acting on the cask during a drop

accident load condition. The g-loads are limited by the crush strength of the wood contained in
the impact limiters. The predominately balsa wood impact limiter (the balsa impact limiter) is
designed for use with all the proposed contents. The predominately redwood impact limiters (the
redwood impact limiter) may only be used with directly loaded fuel or the Yankee-MPC

configurations.
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Any number of NAC-STCs may be shipped at one time, with each cask on its own railcar. The

NAC-STC may also be shipped in any number on board ships, barges, or special heavy-haul

vehicles.
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Figure 1.1-1 Major Cask Dimensions
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1.2.2 Operational Features

The NAC-STC is designed for ease of operation. The cask is designed to be easily loaded,

unloaded, and handled at a nuclear facility. The configuration and surface finish of the cask

exterior surfaces have been designed to facilitate and minimize cask decontamination efforts.

The inner lid, the outer lid, and the port covers are all one-piece components designed to reduce

handling times and to maintain personnel dose rates as low as reasonably achievable (ALARA).

Quick-disconnect fittings are provided in the vent and drain ports, the inner lid interseal test port

and in the interlid port for improved handling operations. All operational features are shown on

the license drawings provided in Section 1.3.2. An operational schematic for the NAC-STC is

shown in Figure 1.2-1. Operating procedures are provided in Chapter 7 for both canistered and

directly loaded (uncanistered) fuel operations.

1.2.3 Contents of Packaging

Shipments in the NAC-STC shall not exceed the following limits:

1. The maximum content weight of the NAC-STC shall not exceed 67,200 pounds in the

CY-MPC configuration, 56,000 pounds in the Yankee-MPC and directly loaded

configurations, or 45,800 in the MPC-WVDP HLW Overpack configuration.

2. The limits specified in Tables 1.2-2 through 1.2-4 for the design basis fuels shall not be

exceeded.

3. The total decay heat of the cavity contents shall not exceed 22.1 kilowatts for directly

loaded fuel (< 45,000 MWd/MTU), 12.5 kilowatts for Yankee Class canistered fuel, 17

kilowatts for Connecticut Yankee canistered fuel, and 1.5 kW for HLW Overpacks and

24.0 kilowatts for the high burnup PWR 17 x 17 directly loaded fuel (> 45,000

MWd/MTU).

4. The total weight of the Zircaloy and/or stainless steel clad fuel assemblies shall not exceed

30,600 pounds in the Yankee-MPC, 35,100 pounds in the CY-MPC and 39,000 pounds for

directly loaded fuel.

5. The total weight of the Yankee-MPC and CY-MPC GTCC canistered waste, and HLW

Overpack contents shall not exceed 12,340 pounds, 20,260 pounds, and 27,500 pounds.,

respectively.
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6. Any number of NAC-STC casks may be shipped at one time on a railcar, a ship, a barge, or

a heavy-haul vehicle.

7. Radiation levels shall not exceed the requirements of 10 CFR 71.47, 10 CFR 71.51, and

IAEA Safety Standard Series No. SSR-6.

8. Surface contamination levels shall not exceed the requirements of 10 CFR 71.87(i) and

IAEA Safety Standard Series No. SSR-6.

1.2.3.1 Design Basis Spent Fuel

The NAC-STC is designed to safely transport spent fuel assemblies in two configurations. The

fuel assemblies may be directly loaded into a fuel basket installed in the cask cavity

(uncanistered) or sealed in a transportable storage canister (canistered). The design basis fuel

assemblies for the uncanistered configuration are the Framatome-Cogema 17x17 and

Westinghouse 17x17 or 15x15 PWR fuel assemblies. These assemblies bound smaller array

Westinghouse, and similar Babcock & Wilcox, and Combustion Engineering PWR fuel

assemblies. The NAC-STC can transport 26 directly loaded PWR fuel assemblies. PWR fuel

assemblies that are directly loaded must be undamaged.

The key parameters of the design basis directly loaded spent fuel assemblies are provided in

Table 1.2-2.

In the Yankee-MPC configuration, the NAC-STC can transport up to 36 Yankee Class fuel

assemblies, including Yankee-MPC Reconfigured Fuel Assemblies and recaged fuel assemblies,

including four intact or damaged fuel assemblies or Reconfigured Fuel Assemblies loaded in

Yankee-MPC damaged fuel cans (four are required due to shield lid configuration). Any intact

spent fuel assembly with fuel rods removed shall have each of the empty fuel rod positions filled

with a solid rod fabricated friom Zircaloy or stainless steel. Damaged fuel assemblies may

contain empty positions provided the combined number of damaged rods and empty positions

does not exceed 20 in any single assembly. The key parameters of the design basis Yankee-MPC

spent fuel assemblies are provided in Table 1.2-3. The maximum and minimum enrichments

shown in Table 1.2-3 are nominal values for the manufacturer and type of fuel assembly shown.

Certain fuel assemblies of the same manufacturer and type have enrichment values nominally

above or below these values due to the method by which enrichment tolerances were applied

during fabrications. The effects of these minor variations are considered in Section 5.4.1.2 and

1.2-24
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2.13.6.15.1 Fuel Rod Assessment for H4BU Fuel for 30-foot End Drop
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Impact
Limiter

Initial
Bow
(in)

Von-Mises
Stress from
Model (psi)

Yield
Strength

(psi)

Factor
of

Safety

Redwood 0.01 1 60.4 63.5 [ 1.05

Balsa 0.01 53.7 63.5 1.18

As shown in the preceding table, the maximum stresses in the PWR fuel rods remain below the
yield strength in the design basis accident events, confirming that the fuel rods remain elastic and
will return to their original configuration after the 30-ft end drop accident condition.
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Figure 2.13.6.15-1 ANSYS Model for Fuel Assembly
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Figure 2.13.6.15.2-1 ANSYS Model for the PWR Fuel Rod 30-Foot Side Drop Condition
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Figure 3.8-6 Two-Dimensional Fuel Tube Model for the STC-HBU
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Table 3.8-4 Maximum Component Temperatures-Normal Transport Conditions, Maximum

Decay Heat, Maximum Ambient Temperature, among Three Configurations - the

STC-HBU

Hot Case

IO0OF Ambient

(OF)

Fuel (Max.) 638

Support Disk (Max.) 577

Heat Transfer Disk (Max.) 550

Aluminum Shunt (Max.) 499

Radial Neutron Shield (NS-4-FR) (Max.) 295

Lead Shield (Max.) 363

Inner Shell (Max.) 376

Outer Shell (Max.) 303

Average Gas Temperature 438

Cask Surface Temperature (Max.) 264
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Table 3.8-5 Maximum Component Temperatures - Normal Transport Conditions, Maximum

Decay Heat, Minimum Ambient Temperature, among Three Configurations - the

STC-HBU

Cold Case

-40'F Ambient

(OF)

Fuel (Max.) 546

Support Disk (Max.) 476

Heat Transfer Disk (Max.) 447

Aluminum Shunt (Max.) 395

Radial Neutron Shield (NS-4-FR) (Max.) 178

Lead Shield (Max.) 253

Inner Shell (Max.) 268

Outer Shell (Max.) 186

Average Gas Temperature 333

Cask Surface Temperature (Max.) 148
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4.0

4.1

CONTAINMENT

Containment Boundary

The NAC-STC transport containment boundary is designed and analyzed to ensure the

containment of the cask contents in accordance with 10 CFR 71.51. The containment boundary

is designed, fabricated and inspected in accordance with ASME Code Section 111, Subsection

NB, with the exception of code stamping.

The containment evaluation of the NAC-STC for transport of the MPC-LACBWR canister is

presented in Section 4.6 of this SAR.

The components of the containment boundary are described in Table 4.1-1 as a function of the

containment condition and the contents. The containment conditions are:

* Containment Condition A:

* Containment Condition B:

The containment boundary for the transport of directly

loaded (i.e., no canister) intact PWR spent fuel

assemblies following extended storage of the cask at an

ISFSI licensed in accordance with 10 CFR 72.

The containment boundary for the transport of:

(I) directly loaded intact/undamaged PWR spent fuel

assemblies loaded immediately prior to transport using

either metallic or nonmetallic 0-rings; or (2) canistered

Yankee Class, Connecticut Yankee or DPC LACBWR

spent fuel assemblies, Reconfigured Fuel Assemblies,

Damaged Fuel Can or GTCC waste loaded into the

NAC-STC immediately prior to transport using metallic

0-rings.

The NAC-STC containment boundary is designed to permit leak testing of the cask containment

boundary penetrations prior to transport to confirm the containment requirement of the contents.

The leak test criteria, minimum test sensitivity and leak test methods and locations for each

containment condition are described in Table 4.1 - I.

4.1-1
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4.1 .1 Containment Vessel

The primary containment vessel for the NAC-STC consists of a 71.0-inch inside diameter,

1.5-inch thick inner shell, two 1.5-inch to 2.0-inch thick transition sections, a 6.2-inch thick

bottom inner forging, and a 7.85-inch thick top forging. The containment vessel components,

except for the transition sections, are fabricated from ASME Boiler and Pressure Vessel Code,

Type 304 stainless steel nuclear pressure vessel material. The two transition sections are ASME

Boiler and Pressure Vessel Code, Type XM-19 stainless steel nuclear pressure vessel material.

The weld examination requirements for the cask body are defined in Table 4.1-2 and are shown

on the drawings in Section 1.3.2.

4.1.2 Containment Penetrations

The physical penetrations in the NAC-STC containment vessel are the inner lid and the vent and

drain ports in the inner lid. The penetrations are designed to ensure sealing of the containment

boundary and to ensure that the leakage from the boundary does not exceed

I x 10-7 ref cm 3/sec using metallic O-rings and 7.5 x 10-5 ref cm 3/sec using nonmetallic O-rings.

The quick-disconnect fittings installed in the vent and drain openings and in the interseal test port

in the inner lid are not considered to be part of the containment boundary.

4.1.3 Seals and Welds

4.1.3.1 Seals

The O-rings of the inner lid, the vent port coverplate and the drain port coverplate are the seals

that provide primary containment, as described in Section 4.1 and as shown in Table 4.1-1.

Section 4.5 contains the specifications that describe the PTFE O-rings of the interlid and pressure

port covers and the metallic or nonmetallic O-rings used in the containment boundary and outer

lid. Also included in Section 4.5 are the manufacturer's technical data bulletins for the

expansion foam and the Fiberfrax Ceramic Fiber Paper. Leak testing of the cask is performed

prior to acceptance from the manufacturer. Leak testing is also performed following fuel loading

for either immediate transport or for transport following a storage period. Technical information

for Viton O-rings is provided in Section 4.5.5.
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Table 4. 1-1 NAC-STC Containment Boundaries

Allowable Test
Containment Content Leakage Test

Condition Condition Containment Components Rate/Sensitivity Location/Method Remarks

A Up to 26 e Inner shell Allowable Evacuated These series of
metallic directly loaded 9 Upper and lower shell rings leakage rate is envelope method leak tests are

Using intact PWR (transition sections) < 2 x 10-7 (envelope provided performed on the

0-rings spent fuel * Bottom inner forging cm 3/sec by outer lid with NAC-STC

assemblies 9 Top forging (helium) test performed containment
following * Inner lid (i.e., leaktight) through the interlid boundary
storage port) with helium following directly
operations per * Inner lid outer metallic Minimum test in interseal regions loaded fuel storage
10 CFR 72 O-ring sensitivity is < between lid and operations.

e Inner lid interseal test port I x 10-7 vent and drain

threaded plug with metallic cm 3/sec coverplate O-rings The outer O-rings

O-ring (helium) are the designated
boundary as access

Vent port coverplate to the cask cavity
m Vent port coverplate outer to verify helium
metallic 0-ring backfill conditions

* Vent port coverplate interseal is not planned.
port threaded plug with Testing is
metallic O-ring performed in

* Drain port coverplate 
accordance with

* Drain port coverplate outer ANSI N14.5
metallic O-ring requirements

* Drain port coverplate interseal immediately prior

test port plug with metallic to transport.

O-ring

4.1-5



NAC-STC SAR

Docket No. 71-9235

April 2014

Revision 14A

Table 4.1-1 NAC-STC Containment Boundaries (Continued)

Allowable Test
Containment Content Leakage Test

Condition Condition Containment Components Rate/Sensitivity Location/Method Remarks

B Up to 26 directly e Inner shell * Allowable e Vent port inner Inner O-rings form

loaded leakage rate is O-ring. the containmentUsing metallic inatudaae Upper and lower shell < 2 x 10-7 cm3/s 9Danpr ne boundary.

O-rings intact/undamaged rings transitional sectionsDrain port inner
PWR spent fuel rings O-ring. Testing is
assemblies for * Bottom inner forging (i.e., leaktight) 0esting is

immediate 9 Top forging for each * Inner lid inner
transport, or * Inner lid component test O-ring. accordance with

canistered Yankee 9 Inner lid inner O-ring Minimum test aTests performed requirements.
Class or sensitivity is at the interseal

Connecticut e Vent port coverplate < I x 10-7 cm 3/s test ports with

Yankee or MPC- e Vent port coverplate (helium) helium in the cask

LACBWR spent inner O-ring using the

fuel assemblies, 9 Drain port coverplate evacuated

Reconfigured Fuel envelope method
A Drain port coverplate (envelopeAmaged inner O-ring provided by theD a m a g e d F u e li n e a d o u r

Cans or GTCC inner and outer
waste. O-rings).
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Table 4. I -1 NAC-STC Containment Boundaries (Continued)

Allowable Test
Containment Content Leakage Test

Condition Condition Containment Components Rate/Sensitivity Location/Method Remarks9 Allowable eVnpotier Inner O-rings form
Up to 26 directly e Inner shell w Vent port inner
Using -loaded pleakage rate is 0-ring. the containmentU s n o -l a e U pper and low er shell < 9 . O -1.rioun ary

tasicg .on intact/undamaged < 9.3 xhl 0u' e Drain port inner boundary.
metallic gs rings transitional sections cP-ring. Testing is
Viton) -rings f Bottom inner forging for the total of

m ie Top forging the three • Inner lid inner performed in

immediate *Tpfrigleakage tests 0-ring, accordance with
transport. 9 Inner lid eakage test O-rfng.ANSI Nr14.5* Minimum test * Tests performed requirements.

* Inner lid inner O-ring sensitivity is at the interseal

e Vent port coverplate < 4.7 x 10- test ports with

9 Vent port coverplate cm 3/s (helium) helium in the cask

inner O-ring using the
evacuated

* Drain port coverplate envelope method

* Drain port coverplate (envelope
inner O-ring provided by the

inner and outer
O-rings).
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Table 4.1-2 NAC-STC Containment Boundary Welds, Examinations and Tests

Primary Containment Boundary

Weld Location Weld Type ASME Code Category Inspections/Tests ASME Acceptance Criteria

Inner shell Full Penetration A VT on Tack Welds NB-4424 and NB-4427
longitudinal Double Groove VT Final Pass NB-5350
and inner shell rings PT Final Pass NB-4424 and NB-4427
longitudinal RT Final Weld NB-5320

Hydrostatic Test NB-6000
Post Hydrostatic Test - PT NB-5350

Helium Leak Test Section V, Art. 10 and
ANSI N 14.5

Inner shell Full Penetration B VT on Tack Welds NB-4424 and NB-4427
circumferential Double Groove VT Final Pass NB-5350

PT Final Pass NB-4424 and NB-4427
RT Final Weld NB-5320
Hydrostatic Test NB-6000
Post Hydrostatic Test - PT NB-5350
Helium Leakage Test Section V, Art. 10 and

ANSI N 14.5

Inner shell to top Full Penetration B VT on Tack Welds NB-4424 and NB-4427
and bottom inner Double Groove VT Final Pass NB-5350
shell rings PT Final Pass NB-4424 and NB-4427
circumferential RT Final Weld NB-5320

Hydrostatic Test NB-6000
Post Hydrostatic Test - PT NB-5350
Helium Leakage Test Section V, Art. 10; and

I ANSI N 14.5
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4.2 Containment Requirements for Normal Conditions of Transport

The NAC-STC has been designed to safely transport spent fuel assemblies in either of two

configurations. The spent fuel assemblies may be sealed in a transportable storage canister

(canistered), or loaded directly into a fuel basket installed in the cask cavity.

In the canistered configuration, the NAC-STC can transport Yankee Class or Connecticut

Yankee spent fuel and GTCC waste. The NAC-STC in this configuration is designed and tested

to leaktight conditions as defined by ANSI N 14.5-1997 and, therefore, meets the requirements of

10 CFR 71.51 for containment of radioactive materials.

For directly loaded fuel, a reference 17x17 fuel assembly having a burnup of 60,000

MWD/MTU, an enrichment of 3.5 wt % 235U and a cool time of 5 years is used to establish the

source term for the containment analysis. The reference fuel assembly is also used in the

shielding analysis and is described in Section 5.1.2.

The directly loaded fuel is the only payload employing the nonmetallic seal not tested to

leaktight conditions and is, therefore, the only payload addressed in the containment evaluation.

Maximum burnup of directly loaded fuel is limited to 60,000 MWd/MTU as discussed in

Chapter I and Chapter 5. A minimum 5-year cool time is employed in this analysis. While cool

times down to 4.9 years are permitted for the HBU material at 60 GWd/MTU, in the 14-

assembly configuration, the containment analysis uses a full 26-assembly assumption and a

lower enrichment than that allowing 4.9 years (3.5 versus 4.9 wt%). While lower burnups allow

shorter cool time (down to 4 years) the radionuclide/gas source for the modeled assemblies (60

GWd/MTU, 3.5 wt% initial enrichment and 5-year cool time) bounds those of the lower burnup

combinations.

As shown in Chapter 5, Table 5.2-1, the reference I7x17 fuel assembly contains a slightly lower

(<1% difference) fuel mass than the 15x15 reference assembly, but significantly higher

mass/source than the 14x 14 and 16x16 reference assemblies. Combined with the highest in-core

power per assembly (see Table 5.2-2), maximum source terms are calculated for the 17xI7

reference assembly.

A minimum enrichment of 3.5 wt % was chosen as a reasonable lower enrichment band for the

60,000 MWd/MTU fuel. This initial enrichment is significantly lower than typical fuel

4.2-1
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discharged at burnup levels in excess of 50,000 MWd/MTU and bounds lower burnup reduced

enrichment combinations.

The power history, including power per assembly and downtime at the end of the cycle, for each
reference assembly evaluated is included in SAR Table 5.2-2. For the 17x17 reference fuel

assembly type, a power level of 18.55 MW per assembly and 60 days of downtime between

cycles is applied. The power level is based on a review of power plant thermal output divided by
the number of assemblies in the core (dependent on fuel type selected). The downtime between
cycles is an estimate based on overall cycle length, including ramp-up and down in power. A

conservative three-power cycle history is applied to generate the 60,000 MWd/MTU burnup.
This power history produces a set of three approximately 18-month-long cycles producing a

combined time of 54 months between BOL (beginning of life) and discharge. A 54-month fuel
life is considered bounding for generating a 60,000 MWd/MTU burnup fuel assembly.

The complete SAS2H model, including power level and cool time, for the generation of

containment source terms is included in Section 4.5.6.

For direct loading for immediate transport or transport after interim storage using metallic

O-rings in the containment boundary, the containment boundary is tested to a leaktight condition
as defined in ANSI N 14.5-1997. For direct loading for immediate transport using Viton O-rings,

the containment boundary is tested to 7.5 x 10- ref cm 3/sec, or 9.3 x 105 cm 3/sec (helium).

4.2.1 Containment of Radioactive Material

The NAC-STC uses one of two O-ring configurations based on the loading condition. For

directly loading of fuel for transport without interim storage, the O-rings may be either metallic

or Viton. For direct fuel loading for storage, the O-rings must be metallic. For loading of
canistered fuel or GTCC waste for transport, the O-rings must also be metallic. For
configurations using metallic O-rings, the containment boundary is designed and tested to

leaktight conditions as defined by ANSI N14.5-1997. For direct fuel loading for transport
without interim storage using Viton O-rings, the allowable leak rate is calculated using the

methodology of NUREG/CR-6487. Consequently, the cask meets the requirements of 10 CFR

71.51 for directly loaded and for canistered fuel or GTCC waste.
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4.2.2 Pressurization of Containment Vessel

The maximum normal operating pressure in the cask during normal transport conditions is

conservatively based on 100% failure of the fuel rods, using the methodology presented in

Section 3.4.4. The cask cavity under normal transport conditions is backfilled to one atmosphere

with 99.9% pure helium gas. To determine the limiting temperature conditions, it has been

assumed that the helium gas could possibly be replaced by air. Therefore, the normal operating

pressure is determined for both gas conditions. From Section 3.4.4, the free gas volume, fuel fill

gas volume, and fuel fission gas volumes for the two spent fuel configurations are presented

below. The GTCC waste does not release any gas. The Reconfigured Fuel Assemblies and

Damaged Fuel Cans contain failed fuel. The initial charge gas and any significant fission product

gases have already been released from the Reconfigured Fuel Assemblies and from fuel in the

Damaged Fuel Cans.

Regulatory Guide 1.25 suggests that 10% of the tritium and 30% of the krypton-85 should be

assumed to be released from each failed fuel rod. It is conservatively assumed that 30% of both

tritium and krypton-85 escape each failed fuel rod. Other radiologically important gaseous

nuclides are present only in negligible amounts after the minimum cooling period for the design

basis directly loaded and canistered fuels. The postulated release of other radionuclides,

including volatiles, fines, particulates and crud, does not contribute to an increase in internal

pressure.

4.2.2.1 Containment Pressurization Due to Directly Loaded Fuel

An increase in pressure within the containment boundary results from an increase in the cask
cavity temperature and the postulated failure of 100 percent of the fuel rods in normal conditions

of transport (MNOP).

The pressure with air in the cask cavity, based on a conservative bulk air temperature of 450°F

(Section 3.4.4), is 4.3 atm (63.2 psia = 48.5 psig). Based on a bulk average gas temperature of
401OF when helium is the cover gas, the pressure in the cask cavity is:

P2 =(4.3) 478) =4.07 atm = 59.8 psia =45.1 psig
" ,505)

This is less than the containment boundary design pressure of 75 psig.
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4.2.2.2 Canister and Cask Pressurization Due to Yankee Class Fuel

The maximum normal operating pressure (MNOP) during transport conditions in the

transportable storage canister is calculated in Section 3.4.4, and found to be 3.23 atmospheres, or

32.8 psig. This pressure is conservatively calculated at 4507F, compared to the calculated

maximum normal conditions of transport bulk gas temperature of 442°F, and conservatively

assumes the rupture of 100% of the fuel rods. The MNOP is below the design pressure of 55

psig. The GTCC waste, Damaged Fuel can contents and Reconfigured Fuel Assemblies

classified as failed do not release gases to the canister cavity due to rupture of fuel rods.

Consequently, there is no increase in canister internal pressure due to these contents.

Since the canister does not fail in any of the evaluated normal transport or accident conditions,

this pressure increase occurs within the canister. There is no pressure increase in the cask cavity

except that due to the increase in cavity temperature. As the cask cavity is backfilled to 0 psig, a

hypothetical canister failure would result in a containment vessel pressure lower than the canister

pressure. Hypothetical canister failure would, therefore, result in significantly lower system

pressure than the containment boundary design pressure.

4.2.2.3 Canister and Cask Pressurization Due to Connecticut Yankee Fuel

The MVNOP during transport conditions in the transportable storage canister is calculated in

Section 3.4.4 and found to be 3.9 atmospheres, or 42.3 psig. This pressure is conservatively

calculated at 450'F, compared to the calculated maximum normal conditions of transport bulk

gas temperature of 402'F, and conservatively assumes the rupture of 100% of the fuel rods. The

MNOP is below the design pressure of 55 psig. As described above, the GTCC waste, Damaged

Fuel Can contents and Reconfigured Fuel Assemblies do not release gases to the canister cavity

due to failures. Consequently, there is no increase in canister internal pressure due to these

contents.

Since the canister does not fail in any of the evaluated normal transport or accident conditions,

this pressure increase occurs within the canister. There is no pressure increase in the cask cavity

except that due to the increase in cavity temperature. As the cask cavity is backfilled to 0 psig, a

hypothetical canister failure would result in a containment vessel pressure lower than the canister

pressure. Hypothetical canister failure would, therefore, result in significantly lower system

pressure than the containment boundary design pressure.
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4.2.3 Containment Criterion for Normal Conditions of Transport

The NAC-STC is designed and tested to meet the containment criteria of 10 CFR 71.51. The

10 CFR 71 limit for the release of radioactive material under normal conditions of transport is

10-6 A2 per hour. The containment criteria are met for the metallic O-ring configuration by

testing the NAC-STC to leaktight conditions, as defined by ANSI N14.5-1997, of lx10-7 ref

cm 3/sec. This corresponds to a helium leakage rate of 2x 10-7 cm 3/sec and a test sensitivity of

I x10 7 cm 3/sec (helium). The containment criteria are met for the Viton O-ring configuration by

testing the NAC-STC to 7.5x10 5 ref cm 3/sec (air), which is equivalent to 9.3x10-5 cm 3/sec

(helium) at a test sensitivity of 4.7x10-5 cm 3/sec (helium). The calculation of the allowable leak

rate for the Viton O-ring configuration is provided in Section 4.2.3.2.

4.2.3.1 Permissible Release Rate for the NAC-STC with Metallic O-rings

Metallic O-rings are required to be used in the containment boundary when the cask is directly

loaded for long-term storage with subsequent transport, and when the cask is loaded with a

transportable storage canister. Metallic O-rings may also be used in the containment boundary

when the cask is directly loaded for transport without interim storage. For the metallic O-ring

configuration, the containment boundary is tested to leaktight conditions as defined by ANSI

N14.5-1997 and, therefore, meets the requirements of 10 CFR 71.51 for containment of the

radioactive contents.

Since the cask containment boundary is tested to demonstrate a leaktight condition, an allowable

release rate, based on gases, fines, volatiles and particulates that are available for release from the

directly loaded spent fuel or GTCC waste in the transportable storage canister, is not calculated.
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4.2.3.2 Permissible Release Rate for the NAC-STC with Viton O-rings

Viton O-rings may be used in the containment boundary when the cask is directly loaded for

transport without interim storage. For the Viton O-ring configurations, the containment

boundary is tested to 7.5x 105 ref cm 3/sec. As described in this section, this leak rate meets the

requirements of 10 CFR 71.51 for containment of the radioactive contents.

The 10 CFR 71.51 limit for the release of radioactive material under normal conditions of

transport is 10-6 A2/hr. In this analysis, A2 for a mixed gas is determined by using the method

described in 10 CFR 71, Appendix A. The release fractions for the various radionuclides

transported in the NAC-STC are obtained from NUREG/CR-6487 and summarized in Table

4.2-1. The curie content for gases, volatiles, fines and particulates for the directly loaded 5-year

cooled PWR reference fuel assembly is provided in Tables 4.2-6 through 4.2-8.

In addition to the radionuclides produced by the fuel material, fuel assemblies develop a coating of

impurities deposited by cooling water during power generation. This coating is known as crud. Crud

contains mostly non-radioactive elements but also contains a significant amount of 6 0Co.

NUREG/CR-6487 lists the maximum 6°Co concentrations on spent fuel assemblies to be 140 ltCi/cm 2

for PWR assemblies at initial discharge. The surface area of the reference 17x 17 PWR assembly is

calculated to be 3.54x 105 cm 2, based on the assembly characteristics provided in Table 5.2-2.

The maximum permissible leak rate from the cask under normal conditions of transport is

determined from the 10 CFR 71 limit of 10"6 A2/hr.

RN = LNCN < A2 x.lx10-6 hr-' or

RN = LNCN < A, x.2.78x1] 0-•sec'

where:

LN = Volumetric gas leakage rate [cm 3/s]
CN = Curies per unit volume (termed "activity density") of the radioactive

material that passes through the leak path [Ci/cm 3]
RN = Release rate for normal transport conditions [Ci/sec]
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4.3 Containment Requirements For Hypothetical Accident Conditions

The NAC-STC has been designed to safely transport 26 design basis directly loaded PWR fuel

assemblies, or canistered spent fuel or GTCC waste in either the Yankee-MPC or Connecticut

Yankee-MPC configurations. The structural integrity of the cask containment during

hypothetical accident conditions is demonstrated in Section 2.7. Therefore, the cask containment
is maintained under hypothetical accident conditions. As described in Section 2.7.11, the

transportable storage canister does not fail in any of the evaluated transport accident conditions

defined in 10 CFR 71.73. Consequently, its leaktight condition is maintained in the hypothetical

accident conditions. As described in Section 4.1, metallic O-rings are required to be used for the

direct loading of fuel for long-term storage and subsequent transport and for the transport of

transportable storage canisters. Either metallic or Viton O-rings may be used for spent fuel that is

directly loaded for transport without interim storage.

For direct loading for transport without interim storage using Viton O-rings, the containment

boundary requirement under hypothetical accident conditions is met by ensuring that a leak rate

limit of 5.9x10-3 ref cm 3/sec is not exceeded. Calculation of this limit is provided in Section

4.3.2.

For directly loaded fuel, assuming a simultaneous occurrence of a fire accident and a 100% rod

failure, and on the basis of a bulk average gas temperature of 675K resulting from air in the

cavity, the pressure within the cask cavity is calculated to be 5.72 atm. The hypothetical
presence of air in the cask provides an upper bound on the gas temperature. This pressure

represents the maximum possible cask internal pressure. While fuel could fail within the

transportable storage canister, no release from the canister occurs.

4.3.1 Fission Gas Products

The calculated amounts of fission gases contained by the design basis directly loaded and

canistered PWR fuel assemblies for both normal and hypothetical accident conditions are

reported in Section 4.2.2. The accident conditions assume a 100% fuel rod failure with 30% of

the available tritium and 30% of the available krypton-85 being released to the cask cavity or to

the canister. These gases contribute to an increase in the cask cavity pressure due to the

postulated failure of the directly loaded, intact/undamaged fuel and to an increase in the canister

pressure due to the postulated failure of the canistered fuel.
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Other released radionuclides, including crud, volatiles, fines and particulates, are not assumed to

contribute to an increase in internal pressure of either transport configuration. The GTCC waste

does not contain any gaseous products and does not have a failure mode in the hypothetical

accident conditions. Consequently, there is no increase in pressure due to the GTCC contents.

The release of material from the postulated failure of the intact/undamaged fuel assemblies

bounds the possible release of material from the Reconfigured Fuel Assemblies and Damaged

Fuel Cans since the allowable contents of these components is less than or equal to that of an

intact fuel assembly.

4.3.2 Containment of Radioactive Material

For directly loaded fuel intended for transport without interim storage using metallic 0-rings, the

containment boundary is tested to a leaktight condition as defined in ANSI N14.5-1997. As

shown in Section 2.7 for the NAC-STC cask and in Section 2.7.11 for the transportable storage

canister, the containment boundary of the cask and canister do not fail during the hypothetical

accident events. Consequently, leaktight containment is maintained by both the cask and the

canister in the hypothetical accident events. For the Viton O-ring configuration, the allowable

leak rate in the hypothetical accident condition is 5.9x10-3 cm 3/sec, as shown in Section 4.3.3.

The radionuclide activities for the reference PWR fuel assembly are provided in Section 4.2.3.

4.3.3 Calculation of Allowable Leak Rate for Directly Loaded Fuel with Viton 0-rings

The allowable leak rates under hypothetical accident conditions are calculated by using the

method described in Section 4.2.1.1 for normal conditions of transport. The total inventories of

fission product gases, volatiles, fines and crud are calculated by using the source terms generated

by SAS2H, using the release fractions. Using the A2 values from 10 CFR 71, Appendix A (Table

4.3-1), the mixture A2 values are determined for gas, volatile, fine and crud mixtures. Finally,

the maximum allowable release rates are calculated by using the hypothetical accident conditions

allowable release limit:

RA = LACaA _ A 2 .perweek

or

R A = LACA •.1.65x10-6 A2 persec

where:
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4.7 Containment - STC-WVDP

The transport containment boundary of the NAC-STC Transportation Cask is designed and

analyzed to ensure the containment of the cask contents in accordance with 10 CFR 71 (71.43

and 71.51). The containment boundary is helium leakage tested to ANSI N 14.5-1997 leaktight

criteria and is designed, fabricated, and inspected in accordance with ASME Code, Section III,

Subsection NB. The cask is designed to facilitate leakage testing of the containment boundary

penetrations (i.e., inner lid and inner lid port cover plates) prior to transport to confinn the

containment boundary.

The HILW Overpack is not a component of the cask containment system.

4.7.1 Containment Boundary - STC-WVDP

The containment boundary of the NAC-STC, including the containment vessel, containment

penetrations, seals and welds, and closure remains as described in Section 4.1.

4.7.2 HLW Overpack and Cask Pressurization

The HLW contents are borosilicate glass. The material was poured into the HLW canisters at a

high temperature and allowed to cool within the canister.

Pressurization of the HLW canister was evaluated during waste form qualification. Considered

in this process was gas generated by the glass, alpha/helium generation within the glass, and

changes in temperature of the canister.

Gas generation (Non-alpha particle)

Literature review and testing of the HLW documented that no significant amount of gas will

accumulate inside the container at temperatures under 500'C. The maximum accident condition

temperature of the HLW is under 300'C in the NAC-STC, with normal condition temperatures

significantly lower.

Alpha Gas Generation/Pressurization

The HLW canister qualification report estimated a maximum helium generation equivalent to

0.16 psi over 100 years (pressure rise in container). Transport prior to this time frame would

proportionally reduce the pressure increment. Distributing the pressure rise over the larger free

volume of the HLW Overpack and cask also reduces the container calculated pressure rise. This
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small pressure increase is insignificant to system performance. Thus, it is not applied in other

evaluations.

Temperature Effects

As the HLW Overpack is not backfilled, it contains room temperature air at atmospheric

pressure when it is sealed. The STC is backfilled with helium to I atm (0 psig). The initial

temperature of both the HLW Overpack and the STC backfill is room temperature (60 'F). The

maximum hypothetical accident condition temperature for the HLW contents is 515 'F. The

increase in pressure within the STC and HLW Overpack is found using the ideal gas law

(Equation 0-1), which simplifies to Equation 0-2 as the free volume and moles of gas remain

constant. Conservatively rounding the maximum temperature to 520 'F and applying it to the

HLW Overpack and STC cask backfill gas yields a maximum HLW Overpack and cask pressure

of 1.89 atm (13.1 psig). This pressure is well under the NAC-STC containment boundary design

pressure of 75 psig. Similarly, the maximum temperature under normal conditions with 100 'F

ambient temperature is 206 'F. Rounding the maximum normal condition temperature to 210 'F

produces a maximum normal condition pressure of 1.29 atm (4.25 psig).

Equation 0-1 Ideal Gas Law

PV = nRT

Equation 0-2 Isometric Ideal Gas Law (Constant Volume)

P1 T2

As described in Sections 2.7.11 and 2.11.7.9, the transportable storage canister does not fail in

any of the evaluated transport accident conditions defined in 10 CFR 71.73. No release from the

STC confinement boundary is expected to occur.
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7.3 Outline of Procedures for Unloading the Cask

This section presents the procedures to be followed for unloading the cask following transport of

directly loaded fuel, canistered fuel, canistered GTCC waste, or HLW canisters loaded in

overpacks.

7.3.1 Receiving Inspection

I. Perform radiation and removable contamination surveys in accordance with 10 CFR

20.1906, 49 CFR 173.441 and 173.443 requirements.

2. Remove the personnel barrier/enclosure and complete radiation and removable

contamination surveys at the cask surfaces.
3. Visually inspect the NAC-STC while secured to the transport vehicle in the horizontal

orientation for any signs of damage and record any damage. Verify that the tamper-

indicating seals are in place and verify their numbers.

4. Secure the transport vehicle. Attach slings to the top impact limiter lifting points,

remove impact limiter lock wires, jam nuts, attachment nuts and retaining rods, and

remove the impact limiter. Store the impact limiter upright. Repeat the operation to

remove the bottom impact limiter. Complete radiation and removable contamination

surveys for exposed cask surfaces.

5. Release the tiedown assembly from the front support by removing the front tiedown

bolts and lock washers.

6. Attach a sling to the tiedown assembly lifting eyes and remove the tiedown assembly

from the transport vehicle.

7. Attach the cask lifting yoke to a crane hook with the appropriate load rating. Engage

the two yoke arms with the lifting trunnions at the top end of the cask. Rotate/lift the

cask to the vertical orientation and raise the cask off of the rear support structure of the

transport vehicle. Place the cask in the vertical orientation in a decontariination area or

other location identified by the user.

8. Wash any road dust and dirt off of the cask and decontaminate cask exterior, as

required by contamination survey results.

7.3.2 Preparation of the NAC-STC Cask for Unloading

The NAC-STC may contain fuel directly loaded into a basket within the cask, or a sealed

transportable storage canister containing spent fuel assemblies, Reconfigured Fuel Assemblies,
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Recaged Fuel Assemblies, four fuel assemblies or fuel debris loaded in Damaged Fuel Cans,

canistered GTCC waste, or HLW canisters loaded in an HLW Overpack.

Unloading of fuel from the directly loaded cask basket typically takes place under water in the

spent fuel pool cask loading area. Canistered fuel and waste from unloading operations are

performed dry using a transfer cask. Canister unloading will take place in the cask receiving

area, or other location identified by the user.

7.3.2.1 Preparation for Unloading the NAC-STC Cask (Directly Loaded Fuel Configuration)

1. Verify that excessive pressure does not exist in the interlid region by removing the

interlid port cover and attaching a pressure test fixture to the interlid port quick-

disconnect that will allow the monitoring of the cask interlid region for any pressure

buildup that may have occurred during transport. If a positive pressure exists, connect a

vent/drain line to the interlid quick-disconnect and vent the pressure to the off-gas

system.

2. Remove the outer lid bolts and install the outer lid alignment pins and outer lid lifting

eye bolts.

3. Attach the outer lid lifting device to the outer lid lifting eye bolts and the overhead

crane. Remove the outer lid and place it aside in a temporary storage area. Protect the

O-ring and the O-ring groove of the lid from damage.

4. Access the NAC-STC cavity as follows:

a. Remove the port cover plates from the drain and vent ports in the inner lid with

caution.

b. Attach a pressure gauge/gas sampling fixture with an evacuated stainless steel

sample bottle with valve to the vent port.

c. Measure and record cavity pressure for any pressure buildup that may have

occurred during transport on the cask unloading report.

d. Open gas sample bottle valve and obtain a cavity gas sample, isolate sample

bottle, and disconnect for analysis of cavity gaseous radioactivity to determine if

spent fuel cladding failures occurred during transport.

e. Record the final cavity gaseous radioactivity levels on the cask unloading report.

f. Connect a venting system to the pressure gauge/gas sampling fixture and

discharge to the facility's off-gas system or to HEPA filter system to bring cavity

gas pressure to atmospheric pressure, after determining total gaseous radioactivity

of cavity gas.
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,,. Disconnect the pressure gauge/gas sampling fixture from the vent port.

5. Connect the cask cooldown system to the drain and vent quick-disconnects. The cask

cooldown piping and controls schematic is shown in Figure 7.3-1.

6. To facilitate cooldown and to minimize thermal effects to the cask and its contents,

slowly (8 - 10 gpm) fill the cask cavity with clean demineralized water (cavity is full

when water flows out of the vent port drain line). Circulate water through the cask until

the water leaving the vent port drain line is within 50'F of the average spent fuel pool

water temperature.

7. Disconnect the fill line from the drain port quick-disconnect in the inner lid (Note:

Leave a short drain line attached to the vent port quick-disconnect for continuous

venting).

8. Loosen and remove all but 10, approximately equally spaced, inner lid bolts. Leave the

10 remaining inner lid bolts hand tight. Install the inner lid alignment pins at locations

marked on the inner lid and the lid lifting eyebolts.

9. Remove the interlid port cover from the top forging. Disengage the vent line from the

vent port quick-disconnect.

10. Attach the lifting yoke to a crane hook and engage the yoke arms with the lifting

trunnions. Lift the cask and move it over to the cask loading area in the pool.

11. Spray the external surface of the cask with clean demineralized water to minimize

external decontamination efforts. Slowly lower the cask into the pool. Just prior to

submerging the top forging of the cask, complete the unthreading of the 10 remaining

inner lid bolts and remove them.

Note: Use caution when removing these bolts as pressure may rise slightly in the cask

during the time since completion of Step 9.

12. Continue lowering the cask until it rests in the cask loading area on the pool floor.

13. Disconnect the lifting yoke from the lifting trunnions and move the yoke so that it will

not interfere with fuel movements.

14. Using the inner lid lifting device attached to an auxiliary crane hook, remove the inner

lid from the cask.

Note: If the alternate method of handling the cask is being used, slowly raise the lift

yoke and the inner lid using the lid alignment pins to guide movement. Move

the lift yoke and the inner lid out of the area so that it will not interfere with fuel

movements.

15. Place the inner lid aside ensuring that the O-rings and O-ring grooves are protected

from damage. Decontaminate, as necessary, and clean all sealing surfaces.
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7.3.2.2 Preparation for Unloading the NAC-STC Cask (Canistered Configuration)

1. Verify that excessive pressure does not exist in the interlid region by removing the

interlid port cover and attaching a pressure test fixture to the interlid port quick-

disconnect that will allow the monitoring of the cask interlid region for any pressure

buildup that may have occurred during transport. If a positive pressure exists, connect a

vent line to the interlid quick-disconnect and vent the pressure to the off-gas system.

2. Remove the outer lid bolts and install the outer lid alignment pins and outer lid lifting

eye bolts.

3. Attach the outer lid lifting device to the outer lid lifting eye bolts and the overhead

crane. Remove the outer lid and place it aside in a temporary storage area. Protect the

O-ring and the O-ring groove of the lid from damage. Remove the outer lid alignment

pins.

4. Remove the port coverplates from the drain and vent ports in the inner lid with caution.

Attach a pressure test fixture to the vent port that will allow the monitoring of the cask

cavity for any pressure buildup that may have occurred during transport. If a positive

pressure exists, vent the pressure to the off-gas system.

5. Loosen and remove all inner lid bolts. Install the inner lid alignment pins at locations

marked on the inner lid and the lid lifting hoist rings.

6. Using the inner lid lifting slings, attached to a suitable crane, remove the inner lid from

the cask. Remove the inner lid alignment pins.

7. Place the inner lid aside ensuring that the O-rings and O-ring grooves are protected

from damage. Decontaminate, as necessary, and clean all sealing surfaces.

8. If present, remove the top spacer from the NAC-STC cask cavity (Yankee-MPC

canisters, MPC-LACBWR canisters, or MPC-WVDP-HLW overpacks only).

9. Install the adapter ring on the NAC-STC and torque the three captive bolts to the

torque specified in Table 7-1.

10. Install the transfer cask adapter plate on the top surface of the cask and remove the
handling slings.

7.3.3 Unloading the NAC-STC Cask

The NAC-STC may contain either fuel directly loaded in the cask basket, or a welded

transportable storage canister. The procedures for unloading the directly loaded fuel or canisters

are presented in the following.

7.3-4



NAC-STC SAR

Docket No. 71-9235

April 2014

Revision 14A

7.3.3.1 Unloading Directly Loaded (Uncanistered) Fuel

I. Using approved fuel identification and handling procedures, withdraw one fuel

assembly from the basket and deposit it in the proper storage rack location. Be careful

not to contact any of the sealing surfaces on the top forging or the inner lid alignment

pins.

2. Record and document the fuel movement from the cask to the fuel rack.

3. Repeat steps 1 and 2 until all fuel assemblies have been removed from the cask. If

HBU fuel assemblies were transported and standard fuel assemblies are intended for

the next loading, remove the installed shielded thermal shunts from their fuel basket

locations.

4. Attach the inner lid lifting slings to a crane hook, lift the inner lid and place it on the

cask using the alignment pins to assist in proper seating. Visually verify proper lid

position.

Note: O-ring seals on the lids, port coverplates and test plugs do not require

replacement for an empty packaging shipment.

5. Disconnect the lid-lifting sling from the crane hook.

6. Attach the lifting yoke to the crane hook, lower to lifting position and engage lifting

arms to lifting trunnions. Slowly lift the cask out of the pool until the top of the cask is

slightly above the pool water level.

Note: As an alternative method, the cask and inner lid may be handled simultaneously.

In the event that this method is chosen, instead of performing steps 4, 5 and 6,

attach the lifting yoke to a crane hook and the inner lid to the lift yoke. Lower

the lid and engage to the cask using the lid alignment pins. Engage lifting arms

to lifting trunnions. Slowly lift the cask out of the pool until the top of the cask

is slightly above the pool water level.

7. Attach a drain line to the quick-disconnect in the interlid port (located in the top

forging) and allow the water to drain from the interlid region.

8. Install at least four inner lid bolts approximately equally spaced on the bolt circle to

hand tight. Remove the inner lid alignment pins.

9. Move the NAC-STC cask to the cask decontamination area and disengage the lift yoke

or lift beam and inner lid lifting slings if the alternate method of handling the inner lid

was used. Remove the inner lid lifting eye bolts.

10. Move the cask lifting equipment away from the cask work area.
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!1. Install the remaining inner lid bolts and torque all of the inner lid bolts to the value

specified in Table 7-1 in accordance with the bolt torquing sequence shown on the

inner lid.

12. Disconnect the drain line from the quick-disconnect in the interlid port.

13. Connect a drain line to the drain port quick-disconnect and a regulated air fill line to

the vent port quick-disconnect.

14. Purge the water from the cask by pressurizing to 35 to 40 psig and hold until all water

is removed (observed when no water is coming from the drain line). Adjust final

internal cavity pressure to 0 psig.

15. Remove the lines from the drain and the vent port quick-disconnects.

16. Install the port coverplates over the vent and drain ports in the inner lid. Torque the

coverplate bolts to the value specified in Table 7-1.

17. Decontaminate the surfaces of the inner lid and the inner surfaces of the top forging.

18. Install the outer lid alignment pins. Using the outer lid lifting device, install the outer

lid using the alignment pins to assist in proper seating. Remove the lid lifting device,

lid lifting eyebolts, and the outer lid alignment pins.

19. Install the outer lid bolts and torque them to the value specified in Table 7-1, using the

bolt torquing sequence shown on the outer lid.

20. Install the interlid port cover and torque the bolts to the value specified in Table 7-1.

7.3.3.2 Unloading Canistered Fuel, Canistered GTCC Waste, or HLW Contained in HLW

Overpacks

Canistered fuel and GTCC waste, and HLW contents loaded in an HLW Overpack are unloaded

from the NAC-STC using a transfer cask. The transfer cask could be used to transfer the loaded

canister to a work station where the canister could be opened, or to transfer it to another storage

or disposal overpack.

1. Install the lift hoist rings in the canister lid.

Note: The canister lid may be thermally hot.

2. Attach the canister lifting sling to the hoist rings in the canister lid. Position the sling

so that the free end of the sling can be engaged by the cask handling crane hook.

3. Attach the transfer cask lifting yoke to the cask handling crane hook. Engage the yoke

to the lifting trunnions of the transfer cask.
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4. Lift the transfer cask and move it over the NAC-STC cask. Lower the transfer cask to

engage the transfer cask adapter plate. Once the transfer cask is fully seated, remove

the transfer cask lifting yoke and store it in the designated location.

5. Remove the shield door stops, connect the hydraulic operating system, and open the

transfer cask bottom doors.

6. Using tag lines, lift the canister lifting slings through the transfer cask and attach them

to the crane hook.

Note: Alternative canister handling systems may be used.

7. Raise the canister into the transfer cask just far enough to allow the transfer cask

bottom doors to close. Use caution to minimize the contact between the canister and

the cavity walls of the NAC-STC and of the transfer cask.

8. Close the bottom doors and install the door stops.

9. Carefully lower the canister until it rests on the transfer cask bottom doors. Disengage

the canister lifting sling from the crane hook.

10. Retrieve the transfer cask lifting yoke and attach it to the transfer cask trunnions. Lift

the transfer cask from the NAC-STC cask and move it to its intended destination.

11. Attach the transfer cask adapter plate-lifting slings and disconnect the hydraulic

operating system.

12. Using the crane, lift the transfer cask adapter plate from the top of the cask. Move the

transfer cask adapter plate to the designated storage location.

13. Detorque the three bolts and remove the adapter ring.

14. At the option of the user, at this point the spacer(s) may be removed from the cask for

decontamination and subsequent packaging for shipment.

Note: O-ring seals on the lids, port coverplates and test plugs do not require replacement

for an empty packaging shipment.

15. Install the inner lid alignment pins.

16. Attach the inner lid lifting fixture to the inner lid and engage the lifting fixture to the

auxiliary crane. Install the inner lid in the NAC-STC using the alignment pins to assist

in proper seating.

17. Disconnect the lifting fixture and remove the guide pins.

18. Install and torque the inner lid bolts to the values specified in Table 7-1 using the bolt

torquing sequence shown on the inner lid.

19. Install the port coverplates over the vent and drain ports in the inner lid. Torque the

coverplate bolts to the values specified in Table 7-1.
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20. Decontaminate the surfaces of the inner lid and the inner surfaces of the top forging.

21. Install the outer lid alignment pins. Using the outer lid lifting device, install the outer

lid using the alignment pins to assist in proper seating. Remove the lid lifting device,

lid lifting eyebolts, and the outer lid alignment pins.

22. Install the outer lid bolts and torque them to the value specified in Table 7-1 using the

bolt torquing sequence shown on the outer lid.

23. Install the interlid port cover and torque the bolts to the value specified in Table 7-1.

7.3.4 Preparation of Empty Cask for Transport

I. Decontaminate all surfaces of the cask to acceptable release limits as defined in 49

CFR 173.

2. Attach the lifting yoke to a crane hook and engage the yoke arms with the lifting

trunnions. Lift the cask onto the transport vehicle and lower to the horizontal position.

3. Using a lifting sling, place the tiedown assembly over the cask upper forging between

the top neutron shield plate and front trunnions. Install the front tiedown bolts and lock

washers to each side of the front support. Torque each of the tiedown bolts.

4. Initiate Health Physics radiation and removable contamination surveys to ensure

compliance with 49 CFR 173.441 and 49 CFR 173.443.

5. Using the designated lifting slings and a crane of appropriate capacity, install the top

impact limiter. Install the impact limiter retaining rods into each hole and torque to tile

value specified in Table 7-1. Install the impact limiter attachment nuts and torque to

the value specified in Table 7-1. Install the impact limiter jam nuts and torque to the

value specified in Table 7-1. Install the impact limiter lock wires. Repeat the

operation for the bottom impact limiter installation.

6. Apply labels to the package in accordance with 49 CFR 172.200.

7. Install the personnel barrier/enclosure and torque all attachment bolts to the prescribed

torque value. Install padlocks on all personnel barrier/enclosure accesses.

8. Complete the Health Physics radiation and removable contamination surveys to ensure

compliance with 49 CFR 173 requirements.

9. Complete the shipping documents.

10. Apply placards, if required, to the transport vehicle in accordance with 49 CFR

172.500.
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