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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, nor any of their contractors, subcontractors, or their employees, makes any warranty,
express or implied, or assumes any legal liability or responsibility for the accuracy,
completeness, or usefulness of any information, apparatus, product, or process disclosed, or
represents that its use would not infringe privately owned rights. Reference herein to any specific
commercial product, process, or service by trade name, trademark, manufacturer, or otherwise,
does not necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency, contractor, or subcontractor thereof. The views and
opinions of authors expressed herein do not necessarily state or reflect those of the United States
Government or any agency, contractor, or subcontractor thereof.
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EXECUTIVE SUMMARY

In preparation of an integrated nuclear waste management program, the United States
Department of Energy (DOE) is preparing for future large-scale transport of spent nuclear fuel
(SNF), high-level radioactive waste (HLW), and Greater-Than-Class-C (GTCC) waste. A part of
this preparation includes developing a fleet of railcars to be used for the transport of High-Level
Radioactive Material (HLRM) and GTCC waste.

The DOE Contract DE-NE0008390 titled “Design and Prototype Fabrication of Railcars for
Transport of High-Level Radioactive Material” was awarded to AREVA Federal Services, LLC
(AFS) in August 2015. Prototype railcars are to include both a cask railcar to haul HLRM casks
(hereafter, the cask railcar is specifically referred to as "Atlas") and two buffer railcars used for
spacing between the train engine and Atlas railcar(s), the Atlas railcar(s) and escort railcar, and
for weight distribution between Atlas railcars, as deemed necessary.

In addition to the development of design and fabrication requirements, the key contract
requirement is for the railcars to be approved by the Association of American Railroads (AAR)
as compliant with AAR Standard S-2043 (Performance Specification for Trains Used to Carry
High-Level Radioactive Material). This standard prescribes the performance guidelines that must
be met by trains carrying HLRM. These guidelines optimize vehicle performance and
incorporate the best available technology to minimize the chances of derailment.

This project, governed by DOE Contract Number DE-NE0008390, has been divided into three
phases as summarized below:

1) Phase 1 includes:

a) The mobilization and conceptual design of an Atlas railcar and its associated buffer
railcar;

b) The conceptual design of cask cradles for securement of HLRM casks on the Atlas
railcar;

c) General Loading Procedures for cask-to-cradle-to-railcar; and
d) The railcar’s functional, design, operational, and maintenance requirements.
2) Phase 2 includes:

a) The submission of the preliminary design packages of the Atlas and buffer railcars
designed to meet the AAR Standard S-2043 requirements;

b) The subsequent receipt from the AAR of a “notice to proceed with the test phase” which
allows the prototype railcars to be built in accordance with Section 3.2.1 of S-2043; and

c) The delivery of the design data package to the DOE.
3) Phase 3 includes:
a) The fabrication and delivery of the prototype Atlas and buffer railcars; and

b) The delivery of an as-built package for upcoming railcar AAR S-2043 approval testing
and future production fabrication of both the Atlas and buffer railcars.

This report titled “Design and Prototype Fabrication of Railcars for Transport of High-Level

Page ES-1 Atlas Railcar Phase 1 Final Report
October 28, 2016



Atlas Railcar Phase 1 Final Report
Report No.: DE-NE0008390

Radioactive Materials, Phase 1: Mobilization and Conceptual Design” compiles the work that
was completed during Phase 1. This report includes a summary of the approach and results in
meeting Phase 1 contract objectives, including the challenge in meeting S-2043 requirements and
a resulting change in the prototype railcar’s configurations, and provides copies of Phase 1
deliverables in the appendices for reference.

The version of the Atlas railcar discussed in this report is a 12-axle configuration that is capable
of carrying 15 spent nuclear fuel transportation cask models. As this report was being completed
in late September 2016, a contract modification added the HI-STAR 190 SL and XL
transportation casks to the list of cask models. The next phase of the design process, Phase 2,
Preliminary Design, will include all the changes to the Atlas Railcar design necessary to
transport these two casks.
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1.0

PHASE 1 INTRODUCTION

This section provides background information regarding this report's content and layout, an
introduction to the project's team members and their roles, and a status summary of Phase 1
deliverables.

1.1

Report Content and Layout

This report specifically summarizes the efforts and accomplishments of Phase 1. Sections 2.0
through 6.0 provide a summary of the contractual requirements, approach, challenges, and results
in meeting Phase 1 contract objectives, as well as general loading procedures of the cask-to-
cradle-to-railcar process. Specifically, each section includes:

Section 2.0 provides general information regarding contractual and regulatory requirements
and an overall description of the included casks to be carried by the Atlas railcar.

Section 3.0 provides descriptions of the conceptual design of the cask cradles to be used to
transport standard industry HLRM casks (as identified by the DOE) on the Atlas railcar; the
conceptual cradle’s functional, operational, and maintenance requirements; and each cask
cradle family’s conceptual design. Also included is a description of the standardized cradle-
to-Atlas railcar interface mechanisms—a design, which although conceptual in Phase 1, will
be detailed, designed, and maintained in Phase 2’s preliminary railcar design.

Section 4.0 provides conceptual Atlas and buffer railcar designs used in Phase 1 to support
the development of the conceptual cradle designs and to provide a basis for the project’s
Phase 2 preliminary design of the Atlas railcar and buffer railcar.

Section 5.0 provides the purpose and scope of the General Loading Procedures, the
methodology used to generate the procedures, and a description of the procedures’ format.

Section 6.0 provides the cradles’ and railcars design basis requirements in the Design Basis
Requirements Document (DBRD)/Functional and Operational Requirements Document
(FORD) as well as the Atlas and buffer railcars operational and maintenance requirements.

Section 7.0 provides a listing of references used in this report.

Appendices for this report include the actual deliverables/conceptual design supporting
documents, which were submitted to and approved by the DOE. These will be utilized in the
future preliminary and detailed design of the Atlas railcar's cask cradles and production
railcars. Enclosed appendices include:

0 Appendix A — Conceptual Cradle Designs
= Appendix A.1 - Family 1 Cradle Conceptual Design
=  Appendix A.2 — Family 2 Cradle Conceptual Design
= Appendix A.3 — Family 3 Cradle Conceptual Design
=  Appendix A.4 — Family 4 Cradle Conceptual Design
= Appendix A.5 — Cradle-to-Railcar Interface
=  Appendix A.6 — Bounding Conditions
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0 Appendix B — Atlas Cask Railcar Drawing and Description
o0 Appendix C — Buffer Railcar Drawing and Description
0 Appendix D — General Loading Procedures

o Appendix E — Functional and Operational Requirements

The drawings and calculations included in Appendix A.1 through A.5 are provided as images as
they are now formally issued to the DOE.

1.2 Introduction of Project Team Members and Their Roles

The Atlas project team has managed the Atlas project from the proposal process, through the
Phase 1 conceptual design of the cask cradles and railcars, and will continue to do so through
Phase 2 preliminary railcar design and the upcoming Phase 3 prototype railcar fabrication
process. AFS has primary responsibility for the project and integration of team members. AFS
SNF transport cask subject matter experts (SMEs) provide project engineering oversight,
conceptual design of the cask cradles, and design of the cradle-to-railcar interface system. Stoller
Newport News Nuclear (SN3) performs peer reviews of the cradle-to-railcar interface system.
Kasgro Rail is the designer and fabricator for the Atlas and buffer railcars. Kasgro Rail is
supported by Transportation Technology Center, Inc. (TTCI) which provides dynamic modeling
and a preparation of the S-2043 request package seeking AAR approval to build and test the
prototype railcars. AREVA TN generated the cask-to-cradle-to-Atlas railcar General Loading
Procedures with peer review performed by MHF Logistics (MHF).

Table 1-1 provides a listing of primary project participants performing independent managed
tasks along with their defined roles.

TABLE 1-1: PRIMARY PROJECT PARTICIPANTS AND ROLES

Participant Role

AREVA Federal Services (AFS) Project integrator and overall responsibility for contract execution

Cask design and Safety Analysis Report (SAR) data collection and review
Cask cradle conceptual designs

Cradle-to-railcar interface system design

Stoller Newport News Nuclear Peer review of Atlas railcar cradle attachment interface design and cask/cradle/railcar
(SN3) loading procedures based on work performed as design verifier of cradle for U.S. Navy
M-290 cask railcar

Kasgro Rail Atlas railcar attachment peer review

Atlas and buffer railcars conceptual designs

Atlas and buffer railcars designs including finite element analysis and modeling
Submission of AAR Equipment Engineering Committee (EEC) S-2043 data package
Fabrication of Atlas and buffer prototype railcars

Transportation Technology Dynamic modeling of Atlas and buffer railcars designs
Center, Inc (TTCI) Preparation of AAR S-2043 approval request package
Interface with the AAR EEC

AREVA TN Cask-to-cradle-to-Atlas railcar general loading procedures
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Participant

MHF Logistics (MHF) Peer review of general loading procedures as a transportation logistics company
specializing in rail services

Throughout this report, specific reference to a company name will refer specifically to that
company. The use of “TEAM” refers to all or a portion of the above listed companies based on
assignments or as defined in current discussions.

1.3 Deliverable Status

All Phase 1 contract deliverables have been submitted to and approved by the DOE. However,
due to the recent configuration change to a 12-axle railcar, the Cradle Attachment Conceptual
Design (CLIN 1, Event 2) and the Payload/Size Bounding Conditions (CLIN 1, Event 3) have
been revised since the original approved submittal.

Change in Atlas Railcar Configuration

The Atlas Railcar design is based on the utilization of the U.S. Navy's M-290 cask railcar basic
design and components as it is the only railcar to successfully be approved for use under the
AAR S-2043 requirements. The TEAM also selected the M-290's components as they are the
only existing components used to establish S-2043 compliant dynamic models (built by TTCI).
The first conceptual design used the M-290 trucks with a standard 8-axle configuration.

In late May 2016, the selected M-290 trucks for the 8-axle Atlas railcar and buffer railcar failed
initial Phase 2 dynamic modeling simulations. Simulation results indicate that railcar trucks fail
the "hunting™ criteria during high-speed stability and dynamic curving simulations. Hunting
refers to the self-oscillation of the railcar trucks between the railroad tracks, decreasing railcar
stability and railway adhesion.

As a result of the above and extensive evaluation of options, the TEAM switched to a 12-axle
configuration of the Atlas railcar in early August 2016. The TEAM determined that the 12-axle
configuration presents the highest probability of meeting AAR S-2043 requirements while
minimizing risk and schedule impacts. Additional information regarding this configuration
change is provided in Section 4.4.
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1.4

Phase 1 Chronological Outline

The following provides a summary of tasks performed on the project.

1)

2)

3)

4)

5)

6)

7)

8)

9)

The project was received and accepted and the project plans were generated, submitted, and
approved by the DOE (including the DBRD).

Information regarding the 15 casks, listed in Attachment A of the Statement of Work (SOW)
[3] (reference Table 2-1), was gathered from public information sources. Proprietary SAR,
cask data, and information secured from the casks suppliers.

Cask data was reviewed and the TEAM determined that all casks could be placed into four
distinct cradle support methods based on cask similarities (refer to Section 3.0). This led to
four cradle families that all 15 individual conceptual cradle designs would fit into.

In parallel, the TEAM determined that a common cask cradle-to-Atlas attachment interface
system was feasible for all conceptual cradle designs, allowing a single set of attachment
points to be utilized on the Atlas railcar deck.

Atlas railcar payload information was gathered from the cask and initial cradle concepts, and
bounding loads were determined, checked, and approved.

To support the cradle attachment interface and the generation of the future general loading
procedures, Kasgro was given the bounding payload conditions and generated Atlas and
buffer railcar conceptual designs. These were provided to the DOE for information only, as
they are not Phase 1 deliverables.

After the determination of bounding payload conditions, the conceptual cradle calculations
and conceptual cradle drawings were developed. These were checked individually and
against each other, and AFS peers performed an independent design review. The conceptual
cradle designs were then submitted to and approved by the DOE.

After the conceptual Atlas railcar was completed, the conceptual cradle attachment interface
design started, which included the placement of the attachment system on the conceptual
Atlas railcar deck. The attachment interface calculation and drawings were completed and
checked and AFS peers performed an independent design review. SN3 engineering staff peer
checked the attachment interface system and their comments were incorporated. The
conceptual cradle attachment interface was submitted to and approved by the DOE.

With a conceptual cradle design, cradle attachment interface, and Atlas railcar determined,
AREVA TN developed the cask-to-cradle-to-Atlas railcar general loading procedures. MHF
SMEs reviewed the procedures, with comments incorporated. The procedures were then
submitted to the DOE and approved.

10) The DBRD was revised according to S-2043 operational and maintenance requirements, thus

meeting the deliverable requirements of the FORD. The DBRD/FORD were submitted to
and approved by the DOE.

11) Phase 2 preliminary railcar designs were started immediately after the completion of the

conceptual railcar designs by Kasgro, including the preliminary design of the railcar structure
and its finite element analysis and modeling. Once this was completed, Kasgro provided
TTCI pertinent data to initiate the building of dynamic models of the Atlas and buffer
railcars.
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12) Once TTCI completed the initial dynamic Atlas and buffer railcar models, the dynamic

models were tested by running simulations. Before further preliminary design tasks were
completed, the simulations for high speed stability and tracking were purposely run to
determine if the railcars had issues meeting S-2043 requirements. At this point, it was learned
that the railcars failed the simulations as the railcars’ trucks restricted their ability to meet S-
2043 requirements (refer to Section 4.4).

13) The TEAM immediately evaluated possible solutions for alternate railcar trucks, found no

suitable alternatives, and then studied the probable outcomes of the continuance of the 8-axle
Atlas railcar’s preliminary design configuration. As a feasible alternative, the 12-axle M-290
railcar was evaluated and determined to have significantly less risk in meeting S-2043
requirements within project schedule constraints. The TEAM also determined that the buffer
car would need to emulate the U.S. Navy’s escort railcar’s framework and structure,
undercarriage and truck design in order to meet S-2043 requirements.

14) AFS provided a contract notification of the configuration change and requested to change the

Phase 1 and Phase 2 final delivery dates as a result of the work to be repeated in the
preliminary design of the Atlas and buffer railcars. The AFS Project Manager (PM) and AFS
Corporate Sponsor met with the DOE Contracting Officer’s Representative (COR) and
presented the failed modeling results and the evaluation of the alternatives.

15) As a result of discussions with the DOE COR, the TEAM has incorporated the 12-axle Atlas

railcar configuration into Phase 1. This includes the following reviews and changes:
a. Bounding conditions revised

. Cradle attachment interface revised

. Conceptual cradle design revisions not needed

. General loading procedures revision not needed

. DBRB/FORD revision not needed

f. Final calculations and drawings released for Phase 1 report submission

b
c
d
e

16. AFS generated and submitted the Phase 1 Final Report.
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A listing of Phase 1 deliverables and their status is included in Table 1-2.

TABLE 1-2: PHASE 1 DELIVERABLES AND STATUS

Approval
Event Description Accomplishment Expected Status
1 Delivery of AFS Project Plansand | Plans submitted: Approved
DOE Kick-off Meeting e  Project ManagementPlan
e  Engineering Work Plan
e  Draft Design Basis Document
e  AAR S-2043 Design Submittal Package
e  Project QA Plan
e  Engineering Oversight Plan
e  DOE Kickoff Meeting Package
2 Cradle Attachment Conceptual Submittal of Conceptual Design for cradle attachment Approved
Design (Note: drawing and calculation revised for 12-axle
configuration change; included in Appendix A.5)
3 Payload/Size Bounding Conditions | Documentation showing final payload size bounding Approved
conditions (Note: bounding conditions submittal revised
for 12-axle configuration change; included in Appendix
A.6)
4 Cradle Conceptual Design Submittal of conceptual design for cradles Approved
5 General Loading Procedures Submittal of General Loading Procedures Approved
6 Functional and Operational Submittal of FORD & Phase 1 Report FORD Approved,
Requirements Document & Phase 1 Phase 1 Report
Report (this report) under
review as of
October 1,2016
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2.0  GENERAL INFORMATION

2.1 Supporting Information and Regulatory Requirements

Railroad Transportation Requirements

The Atlas and buffer railcars must comply with AAR’s “Manual of Standards and
Recommended Practices,” including Standard S-2043 titled “Performance Specification for
Trains Used to Carry High-Level Radioactive Material, Standard S-2043” [4].

The cask and buffer railcar design and fabricator must be approved to AAR Manual Standards
and Recommended Practices, Section J — Quality Assurance M-1003 (2014) [5].

Other DOE Requirements

The contract states that the cask and buffer railcars are to comply with other applicable standards
as specified in the Oak Ridge National Laboratory (ORNL) report, Cask Railcar System
Requirements Document [20]. If there is any contradiction between the System Requirements
Document and the contract’s SOW, the SOW takes precedence. Note that in AFS’ Request for
Information (RFI) AFS-RFI1-00225-0001-00 [6], Table 3-3 of the ORNL requirements document
[20] was questioned regarding the establishment of bounding design requirements specifically
for the conceptual cradle designs. The DOE responded to the RFI that the table “simply lists the
largest and heaviest cradle characteristics that exist at this time,” hence, the word "bounding” is
used to describe these characteristics. As a result, AFS has not limited its conceptual cradle
designs specifically to the values in this table and has determined bounding conditions necessary
to meet AAR S-2043 and AAR Plate C requirements.

As specified by the DOE, a total of 15 separate transportation cask designs were considered for
the development of the conceptual cradle designs, and for bounding the Atlas railcar’s dynamic
modeling requirements to AAR S-2043. The cradles are to be tall enough and open-ended so that
the impact limiters can be attached to a cask after the cask is secured to the cradle while on the
Atlas railcar. Each cask design will need a cradle designed to position the Center-of-Gravity
(CG) low for stability during transport (see Appendix A.6 on bounding conditions). However,
the cradle design will position the impact limiter with a clearance of at least one inch above the
cask car deck. In order to understand cask and impact limiter dimension and handling
requirements, AFS interfaced with transportation cask vendors identified in SOW Attachment A
[3]. AFS obtained and/or verified specific cask information for conceptual cradle designs to meet
S-2043 design, operational performance, monitoring, maintenance, and testing requirements
(e.g., the height of the cask’s CG above the railcar deck, the weight on each axle, etc.). The cask
cradle must also be specifically designed to meet the requirements of AAR Rule 88 (which
specifies the minimum mechanical requirements for railcars used in interchange commerce
service), as included in the AAR 2015 Field Manual of the AAR Interchange Rules [2].

The Atlas railcar, including a cradle and a cask, and buffer car clearances must fit within AAR
Plate C, except when loaded with casks that are more than 128 inches wide. Transporting casks
that are more than 128 inches wide will require special route analysis that is not a part of this
contracted scope of work. The requirements for Plate C are contained within AAR Standards S-
2028 [7], S-2029 [8], and S-2030 [9]. These standards are referenced in AAR Standard S-2043,
Section 4.7.9.1 [10]. Note that there is a pending change from Plate C to Plate E based on the

Page 2-1 Atlas Railcar Phase 1 Final Report
October 28, 2016



Atlas Railcar Phase 1 Final Report
Report No.: DE-NE0008390

change in configuration from an 8-axle Atlas railcar to a 12-axle Atlas railcar.

Nuclear Regulatory Commission (NRC) Requirements

NRC regulations require HLRM to be shipped in transport casks certified in accordance with
10CFR71 [11]. The cask cradle and its attachments are to meet commercial grade requirements.

Code Requirements

The following design codes were used in the development of the conceptual cradle design. ANSI
N14.6 was used to provide a lifting criteria for the cradles, since they are required to lift the
loaded cask. ASME Boiler and Pressure Vessel Code and ASTM codes were used to provide
material properties, primarily material yield and ultimate strengths.

Project Quality Requirements

In the completion of the Atlas project, AFS is utilizing the AFS Quality Assurance (QA)
Program, AFS-QA-PMD-001 [13], which establishes the corporate QA requirements used to
implement work activities. The program and its implementing procedures are based on ASME
NQA-1-2008/2009a [12] and are organized in the 18 requirements of ASME NQA-1.

The AFS QA program includes the development of a tailored project quality assurance plan
(PQAP). AFS developed PQAP QA-3014737 [14], which identifies the project-specific
requirements such as safety class, project codes, and procedures to tailor the program to meet the
project requirements.

Kasgro Rail activities for the Atlas and buffer railcars will be performed in accordance with
Kasgro Rail’s AAR M-1003-approved QA program [15]. AFS’ project management and
engineering will provide oversight to ensure contract requirements are met.

Also, incorporated into DOE contract DE-NE0008390, Part Ill, Attachment J-C, is the “AFS
Quality Assurance Surveillance Plan” — generated during the proposal phase of this project —
which is incorporated into the PQAP. This surveillance plan is the basis of the AFS Engineering
Oversight Plan and compliance matrices, included in the various subsections of Appendix A.1
through A.5.

These requirements apply not only to Phase 1 of the project, but also to Phases 2 and 3.

Specific Project Quality Requirements
A summary of specific project quality requirements includes:

e AAR S-2043 titled Performance Specification for Trains Used to Carry High-Level
Radioactive Material, Standard S-2043 [4]

e AAR-M1003 titled AAR Manual Standards and Recommended Practices, Section J —
Quality Assurance M-1003 (2014) [5]

e AFS Quality Assurance Program Description (QAPD), AFS-QA-PMD-001 [13]

e AFS Project Specific QA Plan, QA-3014737, Design and Prototype Fabrication of Atlas
Railcars for HLRM [14]

e AFS “Quality Assurance Surveillance Plan” as incorporated into DOE contract DE-
NE0008390, Part 111, Attachment J-C [16]
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These requirements are incorporated into the single PQAP for the execution of conceptual
design, procedural development, report generation, preliminary design, AAR S-2043 modeling,
and data submission, detail design, fabrication and delivery of the Atlas and buffer railcars.

Project Communications

An internal TEAM project meeting is held weekly with TEAM members in order to assess
project status, issues and resolutions, schedule progress, and resource needs. This meeting is
supplemented by various project status conference calls and a routinely published action item list
(internal to the TEAM).

A monthly project status report is due to the DOE CO and COR by the tenth day of each month,
as detailed in contract DE-NE0008390, Part 111, Attachment J-A, and as described in contract
section 2.5.3. The report includes the following:

e PM’s narrative highlights and status assessment regarding technical progress for each active
project phase;

e Deliverable status;
e Schedule and cost performance indexes;

e Issues/concerns (cost, schedule, technical) including forecasted or expected variances,
recommended resolution or mitigation, and progress toward resolution or mitigation;

e A summary of upcoming activities over the next 90 days; and
e A listing of project milestone dates and forecast variances.

The monthly status report is considered the official record of the project. The monthly project
status report is followed by a project review meeting occurring mid-month following the
reporting month. The setup of this meeting is coordinated by the AFS Project Manager (PM) and
the COR.

2.2 Cask Information and Data

Conceptual cask cradle designs must accommodate the 15 cask designs listed in Attachment A of
the SOW [3], as subsequently modified by a contract modification and by AFS Request for
Information Number AFS-RFI-00225-0013-00. Table 2-1 is a modified table incorporating all
accepted changes. As this report was being completed in late September 2016, a contract
modification added the HI-STAR 190 SL and XL transportation casks to the list of cask models.
These two casks will be added to this table during Phase 2 of the design process.
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TABLE 2-1: NOMINAL CHARACTERISTICS OF SPENT NUCLEAR FUEL TRANSPORTATION CASKS

Length Length with  Diameter Diameter Empty Loaded
without Impact without with Impact | Weight with Weight with
Impact Limiters Impact Impact

Limiters (in.) (in.) Limiters (ID.) | | imiters (Ib.)

Manufacturer Impact Limiters
and Model Limiters (in.) (in.)

NAC International

NAC-STC 193.0 273.7 99.0 128.0 188,767-194,560 | 241,664-254,589
NAC-UMS UTC 209.3 273.3 92.0 124.0 178,798 248,373-255,022
MAGNATRAN 214.0 322.0 110.0 128.0 208,000 312,000
Holtec International
HI-STAR 100 203.25 307.5 96.0 128.0 179,710 272,622-279,893
HI-STAR HB 128.0 230.82 96.0 128.02 --b 187,200
HI-STAR 180 174.37 285.04 106.30 128.0 < 308,647 308,647
HI-STAR 60 158.94 274.37 75.75 128.0a < 164,000 164,000
AREVA Transnuclear
MP187 2015 308.0 925 126.75 190,200 265,100-271,300
MP197 208.0 281.25 915 122.0 176,710 265,100
MP197HB 210.25 271.25 97.75 126.00 179,000 303,600
TN-32B¢ 184.0 261.0 97.75 144.02 --d 263,0002
TN-40 183.75 261.0 99.52 144.00 -d 271,500
TN4OHT 183.75 260.9 101.0 144.0 --d 242,343
TN-68 197.25 271.0 98.0 144.0 < 272,000 272,000
Energy Solutions
TS125 210.4 342.4 94.2 1435 196,118 285,000

Source: Contract DE-NE0008390, Modification #3, Part |, Section C, Attachment A - Transport Cask Characteristics, and AFS
Request for Information AFS-RFI-00225-0013-00 regarding contract DE-NE0008390, Attachment A [3] - Transport Cask
Characteristics, dated March 7, 2016.

a. Estimated
b. HI-STAR HB transportation casks are already loaded so they would not be shipped empty.

c. This is the TN-32B that DOE plans to use in the High Burnup Dry Storage Cask Research and Development Project, and ship
from North Anna Nuclear Power Plant. The TN-32B does not currently have a transport certificate of compliance. The
dimensions and weight with impact limiters for the TN-32B are estimated.

d. TN-40 transportation casks are authorized for single use shipments and would not be shipped empty. TN-32B and TN4OHT
transportation casks are authorized for single use shipments and would not be shipped empty on an S-2043 cask car.
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2.3 Use of SAR Designs in Conceptual Cradle Designs

Some licensed casks designs utilize the cask cradle design listed in its NRC 10CFR71-licensed
SAR general arrangement drawings. In many instances, the general arrangement drawing
detailing the cask cradle (including detailed dimensions and CG locations) is part of the NRC
Certificate of Compliance (CoC); however, some cask suppliers have made the drawings
proprietary, leaving cradle and support requirements unknown or undefined to the public.

As a result of the inconsistent availability of information regarding SAR provided cradle designs
and the potential cradle's use (i.e., cradle defined as lifting skid only, nuclear station transport use
only, highway transport, use not defined, etc.), AFS chose, with DOE agreement, to neglect
constraints (e.g., basic design, detail dimensions, and CG locations) for the cask cradles
contained in the SAR General Arrangement Drawings for each of the 15 casks involved in this
project [1]. This approach enabled AFS to avoid the lack of information mentioned above, while
not hindering the development of the Atlas railcar or its capability to handle the various transport
loads.

Using reasonable engineering judgement, information available that conceptually complies with
the requirements of 10CFR71 for the cask, and requirements from the AAR Field Book Rule 88
[2], AFS designed the conceptual cradles using the same cask-to-skid/cradle interface locations
outlined in publicly available SARs. This provides the DOE with a single Atlas railcar that has
the capability to transport all of the casks listed in the contract’s SOW, Attachment A —
Transport Cask Characteristics [3].

All conceptual cradle designs are to interface with the railcar in the same locations and hence, be
interchangeable. Therefore, it is possible that conceptual cradle designs vary from the SAR
cradle design to accommodate the required railcar and payload’s combined CG. The cask
supplier should review and possibly revise their SARs to allow their supplied casks to be
transported by the Atlas railcar.

Specific public documents used for information in the conceptual cradle design package include:

e Docket Number 71-9235, NAC-STC Storage and Transport Cask Safety Analysis Report,
Non-Proprietary Version, Rev. 15, March 2004.

e Docket Number 71-9356, MAGNATRAN® Submittal, Non-Proprietary Version, Revision
12A, October 2012.

e Docket Number 71-9356, MAGNATRANe RAIl Response Package Submittal, Non-
Proprietary Version, Revision 14A, October 2014.

e Docket Number 71-9270, NAC-UMS Universal MPC System, Safety Analysis Report, Non-
Proprietary Version, Revision UMST-00A, May 2000.

e Docket Number 71-9270, List of SAR Changes for NAC UMSe Transport SAR Revision 2,
Non Proprietary Version, November 2005.

e Certificate Number 9270, Certificate of Compliance, Rev. 4, U.S. Nuclear Regulatory
Commission.

e Docket Number 71-9255, Safety Analysis Report for the NUHOMS®-MP187 Multi-Purpose
Cask, Non-Proprietary Version, Revision 17, July 2003.
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e Docket Number 71-9302, NUHOMS®-MP197 Transportation Package Safety Analysis
Report, Non-Proprietary Version, Revision 7, AREVA TN.

e Certificate Number 9302, “Certificate of Compliance for Radioactive Material Packages,
Package Identification Number USA/9302/B(U)F-96,” Revision 7, U.S. Nuclear Regulatory
Commission.

e Docket Number 71-9313, TN-40 Transportation Packaging, Safety Analysis Report, Non-
Proprietary Version, Revision 16, June 2011.

e Docket Number 71-9293, TN 68 Packaging Safety Analysis Report, Non-Proprietary
Version, Revision 4, January 2001.

e Certificate Number 9293, Rev 4, U.S. Nuclear Regulatory Commission.

e Docket Number 71-9276, Fuel Solutions™ TS125 Transportation Cask Safety Analysis
Report, Non-Proprietary Version, Revision 6, BNLF Fuel Solutions Corporation.

e Certificate Number 9276, “Certificate of Compliance for Radioactive Material Packages,
Package Identification Number USA/9276/B(U)F-96,” Revision 4, U.S. Nuclear Regulatory
Commission.

e Certificate Number 9336, “Certificate of Compliance for Radioactive Material Packages,
Package Identification Number USA/9336/B(U)F-96,” Revision 0, U.S. Nuclear Regulatory
Commission.

e Docket Number 71-9336, Safety Analysis Report on the HI-STAR 60 Transport Package,
Non-Proprietary Version, Revision 2, May 20009.

e Docket Number 71-9336, Safety Evaluation Report, Rev 0

e Docket Number 71-9261, Safety Analysis Report on the HI-START 100 Cask System, Non-
Proprietary Version, Revision 15, October 2010.

e Certificate Number 9325, “Certificate of Compliance for Radioactive Material Packages,
Package Identification Number USA/9325/B(U)F-96,” Revision 2, U.S. Nuclear Regulatory
Commission.

e Docket Number 71-9325, Safety Analysis Report on the HI-STAR 180 Package, Non-
proprietary Version, Revision 6, April 2014.

e Docket Number 71-9325, Safety Evaluation Report, Revision 2.

The TN-32B and TN-40HT were completed using the TN-40 SAR information, as discussed in
Section 3.0 of the calculation enclosed as Appendix A.3.2 [17]. Additional design inputs from
proprietary vendor information was used for the HI-STAR 60, HI-STAR 100, HI-STAR 180 and
HI-STAR HB.

Additional Data Sources

In addition to the cask SARs, sources for related cask data included the NRC’s ADAMS public
searchable database and information requested directly from and provided by the cask suppliers
themselves. If used, data acquired from sources other than the SARs is referenced in the
applicable cradle or cradle interface calculations.
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3.0 CONCEPTUAL CRADLE DESIGNS

As part of this project, DOE has contracted with AFS to design transport package cradle
concepts for the 15 SNF transport casks listed in Attachment A of the SOW [3] as well as a
single standardized railcar tie-down interface.

AFS was responsible for conceptual designs of cradles that accommodate each of the casks listed
in Attachment A of the SOW [3]. The conceptual cradle designs were necessary to determine the
height of the cask CG above the railcar deck, the weight on each axle, etc., as required to
perform analysis and provide supporting information needed for designing the Atlas railcar. The
conceptual cradle designs will not be carried through to preliminary or final design under this
contract. The design requirements for the conceptual cradle designs were published in the
DBRD, discussed in Section 6.0, and enclosed in Appendix E. These requirements were taken
from the SOW with some additional requirements added by the design TEAM.

AFS has chosen to divide the 15 casks into 4 groups based on the cask tie-down methods. This
allowed a minimized number of required cradle designs with each cradle grouping containing
configurations for each cask. These four groups are referred to as “families” herein, and are
described below with full description in Sections 3.5 through 3.8:

Family 1 Casks that need end stops to restrain axial (longitudinal) movement. The casks rest
on a single or multiple saddles with straps restraining lateral and vertical
movement. Casks included in this family are the TN-32, TN-40, TN-40HT, HI-
STAR 60, HI-STAR 100, HI-STAR-100HB, and the HI-STAR 180.

Family 2 Casks that are restrained axially and vertically by their lower trunnions (or pocket
trunnions in some cases). Casks included in this family are the MAGNATRAN®,
NAC-STC™, NAC-UMS™, and the TN-68.

Family 3 Casks with an integral shear key. Casks included in this family are the MP197,
MP197HB, and the TS-125.

Family 4 Casks with an integral shear key where the cask rests on multiple saddles with a
frame restraining vertical movement. The only cask in this family is the MP-187.

The cradle-to-Atlas railcar connection was designed using common (standardized) attachment
points that accommodate all cradle designs. All conceptual cradle designs were designed to
attach to the railcar using the standardized attachment points. The standardized attachments are
described in Section 3.9 and shown in Figure 3-5 in Section 3.9.

The conceptual cradle designs were developed using scoping hand calculations. Cradle weight
and CG calculations were performed using hand calculations or spreadsheets. The stress criteria
for sizing the conceptual cradle components was based on the 7.5g longitudinal/2g vertical/2g
lateral loading, with the resulting loads compared to material yield stress. Each cradle family is
supported by a structural calculation and drawing. The individual cradle family structural
calculations use first principle manual calculations to evaluate/size the primary structural
members on the cradle concepts. Bounding or conservative component evaluations are used,
where appropriate, to reduce the number of required evaluations. The lifting criteria applied to
the conceptual cradles were conservative in accordance with ANSI N14.6 [18].

The conceptual design of each cradle was evaluated to provide good assurance that a design can
be made to support the applied loads. Each cradle is required to support the 7.5g9/2g/2g
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transportation loads taken individually. In addition, it was demonstrated that lifting load path
components in the cradle can support the combined load of the cradle and package to support
transfer between modes of transportation. The AAR Field Book Rule 88 [2] was used to define
the load cases for evaluation.

3.1 Conceptual Cradle Functional Requirements

Conceptual cradle functional requirements are documented in Section 2.2.2 of the AFS
document, Engineering Information Record (EIR)-3014611, DBRD (as enclosed as Appendix E)
for the Atlas railcar. Conceptual cradle functional requirements are derived from the SOW and
from ORNL/TM-2014/596. Functional requirements include conceptual cradle payload,
conceptual cradle design scope and required outputs, and operational considerations that impact
design and conceptual cradle loading requirements.

3.2 Conceptual Cradle Operational Requirements

Conceptual cradle operational requirements are documented in Section 2.3.2 of AFS document,
EIR-3014611, DBRD (as enclosed as Appendix E) for the Atlas railcar. Cradle operational
requirements include accommodation of the 15 cask designs listed in Table 2-1 above, and the
requirement to facilitate loading and unloading operations of the Atlas railcar when the
conceptual cradle is in a loaded or unloaded condition.

3.3 Conceptual Cradle Maintenance Requirements

Conceptual cradle maintenance requirements were not included in the Phase 1 scope. However,
some cradle maintenance requirements, which impacted the conceptual cradle design, were
considered by AFS and were added to Section 2.5 of the DBRD as discussed in Section 3.4
below.

3.4 Additional Conceptual Cradle Design Considerations

Additional conceptual cradle design considerations were determined by AFS and were
documented in Section 2.5 of the DBRD (as enclosed as Appendix E) for the Atlas railcar. These
design requirements supplement the SOW requirements and are included due to their relevance
to the conceptual cradle design. Additional design considerations include conceptual cradle
lifting, conceptual cradle accommodation of cask handling, clarification of conceptual cradle
loading requirements, intermodal transfer design requirements, and temperature range for the
conceptual cradle material properties.

35 Atlas Railcar Cradle Family 1

Conceptual cradle designs in Family 1 support the Holtec HI-STAR 100, HI-STAR-100HB, and
the HI-STAR 180 casks (Figure 3-1), as well as the Transnuclear TN-32B, TN-40, TN-40HT
casks. Casks in Family 1 do not have shear keys and are restrained axially (longitudinally) by
means of end stops touching the ends of the cask impact limiters. The cask rests on multiple
saddles, which along with tie-down straps, provide lateral and vertical restraint. Supporting
documents generated for the Family 1 cradle are listed below and enclosed in Appendix A.1:

e DWG-3015137, Atlas Railcar Cradle Family 1 Conceptual Drawing
e CALC-3015133, Atlas Railcar Family 1 Conceptual Cradle Structural Calculation
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The Family 1 cradles use the same basic design configuration for each cask. The cask impact
limiters interface with cradle end stops, which provide longitudinal restraint at each end of the
cask. Casks rest on the central cradle frame, which includes multiple saddles with tie-down
straps that provide vertical and lateral restraint.

FIGURE 3-1: FAMILY 1 HI-STAR 100 CASK, CONCEPTUAL CRADLE, AND END STOPS

The cradle frame is constructed from two main I-beams, which sandwich the saddle cross
members. There is no cask trunnion interface or cask shear key. The central frame is a welded
construction with the saddles and cross member weldments welded to the main I-beams. There
are four pin locations in the central frame attachment of the cradle to the railcar. These pin
locations provide vertical restraint for the cradle. The central frame is not restrained
longitudinally, as the end stop assemblies provide this restraint. Lateral restraint for the central
frame is provided by the main frame I-beams, both of which interface with the railcar.
Longitudinal, restraint, and lateral connections for end stop assemblies are provided by pinned
and blocked connections to the railcar.

The end stop assemblies can be lifted using lifting hardware (shackles or hoist rings) installed
above the CG locations specified on the drawing. The cradle and loaded cask can be lifted using
a lifting strap located beneath the protruding saddle plates, interior to the end saddles, and
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combined with a lift beam to provide a vertical lift. A concept of a personnel barrier is included
in the conceptual cradle design to meet package SAR requirements and to provide a reasonable
cradle weight. This is a temporary barrier to be used when the cask is placed on the cradle to
protect personnel from surface or proximity of cask surface due the potential for a high
temperature or radiological exposure. The materials specified for this conceptual cradle is
primarily carbon steel.

The TN-40, TN-40HT and TN-32 central cradles have three cut outs in the cradle weldment that
allow clearance for cask tie-rod installation. Package tie-rods are used to attach the impact
limiters to the package.

All Family 1 cradle concepts are approximately 505 inches long (to the outside end of the end
stop assemblies which includes the cask length). The end stop assemblies vary from 94 to 132
inches long and 100 to 142 inches tall. The central cradle is approximately 137 inches long and
varies from 94 to 132 inches tall. The nominal central cradle weight varies between 9,000 Ib. and
20,000 Ib., the end stop weight (per railcar end) varies between and 22,600 Ib. and 28,600 Ib. the
total cradle weight varies between 54,200 Ib. and 70,200 Ib.

The cradle designs in this family have small variations in their designs when compared to the
designs depicted in the SARs. These differences are due to variations in the Atlas railcar cradle
requirements and omission of information in the publicly available SARs. Some cask centerline
heights depicted in SAR cradle drawings may not match SAR (figure or cradle drawing)
locations. If dimensions were included in the SAR text, they were met. For example, the SAR
cradle drawing for TN-40 shows the cask centerline (radial CG) much higher than the final
design. Additionally, the HI-STAR 60 has an option to be axially supported at the trunnions in
lieu of the end stops. However, as documented in AFS -RFI-00225-010-00, AFS chose to
support the HI-STAR 60 with end stops. Even with these differences, the conceptual cradle
designs provide loads that should bound the final design railcar loads for each of these casks.

3.6 Atlas Railcar Cradle Family 2

Conceptual cradle designs in Family 2 support the NAC International NAC MAGNATRAN®,
NAC-STC™, and NAC-UMS™ casks as well as the Transnuclear TN-68 cask (Figure 3-2).
Casks in Family 2 are restrained axially and vertically by their lower trunnions (or pocket
trunnions in some cases). Supporting documents generated for the Family 2 cradle are listed
below and enclosed as Appendix A.2:

e DWG-3015138, Atlas Railcar Cradle Family 2 (NAC) Conceptual Drawing
e DWG-3015277, Atlas Railcar Cradle Family 2 (TN-68) Conceptual Drawing
e CALC-3015134, Atlas Railcar Family 2 Conceptual Cradle Structural Calculation

The NAC cradles use the same basic design configuration for each cask. The cask trunnions or
trunnion pockets interface with the cradle trunnion interface, which provides axial and vertical
restraint for the cask. The opposite end of the cask rests on a front saddle and is constrained
vertically with a front strap tie-down. Axial cask support is also provided by the fastened front
saddle, which interfaces with the cask upper forging. The cradle frame is constructed from two
main l-beams, which sandwich the center cradle shear block and other cross members. The
trunnion interface is tied into the bottom and front saddle with plates running down the length of
the cradle side. The front saddle is fastened to the cradle frame using bolts. There are four pin
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locations for attachment of the cradle to the railcar. These pin locations provide vertical cradle
restraint. Longitudinal cradle restraint is provided by the cradle shear block and lateral restraint
by the main frame I-beams, both of which interface with the railcar.

FIGURE 3-2: FAMILY 2 NAC MAGNATRAN CONCEPTUAL CRADLE DESIGN

2X IMPACT LIMITER
(@128 OD)

The TN-68 has a similar design to the NAC cradles, but with a different trunnion tower and front
saddle design. These were changed to accommodate the slightly different tie-down methodology.
The front saddle and front strap provide vertical restraint and the saddle includes cutouts that
provide clearance for package tie-rods (used to attach the impact limiters to the package). The
trunnion interface is a trunnion tower and cap for axial and vertical cask restraint.

The NAC conceptual cradles and loaded package can be lifted using hoist rings installed in the
four lifting lugs on the corners of the cradle frame and combined with a lift beam. The TN-68
conceptual cradle and loaded package can be lifted using four bolted or welded lift lugs attached
to the side main cradle frame inboard of the railcar pin attachment points. A lift beam should be
used to provide a vertical lift. A concept of a personnel barrier is included in the conceptual
cradle design to meet package SAR requirements and to provide a reasonable cradle weight. The
materials specified for the Family 2 conceptual cradle is primarily carbon steel with bronze
specified for the cask trunnion interface and aluminum specified for the personnel barrier.

All the Family 2 cradle concepts are approximately 150 to 190 inches long and 80 to 90 inches
tall. The nominal cradle weight varies between 27,000 Ib. and 42,000 Ib.

The cradle designs in this family have small variations in their designs when compared to the
designs depicted in the SARs. These differences are due to variations in the Atlas railcar cradle
requirements and omission of information in the publicly available SARs. Specifically, the NAC
cradle drawings are listed in the NRC CoC, but are not available to the public. Even with these
differences, the conceptual cradle designs provide loads that should bound the final design railcar
loads for each of these casks.

3.7 Atlas Railcar Cradle Family 3
Conceptual cradle designs in Family 3 support the AREVA TN MP197, MP197HB casks as well
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as the Energy Solutions TS125 cask (Figure 3-3). Casks in Family 3 are restrained axially by an
integral shear key and vertically by saddles and tie-down straps.

Supporting documents generated for the Family 3 cradle are enclosed as Appendix A.3 and
include:

e DWG-3015139, Atlas Railcar Cradle Family 3 Conceptual Drawing
e CALC-3015135, Atlas Railcar Family 3 Conceptual Cradle Structural Calculation

The Family 3 cradles use the same basic design configuration for each cask. The cask rests on
front and rear saddles which, along with the tie-down straps, provide vertical cask restraint.
Axial cask support is provided by a shear key that protrudes into the cask. The cradle frame is
constructed from two main I-beams which sandwich the center cradle shear block and saddle
cross members. There are four pin locations for attachment to the cradle railcar. These pin
locations provide vertical cradle restraint. Longitudinal cradle restraint is provided by the cradle
shear block and lateral restraint by the main frame I-beams both of which interface with the
railcar.

FIGURE 3-3: FAMILY 3 ENERGYSOLUTIONS TS125 CONCEPTUAL CRADLE DESIGN

. TS CASK 2X IMPACT LIMITER
' / / (@143 5)
- - . ‘/"_" .~

—

The Family 3 conceptual cradles and loaded package can be lifted using shackles installed in the
four lifting lugs on the top of the cradle frame 1-Beams combined with a lift beam to provide a
vertical lift. Detailed cradle designers should note that the four lifting lugs may not be accessible
when the personnel barrier is in place and considerations should be given during the cradle's
detailed design. Optionally, bolt-on lift lugs may be used as attachment points instead of the
gusset attachment points, however the bolt-on lift lugs must be removed for transport. A concept
of a personnel barrier is included for each cask in the conceptual cradle design to meet package
SAR requirements and to provide a reasonable cradle weight for supporting cask railcar
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bounding load calculations. The Family 3 conceptual cradle is primarily carbon steel with
stainless steel specified for the personnel barrier.

All of the Family 3 cradle concepts are approximately 180 inches long and 114 to 126 inches tall.
The nominal cradle weight varies between 26,000 Ib. and 30,000 Ib.

The cradle designs in this family have small variations in the conceptual cradle designs when
compared to the designs depicted in the SARs. These differences are due to variations in the
Atlas railcar cradle requirements and omission of information in the publicly available SARs.
Lifting provisions were not included in the original AREVA TN MP197 and 197HB public
SARs, which drove adjustments in the saddle gusset design to allow for a lifting lug provision. A
similar provision was provided in the TS125 cradle, while maintaining bolt-on lifting lugs.

Details of the cradle side rail size and design for each cradle were developed to support Atlas
railcar loads based on a shared connection point design. Sizing of the personnel barriers was
based on the nominal 1-inch impact limiter to deck height requirement and the height of the side
rails. Even with these differences, the cradle designs provide loads that should bound the final
design rail car loads for each of these casks.

3.8 Atlas Railcar Cradle Family 4

The conceptual cradle design in Family 4 supports the AREVA TN MP-187 package. The cask
has an integral shear key, rests on multiple saddles, and has a structural frame resisting vertical
movement. Supporting documents generated for the Family 4 cradle are listed below and
enclosed in Appendix A.4:

e DWG-3015140, Atlas Railcar Cradle Family 4 Conceptual Drawing
e CALC-3015136, Atlas Railcar Family 4 Conceptual Cradle Structural Calculation

For the Family 4 cradle (Figure 3-4), the cask rests on front and rear saddles which, along with
the installed structural fame, provides vertical and lateral cask restraint. Axial cask restraint is
provided by a shear key that protrudes into the cask. The cradle frame is constructed from two
main I-beams which sandwich the center cradle shear interface and saddle cross members. There
are four pin locations for attachment of the cradle to the railcar. These pin locations provide
vertical cradle restraint. Longitudinal cradle restraint is provided by the cradle shear interface
and lateral restraint is provided by the main frame I-beams both of which interface with the
railcar.

The Family 4 conceptual cradle and loaded package can be lifted using hoist rings installed in the
four threaded lift point holes located on the top of the cradle structural frame and combined with
a lift beam to provide a vertical lift. A concept of a personnel barrier is included in the
conceptual cradle design to meet package SAR requirements and to provide a reasonable cradle
weight. The materials specified for the Family 4 conceptual cradle is primarily carbon steel with
stainless steel specified for the personnel barrier.

The Family 4 cradle concept is approximately 138 inches long and 124 inches tall. The nominal
cradle weight is 36,800 Ib.

The cradle design in this family has small variations when compared to the design depicted in the
SARs. These differences are due to the Atlas railcar cradle requirements and the cradle depicted
in the SAR. Even with these differences, the conceptual cradle designs provide loads that should
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bound the final design railcar loads for this cask.

FIGURE 3-4: FAMILY 4 AREVA TN MP187 CASK AND CONCEPTUAL CRADLE

3.9 Railcar-to-Cradle Interface

The Atlas railcar is designed with standardized attachment points welded to the car deck. The
blocks and pinned connections provide a uniform connection between the railcar and the
conceptual cradle designs and accommodate all of the 15 cask designs listed in the SOW.
Supporting documents generated for the standardized attachment design are listed below and
enclosed as Appendix A.5:

e DWG-3015278, Atlas Railcar Cradle Attachment Components

e CALC-3015276, Atlas Railcar Cradle Attachment and Combined Center of Gravity
Calculation

The Atlas Railcar Standardized Attachment Components are depicted in AFS Drawing DWG-
3015278 and are shown in Figure 3-5 and Appendix B. There are four center pin attachment
blocks welded to the railcar that are used for cradle designs in Families 1 through 4. The cradles
are secured laterally and vertically using four attachment pins inserted through the center pin
attachment blocks. Longitudinal support for cradle Families 2 through 4 is provided by two
shears welded to the railcar. Family 1 cradle end stop assemblies are supported using the outer
16 attachment blocks welded to the railcar. The end stop assemblies are pinned in place.
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The conceptual design of each cradle was evaluated to determine the tie-down loads applied to
the railcar via the standardized attachment components. Each cradle is required to support the
7.59/29/2g tie-down loads taken individually per Section 2.2.2.13 of the DBRD. The bounding
loads from the 15 package designs and associated conceptual cradle designs were applied to the
standardized attachment components. The bounding cradle loads were considered in the
structural evaluation of the Atlas railcar standardized attachment components and the design was
shown to be adequate.

FIGURE 3-5: ATLAS RAILCAR STANDARDIZED ATTACHMENT COMPONENTS

The standardized attachment components will be fabricated and attached to the Atlas railcar.
These attachment points must accommodate both the conceptual and the final cradle designs for
all 15 casks listed in the SOW. The conceptual cradle designs are not final and some small
changes are anticipated in the final cradle design (to be performed at a later date). Therefore, an
additional factor of 1.1 was added to the bounding loading inputs to provide increased
conservatism in the standardized attachment component design.

The standardized attachments were evaluated using manual calculations to evaluate the
standardized attachment components including the pin attachment blocks, the shear blocks, and
the attachment pins shown in AFS drawing DWG-3015278 (enclosed as Appendix A.5).
Material properties were taken at 100°F per the DBRD.

The cradle conceptual design inputs were also used to calculate the combined CG and weight for
the railcar, cradles, and casks. The combined CG and weight of the railcar and load were
determined using the package weights and vertical CG locations, calculated weights and vertical
CG locations of the conceptual cradle designs, and the railcar deck height and railcar vertical CG
location provided by Kasgro Rail.

Some of the casks may have their impact limiters installed on or removed while the package is
on the railcar deck. The distance between the attachment components is 376 inches. The
minimum required clearance for impact limiter removal is 372 inches for the MP197 from Table
5-7 of Calculation 3015276-001, enclosed in Appendix A.5.2. In this bounding case, there is 4
inches of clearance. However, the clearance was calculated assuming the impact limiter has a flat
bottom end. In reality, all of the cask impact limiters have some taper, which adds additional
clearance.
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To accommodate current SAR requirements and allow for operational flexibility, the Atlas
railcar design must be able to accommodate up/down-ending of the casks which have bottom
trunnions, while on the railcar. Table 3-1 shows the maximum vertical loads for the listed cask
design and the location from the Atlas railcar centerline. These loads were used as an input to the
railcar design.

The conceptual cradle designs for Families 2-4 are supported longitudinally by the two shear
blocks welded to the Atlas railcar. The Family 1 conceptual cradles are supported longitudinally
by the end stop assemblies.

TABLE 3-1: CASK ROTATION LOADING

Cask rotated on Load on Horizontal distance from load
cradle Railcar (Ib.) to center of railcar (in.)
TN-68 299,500 63.5

HI-STAR 60 234,400 67.56
NAC-STC 298,600 78.6
HI-STAR 180 371,347 81.75
NAC MAGNATRAN 356,000 89.3
NAC-UMS 299,000 89.3
TS-125 315,910 98.0

As required by the Family 1 cask SARs and discussed in the General Loading Procedures
(enclosed as Appendix D), after installation of the end stop assemblies, shim material is installed
in the gaps between the end stop assemblies and the impact limiters. Therefore, there is no
clearance in the longitudinal direction for the Family 1 conceptual cradles.

All of the conceptual cradle designs are supported laterally by the center pin attachment blocks.
The structural evaluation of the attachment components is documented in AFS calculation
CALC-3015726 (enclosed as Appendix A.5). The maximum lateral clearance is shown in Table
3-2.

All of the conceptual cradle designs are supported vertically by the center pin attachment blocks.
The maximum clearance can be calculated using the slot and hole maximum conditions and the
smallest pin diameter. This assumes the hole/slot size is not reduced from misalignment which
would reduce the clearance. Using dimensions from all conceptual cradle drawings and the
attachment component drawing, the maximum vertical clearance is shown in Table 3-2 below.

TABLE 3-2: MAXIMUM CRADLE TO RAILCAR CLEARANCES

Longitudinal Lateral Vertical
0.86 inches 0.78 inches 0.312 inches
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40  CONCEPTUAL RAILCAR DESIGNS

The Phase 1 conceptual designs of the Atlas and buffer railcars are primarily focused towards
having a feasible prototype railcar design for use in the conceptual cradle designs and the
conceptual design of the cradle-to-railcar attachment interface system. The conceptual railcar
designs also support the generation of the general loading procedures. The conceptual designs of
the Atlas and buffer railcars are not a specific Phase 1 deliverable, but are being provided for
information only.

4.1 Conceptual Prototype Railcar Designs

The Atlas and buffer railcars were conceptually designed by Kasgro Rail. As originally offered
in the proposal, the Atlas railcar’s design is based on the utilization of the U.S. Navy’s M-290
cask railcar for the following reasons:

e The accepted proposal from the TEAM was based on the utilization of the Navy's M-290
cask railcar basic design and components due to it being the only railcar to successfully be
approved for use under the AAR's S-2043 requirements;

e The M-290s components were also selected, as they are the only existing components with
established S-2043 component dynamic models built by TTCI;

e Both of these attributes allowed the project to greatly reduce the risk model for the Atlas
project, in the TEAM's original proposal and the resulting awarded project, by providing
AAR S-2043 approved railcars within the desired DOE railcar program schedule.

Based on the selection by the DOE of the TEAM'’s alternate proposal, the project team
developed a conceptual 8-axle HLRM Atlas railcar with uniform attachment blocks for all 15
conceptual cradles and conceptual cradle end blocks.

A final attribute of using the M-290 railcar and components as a basis for the Atlas and buffer
railcars is that the Phase 2 preliminary railcar design phase could start immediately after
completion of the Phase 1 conceptual cradle designs, but before completion of other Phase 1
activities.

The use of a Kasgro Rail standard 4-axle flat deck railcar design with the utilization of the M-
290’s trucks was also considered as the basis of the buffer railcar for the same reasons of known
design, components, fabrication process, and reduced risk while meeting schedule objectives.

During the initial Phase 2 preliminary design of the 8-axle Atlas railcar, it was discovered that
the Atlas and buffer railcar designs did not meet S-2043 requirements related to high-speed
stability and dynamic curving (see Section 4.4 for a detailed explanation). This change was
incorporated into the Phase 1 deliverables with the configuration of the Atlas railcar now shown
as a 12-axle railcar.

As this report was being completed in late September 2016, a contract modification added the
HI-STAR 190 SL and XL transportation casks to the list of cask models. The same contract
modification changed the design clearance requirement from the AAR’s Plate C to Plate E. The
next phase of the design process, Phase 2, Preliminary Design, will include these changes.
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4.2 Atlas Railcar
Key design and functional criteria of the Atlas railcar include the following:

e Compliance with AAR S-2043 design and functional requirements [4];

e Compliance with applicable standards specified in Oak Ridge National Laboratory (ORNL)
report titled AAR S-2043 Cask Railcar System Requirements Document [20];

e Carry HLRM casks as listed in Attachment A of the SOW [3];
e Standard off-the-shelf components used to the maximum extent practical;

e The Atlas railcar design shall include both an electronically controlled pneumatic brake
system and a standard freight railcar pneumatic brake system;

e The Atlas railcar design shall include a remote monitoring system installed;

e Use of a flat deck railcar to allow placement and removal of cask impact limiters while the
cask is loaded on the railcar;

e Use of standardized attachment points to accommodate uniform conceptual cradle designs
attachment interfaces (see Section 3.9);

e Incorporation of jacking and tie down points on the railcar so that, if feasible, casks can be
loaded vertically and down-ended into the cradle, whilst located on the railcar. The jacking
and tie down points would be used to stabalize the railcar and ensure the off-center loads do
not transfer through the railcar suspension;

e The railcar shall be symmetrical in its use; and

e The Atlas railcar including the cradle and cask payload shall fit within AAR Plate C railcar
envelope limits, except for when carying casks that are more than 128 inches wide. Note that
there is a pending configuration change to AAR Plate E.

Specific Atlas railcar design and functional requirements can be reviewed in Section 2.2.1 of the
DBRD/FORD as enclosed in Appendix E.

Key operational requirements of the Atlas railcar include the following:

e The Atlas railcar shall meet the operational requirements of AAR S-2043, Appendix B
requirements [19];

e An “empty cask railcar” shall be a Atlas railcar with no payload,

e The Atlas railcar shall have both electronically controlled pneumatic brake system and the
standard freight railcar pneumatic brake systems operationally ready; and

e A railcar inspection must occur before each use of the Atlas railcar in a HLRM consist.

Specific Atlas railcar operational requirements can be reviewed in Section 2.2.2 of the FORD as
enclosed in Appendix E.

A drawing of the conceptual Atlas railcar can be found in Appendix B.1. A detailed conceptual
Atlas railcar description is also provided in Appendix B.2. These documents and their data are
provided for information only; the information is subject to change and is currently not under
design control. Note that the Atlas railcar drawing and description reflect the configuration

Page 4-2 Atlas Railcar Phase 1 Final Report
October 28, 2016



Atlas Railcar Phase 1 Final Report
Report No.: DE-NE0008390

change to a 12-axle cask railcar.

4.3 Buffer Railcar
Key design and functional criteria of the buffer railcar include the following:

e Compliance with AAR S-2043 requirements [4];

e Compliance with applicable standards specified in ORNL report titled AAR S-2043 Cask
Railcar System Requirements Document [20];

e The buffer railcar will not carry HLRM,;
e Standard off-the-shelf components used to the maximum extent practical;

e The buffer railcar design shall include both an electronically controlled pneumatic brake
system and a standard freight railcar pneumatic brake system;

e The buffer railcar design shall include a remote monitoring system installed,

e The buffer railcar may be used to carry lightweight items necessary to support
loading/unloading and transportation activities;

e Nothing on the buffer railcar shall obstruct the line-of-sight between the escort railcar and
the Atlas railcars;

e The railcar shall be symmetrical in its use; and

e The buffer railcar including any payload shall fit within AAR Plate C railcar envelope limits.
(Note that there is a pending configuration change to AAR Plate E.)

Specific Atlas railcar requirements can be reviewed in Section 2.2.1 of the FORD as enclosed in
Appendix E.

Key operational requirements of the buffer railcar include the following:

e The buffer railcar shall meet the operational requirements of AAR S-2043, Appendix B
requirements [19];

e The buffer railcar shall have both electronically controlled pneumatic brake system and the
standard freight railcar pneumatic brake systems operationally ready; and

e A railcar inspection must occur before each use of the buffer railcar in a HLRM consist.

Specific Atlas railcar operational requirements can be reviewed in Section 2.2.2 of the FORD as
enclosed in Appendix E.

A drawing of the conceptual buffer railcar can be found in Appendix C.1. A detailed conceptual
buffer railcar description is also provided in Appendix C.2. These documents and their data are
provided for information only; the information is subject to change and is currently not under
design control.

4.4 Change in Atlas Railcar Configuration from 8 to 12 Axles

In late May 2016, the selected M-290 trucks for the 8-axle Atlas and buffer railcars failed initial
dynamic modeling simulations. Simulation results indicated that railcar trucks failed the
"hunting” criteria during high-speed stability and dynamic curving simulations. Specifically,
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both the 8-axle Atlas cask and buffer railcars failed S-2043 requirements in empty and loaded
railcar conditions, at moderate to high speeds, in standard elevation conditions, super-elevation
conditions, and in some tangent sections.

The following activities occurred in an attempt to find a suitable railcar truck after the modeling
simulations failed.

1)

2)

3)

4)

5)

6)

The TEAM re-checked the Atlas and buffer railcar dynamic models, simulation programs,
the truck model’s representation, and the truck component model’s representation for
correctness with no errors found.

Exchangeable truck components (springs, side bearings, wedges, end bearings) were replaced
in the dynamic models to attempt to improve the truck’s performance. In all resulting
simulations, the cask and buffer railcars still failed high-speed stability and dynamic curving
simulations.

ASF/Amsted, the designer and fabricator of the current swing-motion M-290 trucks, was
contacted regarding the failed simulation results of the M-290 truck in an 8-axle Atlas railcar
configuration, and failed simulations using modified M-290 truck components
representations. ASF/Amsted said the swing-motion M-290 truck had been "maximized"” to
reduce hunting characteristics specifically for the M-290 12-axle cask railcar for the U.S.
Navy. It was also believed that the three-truck arrangement combined with the damping
effect of the longer "tri-span bolster" (structural bridge connecting three trucks and the railcar
on each end of the railcar) of the U.S. Navy 12-axle M-290 railcar assisted in reducing
hunting characteristics allowing the railcar to meet S-2043 requirements.

ASF/Amsted conceptually designed a new limited-motion control truck for the Atlas railcar.
If chosen, this truck would have required ASF/Amsted to provide internal design and finite
element analysis/modeling, non-recurring engineering, tooling, castings, gauging and pilot
fabrication resulting in major cost and schedule impacts to the Atlas project. Additionally,
this would also result in TTCI completing additional dynamic modeling development and S-
2043 simulation development/modification. More importantly, the TEAM agreed that
successfully meeting S-2043 requirements with the new truck was a significantly higher risk.

The TEAM also reviewed possible AAR M-976 approved trucks for potential detailed
evaluation, modeling, and utilization on the 8-axle Atlas railcar in order to meet S-2043 high-
speed stability and dynamic curving simulations. (Note: An AAR M-976 approved truck is
an AAR evaluated and approved truck for heavy duty railcar use). Trucks on this list were
selected for evaluation due to their known performance parameters and immediate
availability. There are only two truck manufacturers on the AAR M-976 listing -
ASF/Amsted and Standard Car Truck. However, the TEAM’s SMEs’ assessment concluded
that the likelihood of successfully meeting S-2043 requirements with these trucks was very
low. Also, data necessary to provide the physical properties, dimensions, suitable
components, and anticipated responses of replaceable components for these available trucks
was not available.

Of the three primary North American railcar truck manufacturers, only two have AAR M-
976 approved trucks. Only ASF/Amsted accepts orders for customized, small-quantity railcar
trucks supported by the engineering services needed to provide a feasible truck design
throughout the modeling, simulation, final design, truck fabrication, and railcar assembly
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7)

8)

9)

process. This service would come with significant schedule and cost impact to the project.
Other primary AAR truck manufacturers offer related truck design support services, but only
in the design of a new railcar or in trucks to be fabricated in large quantities (typically more
than 1,000 railcars and/or equivalent trucks).

Discussions occurred to determine if it was feasible to design damping effects into the 8-axle
Atlas railcar’s “bi-span bolster”. This would require lengthening the bolster while also
structurally reducing its strength and placing the supporting trucks further from the bolster’s
pivot/connection point to the railcar deck. In summary, lengthening and/or weakening the
“bi-span bolsters” for proper damping effect was determined to create a fundamental
weakness in the bi-span’s structure given the weight load requirements of the 8-axle Atlas
railcar.

A detailed decision tree was constructed to support the evaluation of the 8-axle truck
alternatives, and a 12-axle Atlas railcar configuration as an alternative following failure of
the 8-axle truck configurations. The decision tree portrays that continuing to pursue an 8-axle
version of the Atlas railcar will increase project risk, specifically in meeting S-2043
requirements, and cause additional project duration. However, changing to a 12-axle Atlas
railcar configuration significantly reduces current project risk and presents minimal
additional schedule impacts. Therefore, the TEAM determined to change from an 8-axle
Atlas railcar configuration to a 12-axle Atlas railcar configuration; and, duplicating Kasgro’s
M-290 cask railcar from the railcar deck down with the incorporation of the current Atlas
cradle-to-railcar attachment interface on the 12-axle Atlas railcar’s deck.

With limited information available on the U.S. Navy's Rail Escort Vehicle (REV), the TEAM
has also reviewed the use of the ASF/Amsted escort railcar truck (as developed for Vigor
Industries’ REV for the U.S. Navy) on the buffer railcar. This truck has been demonstrated to
meet AAR S-2043 dynamic modeling requirements and can be utilized on the buffer railcar
by tailoring the railcar’s truck placement and spacing, the railcar’s undercarriage structure,
and the railcar’s weight. This work will occur simultaneously during the Atlas railcar re-
design during Phase 2 preliminary design. The use of the escort railcar trucks was considered
to be the least risky alternative when compared to other suitable truck alternatives which are
AAR M-976 approved trucks or a standard duty truck that meets an even lower level of
requirements. Permission to use the Vigor Industries’/U.S. Navy’s escort railcar truck and
structural design has been provided to the Atlas project.
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5.0 GENERAL LOADING PROCEDURES

The Atlas Railcar General Loading Procedures fulfills the Phase 1 deliverable of DOE Contract
DE-NE-0008390, Part I, Section C related to General Loading Procedures. These procedures
include how to load each of the casks in Attachment A of the contract (shown in Table 2-1) [3]
onto the Atlas railcar, including whether the impact limiters would be attached to the cask before
or after the cask is placed on the railcar. The purpose of these general procedures is not to
replace any detailed site-specific or cask-specific loading procedures. Its purpose is to inform the
railcar and cask/cradle designers and users of equipment design features and operational
requirements needed to accommodate the casks listed in Attachment A of the contract [3].

This contract deliverable provides a collection of general procedures that provide guidance for
the loading of casks onto the transportation cradles and also the loading of the transportation
cradles onto the railcar. Whenever possible, the procedures are provided in a general sense and
apply to all of the contract Attachment A [3] casks (Table 2-1) and associated cradles. When
relevant differences exist, specific subsections are included that may apply to a particular family
of cradles or casks. There are a total of 15 unique casks and 4 conceptual cradle design families
covered by these procedures, with each of the casks being assigned to a particular cradle design.

It was originally envisioned that this contract deliverable would include 15 separate collections
of loading procedures, one for each of the casks under consideration. To capture the necessary
activities for inclusion into the procedures, the following sources of information were gathered
and reviewed to develop the loading procedures:

e Design drawings for the cradle and railcar designs developed under the above contract;

e Operating requirements for the casks, as found in the SARs and CoCs associated with each
cask; and

e Operational experience of similar casks used for the transportation of spent nuclear fuel and
radioactive waste products.

Once all of the above information was reviewed and compared for each of the casks, it was
realized that 15 separate sets of loading procedures would be very similar between the various
casks due to the general and high-level nature intended for these procedures. At this point, it was
determined that, to the extent practical, a single set of loading procedures would be created that
applied to all of the casks and only unique differences would be separately identified. To achieve
this, all of the steps necessary to load the casks onto the transportation cradles and then the
transportation cradles onto the railcar were organized into the following high-level activities:

1) Receive Railcar for Loading, including:

a) Placement, securement, and stabilization of the railcar that arrived with an empty
transportation cradle; and

b) Removal of the transportation cradle end stops (not applicable to all casks).
2) Remove Transportation Cradle from Railcar, if necessary, including:

a) Disconnection of the transportation cradle from the railcar; and

b) Rigging and lifting of the empty transportation cradle.
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3)

4)

5)

6)

7)

8)

9)

Prepare Transportation Cradle for Loading, including:

a) Removal of the personnel barrier and cask tie-down straps;

b) Removal of the cask trunnions (not applicable to all casks);

c) Initial positioning of the cask impact limiter tie-rods (not applicable to all casks); and

d) Attachment of a separate down-ending device to the transportation cradle (not applicable
to all casks).

Load Cask onto Transportation Cradle, including:

a) Rigging and lifting of the cask;

b) Removal of the cask shear key plugs (not applicable to all casks);

c) Placement of the cask onto the transportation cradle; and

d) Down-ending of the cask onto the transportation cradle (not applicable to all casks).
Prepare Cask for Transport, including:

a) Removal of the cask trunnions and installation of cask trunnion plugs (not applicable to
all casks); and

b) Installation of cask-specific items, such as impact limiter spacers and thermal fins (not
applicable to all casks).

Secure Cask to Transportation Cradle, including:

a) Installation of the cask tie-down straps.

Install Impact Limiters onto Cask, including:

a) Rigging and lifting of the cask impact limiters; and

b) Installation and securement of the cask impact limiters.
Install Personnel Barrier onto Transportation Cradle, including:
a) Rigging and lifting of the personnel barrier; and

b) Installation and securement of the personnel barrier. (Note: these activities could be
performed with the cradle either on the ground or on top of the railcar.)

Install Transportation Cradle onto Railcar, if necessary, including:
a) Rigging and lifting of a loaded transportation cradle; and
b) Placement and securement of the transportation cradle onto the railcar.

10) Final Loading Activities, including:

a) Placement and securement of the transportation cradle end stops (not applicable to all
casks); and

b) Removal of the railcar securement and stabilization devices.

The Atlas Railcar General Loading Procedures include three appendices that essentially make up
the output information to be used by railcar/transportation cradle designers and end users.
Appendix A contains the procedures that organize the high-level steps necessary for loading a
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cask onto the railcar, with differences for certain casks and cradles specifically called out.
Appendix B of the procedures presents an applicability matrix that identifies which specific
sections of Appendix A apply to which cask. If an end user is only interested in one cask, they
can use Appendix B to easily extract the applicable procedures from Appendix A. Appendix C
contains figures of the railcar, cradles, and casks to allow the end user to visualize the specific
components referred to in the procedures.

Considering that the contract only required procedures to load the cask onto the railcar,
sequences and associated steps were not included for other activities, such as the unloading of a
cask from the railcar. The Atlas Railcar General Loading Procedures, however, do identify when
a collection of steps could be used for other activities, such as unloading and trans-loading of the
cask, whether empty or loaded. Many times, these activities would simply require the user to
reverse the order of the provided steps.

The main body of the Atlas Railcar General Loading Procedures contain the methodology used
to create the procedures, any limitations of use and applicable assumptions, and also references
to the source information. It is important to note that the provided procedures are based on the
current conceptual designs of the cradles and Atlas railcar, with specific instructions, diagrams,
figures and tables subject to change during final design and fabrication. Also, these procedures
are intended for use only as a guide to support the development of site-specific procedures;
therefore, they do not include specific site requirements, inspection requirements, license review
requirements, or necessary transport notifications. These items will need to be developed by the
end users having responsibility for each subject area at each location where the railcar, cradles,
and casks will be used.

It should be noted that the change in the Atlas railcar from an 8-axle configuration to a 12-axle
configuration caused a review of the General Loading Procedures with no impact or change to
the procedures required.
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6.0 FUNCTIONAL AND OPERATIONAL REQUIREMENTS DOCUMENT

AFS uses a DBRD to ensure compliance to SOW requirements, regulatory requirements, and
industry standards by identifying specific design, functional, operational, and maintenance
requirements for the prototype railcars. Its use is procedurally required by AFS engineering
procedures.

The TEAM prepared a project specific DBRD listing contractual SOW, regulatory, and industry
design requirements in a single document for the conceptual cradle, prototype Atlas railcar, and
prototype buffer railcar. As the Phase 1 FORD deliverable includes the same design and
functional requirements as the DBRD, plus specific operational and maintenance requirements
for the cask and buffer railcars, the DBRD was revised to include those functional, operational
and maintenance requirements. As a result, the DBRD and the FORD are now the same
document.

The DBRD/FORD is a living document updated and revised throughout the project to include
new requirements as they become known. The DBRD/FORD is also specifically scheduled to be
reviewed at designated times throughout the project’s period of performance, such as the start of
each project phase. Also, the DBRD/FORD is to be periodically reviewed by the AFS PM and
AFS Principal Design Engineer (APDE) to ensure requirements are being met. The APDE will
prepare and update an appropriate compliance matrix to demonstrate that the DBRD
requirements have been met by the project deliverables. Compliance matrices for the conceptual
cradle designs and the cradle-to-railcar attachment interface are included in this report as the
third subsection in the report's Appendix A.1 through Appendix A.5. Similar compliance
matrices will be generated and reviewed for the cask and buffer railcar preliminary designs.

It should be noted that the change in the Atlas railcar from an 8-axle configuration to a 12-axle
configuration caused a review of the DBRD/FORD with no impact to the DBRD/FORD
required.

The DBRD/FORD, titled “Design Basis Requirements Document (DBRD) for the DOE Atlas
Railcar”, AFS document/revision EIR-3014611-004, was submitted to the DOE COR and has
received approval. It includes the following:
e Introduction
e Design Requirements
0 Regulatory Requirements
o Functional Requirements
= Cask/Buffer Railcar Functional Requirements
= Conceptual Cradle Design and Functional Requirements
o0 Operational Requirements
= Cask/Buffer Railcar Operational Requirements
= Conceptual Cradle Operational Requirements
0 Maintenance Requirements
o Additional Design Considerations
= References
The DOE approved FORD is included as Appendix E of this report.
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Rev 3, November 15, 2013.

AREVA Federal Services, Project QA Plan, Design and Prototype Fabrication of Atlas
Railcars for HLRM, QA-3014737-002, January 14, 2016.

Kasgro Rail Corporation, Quality Assurance Manual for AAR Specification M-1003,
Revision 29, December 14, 2015.
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[16]

[17]

[18]

[19]

[20]

[21]

Department of Energy Contract DE-NE0008390, latest revision, Part 111, Section J-C,
Quality Assurance Surveillance Plan,

AREVA Federal Services, Atlas Railcar Family 3 Conceptual Cradle Structural
Calculation, Calc-3015135 Rev 0, Section 3.0, Assumptions, June 29, 2016, enclosed as
Appendix A.3.2 of this document.

American National Standards Institute, Standard N14.6, Radioactive Materials — Special
Lifting Devices for Shipping Containers Weighing 10,000 Pounds (4500 KG) or More,
1993.

Association of American Railroads, Manual of Standards and Recommended Practices,
Section C, Car Construction Fundamentals and Details, Standard 2043, Performance
Specification for Trains Used to Carry High-Level Radioactive Material, Appendix B,
Operating Standard for Trains Used to Carry High-Level Radioactive Material, 2009.

Oak Ridge National Laboratories, AAR S-2043 Cask Railcar System Requirements
Document, FCRD-NFST-2014-000093 Rev.1, ORNL/TM-2014/596, December 1, 2014.

AFS Request for Information AFS-RFI-00225-0013-00 regarding contract DE-
NE0008390, Attachment A - Transport Cask Characteristics, dated March 7, 2016.
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Appendix A — Conceptual Cradle Designs
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APPENDIX A.1 - FAMILY 1 CRADLE
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Appendix A.1.1 - Conceptual Drawings
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Appendix A.1.2 — Structural Calculation
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Appendix A.1.3 - Compliance Matrix

REQUIREMENTS FOR CRADLE DESIGN FROM EIR-3014611, "DESIGN BASIS REQUIREMENTS

DOCUMENT (DBRD) FOR THE DOE ATLAS RAILCAR," REV 41

Requirement

Method of Address

Complies?

(YIN)

Family No. 1: Casks covered: TN-40, TN-40H, TN-32B, Hi-Star 60, Hi-Star 100, Hi-Star 100HB, Hi-Star 180
2.1 Regulatory Requirements For the cradles the AAR Y
Comply with AAR 2043 requirements are called out below
2.2 Functional Requirements
222 Cradle Functional Requirements
22.2.1 During transport, a transportation cask must All cradles interface with the railcar Y
rest on a cradle on top of the cask railcar deck. | attachments that comply with this
requirement.
2222 Conceptual cask cradle designs must All casks with their respective Y
accommodate the cask designs listed above cradles for the family are evaluated.
and interface with cradle as indicated in the
cask SARs.
2.2.2.3 The conceptual cradle designs shall not be The conceptual design has Y
final designs or prototypes. sufficient margin to allow for
specific design requirements.
22.23a Conceptual design shall have a plus or minus The weight envelope evaluated Y
10% weight envelope evaluated. allows for refinement of the design
in the final design
2.2.23b Center of gravity for the cradle shall be The CG for each cask cradle is Y
calculated and used to demonstrate the calculated for the family. As shown
combined CG is met for the cask railcar and in the Attachment Calculations all
cradle of 98 inches or less. CG and loading combined CGs are less than 98
distributions shall be detailed sufficiently to inches.
support railcar design and testing.
2.2.2.3.¢ Cradle shall be capable of handling the loads The cradles are demonstrated to Y
specified in Section 2.2.2.13 ( Rule 88 loads) meet rule 88 loadings for all casks
within the family.
2.2.2.3d Cradle shall be capable in the final design to The weight margin allowed for the Y
handle a fatigue evaluation per AAR rules. cradle and the design loading for
compliance with Rule 88 ensures
that here is sufficient margin for the
detailed design to comply with the
fatigue evaluation require by AAR-
2043 which references AAR M-
1001.
2.2.23.¢e Cradle designs shall have hard dimensions for | The railcar interface dimensions Y
interface to railcar to ensure ability to be are tolerance to ensure fit up.
attached to railcar.
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Requirement

Method of Address

Complies?

(YIN)

2224 The conceptual cradle design shall determine Required parameters for testing the Y
the height of the cask center of gravity above railcar are provided in the families
the railcar deck, the weight on each axle, etc. individual calculations and in the
as necessary to perform the analysis and attachment design calculations.
provide simulate cradle test weights and
supporting information needed for testing the
railcar.
2225 When rotation is necessary, the cradle will There are provision for the addition Y
include the required hardware, such as of a separate cask rotation fixture
trunnion supports. to be placed adjacent to the
concept cradle in the case where
cask rotation on the railcar is
needed.
2.2.2.6 The cradles will be tall enough and open- The cradle design allows Y
ended so that the impact limiters can be installation of impact limiters after
attached to a cask after the cask is secured to | the cask is secured to the cradle.
the cradle.
2.2.2.7 Each cask design will need a cradle designed Adequate clearance is allowed for Y
to position the center of gravity low for stability | installation of the impact limiters.
during transport, but the cradle design will
position the impact limiter with a clearance of
at least one inch above the cask car deck.
2228 The cask car (including a cradle and a cask) The four Holtec casks which have Y
and buffer car clearances shall fit within AAR impact limiter diameters of 128
Plate C [3], except when loaded with the casks | inches cradle designs permit
that are more than 128 inches wide. compliance with Plate C.
2.2.2.9 Demonstrate that bonding weights both min Cradles as designed meet the Y
and max meet a combined CG of 98 inches for | combined CG.
the railcar, skid and fully loaded and empty
cask.(personnel shield, impact limiters etc.) An
alternative to adding ballast weight to the
railcar may include requiring that the transport
cradle for the lighter cask be designed to
provide the ballast.
2.2.2.10 The various cradles will be designed to fit a Fits the common attachment Y
standard attachment mechanism. Tolerance to | receivers on the railcar.
ensure.
22211 During loading operations, the cradle may be Designs permit loading separately Y
attached to the railcar first, followed by putting | or with the cask on the cradle.
the cask on the cradle, but sometimes the
cask will be on the cradle first. In that case,
both the cradle and cask together will be
hoisted onto the railcar deck. Lifting points
permit this handling of the cask
2.2.2.12 The cask railcar shall incorporate a Attachments meet Rule 88 Y
standardized attachment capability for requirements.
coupling the cask cradle to the railcar. This
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Requirement

attachment must be capable of securely
attaching loads of up to the maximum cask
weight and the weight cradle. in accordance
with the requirements of AAR Rule 88 A16¢(3)

[7.

Method of Address

Complies?

(YIN)

2.2.2.13

AAR Rule 88 A16¢(3) does not specify if the
securement system loading requirements are
to be applied separately or simultaneously. Per
direction from KASGRO (via the AAR EEC)
transportation loading is not simultaneous and
is applied separately. Also gravity is not
applied in the vertical up or down
accelerations, so +/- 2 g vertical only. Rule 88
A.16.C requires the following tie down loads (g
force to yield):

Analyzed according to the direction
of the AAR.

22.213a

7.5g Longitudinal

Met for all cradles and casks.

222.13b

29 Vertical

Met for all cradles and casks.

22213.c

2g lateral

Met for all cradles and casks.

Operational Requirements

The cradle must accommodate the camber in
the railcar.

Interfaces allows for the camber.

Have clearances to install and remove impact
limiters on the railcar.

Clearance provided.

Features and clearances to load the cask into
the cradle on and off the railcar and to be able
to load the cradle with the impact limiters and
personnel shield if required in place, on railcar.

Features and clearances permits
loading with or without the
personnel barrier in place to allow
for intermodal transfers

Operational Steps. Can it be used and how?
The loading and unloading steps requested
should address that.

Complies with loading procedures

Maintenance Requirements

Since none of the designs use corrosion
resistance material, the life expectancy would
be dependent on corrosion control by the use
of “high quality weather resistant coatings”.

Strip and repaint as required. Use wear pads
to minimize loss of coatings.

Wear pads and coatings
adequately applied

Additional Design Considerations

The cask cradles should be designed to
support the cask for lifting on and off the railcar
(with or without the cask impact limiters
installed) as specified in Section 2.2.2.11
above. Lifting attachments shall be designed in
accordance with ANSI N14.6 (i.e. the

Lifting meets ANSI N14.6.
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Requirement

Method of Address

Complies?
(Y/N)

combined maximum tensile stress or the
maximum shear stress of all members in the
load path shall not exceed smaller of Sy/3 or
Su/5). A vertical lift is assumed (requiring the
use of a spreader beam/frame). All lift points
are assumed to support the load equally for
the conceptual design. The lift points should
be designed such that the personnel barrier is
not removed to lift the cradle when loaded with
a package. A dynamic load factor of 1.15 shall
be included per the recommendations of
CMAA Specification No. 70 [12].

For cradle attachment points, the attachment Attachments pins have Y
mechanism (pin/bolt) should be removable and | mechanisms for handling

shall be sized for manual handling (less than

50 Ibs.) or provisions should be designed for

mechanically assisted insertion.

The bottom of the cradle shall be flat to Cradle can sit on flat surface. Y

facilitate placement on a flat surface or
intermodal transfer.

IApproved calculation performed to DBRD Revision 3; all pertinent calculation references are
carried forward in Revision 4.
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APPENDIX A.2 - FAMILY 2 CRADLE
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1.0 PURPOSE

1.1 Project Background

The United States Department of Energy (DOE) is laying the groundwork for implementing an
integrated nuclear waste management system. This includes preparing for future large-scale transport of
spent nuclear fuel (SNF), high-level radioactive waste (HLW), and Greater-Than-Class-C (GTCC)
waste; since transport will be a necessary component of any integrated nuclear waste management
system. With this project the DOE will provide for the transportation of SNF (GTCC is transported
similarly to SNF) and HLW by means of a specific railcar to carry SNF and HLW packages.

As part of this project, DOE has contracted with AREVA Federal Services (AF S) to design a single
standardized railcar tie-down interface, and transport package cradle concepts for the 15 HLW transport
packages (herein referred to as “packages”) listed in Attachment A of the Statement of Work [1].

AFS has chosen to divide the 15 packages into 4 groups based on the cask tie-down methods. These four
groups are called as “families” herein, and are described in the following:

Family | Packages with no shear keys and that are supported axially on the ends of the impact
limiters. The packages may rest on a single or multiple saddles with straps restraining
vertical movement. Packages included in this family are the TN-32, TN-40, TN-
40HT, HI-STAR 60, HI-STAR 100, HI-STAR-100HB, and the HI-STAR 180.

Family 2 Packages that are restrained axially and vertically by their lower trunnions (or pocket
trunnions in some cases). Packages included in this family are the MAGNATRAN®,
NAC-STC™, NAC-UMS™, and the TN-68.

Family 3 Packages with an integral shear key. Packages included in this family are the
MP-197, MP-197HB, and the TS-125.

Family 4 Packages with an integral shear key. The cask rests on multiple saddles with a frame
restraining vertical movement. The only package in this family is the MP-187.

1.2 Calculation Introduction

This calculation provides the preliminary structural evaluation for the Atlas Family 2 cradles as a proof-
of-concept. These preliminary structural evaluations include the following:

e Railcar interface structural loads from the AAR Rule 88 accelerations (sec Section 5.1)

o Stresses in the primary structural members and welds of the conceptual cradles from the AAR
Rule 88 accelerations (see Section 5.3)

o Weight and center-of-gravity (cg) estimations (see Appendix B)

The railcar tie-down interface (including attachment pins) is detailed in drawing [2] and is analyzed in
calculation [3] for the maximum interface structural loads calculated for each family.
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1.3 Cradle Concept Introduction

The NAC International (herein referred to as NAC) cradles use the same basic design configuration for
each cask as described in Figure 1-1 and Figure 1-2. Personnel barrier components are not shown,

Cradle lifting points \

Cradle shear key

Front strap for

\ / vertical tie-down

Location for Atlas

railcar pin attachment
Fastened front saddle

Figure 1-1: Magnatran® Cradle Concept Major Features

Cradle lifting points ~.

£

Cradle shear key

Front strap for
vertical tie-down

Location for Atlas

railcar pin attachment
Fastened front saddle

Figure 1-2: NAC-STC™ & NAC-UMS™ Cradle Concept Major Features
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The TN-68 has a similar design to the NAC cradles, but with a different trunnion tower and front saddle
design. These were changed to accommodate the slightly different tie-down methodology. This design is
presented in Figure 1-3 without personnel barrier components.

Front strap for

vertical tie-down

Cradle shear key

Cradle lifting points

Front saddle with slots

Location for Atlas A
for lower tie-rods

railcar pin attachment

Figure 1-3: TN-68 Cradle Concept

All the eradle concepts are approximately 150 to 190 inches long and 80 to 90 inches tall, The nominal
cradle weight varies between 27,000 1b. and 42,000 Ib (see Appendix B).
2.0 GENERAL METHODOLOGY

This calculation uses first principle manual calculations to evaluate/size the primary structural members
on the package cradle concepts. Cradle structural components and welds are sized such that the
minimum margin of safety is +.20 to the material yield strength for the AAR loadings (see Section 4.2).

This calculation evaluates the conceptual design described in drawings [4] and [5]. Additional design
detail is asserted in this calculation using figures since this is a structural sizing calculation for a
conceptual design. Certain design details are also omitted until a detailed design of the cradles is required.

The lifting criteria applied to the cradle will conservatively be in accordance with ANSI N14.6 [6].
Stress allowables are defined where they are used, and the definition of “margin of safety” used herein is:
stress allowable
~ Calculated stress

3.0 ASSUMPTIONS

31 Unverified Inputs and Assumptions

There are no unverified inputs or assumptions in this conceptual sizing calculation.

3.2 Justified Assumptions
1. Weld metal is conservatively assumed to have at least the strength of the adjoining base metal.
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2. All weld joints, unless specified otherwise are equivalent to complete joint penetration welds.

3. Assumptions/Simplifications made for hand-calculations are asserted at various locations in
Section 5.0 as required.

4, This calculation only considers nominal dimensions since this is only conceptual sizing.
4.0 DESIGN INPUTS

4.1 Conceptual Design Geometry

The conceptual cradle design geometry is presented in figures in Section 5.0 with the dimensions as
required by the individual structural evaluation.

4.2 Design Loads

According to AAR Rule 88 the tie-down system for any payload carrying HLW on a railroad must not
exceed the material yield strength when undergoing the following accelerations individually (see Section
2.2.2 and Section 2.5 of the Design Basis Requirements Document [7]):

e a, = +7.5g longitudinal
e a, = +2g vertical
¢ a, =12g lateral
All analyses herein shall only apply the inertial loads above and neglect the effects of gravity [7].

4.3 Material Properties

The following materials are conceptually used on the Atlas Family 2 Cradle. The density of steel and
aluminum used for all weight estimates herein is 0.28 and 0.1 [b/in®, respectively. Weld metal is
conservatively assumed to have at least the strength of the adjoining base metal. The material strength
properties for the materials specified in drawings [4] and [5] are shown in Table 4-1.

Table 4-1: Material Properties

Material Yield Strength (ksi) | Tensile Strength (ksi)
ASTM A992 (8], A572 Grade 50 [9] 50 65

ASTM A350, Grade LF6, Class 1 or Class 2 [30] 52 66

ASTM A732, Grade 10Q [10] 145 180

ASTM A434, Class BD [11], Oil quench 815°C 1350 1500
(1500°F), Temper 540°C (1000°F)

ASTM A574#[13] 135 170

ASTM A490, Type 1 [14] 130 150

Note(s): (1) These minimum strength valucs are readily achievable for 6 and 8 inch round bars

with the specified heat treatment based on Tables 8 & 9 of [12].
(2) These material values are for a 2.25 inch diameter SHCS
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Room temperature properties are used for the proof-of-concept caleulations herein. Other materials
could be used that have similar properties in the final design as desired.
4.4 Package Data

The following tables contain the package data that supports this calculation. It should be noted that the
values are referenced in the horizontal transport configuration.

Table 4-2: NAC Magnatran® Package Data

Parameter Value Reference

Max. gross weight 312 kips Table 2.12.2-1 of [15]
Center of gravity measured from cask bottom 102 to 108 in. | Figure 2.5.2-1 of [15]
Distance from lower trunnions to bottom of cask 17.7 in. Figure 2.5.2-1 of [15]
Lower trunnion vertical offset from centerline 5.14 in. Figure 2.5.2-1 of [15]

Vertical distance to centroid of front shear key

3 3939 in. Section 2.5.2.1.3 of [15]
reaction 2

Distance between lower trunnions and front 93,2 + 84.3 = 177.5 from Figure

177.5in

saddle . 2.5.2-1 of [15])
Lower trunnion diameter 6 inches Section 2.5.2.2.4 of [15]
Lower trunnion height Tindlips: | oM koo SAR. drowrin T1160:

502, Rev 3NP in [16]

Table 4-3: NAC-STC™ Package Data

Parameter Value Reference

Max. gross weight 254.6 kips Table 2.2-5 of [17]
Center of gravity measured from cask bottom 96 to 99 in. | Section 2.2 of [17]
Distance from lower trunnions to bottom of cask 18.15 in. Section 2.5.2.2 of [17]
Lower trunnion vertical offset from centerline 3in. Figure 2.5.2-2 of [17]

Vertical distance to centroid of front shear key 3431 in Figare 2.5.2-1 of [17]

reaction

Distance between lower trunnions and front 159.6 in. 89.90 + 78.65 = 159.6 from SAR
saddle Figure 2.5.2-1 of [17]

Lower trunnion diameter 6 in. Section 2.5.2 of [17]

Lower trunnion pocket engagement 3.88 in. Section 2.5.2.2.3 of [17]
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Table 4-4: NAC-UMS™ Package Data

Parameter Value Reference
Max. gross weight 256 kips | Section 5.(a)(2) of [18]
Center of gravity measured from cask bottom 106 to

108.5 in. Section 2.2 of [19]

Distance from lower trunnions to bottom of

cask 17.6in. | SAR Drawing 790-502 Rev 7 in [20]

Lower trunnion vertical offset from centerline 3 in. SAR Drawing 790-502 Rev 7 in [20]

Vertical distance to centroid of front shear

key reaction 33.98 Figure 2.5.2.1-2 of [19]

Distance between lower trunnions and front 1764 in. | Figure 2.5.2.1-1 of [19]
saddle

Lower trunnion diameter 8 in. Section 2.5.2.2.1 of [19]
Lower trunnion pocket engagement 3.61in. | Section 2.5.2.2.1 of [19]

Table 4-5: TN-68 Package Data

Parameter Value Reference
Max. gross weight 272 kips | Section 5.(a)(2) of [21]
Center of gravity measured from cask bottom 97 in. Section 2.2 of [22]
Distance from lower trunnions to bottom of 27.4in. 1325+ 16{:1 -145.84 =27.41 frc‘)m
cask SAR Drawing 972-71-2, Rev 2 in [22]
Lower trunnion vertical offset from centerline 0in. Drawing 972-71-1, Rev 1 [22]
Distance between lower trunnions and : Figure 2.10.1-13 of [22]
centerline of front saddle Hhdsam,
Lower trunnion diameter 14.0in. | Drawing 972-71-3, Rev 4 in [22]
Lower trunnion height 4 in. Drawing 972-71-3, Rev 4 in [22]
5.0 CALCULATIONS
5.1 Loads Applied to the Atlas Railcar Interface

This section calculates the loads on the Atlas railcar and railcar-cradle interface from the inertial loads
described in Section 4.2. The longitudinal loading is reacted by a shear key on the deck of the rail car at
the center of the cradle; it is precluded from being reacted against the four pins by using horizontal
slotted holes in the pin attachment blocks. The tipping moment created by the vertical offset of the cg
from the reaction point is resisted by the four pins as shown in Figure 5-1 in the vertical direction.
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It should be noted that the reaction load vectors are assumed to be in the positive direction in the free-
body-diagrams and equations of this subsection. This allows the coordinate system for the reaction loads
applied to the railcar to be independent of the individual pin locations. Therefore, if the reaction value
has a negative value, then it is oriented in the opposite direction shown in the following free body
diagrams. It also should be noted that the reaction loads are relative to the cradle (i.e. the loads applied
to the railcar will have an equal and opposite orientation to those calculated),

Cask lid end
package
' -
:'* ¥ *
W (ay) R, T ' i L th%ﬂ_rx
ST 1‘
o Pl ¢g height above
_:’ : L- = 1 hottom of cradle
L4 % l
cradle T L
R, 3 pin locations
2Rz | 2R
2 — 125 — z2 ™ 5 THK plates

Figure 5-1: Longitudinal Loading (Side View)

The following equations are developed using basic principles. The moments from the loads and
reactions are summed where the cradle contacts on the .5 inch thick plate located directly below Rz2

(see drawing [2]).
Z B o=W(a)+R, =0 Bgn. 5-1
> Mia = —W (@) () — 2(R)(125) = 0 Bqn. 52
Z Fy=72R, + 2R, =0 Eqn. 5-3

where W is the combined weight of the package and the cradle, Rzl & Rz2 are the reaction loads at each
pin, and Rx is the reaction load on the shear key, and y1 is the vertical distance from the bottom of the
cradle to the combined cg height from Table 5-1.

The weight and center of gravity (cg) inputs for each of the four packages are summarized in Table 5-1.
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Table 5-1: Longitudinal Loading Input Values
minimum cg maximum cg cg height from package and
distance to rear distance to rear bottom of cradle weight,
Packages pinst™, x; (in) pins”, x; (im) | cradle™, z; (in) | W™ (kips)
Magnatran® 57 65 62.5 354
NAC-STC™ 60 66 61.5 297
NAG-UMS™ 60 65 62.0 298
TN-68 67 69 73.0 299

Notes: (1) Combined package and cradie weights and centers of gravity values are from Appendix B.

Using the values in Table 5-1 in Equations 5-1 to 5-3, the results are as follows:

Table 5-2: Railcar Interface Loading from +7.5¢ Longitudinal Load

Packages R, (kips) R, (kips) Ry (kips)
Magnatran® -664 664 -2,655
NAC-STC™ -548 548 -2,228
NAG-UMS™ -554 554 -2,235
TN-68 -655 655 -2,243

The -7.5g loading gives a symmetrical response with the load directions reversing from Table 5-2.

The vertical loads are assumed to be uniformly distributed over all four pins (per Section 2.5 of [7]).
This simplification is appropriate because the combined cg is only offset from the center of the railcar
attachment pins (spaced 125 inches part per [2]) by maximum of £5 inches (see Table 5-1). The vertical
reaction load at each pin (R;4) under this case is:

Rz3 = +2W /4 Eqn. 5-4

The vertical reaction loads using the weight values from Table 5-1 are presented in Table 5-3.

Table 5-3: Railear Interface Loading from +2g Vertical Load

Packages R,3 (kips)
Magnatran® +177
NAC-STC™ +149
NAG-UMS™ +149
TN-68- +150
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The lateral loads are reacted by the pin retainer blocks as shown in Figure 5-2. The tipping moment
created by the vertical offset of the cg to the lateral reactions, R1y & R2y, is reacted by the two pins
furthest away from the pivot edge as shown in Figure 5-3. For conservatism the lateral reaction loads are
placed at the bottom of the cradle.

Ry, pin attachment

; R.
Y1
cask lid end I m/ block locations
+

“ y
_________ - J x

package Xy ¥
cradle
Way)
Figure 5-2: Lateral Load Free Body Diagram (Top View)

package i
| +z
|
l
i +M

E— & - ty
i
' cradle
cg height above : 1 1
bottom of cradle 1 i i
i | Ry1 &Ry,
1 ! I\
A 116 b:lc':atnon

2Rz4 2R,5

Figure 5-3: Lateral Load (Front View)

Page A.2-26 Atlas Railcar Phase 1 Final Report
September 30, 2016



Atlas Railcar Phase 1 Final Report
Report No.: DE-NE0008390

CALC-3015134-000
Page 14 of 56

A AREVA Federal Services LLC
AREVA Title:  Atlas Railcar Family 2 Conceptual Cradle Structural Calculation
Doc./Rev.: CALC-3015134-000
Project:  00225.03.0050 - DOE Atlas Railcar Page 14 of 56

The equations to solve for the lateral reaction loads, Ry1 and Ry2, are as follows:

D By =W(ay)+ Ry + Ryp = 0 Eqn. §-5
Z Mgyz = — W(a,)(x;) = 125R,; = 0 Ean, 56
The vertical pin reactions due to the laferal load, Rz4 & Rz5, are calculated using the following two
equations:
Z F, = 2Ry + 2Ry5 = 0 Eqn. 5-7
Z My =~ W(ay)(z) ~ 2R, (116) =0 Eqn. 5-8

Using the values in Table 5-1 in Equations 5-5 to 5-8, the results are as follows:

Table 5-4: Railcar Interface Loading from +2g Lateral Load

Ryl(kips) Ry, (kips)
Packages min x4 max Xy min x4 max Xy R,y (kips) | R,s (kips)
Magnatran® -323 -368 -385 -340 191 -191
NAC-STC™ -285 -314 -309 -280 157 -157
NAG-UMS™ -286 -310 -310 -286 159 | -159
TN-68 -321 =330 -277 -268 188 -188

The maximum loads applied to the railcar interface are summarized in Section 6.1.

5.2 Loads Applied to the Cradle Interface Points

The cradles restrain the packages in the vertical and lateral directions by a combination of the lower
trunnions, front saddle, and a strap over the top of the cask at the front saddle location (as shown in
Section 1.3).

Instead of calculating the reaction loads under each load case, a simplified approach is taken since this is
a proof-of-concept calculation. The center of gravity is assumed centered on the package tie-downs.
Thus, the vertical and lateral loads are shared equally between the front saddle and rear trunnion(s). This
approximation is valid since the tie-down points are close to being centered around the cask cg.

The TN-68 longitudinal loads are reacted entirely by the two trunnion towers. The NAC 47.5g
longitudinal load is reacted by the front saddle, which the -7.5g longitudinal load is reacted by the
frunnion towers.
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Also, the saddle/strap loads on NAC packages due to the small vertical offset of the lower trunnions (see
Tables 4-2 through 4-4) from the package centerline during the +7.5¢ longitudinal loading are neglected.
These loads are minor compared to the vertical +2g load on those components.
5.3 Structural Member and Weld Stress
The following structural members are analyzed for the highest applied load:

e Cradle Frame (see Section 5.3.1)

¢ NAC Trunnion Towers (see Section 5.3.2)

¢ TN-68 Trunnion Towers (see Section 5.3.3)

s« NAC Front Saddle (see Section 5.3.4)

« Front Strap (See Section 5.3.5)

o Shear Key Weld (See Section 5.3.6)

s NAC Lifting Evaluation (5.3.7)

e TN-68 Lifting Evaluation (5.3.8)
Oth-er members/loadings are not considered to be relevant to the current proof-of-concept phase of the
project.
5.31 Frame Analysis

The frame on the cradles is sized to resist the longitudinal load by using gussets to support the trunnion
towers and front saddles. The frame also resists the bending induced by the vertical loads being offset
from the railcar connection pins. See Figure 5-4:

16 in.x 2 in. “Top Plate” 18 in.x 3 in. “Top Plate”

~164 in. Long Gusset Plate

v

i 4\ Frame
smallest

cross

section

k—l 26.75

Pin to saddle centerline

H 7 11°
¢ L0
T |

=]

i

~105 in. Long Gusset Plate

Figure 5-4: Cradle Frames Side View (TN-68 Left & Magnatran® Right)
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Longitudinal Load

The longitudinal load, when oriented towards the cask bottom, is reacted at the trunnion towers. The
frame is anticipated to respond more like a truss system than a beam under this loading. Thus, the top
plate and gussets are analyzed herein for their ability to transfer the load to the robust lower I-beams.

The bounding geometry in Family 2 is for the TN-68 cradle. This cradle has a 16 in. x 2 in. top plate that
supports the trunnion tower (the NAC cradles have an 18 in. x 3 in. top plate). The average stress on the
cross section in Figure 5-4 is:
_ 7.5(272)/cos(11°)
- 2(16 x 2)
where the 7.5 load is per Section 4.2, the 272 kip TN-68 weight is per Table 4-5, and the top beam
orientation is 11 degrees downward from the horizontal per Figure 5-4.

This part is made from ASTM A572, Grade 50 material. The margin of safety using the 50 ksi yield
strength from Table 4-1 is:

=32.5 ksi

50
MS = =—1=+54

The load is transferred from the top plate through a 1 inch gusset to the I-beam structure underneath.
The limiting weld is the one connecting the gusset to the I-beam. Since the TN-68 cradle is the shortest
for the Family 2 cradles, it has the highest load per linear inch of gusset. The effective weld length
neglects welds beneath the access/lightening holes (holes are limited to 50% of the 105 inch length in
Figure 5-4). The average shear stress, assuming a full penetration weld to the thinner 1 inch thick gusset
see drawing [4]), is:
_ 75(272)

= 2G %1050

where the 7.5 load is per Section 4.2, the 272 kip TN-68 weight is per Table 4-5.

This part is made from ASTM A572 or A992, Grade 50 material, The margin of safety using the 50 ksi
yield strength from Table 4-1 is:

= 19.4 ksi

.6(50)
MS =gt~ 1=+55

The gusset plate itself is placed in pure shear. This plate is evaluated for buckling under a pure shear
load using Table 3 in Section 2.12(3) of Blodgett [27]. The plate length above and below the cutouts is
neglected. The cutouts shall not exceed 50 percent of the overall length (b) as stated above. The two
constants for the Blodgett case are:

-5x105

i 1.16

_a_
L i

4
ks J§(5.34 + -5) =144
@

where the plate height is conservatively the 45 inch height per Figure 5-4.
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The critical buckling stress is:

2

V3kalE gt .
O = —12(1 v (E) = 245 ksi

where the elastic modulus of steel (E) is 30,000 ksi, the Poisson’s ratio of steel (v) is .3, and the
thickness of the plate is 1 inch. The critical buckling shear stress is:

T = % = 141 ksi
The margin of safety using the stress in the welds (since they are full penetration) is:
141
MS = o 1=+61

Vertical Load

The worst case bending in the frame due to the vertical load is in the Magnatran® cradle. The saddle of
that cradle takes half of the 2g vertical load and is cantilevered out 26.75 inches. Conservatively, the
smallest cross section of the Magnatran® cradle is evaluated (see Figure 5-4). This cross section has a
moment of inertia of 76,449 in* in the bending axis of interest (See Appendix A.1). The bending stress
in that cross section is:

_ (:5)(2)(312) X 2675 X (502 ~ 21.8)
= 76,449

where the 2g vertical load is per Section 4.2, the 312 kip Magnatran® weight is per Table 4-2, the section
height is 50.2 inches, and the section centroid is 21.8 inches above the bottom of the section (per
Appendix A.1).

The margin of safety using the 50 ksi yield strength from Table 4-1 is:

= 3 ksi

50
MS=?—1 = +15.7

The vertical load will also place the connecting welds holding the 4 inch thick bolt plate to the frame in
shear. Since the conservative evaluation above has a high margin of safety, a suitable weld pattern can
easily be designed to carry the load in a final design.

5.3.2 NAC Trunnion Towers

The NAC trunnion towers are sized to resist the longitudinal load toward the bottom of the cask, the
lateral and vertical loads.

Longitudinal Load

The trunnion tower is supported for the longitudinal load by the frame as stated in Section 5.3.1.
However, it also creates torsion in the tower due the lower trunnion load being cantilevered out several
inches (see Figure 1-2), The worst case for this is the NAC-STC™, This tower is 12.6 inches deep, 14
inches wide, and has a 6 inch round bar cantilevered out 4.38 inches to engage the NAC-STC™ trunnion
pockets.
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The 7.5g load is shared equally on the two round bars. The maximum shear at the center of the 6 inch
round bar is:
4V (4)(0.5(7.5)(254.6
=—=—( )( (7.5( ))=45.1k5i
34 (3)(m/4(6%)
where the 254.6 kip NAC-STC™ weight is per Table 4-3. The round bar is a heat treated A434, Class
BD material with a minimum yield strength of 135 ksi (see Table 4-1). The margin of safety is:
.6(135)
45.1
Each round bar engages 3.88 inches into the trunnion pocket (see Table 4-3). The bending stress at the
outer surface of the bar is:
o= (.5)(7.5)(254.6)(4.38 — 3.88/2) x (6/2)
- w(6)*/64
where the 254.6 kip NAC-STC™ weight is per Table 4-3. The round bar is a heat treated A434, Class
BD material with a minimum yield strength of 135 ksi (see Table 4-1). The margin of safety is:

MS =

1=+.80

= 109.9 ksi

MS——-135 1=+423
T1099 U
The tower structure is made from 2 inch plate. The cross section has the following torsional stress:
F) 2
(9090300 (84130290 [E5T 1 ()
T= 3502 = 23.9 ksi

where the 254.6 kip NAC-STC™ weight is per Table 4-3, the trunnion tower is 12.6 inches deep, 14
inches wide, and the polar moment of inertia is 3,602 inches per Appendix A.2.
The margin of safety using the 50 ksi yield strength from Table 4-1 is:

.6(50)
T 2309

MS -1=+26

Lateral Load

The worst case for the lateral load is the Magnatran®. This package has the highest weight and a
similarly sized tower to the NAC-STC™ cask at 13.5 inches deep and 10 inches wide. The £2g lateral
load will be shared equally by one trunnion tower and the front saddle, The worst cross section for
bending in the vertical part of the tower is 21 inches below the trunnion towers (see Appendix A.3). This
is the distance at which the trunnion tower cross-section rapidly begins to increase.

The bending in the cross section is:
_ (312)(21)(13.5/2)
- 1,622

where 312 kips is half the +2g load on the 312 kip Magnatran® weight in Table 5-1, and the moment of
inertia is 1,622 in* per Appendix A.3.

=273 ksi
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The margin of safety using the 50 ksi yield strength from Table 4-1 is:
50
MS = 373" 1=+83
Vertical Loads
The vertical load will cause bending and compression in the tower. This will be bounding in the NAC-
STC™ tower due to the extent of the eccentric loading and smaller cross section,

The compression in the tower is:

_ 254.6 = pEkst

TR e
where 254.6 is half of the +2g load on the NAC-STC™ weight in Table 4-3, and the 90.5 area is from
Appendix A.2.
The bending stress is:

(254.6) (12.6 4438 3.88) (12.6)
oy = 2 22\ 2 2 77 ksi
1,813

where 254.6 is half of the +2¢g load on the NAC-STC™ weight in Table 4-3, and the 1,813 inch?

moment of inertia is from Appendix A.2.

The margin of safety on the combined stress using the 50 ksi yield strength from Table 4-1 is:
50

=7i77 1= t8

MS

63.3 TN-68 Trunnion Towers

The TN-68 tower has a much different design due to the presence of the tie-rods which are at the same
elevation as the cask trunnions. This requires a thinner, more inline trunnion tower (see Figure 5-5).
Unlike the NAC cradle designs, this trunnion tower does not have any eccentric loading placed on it due
to the package geometry. Therefore, the only loading of concern is the lateral 2g loading.

Trunnion
centerline ¥7=|

19

Section plane
of interest

Figure 5-5: TN-68 Trunnion Tower Section of Interest
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The smallest cross section of concern in the tower is at the base of the welded block 19 inches below the
centerline of the trunnion as shown in Figure 5-5. The properties of this cross section are calculated in
Appendix A.4. The bending stress in the cross section is:

_ (272)(19)(65/2)
= 434

where 272 is half of the +2g load on the 272 kip TN-68 weight in Table 4-5, the 6.5 inch cross section

height is per Appendix A.4, and the moment of inertia is 434 inch® per Appendix A.4.

This cross section is at the joint between the ASTM A350, grade LF6 forging and the ASTM A572
grade 50 plate. Using the lower 50 ksi yield strength from Table 4-1 for these two materials, the margin
of safety is:

= 38.7 ksi

MS———-—SO 1=+.29
3y =T

5.3.4 NAC Front Saddle

Saddle Component

The Magnatran® front saddle is the bounding case for the inertial loads in Section 4.2. The concept for
the NAC cradle saddles is a single cast part designed to clear the package neutron shield, impact limiter,
and fins while engaging the package shear key (see Figure 5-6). The TN-68 front saddle is a different
design, which has a structural response bounded by the lifting evaluation in Section 5.3.8.

The saddles that support the upper end of NAC packages are designed to act like a simply supported
beam. The design accomplishes this by placing a groove on the two bolted faying surfaces along the
center of the bolt pattern (pictured in Figure 5-6). This design also prevents prying loads on the screws.

Centroid height of the applied load (7.5W) on 7
the package shear key area (gray areas)

o ~]

W\ e / 7.5W ~ T

f _ A
- \\_’/ N 236
Vol Loc. _+_l
L—:’ A (lAH
- 35.1 ﬁ
e 779 — - 16 ¥
+ 113 Section A-A

Figure 5-6: NAC Cradle Front Saddle (Magnatran®™) Cross-Section
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The maximum shear in this “beam” is conservatively estimated using a 2.0 shape factor which is
typically used for a thin walled beam section. The maximum shear near the center of the section is:
_2v _ (2)(0.5(75)(312)) _
YFATT 1w
where the +7.5g load is per Section 4.2, the 312 kip weight is per Table 4-2, and the 177 inch cross
section is per Appendix A.5.

The margin of safety, calculated using the 145 ksi yield strength of ASTM A732 Grade 10Q per
Table 4-1, is:

13.2 ksi

6(145)
MS === —1=+56

The beam is loaded with two concentrated loads located 35.1 and 77.9 inches from the left side of the

saddle as shown in Figure 5-6. Each of the two concentrated loads equals haif of the 7.5g load. Using

Beam Formula Case 2 in the Aluminum Design Manual [23], the maximum moment in the beam is:
Mpae = 35.1(.5)(7.5)(312) = 41,067 kip - in

The maximum bending stress at the outer surface from this load is:

_ 41,067(16 — 6)

o =TT 4664
where the maximum distance to an outer surface from the centroid is 10 inches, and the moment of
inertia is 4,664 in* per Appendix A.5.

The section will also be placed in torsion from the vertical offset of the section centroid from the applied
load. The maximum torsional stress is the same location as the maximum bending stress at location A’
on Figure 5-6. The distance from the cg to the point of interest is:

= B88.1 ksi

r=410% 4+ 112 = 149 in.
where the cg height is 11 inches and the maximum horizontal distance from the cg to a surface is 10
inches per Appendix A.5.
The torsional shear stress due to the applied load is:
e (.5)(7.5)(312)(29 — 11)(14.9)
11,354

where the section centroid height is 11 inches, and polar moment of inertia is 11,354 in*, These values
are calculated in Appendix A.5. .

=27.6 ksi

The maximum effective stress at the outer surface of the front saddle is:

Tepr = BV (O’b)z + 372 = 100 ksi
The margin of safety, calculated using the 145 ksi yield strength of ASTM A732 Grade 10Q per
Table 4-1, is:
145

Mszﬁa—1=+.45
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Front Saddle Fasteners

The saddle is bolted onto the cradle frame using twelve (12) 2.25-4.5UNC socket head cap screws
(SHCS). Under the +7.5g longitudinal load, the saddle is assumed to pry around the bottom of the saddle
as shown in Figure 5-7.

Front Saddle Fastener Reactions

(= 32.5)

Summation

Figure 5-7: Front Saddle Fastener Free Body Diagram for Longitudinal Load
The bolt loads are calculated using the following equation for eccentric loads on a bolt pattern from
Example 16-4 of [24]:
_ Md,
T X’

where M is the applied moment on the bolt pattern, d,, is the distance from the pivot to the bolt of
interest, and d, is the distance from the pivot point for each bolt in the pattern,

Tn

The bolt pattern starts 3.75 inches above the bottom of the saddle and has 6.5 inch spacing. Utilizing the
equation above, the maximum tension load in the uppermost SHCS, T1, is:

_ (7.5)(312)(29) x 36.25

T 2(3.75% + 10.252 + 16.752 + 23.252 + 29.752 + 36.25%)

The 2.25-4.5UNC SHCS have a tensile area 3.5 square inches per Table 2 of [13]. The average tensile
stress in the fastener is:

i = 391.8 kips

391.8 )
o= = 1119 ksi
5
The margin of safety on the ASTM A574 SHCS is:
MS—-—135 1=+21
Tl

where the 135 ksi yield strength is per Table 4-1.
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5.3.5 Front Strap

The most limiting of the front strap designs in the Family 2 cradles is the Magnatran® design. The
maximum load applied to the front strap is from the +2g vertical inertial load from Section 4.2. The front
strap will react approximately half this load, while the two trunnion towers support the rest. The front
strap on the Magnatran® is a .75 THK steel band that is 5 inches wide that is bolted onto the cradie. Two
(2) 1.25-6UNC hex cap screws will tension the strap down onto the cradle to secure the package using
an angled bonze shoe as shown in Figure 5-8.

5 x.75 THK steel plate

5 x 1 THK steel

plate \ 1.5-6UNC Hex Bolt & Nut

Bronze shoe for front strap

i adjustment to secure package

saddle /

Figure 5-8: Magnatran® Cradle Front Strap Tension Mechanism Concept (Front View)

The strap will act like a tension member over the top of the package. The tensile stress is:
_0.5(2)(312)

(2).75(5)
The margin of safety using the 50 ksi yield strength from Table 4-1 is:

= 41.6 ksi

Ms=—2 1= 420
416

The 1.5-6UNC bolt has a tensile area of 1.405 inches (per Table 4 of [14]). The average shear stress in
the two bolts, for a double shear configuration, is:

_ 0.5(2)(312)

' = 2@2)(1.405)

The margin of safety using the 130 ksi yield strength for ASTM A490 in Table 4-1 is:

L6(130)
=555

Additional design details of the front strap connection will be considered during the detail design.

= 55.5 ksi

MS -1=+41
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5.3.6 Shear Key Connection

There is a 35.5 inch wide plate 3 inches thick at the bottom center of the cradle between the two I-
beams. This plate rests between the two shear keys on the railcar (see cross Section in Figure 5-9). Since
it is supported nearly full length by the two shear keys and is reinforced by a boxed section made from

| inch plate, the only stress of interest is the average shear in the adjoining welds. Conservatively, only
the welds connecting the 3 inch plate to the W19 l-beam are evaluated as shown in Figure 5-10.

i i Cradle I-beam
1 in. boxing plates R~ /

35.5in. x 3 in. plate

7 L LA

Rail Car Deck and Shear Blocks

Figure 5-9: Shear Key Mid-Plane Cross Section

TYP Web to
3in. Plate

Figure 5-10: I-Beam to 3 inch Plate Weld Connection
The maximum load will be from the Magnatran® package and cradle under the 7.5g inertial load
specified in Section 4.2, The average shear stress in the weld group is:
B (.5)7.5(356)
= (.707)(1)(35.54+2 X 5.4) + (.707)(.75)(35.5 + 2 X 3)

where the combined package and cradie weight for the Magnatran® is 356 kips from Table 5-1, and the
35.5 inches is the plate width per Figures 5-9 and 5-10.

= 24.4 ksi
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The margin of safety using the 50 ksi yield strength from Table 4-1 is:
_ - 6(50)
T 244

MS 1=+.23

53.7 NAC Lifting Evaluation

Shackles and Lift Lugs

All the NAC package cradles use the same 4 point vertical lift design. The Magnatran® will be the
bounding case due to the package’s maximum gross weight. The rigging design shall be designed to
distribute the package and cradle over all 4 lift points. The load per lift point in metric tons is:

356
Fypr = (1-15)T = 102.35 kips = 464t

where the combined package and cradle weight for the Magnatran'g‘is 356 kips from Table 5-1, and a
dynamic load factor of 1.15 is applied per the specification for overhead traveling cranes published by
the Crane Manufactures Association of America [29].

A shackle with a work load of 55 metric tons will be adequate. For the conceptual design, a G-2130
Crosby shackle in [4] is used to size the attachment lugs. These shackles have a minimum ultimate
strength of 6 times the working load limit and follow the latest revision of ASME B30.26 per the Crosby
Group Online Catalog [25]. Therefore, these shackles are adequate to handle the required load.

The lift lugs are designed to fit the shackle. Thus, the bearing in the plate is not of concern. Following a
general structural practice, the hole for the shackle is 2 times the pin diameter away from any edge. Thus,
tensile and shear tear-out in the 4 inch thick lug are not of concern (see Section 16-2 of [24]).

Figure 5-11: NAC Cradle Lift Lug
The weld attaching the lifting lug to the structure is a 1,13 inch double sided fillet weld at least 10 inches
in length. The shear in the weld is:
102.35
20707 (1.13)(10)
where 102.35 kips is the lifting force, Fy¢, applied to the lift lug calculated above.

2 = 6.4 ksi
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The margin of safety is calculated using the lesser of 1/3 yield and 1/5 ultimate in accordance with [6].
The material of the lug is the 50 ksi yield strength material from Table 4-1.

6% min(-s—a[-]-., %E) 5

MS = %z 1=+.22

Cradle Structure
The lifting loads will be reacted out to the nearby package trunnions on the rear of the cradle. On the
front of the cradle, the package will be supported on the robust front saddle casting. The twelve 2.25-
4.5UNC socket head cap screws (SHCS) connecting the front saddle to the cradle frame will be placed
in shear. The fasteners are threaded on the shear plane, so the 3.25 inch tensile area is used from Table 2
of [13].

= (2)102.35

T (12)3.25

where 102.35 kips is the lifting force, Fyz,, applied to the lift lug calculated above.

Using the same lifting criteria above for the ASTM A574 material in Table 4-1, the margin of safety is:

e e T

= 5.2 ksi

5.3.8 TN-68 Lifting Evaluation

Lift Lugs

The TN-68 cradle is lifted using four of the same shackles used on the NAC packages. Four (4) 4 inch
thick lugs are welded to the side of the -beams and are attached with a 1.13 inch double sided fillet
weld 19 inches long (see Figure 5-12). Centered behind the lift lugs are two 1 inch thick gussets to help
transfer the load to the I-beam. The lugs could be bolted on as an option in the detailed design.

Wi 4

1 - Two 1 THK
= gussets centered
=< with lifting lug

%,

+ 11.65

Figure 5-12: TN-68 Cradle Lift Lug
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The lift lugs are designed to fit the shackle and to have the hole for the shackle 2 times the pin diameter
away from the edge. Thus tensile, shear tear-out, and also bearing stresses are not of concern. The
connecting welds will be loaded in shear form the vertical load and bending.
The average shear over all four lugs is:
e (1.15)300(1/4)

(2)(.707)(1.13)(19)
where 300 kips is the maximum combined load of the TN-68 package and cradle from Table 5-1, the
19 inch long double fillet weld is per Figure 5-12, and a dynamic load factor of 1.15 is applied per the

specification for overhead traveling cranes published by the Crane Manufactures Association of
America [29].

The shear from bending in the fillet welds being 6 inches from the side of the 11.3 inch wide [-beam is:
_ (1.15)(300/4)(6)(19/2)
= T 707(1.13)(199/6)

The margin of safety is calculated using the lesser of 1/3 yield and 1/5 ultimate in accordance with [6].
The material of the lug is the 50 ksi yield strength material from Table 4-1.

. (50 65
.6 X min (T‘T)

V2.8% 4+ 5.42

= 2.8 ksi

= 5.4 ksi

MS = ~1=+.28

Rear Cradle Structure

The lifting load path on the rear of the cradle is between the lugs and the trunnion towers. The most
limiting section in this load path is the boxed I-beam section. This section will be placed in torsion by the
lifting load. The I-beam polar moment of inertia is 4,871 in* per Appendix A.6. The torsional shear is:

(1152 (11.65) ( B +&
= 4,871

The bending in the [-beams due to the longitudinal distance between the lift point and the trunnion will
be minor due to the strength of the frame structure in that orientation. The margin of safety is calculated
using the lesser of 1/3 yield and 1/5 ultimate in accordance with [6]. The material of the lug is the 50 ksi
yield strength material from Table 4-1.

= 2.3 ksi

.6 X min (50 65)

_ T5)
MS = 33 1=+424

Front Saddle Structure

The lifting load path on the front of the cradle is between the lift lugs and the front saddle. The lifting
load will place the front saddle W14x233 I-beam in bending. This will be conservatively analyzed as a
simply supported beam neglecting any strength contribution from the rest of the frame. The package
contact load distribution is conservatively assumed to be triangular and neglects the cutouts. This
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simplification is justified since it will calculate a bounding moment at the center of the front saddle
where the cross section is smallest. A beam diagram of the approximation is shown in Figure 5-13.

Package

contact angle,

#is 120
P degrees /{

Y S e Saddle hasa ‘ b | a I b 1

radius of 49
‘P— L= 128inches ———-4\
R

m . “ inches and a

T finear contact
@ H- - width of a

Figure 5-13: TN-68 Cradle Front Saddle Beam Approximation for Lifting
The width of the cradle contact is calculated using the law of cosines:

a = +/2(49)% — 2(49)2cos(120°) = 84.9 inches

The distance b is therefore:
128 —a
b —

e 21.6 inches
The peak load at the center of the beam is therefore:
300(.5) s
Wpeak = m = 3.54 klp/l?'lCh

where the front saddle supports half the 300 kip TN-68 package and cradle from Table 5-1, in a
triangular distribution over the linear contact width as shown in Figure 5-13.

The reaction loads at both locations will be equal due to the symmetry of the beam. Thus, the reaction
load, R, is:
R =.5(300)/2 = 75.0 kips

This beam case is very similar to beam Case 8 in the Aluminum Design Manual [23]. The only
difference is that the load is more centered. Since the shear in the beam is constant over the length “b”
the maximum moment at the center of the beam can be calculated as follows:
(3.54)(84.9)2

12

The W14%233 I-beam height is 16,04 inches tall and has a moment of inertia is 3,010 in* [26]. The
bending stress is:

LZ
M = R(b) +%= (75:0)(21.6) + = 3,746 kip - in
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3,746 (3-%.9&) .
==t = 10.0 ksi
% 3,010 %

The margin of safety is calculated using the lesser of 1/3 yield and 1/5 ultimate in accordance with [6].
The material of the lug is the 50 ksi yield strength material from Table 4-1.

in(S0 65
:mms.s

10.0 -1=+30

54 Fatigue

The Atlas railcar Family 2 cradles will undergo cyclical loading. They are designed for a 50 year service
life as described in Section 5.5 of [28]. It should be noted that the final design will require additional
fatigue analysis for all welds and built-up sections.

6.0 RESULTS AND CONCLUSIONS

6.1 Railcar Interface Loading Summary
Table 6-1 is a summary of the bounding loads applied to the Atlas railcar interface in Section 5.1.

Table 6-1: Railcar Tie-down Loads

Railcar Attachment Load Bounding Load, kips Package and Reference
Vertical Pin Loads +664 Magnatran®, Table 5-2
Lateral Pin Block Load +385 Magnatran®, Table 5-4
Longitudinal Shear Key Load 2,655 Magnatran®, Table 5-2
6.2 Concept Design Summary

The conceptual designs for the Family 2 packages were evaluated for the AAR tie-down loads and
lifting. As can be seen in Section 5.3, all the margins of safety were at least +.20. This is deemed
adequate to assure the cradle concepts are viable in support the Atlas railcar design.

6.3 Literature Search and other Background Data

A formal literature search was not applicable to this scope of work. All required background information
is given under Section 1.1, Project Background.
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APPENDIX A: CRADLE CROSS SECTION DATA
A Magnatran® Cradle Frame Cross Section

The smallest cross-section (see Figure 5-4) on the NAC Magnatran® cradle is dimensioned below. The
vertical gusset plate and lift lugs are neglected. Note that the 18%3 top plate is angled downwards at 10
degrees, so it is 18.25 inches tall the cross-section sketch below.

18.25x 3
plate ~-.

T W18x119 -beam
L— 93.5 ———-I . with (2) 16.88x1.5

THK plates

Individual area properties are calculated in the first table and the composite section properties are
calculated in the lower table:

Y-Y Axis Centroid
Height Width Area, A Inertia, I Height, z

Part QTY (in) (in) (in*2) (in*4) (in)
W18x119 (per Table 1-1 of [26]) 2 19 NA 35.1 2190 95
I-beam Plate 4 16.88 1.5 2532 601.2 9.5
Top Plate 2 18.25 3 54.75 1,519.6 41.1
Composite Section Properties
Area (QTY x Area) 281 in™2
Centroid Height (Z) 218 in
Moment of Inertia 76,449  in™4
The composite centroid is calculated using the following equation:
Tdreaxz
T4

The composite moment of inertia is calculated using the parallel axis theorem.

1= I+ Ay = P
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A2 NAC-STC™ Trunnion Tower

The section properties of the limiting cross section evaluated in Section 5.3.2 on the NAC-STC™ cradle
are calculated using the dimensions in the following sketch:

f— 14.0 —

ZTHK_b - 12.63
TYP 1
[ | Trunnion _y ..
—.{ le— 1TYP centerline 19
SectionA-A  pespeeed
(Rotated 90°) ‘[/ I
A

The centroid and moment of inertia values in the following table are calculated using the same equations
described in Appendix A.1. Individual area properties are calculated in the first table and the composite
section properties are calculated in the lower table.

X-X Axis  Centroid Y-Y Axis Centroid
Height Width Area Inertia,Ix Height,y Inertia,ly Width, x

Part Qry (in) (in) (in"2) (inn4) {in) (in4) {in)
2 THK Horizontal Plates 2 2 14 28 9.3 5.3125 457.3 0
2 THK Vertical Plates 2 8.63 2 17.26 107 0 5.8 5

Composite Section Properties

Area (QTY x Area) 90.5 in"2
Centroid (¥) 0.0 in
Moment of inertia X-X 1,813  in™4
Centroid (X) 0 in
Moment of inertia Y-Y 1,789  in"4
Polar Moment of Inertia 3,602 in4
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A3 Magnatran® Trunnion Tower

The section properties of the limiting cross section evaluated in Section 5.3.2 on the Magnatran cradle
are calculated using the dimensions in the sketch below:

“— 10.0 —*
I Trunnion ____l____
2 THK S| [y PR 13.5 centerline
TYP
[ - [T
*>| e— 1 TYP A
Section A-A
(Rotated 90°) el

The centroid and moment of inertia values in the following table are calculated using the same equations
described in Appendix A.1. Individual area properties are calculated in the first table and the composite
section properties are calculated in the lower table.

X-X Axis Centroid

Height Width Area Inertia  Height, y
Part qry (in) {in) (in*2)  (in74) {in)
2 THK Horizontal Plates 2 2 10 20 6.67 5.75
2 THK Vertical Plates Z 9.5 2 158 143 0

Composite Section Properties

Area (QTY x Area) 78.0 inA2
Centroid () 0.0 in
Moment of inertia X-X 1,622 inM
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A4 TN-68 Trunnion Tower Cross Section

The section properties of the limiting cross section evaluated in Section 5.3.3 on the AREVA TN-68
cradle are calculated using the dimensions in the sketch below:

f
6.5 | I Trunnion _
VO [ | centerline
—ol l<‘ 1 THKTYP
1TYP
Section A-A
(Rotated 90°)

The centroid and moment of inertia values in the following table are calculated using the same equations
described in Appendix A.1. Individual area properties are calculated in the first table and the composite
section properties are calculated in the lower table.

X-X Axis Centroid

Height Width Area Inertia  Height, y

Part Qary (in) (in) (in?2)  (in"4) {in)
2 THK Horizontal Plates 2 2 20 40 13.33 2,25
2 THK Vertical Plates 2 2.5 1 2.5 1 0

Composite Section Properties
Area (QTY x Area) 85.0 inA2
Centroid (¥) 0.0 in
Moment of inertia X-X 434 inh4
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A5 Magnatran® Front Saddle

The cross section properties of the NAC front Saddle are calculated using a composite shape as described
in the sketch below. The following sketch cross-section is based on the Section A-A from Figure 5-6.

~

a7

3.5
12.5—

v 16 ——

The centroid and moment of inertia values in the following table are calculated using the same equations
described in Appendix A.1. Individual area properties are calculated in the first table and the composite
section properties are calculated in the lower table.

X-X Axis Centroid Z-Z Axis Centroid

Area Number Height Width Area Inertia Height,z  Inertia  Width, x

(see sketch} Qry (in) (in) (in"2) {in~4) (in) (in"4) (in)
Triangle 1 1 9.0 2 14.25 71 14.7 7 6
Square 2 1 2.5 16 40 21 10.3 853 8
Square 3 b 9 35 315 213 45 32 14.3
Square 4 1 12.1 5 60.5 738 17.6 126 25
Square 5 1 9 35 315 213 4.5 32 175

Composite Section Properties

Area (QTY x Area) 177 inA2
Centroid (Z) 11.0 in
Moment of inertia X-X 6,690 in"4
Centroid (&) 6.0 in
Moment of inertia Z-Z 4,664 in"4
Polar Moment of Inertia 11,354 inn4
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A6 The Boxed I-beam Properties for all Group 2 Cradles
The structural W18x119 I-beams have two (2) 1.5 inch thick plates welded between the two (2) 1.06
inch thick flanges. The section properties are calculated in the following table:

Y-Y Axis Centroid Z-ZAxis Centroid
Height Width Area Inertia  Height,y Inertia  Width,y

Part QTty  (in) (in) (inA2)  (inn4) (in) (in™4) (in)
W18x119 (properties per

Table 1-1 of [26]) 1 19 113 35.1 2190 85 253 0
I-beam Plate 2 16.88 1.5 2532 601.2 a5 4.7 4.9

Composite Section Properties

Area (QTY x Area) 86 inM2
Centroid Height () 95 in

Moment of inertia Y-Y 3392 inM
Moment of inertia Z-Z (y = 0 in.) 1,478 in*4
Polar Moment of Inertia 4,871 innd

The centroid and moment of inertia values in the table above are calculated using the same equations
described in Appendix A.l.
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APPENDIX B: CRADLE WEIGHT AND CENTER OF GRAVITY ESTIMATE
B.1 NAC Cradle Weight Estimate
The following calculations estimate the bounding weight for the NAC cradled designs. Calculations are
made for individual components and summarized in Tables B-1 and B-2.

The Magnatran® requires the longest cradle. Since the length is the primary weight factor, the
Magnatran® will bound the NAC-UMS™ and NAC-STC™ cradle weights. The following general
methodology was used in creating the weight estimation for the Magnatran cradle:
* Some features/components are neglected that have a negligible impact on the weight estimation
e Where sufficient detail is not provided by drawing [4], sketches are provided in this appendix

e Item weights and centroids are calculated individually then summed and evaluated in Tables B-1
and B-2

e The cradle center of gravity is measured from the pin location closet to trunnion towers (labeled
the CGx coordinate shown in sketch below) and from the bottom of the cradle [-beam (labeled
the CGz coordinate in sketch below)

s Steel density is taken as .28 Ib/in’ and the density of aluminum is taken as .1 Ib/in®

]
) Front Strap

Top Plate
& Trunnion
Front Saddle tower

4 inch plate

——— g, ———>4— 31.75—
« 1745 >

e 1865 -

W18x119 Structural I-Beam (NOTE: Holes and Tubing for the railcar pins are neglected.)
Weight per foot per Table 1-1 of [26]: 119 lb/ft
Length: 174.5 in.
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Weight: (174.5/12)(119) = 1,730 1b
CG Z coordinate: 19/2 = 9.5 in.
CG X coordinate: (174.5/2 — 31.75) = 55.5 in.

I-Beam 1.5 THK “Boxing” Plate (NOTE: Holes and Tubing for the railcar pins are neglected.)
[-beam Height: 19 inches per Table 1-1 of [26]

I-beam Flange Thickness: 1.06 inches per Table -1 of [26]

Weight: 1.5(19 — (2)(1.06))(174.5)(. 28) = 1,237 b

CG Z coordinate: 19/2 = 9.5 in. (Centered on [-beam)

CG X coordinate: (174.5/2 — 31.75) = 55.5 in.

Front Saddle (see sketch, some features neglected in weight estimate

The Front Saddle is a 16 inch thick casting that is 120 inches wide and 48 inches tall. It is designed to
interface with the 86.7 inch diameter upper forging and shear key of the Magnatran®, while at the same
time clearing the neutron shield, fins, and impact limiter. The following sketch contains the primary
dimensions. The volume is estimated by subtracting basic shapes from the 120 x 16 x 48 envelope.

11.0° 8.0°

- - \ R43.35 RS&6.0
N : 67.0
1 48.0
1 N 1
il 9;0 x 1=
16.0 120.0
14.0
8.0, 9.0
/ ALY
- i ol T
3.5J 72.0
8.6
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Block volume: 48.0 x 16.0 x 120 = 92,160 in.3
Bottom cut-out volume (approx. as rectangular area):
72%x9x9=5832in3
Side cut-out volume (approx. as rectangular areas):
2(14 % 8 + 3.5 X 8.6)(48) = 13,642 in>
Circular segment area:
Ay = R?cos™t (}I?-) - r\/RZ_—rE
A; =1,359in?

where the radius of the segment is 43.35 in. and the height of the center of the circle above the top of the
saddle is (67 — 48 = 19 in.) as shown on the sketch above.

The saddle cut-out volume is: 1359(16) = 21,744 in?
The area cutout for the fins and neutron shield (cutout circular segment cutout on the front saddle with a
56 inch radius that is approximately 8 inches deep). It has an area equal to A; — A, whereA, is the
saddle cutout area above, and 4, is:

A, = (56%) cos™1(19/56) — 19+/562 — 192 = 2,840 in.?
The fin and neutron shield cut-out volume is: 8(2,840 — 1,359) = 11,848
The bounding weight of the saddle is: . 28(92,160 — 5832 — 13,642 — 21,744 — 11,848) = 10,946 lb

The centroid of the part is conservatively placed at the center of the part. This simplification is
appropriate since this bounds the actual cg Z coordinate and will give an average X coordinate value
which is sufficient for the proof-of-concept.

CG Z coordinate: 48/2 + .5 = 24.5 in. (saddle is raised .5 inches above bottom of cradle for clearance
during cradle assembly)

CG X coordinate (see first two sketches): 186.5 — 16/2 — 31.75 = 146.75 in.

Bolting Plate: (see sketch, holes neglected)
Thickness: 4 in. T
Weight: . 28(4)(15.3 X 50.25 = .5(30 x 8)) = 7261b
CG Z coordinate: 50.25/2 = 25.13 in.
CG X coordinate (see first sketch):

174.5 = 31.75 + 4/2 = 144.75 in.

50.25
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Shear Box (see Sketch)

The box section weight is conservatively
calculated using the box section area to the
right for the full length between the I-beam
webs (as shown Figure 5-10)

Area:
3(35.5) + 2(1)(7.5) + (33.5)(1)
=155 in.?
Length: 93.5+ 11.3 = 104.8 in.
Weight: . 28(155)(104.8) = 4,548 1b
CG Z coordinate:
1+10.5/2 = 6.3in.

CG X coordinate:

44.75 4 35.5/2 = 62.5 in.

Top Plate: (see Sketch)

Thickness: 3 in.

Weight: . 28(3)(166.8 x 18)
=2,5221b

CG Z coordinate:
(78 + 50.25)/2 — 18/2 = 55.13 in.

CG X coordinate:
164.5/2 = 21.75 = 60.5 in.

Gusset Plate:
(see Sketch right, holes neglected)
Thickness: 1 in.

Weight:(. 28) (1)(164.5) X
((13 +40.7)/2) = 1,237 Ib.

CG Z coordinate:

19 + (13 +40.7)/2 = 45.9 in.
CG X coordinate (nominal):
164.5/2 — 21.75 = 60.5 in.

I-Beam with 1.5

/ THK boxing
/

Plate

L

Section A-A from sketch below

355

]
'\\ 3 THK Cradle
Shear Plate

J_d‘.
A A _Ir
Shear Plate T __________ T i
= B
W
i L]
Top Plate 166.8 .
b 180 I
/ j 78.0
so2s 1T <O Q O #
loj gt loiid
] L
-1 s - 44.75 21,75
164.5
1 Gusset Plate
b |
1 O e
13.0 [t CD L
I :’0 .F' e
H75—p— T
164.5
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Length: 93.5

Area; 2(20)(2) + (11.75 — 4)(2)(2) = 111 in.
Weight: . 28(111)(93.5) = 2,906 lb '
CG Z coordinate; 11.75/2 = 5.9 in.

CG X coordinate:—21.75 in.

Outside Connecting Trunnion Plates (includes vertical and 45 degree plates)
Thickness: 2 in.

Length: 41 + 6(vZ) = 49.5 in.

Width: 10 in.

Weight: . 28(2)(49.5)(10) = 277 lb.

CG Z coordinate: 19 + (66 — 19)/2 = 42 in.

CG X coordinate (Centered on 10 inch wide Trunnion Tower): —26.75 in.

Trunnion Tower Inner Curved Plate

Thickness: 2 in.

Width: 10 in.

Curved linear length: (14.5) + 1/4(2r(55.75)) = 102 in.

Weight: . 28(2)(10)(102) = 571

CG Z coordinate (approximated as being half way up the curved section): 68 — .5(55.75) = 40,13 in.

CG X coordinate (Centered on 10 inch wide Trunnion Tower): —26.75 in.

Trunnion Tower Cap: :

Aft lift lug
Steel Block with the following nominal Front liftlug
dimensions: 10 in. x 12 in. x 13.5 in.
Weight: . 28(10)(12)(13.5) = 454 lb
CG Z coordinate: 66 + 12/2 = 72 in.
CG X coordinate (Centered on 10 inch

wide Trunnion Tower): —21.75 —
10/2 = -26.75 in.

81.0

' 141.75 26.75 [
f 152.25
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Lift Lugs

The lift lugs are 12 inch long 4 inch thick plates that are approximately 8 inches tall.
Weight: . 28(12)(4)(8) = 108 Ib.

Front CG Z coordinate: 53.4 in.

Front CG X coordinate: 141.75 in.

AFT CG Z coordinate: 81 in.

AFT CG X coordinate: —26.75 in.

Front Strap

The front strap is made from a 5 inch wide
.75 THK plate that is bent to interface the
86.7 inch diameter upper forging of the NAC
Magnatran®.

Length: 2(18.5) + m(43.55) = 173.8 in.
Weight: . 28(.75)(5)(173.8) = 182 lb

CG Z coordinate: 48 4 18.5 + 43.35/2 =
88.2 in.

CG X coordinate: 152.25 in.

Personnel Barrier

The personnel barrier is NOT explicitly designed. A rough weight estimate is done using .125 THK
expanded aluminum with an opening percentage of 65%. This expanded metal spans the distance between
the impact limiters and covers the entire cask with radius of 62 inches as shown on SAR Drawing 71160-
511, Rev. INP in [16]. The 214 inch cask length (see drawing 71160-502, Rev. 3NP of [16]) is
conservatively used as the distance between the impact limiters. The density of aluminum is .1 Ib/in’.

Thickness: . 125 in.

Profile Length: 2(68) + m(62) = 331 in.
Length: 214 in.

Weight: (. 65)(.1)(. 125)(214)(331) = 575 Ib

CG Z coordinate (conservatively assumed to be at cask cg height above bottom of skid): 67.5 in.
(package cg height per [4])
CG X coordinate (at center of package): 214/2 — 17.7 — 26,75 = 62.6 in.

A bounding value of 600 Ib. will be used for the personnel barrier. The other personnel barrier
components are also planned to be made from aluminum and will have a negligible weight.
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Table B-1: NAC Cradle Component Weight Summary

Individual

Component cG? | cG?®

Item Description QTY Weight (Z) X)

I-beams 2 1,730 9.5 55.5

I-beam plates - 1,237 9.5 55.8
Front saddle [ 10,946 24,5 146.75
Vertical bolting plate 2 726 25.13 | 144.75
Shear box plates 1 4,548 6.3 62.75

Top plate 2 2522 55.13 60.5

Gussets 2 15237 459 60.5
Trunnion tower upper face plates 4 675 389 | -26.75
Trunnion tower lower box beam 1 2,906 5.9 -21.75
Trunnion tower outside connecting plates (vertical) 2 277 42 -26.75
Trunnion tower outside plates (Curved) 1 571 40.13 | -26.75
Rear trunnion tower cap 2 454 72 -26.75
Front strap 1 182 882 | 152.25
Front lift lugs 2 108 534 | 141.75
AFT lift lugs 2 108 81 -26.75

Personnel barrier 1 600 67.5 62.6

Cradle Totals 41,725 27 70

Notes: 1) Vertical cg height is measured from the bottom of the cradle
2) Horizontal cg distance is measured from pinhole centerline closet to trunnion towers

The estimated nominal cradle weight above is rounded to 42,000 Ib. A variance of £10% is used to
account for any changes during the final design of the NAC cradles. Thus, the NAC cradles are expected
to weigh between 37,800 to 46,200 Ib.

The cg offset along the longitudinal length of the cradle (x axis) to the center of the pins is nominally
+8.3 inches (= 125/2 - 70). To account for any differences in the final design stage, the cg is limited to
+10 inches from the center point of the attachment pin locations (i.e. 125/2+ 12=152.5 and 72.5 in.).
The vertical offset of the cg is limited to 27.5 inches from the railcar deck (including +.5 inches for the
railcar attachment mechanism). This limitation is justified due to several conservative approximations
that were made in this calculation.

The following table calculates the combined cg for the NAC packages for use in Section 5.1 at the
cradle nominal weight of 42,000 Ib. Package weight, package cg values, and distance of lower trunnions
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from cask bottom are per Tables 4-2 through 4-5. The distance from the lower trunnions to the rear tie-
down pin is 26.75 inches for the Magnatran® and NAC-UMS™ cradles, and 16.1 inches for the shorter
NAC-STC™ cradle per drawing [4].

Table B-2: NAC Package and Cradle Combined Weight and CG Values

Magnatran®
Combined weight (kips) 312+ 42 = 354 kip
Vertical cg from bottom of cradle!?, 312(67.5) +42(27) = 62.5 in
Z (in) 354 o
Minimum Combined CG distance 312(102 — 17.7 — 26.75) + 42(52.5) oy
from rear cradle pins, X (in) 354 =57in
Maximum Combined CG distance 312(108 — 17.7 — 26.75) + 42(72.5) _ _
from rear cradle pins, X (in) 354 =bain
NAC-STC™
Combined weight (kips) - 254.6 +42 = 297 kip
Vertical cg from bottom of cradle'?, 254.6(67.5) + 42(27) =615 in
Z (in) 297 =
Minimum Combined CG distance 254.6(96 — 18.15 — 16.1) + 42(52.5) .
from rear cradle pins, X (in) 297 =60
Maximum Combined CG distance 254.6(99 — 1815 — 16.1) + 42(72.5) _ g
from rear cradle pins, X (in) 297 =hhm
NAC-UMS™
Combined weight (kips) 256 +42 = 298 kip
Vertical cg from bottom of cradle!"?, _256(67.5) + 44(27) = 50
Z (in) 298 T
Minimum Combined CG distance 256(106 =176 — 26.75) + 42(52.5) _ \
from rear cradle pins, X (in) 298 =80in

Maximum Combined CG distance | 256(108.5 —17.6 — 26.75) + 42(72.5) _ __ .
from rear cradle pins, X (in) 298 =65in

Note: 1) The 67.5 inch package cg height is the same as the package centerline height on drawing [4].
2) Value rounded to the nearest half inch
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B.2 TN-68 Cradle Weight Estimate

The following calculations estimate the bounding weight for the TN-68 cradled design. Calculations are
made for individual components and summarized in Tables B-3 and B-4. This is done since the TN-68
cradle is significantly smaller than the NAC designs and does not require a heavy front saddle to react
the longitudinal loads.

The same methodology applied to the NAC cradle weight estimates is applied to the TN-68 cradle

e Some features/components are neglected that have a negligible impact on the weight estimation.

o Where sufficient detail is not provided by drawing [5], sketches are provided in this appendix as
required

e Item weights and centroids are calculated individually then summed and evaluated in Tables B-3
and B-4

e The cradle center of gravity is measured from the pin location closet to trunnion towers (labeled
the x coordinate) and from the bottom of the cradle I-beam (labeled the z coordinate)

o Steel density is taken as .28 1b/in® and the density of aluminum is taken as .1 Ib/in®

10 -»
20 —
Trunnion -
Tower
11 —
& I
B ¥ [
‘ 93,5 g 140
il 4|
. 4
L1 5
- 5575 L. L
1203
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W19%119 Structural I-Beam (NOTE: Holes and Tubing for the railcar pins are neglected.)
Weight per foot per Table 1-1 of [26]: 119 Ib/ft

Length: 146 in.

Weight: (146/12)(119) = 1,447 Ib

CG Z coardinate: 19/2 = 9.5 in.

CG X coordinate: (146/2 — 11) = 62 in.

I-Beam 1.5 THK “Boxing” Plate

I-beam Height: 19 inches per Table 1-1 of [26]

I-beam Flange Thickness: 1.06 inches per Table 1-1 of [26]
Weight: 1.5(19 — (2)(1.06))(146)(. 28) = 1,035 Ib

CG Z coordinate (Centered on I-beam): 9.5 in.

CG X coordinate: (146/2 — 11) = 62 in.

Front Saddle W14x233 Structural J-Beam

Weight per foot per Table 1-1 of [26]: 233 Ib/ft

Length: 93.4 in.

Weight: (93.4/12)(233) = 1,814 [b

(I-beam height is 16 inches, and width is 15.9 inches per Table 1-1 of [26])
CG Z coordinate: 19 — 16/2 = 11 in,

CG X coordinate: (120.3 — 11 +15.9/2) = 117.25in.

v
Front Saddle Vertical Side Plates
Thickness: 2 in. 9
Width: 9 in. 40
Length: 40 in,
Weight: . 28(9)(40)(2) = 202 Ib
CG Z coordinate: 19 + 40/2 = 39 in. -
CG X coordinate: 118.25 + 10 — 11 = 117.25 in. 0
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Front Saddle Lateral Gussets:

(Only Evaluating outside plate, small triangular plate neglected)
Thickness: 1 in.

Width: 9 in.

Length: 38.8 in.

Weight: . 28(9)(38.8)(1) = 98 [b

CG Z coordinate: 19 4 38.5/2 = 38.25 in. .

CG X coordinate: 117.25 in. T e

Front Saddle Vertical Support
Vertical plate supporting curved saddle plate; neglecting cutouts for tie-rods

7.5

99

Thickness: 1 in.
Rectangular Area: 38.5(99) = 3811.5 in?
Circular Segment Area:
»
Ay = R?cos™ (E) —rR%2 =12
A=1,867 int

where the radius of the segment is 49 in. and the height of the center
of the circle above the top of the saddle is (58.5-38.5 = 20 in.) as
shown on the sketch above.

Weight: . 28(1)(3,811.5 — 1,867) = 545 Ib
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CG Z coordinate (conservatively half way up): 19 + 38.5/2 = 38.25 in.
CG X coordinate: 118.25 + 10 — 11 = 117.25 in.

Front Saddle Curved Plates

(Shown in sketch for front saddle vertical plate; neglecting cutouts for tie-rods
Thickness: 1 in.

Width: 9 in.

Length: 2(5.8) + 2m(49)(120/360) = 114 in

Weight: . 28(1)(9)(114) = 287 Ib

CG Z coordinate (conservatively half way up): ((77.5 — 49) + (19 + 38.5))/2 = 43 in.
CG X coordinate: 118.25 + 10 — 11 = 117.25 in.

Shear Box (see first sketch for position)

The box section weight is conservatively |-Beam with 1.5
calculated using the box section area to THK boxing Plate
the right for the full length between the I-

beam webs (as shown Figure 5-10)

Area:
3(35.5) + 2(1)(7.5) + (33.5)(1)
g g 105 |
=155 in. | | R

Length: 93.5 + 11.3 = 104.8 in. i I\ d
355
Weight: .28(155)(104.8) = 4,548 Ib ;‘I:!:;:Ir:tcile

CG Z coordinate: 1 + 10.5/2 = 6.3in.
CG X coordinate: 55.75 — 11 + 35.5/2 = 62.5 in.

===

AR
N AN —

Top Plate
Thickness: 2 in.

Width: 16 in. s ]
Length: 105.9 in.
Weight: .28(2 x 16 x 105.9) =949 [b
CG Z coordinate:
19+ (45 + 24)/2 + 16.3/2 = 61.7 in.
CG X coordinate:
20 —11+4103.75/2 = 60.9 in.
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Gusset Plate

The holes in the side gusset plate are neglected
Thickness: 1 in.

Average Height: (45 + 24) /2 = 34.5 in.

Length: 103.75 in.

Weight: . 28(1 x 34.5 X 103.75) = 1,002 lb

CG Z coordinate: 19 + (45 + 24)/2 = 53.5 in.
CG X coordinate: 20 — 11 + 103.75/2 = 60.9 in.

Trunnion Tower Bottom Plate

Neglecting the bottom cut-out for the railcar tie-down pin plates.
Thickness: 2 in.

Width: 20 in.

Length: 93.5 in.

Weight: . 28(2)(20)(93.5) = 1,047 lb.

CG Z coordinate: 1 in.

CG X coordinate: 20/2 — 11 = ~1 in.

—

27 525 _',A\ e
_L____ | \ ey
46.8
39.8
2 |
\ \535
\ g {
| —
AHE \ > !
14 — =
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Trunnion Tower Qutside Plates (see sketch above)

Thickness: 2 in.

Width: 20 in.

Length: 39.8 in.

Weight: . 28(2)(20)(39.8) = 446 [b.

CG Z coordinate: (58.5 + 19)/2 = 38.8 in.
CG X coordinate: —1 in.

Trunnion Tower Lower Horizontal Plate (see sketch above)
Thickness: 2 in.

Width: 20 in.

Length: 64.5 in.

Weight: . 28(2)(20)(64.5) = 722 lb.

CG Z coordinate: 14 —2/2 = 13 in.

CG X coordinate: —1 in.

Trunnion Tower Inside Plates (see sketch above)
Thickness: 2 in.

Width: 20 in.

Length: 46.5 in.

Weight: . 28(2)(20)(46.8) = 524 lb.

CG Z coordinate: (58.5 + 14)/2 = 36.3 in.

CG X coordinate: —1 in.

Trunnion Tower Forward /Aft Face Plates

Approximated by a lower rectangle and four right triangles
Thickness: 1 in

Rectangular Area: 93.5(12 — 2) = 935 in?

Area of two outer triangles: 39.5 X 7.2 = 284.4

Area of two inner triangles: 46.5 x 15.1 = 702.1

46.5 395

12.0

il

16.1
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Weight: . 28(1)(935 + 284.4 + 702.1) = 538 1b

CG Z coordinate of rectangle: 2 + 10/2 = 7 in.

CG Z coordinate of outer triangles: 19 + 1/3 X (39.5) = 32.2 in.
CG Z coordinate of inner triangles: 12 + 1/3 x (46.5) = 27.5in.

Total CG Z:
935(7) + 284.4(32.2) + 702.1(27.5) —182in.
(935 + 284.4 + 702.1)
CG X coordinate (Average of the forward & AFT plates):
20/2-11=-1in. -
525 30

Trunnion Tower Cap

Neglecting machined features to bound the weight of all trunnion
interface components.

Using average thickness: 5.25 in.

Weight: . 28(5.25)(30)(20) = 882 b
CG Z coordinate: 59 +30/2 = 74 in. 58
CG X coordinate: 20/2 —1 = -1 in.

HH

Front Strap

The front strap is made from a 9 inch wide .75 THK plate that is
bent to interface the 98 inch diameter of the TN-68 neutron shield.

Length: 2(18.5) + 7(49) = 190.9 in.
Weight: . 28(. 75)(9)(190.9) = 361 1b

CG Z coordinate (arc center at package cg
height per drawing [4]):

77.5+49/2 =102 in.
CG X coordinate: 117.25in.

e
e

R4g9
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Personnel Barrier:

The Personnel Barrier is only required to extend between the impact limitets up to the centerline of the
cask. The weight will be estimated by using expanded aluminum .125 THK. An opening percentage is
specified as 65% to match the NAC cradle design since nothing is specified in the SAR [21]. The
density of aluminum is .1 Ib/in®,

Length (conservatively using package length per [21]): 197.25 in.
Height: 77.5 in.

Weight: (.1 x.65)(.125)(197.25)(77.5) = 124 1b

CG Z coordinate: 77.5/2 = 38.75 in.

CG X coordinate (at center of package): 197.25/2 ~ 274 — 1 = 70.2 in.

A bounding value of 200 Ib. will be used for each side personnel barrier. The other personnel barrier
components are also planned to be made from aluminum and will have a negligible weight.
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Table B-3: TN-68 Cradle Component Weight Summary

Individual
Component
Item Description QTY Weight CG (Z) CG (X)
I-beams, W18x119 2 1,447 9.5 62
I-beam plates 4 1,035 9.5 62
Front saddle I-beam, W14x233 1 1,814 11 117.25
Front saddle vertical side plates 2 202 39 117.25
Front saddle lateral gussets 2 98 38.25 117.25
Front saddle vertical support 1 545 38.25 117.25
Front saddle curved plate 1 287 43 117.25
Shear Box 1 4,548 2.5 62.5
Top plate 2 949 61.7 60.9
Gusset plate 2 1,002 53:3 60.9
Trunnion tower bottom plate 1 1,047 1 -1
Trunnion tower outside plates 2 446 5 38.8 -1
Trunnion tower lower horizontal plate 1 722 13 -1
Trunnion tower inside plates 2 524 36.3 -1
Trunnion tower forward/aft face plates 2 538 18.2 -1
Trunnion tower cap 2 882 74 -1
Front Strap 1 361 102 117.25
Personnel barrier 2 200 38.75 70.2
Totals 26,040 26 54

The estimated nominal cradle weight above is rounded to 27,000 Ib. A variance of £10% is used to
account for any changes during the final design of the TN-68 cradle. Thus, the TN-68 cradle is expected
to weight between 24,300 to 29,700 Ib.

The cg offset from the center of the pins is nominally -8.5 inches (= 125/2 - 54). To account for any
differences in the final design stage, the cg is limited to +12 inches from the center point of the
attachment pin locations (i.e. 125/2 + 12 = 52.5 & 72.5 in.). The vertical offset of the cg is limited to
26.5 inches from the railcar deck (including +.5 inches for the railcar attachment mechanism). This
limitation is justified due to several conservative approximations that were made during the calculation
above.

The following calculates the combined cg for the NAC packages for use in Section 5.1 at the cradle
nominal weight of 27,000 Ib. Package weight, cg location from cask bottom, and distance of lower
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trunnions from cask bottom are per Table 4-6. The distance from the lower trunnions to the rear tie-
down pin is 1 inch (see drawing [5]).

Table B-4: TN-68 Package and Cradle Combined Weight and CG Values

Combined weight (kips) 272+ 27.0 = 299 kip
Vertical cg from bottom of cradle?, 272(77.5) + 27.0(26) =730 in
Z (in) 299 T
Minimum Combined CG distance 272(97 — 27.4—1) + 27.0(52.5) .
from rear cradle pins, X (in) 299 =67in
Maximum Combined CG distance 272(97 — 27.4 — 1) + 27.0(72.5) _ —
from rear cradle pins, X (in) 299 =69in

Note: 1) The 77.5 inch package cg height is the same as the package centerline height on drawing [5].
2) Value rounded to the nearest half inch
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Appendix A.2.3 — Compliance Matrix

REQUIREMENTS FOR CRADLE DESIGN FROM EIR-3014611, "DESIGN BASIS REQUIREMENTS

DBRD
Item No.

DOCUMENT (DBRD) FOR THE DOE ATLAS RAILCAR," REV 41

Requirement

Method of Address

Complies?
(Y/N)

Family No. 2: Casks covered: NAC: MAGNATRAN, NAC-STC, NAC-UMS, AREVA: TN-68
2.1 Regulatory Requirements For the cradles the AAR Y
Comply with AAR 2043 requirements are called out below
2.2 Functional Requirements
2.2.2 Cradle Functional Requirements
22.2.1 During transport, a transportation cask must All cradles interface with the rail car Y
rest on a cradle on top of the cask railcar deck. | attachments that comply with this
requirement.
2.2.2.2 Conceptual cask cradle designs must All casks in the family are Y
accommodate the cask designs listed above evaluated.
and interface with cradle as indicated in the
cask SARs.
2223 The conceptual cradle designs shall not be The conceptual design has Y
final designs or prototypes. sufficient margin to allow for
specific design requirements.
2.2.23a Conceptual design shall have a plus or minus The weight envelope evaluated Y
10% weight envelope evaluated. allows for refinement of the design
in the final design
2.223b Center of gravity for the cradle shall be The CG for each cask cradle is Y
calculated and used to demonstrate the calculated. The combined CG for
combined CG is met for the cask rail car and the rail car and loaded cradles are
cradle of 98 inches or less. CG and loading shown in the rail car attachment
distributions shall be detailed sufficiently to calculation CALC-3015276. All are
support railcar design and testing. less than the 98 inch limit.
2.2.2.3.C Cradle shall be capable of handling the loads The cradles are demonstrated to Y
specified in Section 2.2.2.13 ( Rule 88 loads) meet Rule 88 loadings for all casks
within the family.
2.2.2.3d Cradle shall be capable in the final design to The weight margin allowed for the Y
handle a fatigue evaluation per AAR rules. cradle and the design loading for
compliance with Rule 88 ensures
that here is sufficient margin for
the detailed design to comply with
the fatigue evaluation require by
AAR-2043 which references AAR
M-1001.
2.2.23.¢e Cradle designs shall have hard dimensions for | The rail car interface dimensions Y
interface to rail car to ensure ability to be are tolerance to ensure fit up.
attached to rail car.
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. Complies?
Requirement Method of Address
(Y/N)
2224 The conceptual cradle design shall determine Required parameters for testing the Y
the height of the cask center of gravity above rail car are provided in the families
the railcar deck, the weight on each axle, etc. individual calculations and in the
as necessary to perform the analysis and attachment design calculations.
provide simulate cradle test weights and
supporting information needed for testing the
railcar.
2226 When rotation is necessary, the cradle will The cradles where appropriate Y
include the required hardware, such as allow for rotation of the cask in the
trunnion supports. cradle.
2.2.2.7 The cradles will be tall enough and open- The cradle design allows Y
ended so that the impact limiters can be installation of impact limiters after
attached to a cask after the cask is secured to | the cask is secured to the cradle.
the cradle.
2.2.2.8 Each cask design will need a cradle designed Adequate clearance is allowed for Y
to position the center of gravity low for stability | installation of the impact limiters.
during transport, but the cradle design will
position the impact limiter with a clearance of
at least one inch above the cask car deck.
2.2.2.9 The cask car (including a cradle and a cask) All cask cradle combinations for the Y
and buffer car clearances shall fit within AAR family allow Plate C requirements
Plate C [3], except when loaded with the casks | to be met except for the TN-68
that are more than 128 inches wide (Same as cask which has impact limiters of
Requirement 2.2.1.12 above). 144 inches.
2.2.2.10 Demonstrate that bonding weights both min The CG for each cask cradle is Y
and max meet a combined CG of 98 inches for | calculated. The combined CG for
the railcar, skid and fully loaded and empty the rail car and loaded cradles are
cask.(personnel shield, impact limiters etc.)An | shown in the rail car attachment
alternative to adding ballast weight to the calculation CALC-3015276. All are
railcar may include requiring that the transport | less than the 98 inch limit.
cradle for the lighter cask be designed to
provide the ballast.
2.2.2.11 The various cradles will be designed to fit a Fit the common attachments on Y
standard attachment mechanism. Tolerance to | the rail car.
ensure.
2.2.2.12 During loading operations, the cradle may be Designs permit loading separately Y
attached to the railcar first, followed by putting | or with the cask on the cradle.
the cask on the cradle, but sometimes the
cask will be on the cradle first. In that case,
both the cradle and cask together will be
hoisted onto the railcar deck. Lifting points
permit this handling of the cask
2.2.2.13 The cask railcar shall incorporate a Attachments meet rule 88 load Y
standardized attachment capability for requirements.
coupling the cask cradle to the railcar. This
attachment must be capable of securely
attaching loads of up to the maximum cask
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Requirement

Method of Address

Complies?

weight and the weight cradle. in accordance
with the requirements of AAR Rule 88 A16¢(3)

[71.

(YIN)

2.2.2.13

AAR Rule 88 A16¢(3) does not specify if the
securement system loading requirements are
to be applied separately or simultaneously. Per
direction from KASGRO (via the AAR EEC)
transportation loading is not simultaneous and
is applied separately. Also gravity is not
applied in the vertical up or down
accelerations, so +/- 2 g vertical only. Rule 88
A.16.C requires the following tie down loads (g
force to yield):

Analyzed according to the direction
of the AAR.

2.2.2.13.a

7.5g Longitudinal

Met for all cradles and casks.

2.2.2.13b

29 Vertical

Met for all cradles and casks.

2.2.2.13.c

2g Lateral

Met for all cradles and casks.

Operational Requirements

The cradle must accommodate the camber in
the rail car.

Interfaces allows for the camber.

Have clearances to install and remove impact
limiters on the rail car.

Clearance provided.

Features and clearances to load the cask into
the cradle on and off the railcar and to be able
to load the cradle with the impact limiters and
personnel shield if required in place, on rail
car.

Features and clearances permits
loading with or without the
personnel barrier in place to allow
for intermodal transfers.

Operational Steps. Can it be used and how?
The loading and unloading steps requested
should address that.

Complies with loading procedures.

Maintenance Requirements

Since none of the designs use corrosion
resistance material, the life expectancy would
be dependent on corrosion control by the use
of “high quality weather resistant coatings”.

Strip and repaint as required. Use wear pads
to minimize loss of coatings.

Wear pads and coatings
adequately applied

Additional Design Considerations

The cask cradles should be designed to
support the cask for lifting on and off the railcar
(with or without the cask impact limiters
installed) as specified in Section 2.2.2.11
above. Lifting attachments shall be designed
in accordance with ANSI N14.6 (i.e. the

Lifting meets ANSI N14.6.

Page A.2-72

Atlas Railcar Phase 1 Final Report

September 30, 2016



Atlas Railcar Phase 1 Final Report
Report No DE-NE0008390

Requirement

Complies?
Method of Address

combined maximum tensile stress or the
maximum shear stress of all members in the
load path shall not exceed smaller of Sy/3 or
Su/5). A vertical lift is assumed (requiring the
use of a spreader beam/frame). All lift points
are assumed to support the load equally for
the conceptual design. The lift points should
be designed such that the personnel barrier is
not removed to lift the cradle when loaded with
a package. A dynamic load factor of 1.15 shall
be included per the recommendations of
CMAA Specification No. 70 [12].

(YIN)

For cradle attachment points, the attachment
mechanism (pin/bolt) should be removable and
shall be sized for manual handling (less than
50 Ibs.) or provisions should be designed for
mechanically assisted insertion.

Attachments pins have Y
mechanisms for handling

The bottom of the cradle shall be flat to
facilitate placement on a flat surface or
intermodal transfer.

Cradle can sit on flat surface. Y

'Approved calculation performed to DBRD Revision 3; all pertinent calculation references are carried forward in

Revision 4.
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APPENDIX A.3 - FAMILY 3 CRADLE
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Appendix A.3.1 - Conceptual Drawings
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1.0 PURPOSE

The United States Department of Energy (DOE) is laying the groundwork for implementing an integrated nuclear
waste management system, This includes preparing for future large-scale transport of spent nuclear fuel (SNF),
high-level radioactive waste (HL.W), and Greater-Than-Class-C (GTCC) waste; since transport will be a
necessary component of any integrated nuclear waste management system. With this project the DOE will
provide for the transportation of SNF (GTCC is transported similarly to SNF) and HLW by means of a specific
railear to carry SNF and HLW casks. The proposed design is currently known as the Atlas railcar.

A number of transportation packages have been proposed for use in transportation. The focus of this analysis is
for a set of cradles designed for one family of transportation packages consisting of the AREVA TN MP197 and
MP197HB as well as the Fuel Solutions TS125 (hereafter described as the Family 3 cradles). The packages
within this family are designed to directly rest upon two saddles and utilize a shear key receptacle to restrain the
package against axial motion. Each package in this family differs in the size and location of the mounting points
necessitating three separate cradle designs; one for each package of this family. This calculation provides an
analysis of the bounding cradle weights and railcar loads as well as scoping of the conceptual design cradle
components.

Sizing of the compenents and structures for each railcar cradle of this family is dependent on publicly available
information for each of the packages. This information is generally limited to the maximum transportation weight
and the nominal external package dimensions. While the design information is limited there is still enough
available to produce a fairly good conceptual design of the cradle; one that allows us to predict the location and
magnitude of the railcar loads based on the predicted weight and dimensions. This caleulation will show that the
conceptual design of each cradle from this family will support packages during transport. Railear support loads
will also be provided.

The DOE Atlas Cask railcar (and by extension to subsystems the package cradles) must be designed and built to
satisfy the requirements of Association of American Railroads (AAR) Standard S-2043 [1], [2]. Application of
this standard to the conceptual design analyses is described in Section 2.0.

20 METHODOLOGY

The weight and CG of each of the three cradle variations is calculated based on the initial family conceptual
cradle design drawing [3]. This information will be presented in an accompanying spreadsheet (see Section 6.0)
and the results presented in Section 5.2. The combined weight and CG information will be used with the package
information to calculate the railcar loads based on the AAR Standards. The design loads on the cradle, taken
separately, are 7.5g longitudinally, 2g laterally, and 2g vertically (7.5g/2g/2g) [4]. These loads are provided to
the railcar vendor to support their analysis of the railcar.

The conceptual design of each cradle will be evaluated to provide good assurance that a design can be made to
support the applied loads. Each cradle will be required to support the 7.5g/2g/2g loads taken individually. In
addition, it will be shown that lifting load path components in the cradle can support the combined load of the
cradle and package to support transfer between modes of transportation.

The fatigue capability of the design will be explored to provide reasonable assurance that the individual members
of the cradle will support the fatigue loads of chapter 7 of M-1001[2] for the design life of the cradle. An analysis
of the final design will be required to cover weld details and any design changes that are made at that stage.

Throughout this calculation, analysis of the MP197 cradle will be explicitly performed; followed by a summary of
the results for the remaining cradles as required. Analysis of the shackle [ift points will be performed using the
combined weight of the bounding package and cradle combination for this analysis.
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2.1 Acceptance Criteria

Stresses for the tie-down components shall be compared to the allowable stresses. The allowable stress for tie-

down components of the cradle is yield stress for tensile and compressive stresses, and six-tenths of yield stress
for shear stresses [4].

Based on N14.6 [ 5] the lifting components shall support one-third of yield stress and one-fifth of ultimate stress

of the base material. Shear stresses and weld stresses shall be one-third of the yield strengih or one-fifth of the
ultimate strength (as appropriate) multiplied against a shear factor of six-tenths [4].

The shackles used in this design are meet ASME B30.26 requirements and have a minimum ultimate load of 5.0
times their working load limit. The cradle lift points were sized to for an 85 metric ton Crosby G-2140 alloy bolt
type shackle (Stock No. 1021174, see Appendix A). This shackle already meets the 3/5 requirement based on
manufacturer’s data. Loads on the shackles shall be less than their Working Load Limit (WLL).

2.2 Margin of Safety

A margin of safety is used to indicate the degree of confidence in the allowable loads and stresses. For acceptance

the margin of safety must be greater or equal to zero. The margin of safety of component stresses is calculated as:
_ Allowable Stress
" Actual Stress

For load the margin of safety is calculated as:

MSHAIIuwablel,nad 1>0
" T Actual Load =

3.0 ASSUMPTIONS

3.1 Unverified Inputs/Assumptions

There are no unverified assumptions in this calculation.

3.2 Justified Assumptions

1. Mating points between the cradle and the package are estimated based on publicly available data for this
conceptual design. Nominal dimension are adequate for this analysis. Verification of each package’s
interface dimensions will be required prior to final design of a cradle.

2. Longitudinal loading on the saddle towers is assumed to be negligible. This load is not explicitly
analyzed, but support from the shackle lift lugs should accommodate this load, Towever, it is
recommended to shim the contact points between longitudinal load connections between the package and
the cradle as well as the cradle to the railcar to prevent this load case from oceurring,

3. A four-point vertical lift is used in this analysis. This assumption is justified in that lifling systems can be
designed to support equal loads at all four lift points.

4. All welds are assumed to be full penetration. Detailed design may alter the weld configuration as
appropriate.

5. Mo rotation hardware is included in this design. The TN packages are stored and transported horizontally.

The fuel solutions package may be rotated from using a separated rotating frame. If designed and used,
the rotating frame would attach to the cradle at the rear railcar pin holes.
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4.0  DESIGN INPUTS

4.1 Transportation Package Design Inputs

Design inputs for the AREVA TN MP197 and 19711B are from the Certificate of Compliance (CoC) [6] and the
non-proprietary version of the Safety Analysis Report (SAR) [7]. Design inputs for the Energy Solutions TS125
package are from the Certificate of Compliance (CoC) [8] and the non-proprietary version of the Salety Analysis
Report (SAR) [9]. All documents are publically released documents and available online at the RAMPAC [10]
and ADAMS Public Documents [11] websites, Necessary but omitted details are derived from the available
documents using scaling of ligures or estimations and noted. Other than the CG position the values are also listed
in Attachment A of the Statement of Work (SOW) [1]. The design characteristics for each package are
summarized in Table 4.1-1.

Table 4.1-1: Package Design Inputs

Energy
AREVATN | AREVATN | Solutions
Characteristic MP197 MP197HB TS125
Maximum Package Weight (kip) 265.1 303.6" 285
Package Length (in) 281.25 271.25 3424
Package Diameter (in) 122.0 126.0 143.5
Cask Length (in) 208.0 210.25 2104
Cask Diameter at Supports (in) 91.5 9175 912 |
Maximum Cask Diameter (in) - 104,75% -
Cask Support Separation (in) 88.0% 146,25 174,019
Cask Longitudinal CG (in)
minimum - 103.59 100.2
maximum - 105,75 103.2¢
nominal (average) 102.85% 104.63 101.7
Cask Radial CG (in) At axis At axis At axis

Motes: 1. The weight of the MP1971IB is found in Table A.1-1 of the SAR [7]. This value
differs from the value originally found in Attachment A of the SOW.
2. The maximun cask diameter specified for the MP197HB is the outer extension of
the removable fin structure.

3. Estimated based on the inspection of SAR figures (Chapter 1 for MP197 and
Section A4 for the MP197HB.)

4. The cask support separation of the TS125 package is based on the cradle support
thickness [3] and the separation of the impact limiters. Contact with the cask occurs
on a raised boss surface 3-inches across on each saddle with a support separation of
178.4 inches (Section 2.5.2.3 of [9]).

5. Measured from the base of the cask. See SAR Section 2.2 for the MP197 and
Section A.2.1.3 for the MP197HB.

6, Measured from the base of the cask. (See Table 2.2-1 of the SAR [9]).
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4.2 Material Properties

The material properties listed in Table 4.2-1 are used in the design. The yield and ultimate stresses are the
minimum values found in the ASTM standards [12]. Material density is from ASME B&PV Code Section 11,
Part D Table PRD [13]. The structure is primarily ASTM AS514, high yield strength, quenched and tempered
alloy steel plate, suitable for welding. This material is suitable for use in low temperature applications and
performance can be assured through testing such as a Charpy V-notch impact test, Brittle fracture will be
investigated during detailed design [4].

Table 4.2-1: Material Properties

Yield Ultimate
Stress Stress Density
Material (ksi) (ksi) (Ibfin®)
ASTM AS14
thickness €2 1/2 in 100 110
thickness 2 1/2to 6 in 90 100
ASTM A540 B24 CL | 150 165 0.280
ASTM A705 or ASTM AS564 XM-16 HI00 220 235
ASTM A992 50 65

5.0 CALCULATIONS

51 Allowable Stresses

The allowable minimum yicld strength and wltimate strength of ASTM AS514 is 90 and 100 ksi respectively. The
minimum yield and ultimate stress for ASTM A992 is 50 and 65 ksi respectively.

The tie-down loading stresses for the 7.5g/2g/2g load cases are compared directly against yield stress. Based on
N14.6-1993([5] the lifting stresses are compared against an allowable of one-third yield stress and one-fifth
ultimate stress. All materials, except for the A992 Beams, within the load path or the tie-downs are ASTM A514.
The allowable stresses are:

Tie-down component allowable stress: Sas1aT = Syasa = 90 ksi
Tie-down component allowable shear stress: Sas1ars = 0.65y4514 = 54 ksi
ASTM A992 section allowable stress: Sag92 = Sygey = 50 ksi
ASTM A992 section allowable shear stress: Saggzs = 0.65y99; = 30 ksi
Lifting allowable stress: Sas141, = min (E"”;ﬁ,s“"‘%) = 20 ksi
Lifting allowable shear stress: Saszars = 0.6 X min (“"‘TS%) =12ksi
ASTM A540 fastener allowable stress: Sasso = Syasso = 150 ksi
Shear key allowable stress: Saxmie = Syxmie = 220 ksi
Shear key allowable shear stress: Saxmies = 0.65yxm1e = 132 ksi
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5.2 Cradle Weight Analysis

The weight of cach cradle is determined using classical hand calculations and a spreadsheet to facilitate
processing of the analysis. The cradle designs are found in drawing DWG-3015139 [3). The calculation of the
nominal weight and vertical CG of each cradle is performed in the file calc-3015135-000 weight.xlsx (see Section
6.0) with a bounding weight and vertical CG position presented in Table 5.2-1. Each cradle is symmetrically
designed so that the longitudinal and lateral CG positons occur in the geometric center.

Table 5.2-1: Cradle Weight and CG Position

Characteristic MP197 MP197HB TS125
Cradle Weight (kip) 26.0 26.0 30.0
Vertical CG Position (in) 17.0 17.5 24.5
5.3 Railcar Loads

See Figure 5.3-4 showing rail car load attachment features. The package and cradle are subjected to loads of 7.5g
longitudinally and 2g both laterally and vertically. Analysis of the 2g vertical load on the cradle bounds the 1g
dead-weight load with a safety margin of 2 to yield. Therefore explicit analysis of the 1g load is not included.
This analysis takes the loads individually, and not simultaneous, to determine the maximum connection loads on
the railcar [4]. Also, in accordance with the DBRD, gravity is not included as a separate force in railear load
cases. Longitudinal loads are transferred to the railcar by the shear block from the central weldment of the cradle.
No longitudinal loads are transmitted through the pin attachment points by design due to assembly fit-up
tolerances [14] .Vertical loads are transferred through four pins to pin blocks. Lateral loads are transferred to the
railcar directly to the pin blocks. Each load case is taken separately to determine the maximum load on each
component, The loads are calculated based on the combined package and cradle weight. For the MP197 package:

Package weight: Weig = 265.1 kip
Cradle weight: Wep = 26.0 kip (bounding weight)
Combined weight: W = Wpgg + Wep = 291.1 kip

The locations of the CGs below are conservatively taken from the bottom surface of the cradle. Thereisa 1.0
inch gap between the bottom of the cradle and the lowest point of the package impact limiter. The CG is one-half
of the package impact limiter diameter found in Table 4.1-1 plus the 1.0 inch gap.

Package CG height (from bottom of cradle): Hegp = %(122.0 in) + 1.0in = 62.0in

Cradle CG height: Hege =17.010n
Combined CG height; Heg = {rietaptWortlad) _ gg.0 jy
Longitudinal pin separation: Ligy = 125.0in
Lateral pin separation: Ljg = 116.0in — 11.25 in = 104.8 in
Cask Length: Lesie = 208.0in
MNominal CG position from cask bottom: Legn = 102,85 in
Difference from geometric center: Age= %Lﬁk —Legn = 11510
Longitudinal CG from forward pins: Leg = %LJO" = Age=061.4in
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Longitudinal load: Frow = 7.5W = 2,183 kip
Vertical load: Fygr = 2W = 582.2 kip
Lateral load: Frar = 2W = 582.2 kip

Longitudinal Loading Induced Pin Load
The schematic for the loads is shown in Figure 5.3-1. The system equilibrium equations are:

Sum of moments at front pin: IMg = Heg(Fron) — Lign(2Rp) = 0
Sum of vertical forces: EF; =2Ry—2Rg =10
Sum of longitudinal forces: EFy = Rgg — FLan = 0

The loads on the railcar from the equilibrium equations are:

Rear pin load: Ry = ;L’%Fm,, = 506.5 kip
Front pin load: Rp = Ry = 506.5 kip
Shear block load: RSK = FI,ON = 2,183 k.lp

Lateral Loading Induced Pin Load
The schematic for the lateral load is shown in Figure 5.3-2. The system equilibrium equations are:

Sum of moments at left-hand side pin: IMy, = HegFlar — Liae(ZRg) = 0
Sum of lateral forces: IFy = 2Rgp — Frar =0
Sum of vertical forces: LF, = 2R —2Rgp =0

The loads on the railcar from the equilibrium equations are:
Right pin loads: Ry = %FL“‘ =161.1 kip
Left pin loads: Ry, = Ry = 161.1 kip
Pin block shear load: Rsp = “;‘FLAT = 291.1 kip

Vertical Loading Induced Pin Load (Direction can be up or down)

The schematic for the vertical load is shown in Figure 5.3-3. The system equilibrium equations are:

Sum of moments at front pin: EMg = Leg(Fygr) — Lian(2Rp) = 0
Sum of vertical forces: EF, =Fypgr —2Rp— 2R =10
The loads on the railcar from the equilibrium equations are:
L .
Rear pin load: Rg = zl.:ﬁ Fygr = 143.0 kip
an
Front pin load: Rp = %I"w,u — Ry = 148.1 kip

The input variables and calculated reaction forces are shown in Table 5.3-1 through Table 5.3-3 for all three
packages and load cases.
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Table 5.3-1: Package Reaction Force Calculation Variables
Weight (kip) - CG Position (in)"
Package, Cradle, Combined, Package, Cradle, | Combined,
Package Wria Wep W Hegp Hege Hey
MP197 26;_}_ 26.0 291.1 62.0 17.0 58.0
MP197HB 303.6 26.0 3296 64.0 17.5 60.3
18125 285.0 30.0 315.0 72.8 24.5 68.2

Motes: (1) The vertical CG position of the package and cradle are measured from the bottom surface of the cradle.

Table 5.3-2: Loads for Each Load Case (kip)

Package Longitudinal Load Case Lateral Load Case Vertical Load Case
Vertical Pin Shear Block Vertical Pin | Lateral Block Front Pin Rear Pin
Loads (+/-) Load Loads (+/-) Load Loads Loads
MP197 506.5 2,183 161.1 291.1 143.0 148.1
MP197HB 596.2 2472 189.6 3296 163.5 166.1 |
TS125 644.6 2,363 205.0 315.0 1487 1663
Table 5.3-3: Maximum Railcar Loading (kip)
Location/Load MP197 MP197HB TS125
Pin Blocks
Vertical (+z) 506.5 596.2 644.6
Vertical (-2) 506.5 596.2 644.6
Lateral (y) 291.1 329.6 315.0
Shear Block - - S
T Axial (0| 2,183 2472 2,363

Mote: See Figure 5.3-4 for the locations railcar loads are applied.
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Figure 5.3-1: Package and Cradle Longitudinal Loads Free Body Diagram (FBD)
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Figure 5.3-2: Package and Cradle Lateral Loads FBD
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Figure 5.3-3: Package and Cradle Vertical Loads FBD
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1. Caskis oriented such that the lid is facing +x (thisis
independent of the actual railcar transport direction)
2. Origin of the tie downs (0,0,0) is centered at the shear
keys {z=0 on railcar deck)
[l;n 3%, -y
~ Slotted
Pin Holes (x4)
Steel Pads
x4
(x4) Shear Blocks
(x2)
Figure 5.3-4: Railcar Load Attachment Features and Locations
5.4 MP197 Cradle Structural Analysis
5.4.1 Saddle Tower Stresses
5.4.1.1 Longitudinal Loads on Saddle Tower

The longitudinal load case presents the highest loads on the cradle saddle towers due to the internal reactions to
the induced pin loads derived earlier. The forward saddle tower takes a downward (compressive) load while the
rear saddle tower supports an upward (tensile) load. The towers are short columns with compact sections and
therefore no buckling is expected. There will be some longitudinal loading due to delayed contact with the shear
block contact due to friction if there is a gap, but these are assumed to be negligible [Justified Assumption 2]. An
explicit analysis of the MP197 cradle is shown with tabulated results for the remaining cradles included at the end
of each section.

5.4.1.1.1 Compressive/Tensile Load

The compressive load is taken across the full width of the saddle tower. The longitudinal load is 7.5 times the
weight and directly countered by the cradle shear key with a couple load on the saddle towers (See Figure 5.4-1).

Package weight: W = 265.1 kip
Package radius: R=4575in
Saddle separation: Lign = 88.01in
Sum of moments: EIM:Rp=Rs = '?.SWT[;" = 1,034 kip
Tower load; I =Ry = 1,034 kip
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Width of tower: wy=112in
Thickness of cradle tower: ty=8.0in
Thickness of tower plates: tp=10in

Stress area:
Compressive stress on tower:
Allowable stress:

Margin of safety:

A = wity — (wy — 2t )(t, - 2ty)) = 236 in?
op =7 =438 ksi
SA = SAS‘M—'I' = 90 ksi

MS=32_1=4195
Ty

The variable characteristics of the cradle and the calculated stresses are shown in Table 5.4-1 and Table 5.4-2 for
each package. The margin of safety is positive in all cases showing that the section can support the applied loads.

Table 5.4-1: Longitudinal Loading Data

Cask Saddle Tower Package
Radius, Separation, Width, Weight,
Package R (in) Licn (in) w (in) F (kip)
MP197 45.75 88.0 112 265.1
MPI9THB | 48.88 1463 16 303.6
TS125 47.10 174.0 116 285.0

Table 5.4-2: Longitudinal Loading Loads on Saddle Tower

Tower
Loads,
Ryand Ry Stress, Margin of
Package (kip) o, (ksi) Safety
MP197 1,034 438 19.5
MP197HB 761.0 312 27.8
TS125 579.0 237 37.0

Note that the tensile load on the rear saddle tower is the same magnitude as the compressive load on the front
tower, When in tension the loads are transmitted directly though the tower plates to the side rails through full
penetration welds. Due to the location of the loads on the side of the tower they may be analyzed in direct shear.

Width of beam (WI18X119):
Width of cradle:

Width of tower:

Weld section length:

Weld section height (W18X119):
Weld thickness:

wy, = 11.3 in
we =116.0in
wy = 8.0in

by = wp — (W —w,) =93in
d,, =19.0in

tw =ty =10in
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Weld area: Ay = 2ty (by, + dy) = 56.6 in®
Weld stress: Ty = % =9.13 ksi
Tie-down component allowable shear stress: Sa = Spgezs = 30 ksi
Margin of safety: MS = :" -1=229

The pertinent information for the weld analysis is presented in Table 5.4-3. The weld area is shown to support the
applied shear load.

Table 5.4-3: Saddle Tower Weld Loads

by, Ay, Tw
Package {in) {in%) (ksi) ms
MP197 9.3 56.6 9.13 2.29
MP197THB 6.28 3.78
I ———— 113 60.6 ~
TS125 4.78 5.28
54.1.1.2 Bending Load due to Moment

Calculation of the bending stresses due to the tower load is computed across the width of the tower as a simply
supported distributed load. Conservatively the bending analysis is limited to the cross-section of the tower
designed to support the applied load; the section between the outer surfaces of the two 3-inch thick horizontal
plates at the base of each tower (see Figure 5.4-4). The actual cross section increases, following the curve of the
saddle, and continuing on through the saddle bolt plates and saddle walls.

Section height: dy. =153 in

Horizontal plate thickness: thp = 3.01in

Beam section length: wp =w, =112.0in

Maximum bending moment: M= % =145 % 10%in — kip

Cross section area: Aye = tydye — (te— thl)({lxc - Zthp) = 66.6in?
Cross section moment of inertia: lye = %tt(dxcfﬁ - fg(tl — 2tp)(dyge — Zthl,)3

Iy = 1.986 x 10%in*

1

Max fiber length: €=-dy =7.65in
Bending stress: oy, = % = 55.9 ksi
Allowable stress: Sa = Sasrar = 90 ksi
Margin of safety: MS = :—: - 1=0.61
Shear stress: T= ﬁc- = 15.5 ksi
Allowable stress: Sa = Sasiars = S4ksi
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Margin of safety:

MS = -“Ta— 1=248

The moment of inertia at the transition to the built-up section of I-beam is also of concern. The section up to the
top surface of the saddle bolt plate and within the eight-inch width of the saddle tower is considered. To
demonstrate that the connecting welds are more than adequate to support the load the maximum moment will be
used to calculate the stress, Dimensions can be found in Zone C3 on Sheets 2, 3, and 4 of the drawing [3].

Section height:
Flange thickness:
Bolt Plate thickness:
End Plate length:

Lower flange centroid height:
Upper flange centroid height:
Side plate centroid height:
Bolt plate centroid height:
Flange area:

Side plate area:

Bolt plate area:

Section Area:

Section centroid height:

Lower flange moment of inertia:

Upper flange moment of inertia:

Side plate moment of inertia:

Bolt plate moment of inertia:
Section moment of inertia:
Max fiber length:

Bending stress:

Allowable stress:

Margin of safety:

Shear stress:

Allowable stress:

ds = 42.01in

tr = 1.06 in

tpp = 2.0in

tep =21.0in

hy =ty = 0.53in

hr = dy — 3t = 185in
hsp = dy +§h.._,, =295in
hyp = dg = Sty = 41.0in
Ap= ity =85in?

Agp = tyhg, = 21.0 in?
App = titpp = 16.0 in?

Ag = 28p+ 2Ag, + App = 75.0in?

— _ Aphp +h|y)+2Asphsp+1\hnllnp _
y= - =

I = = tetf + Ag(hy —7)? = 6138 10% in*

274 1in

Iz = 5 titf + Aslhy, = §)7 = 0.674 x 10% in*
lsp = 2|5 tuhd, + Agy (hg, )] = 1729 x 10 in*
Top = =tety + App (hop — 7)° = 2.965 x 10% in*
Iy = Iy +Igp + Loy + Iy, = 11.506 x 10%in*
¢ = maximum(d, = ¥,¥) = 27.4 in
Mo

o = — = 34.5 ksi

Is

¥ .
== 13.8 ksi

Sa = Sagazs = 30 ksi
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MS=32_1=117

T

Margin of safety:

The section height of the each cradle and the resultant stresses are shown in Table 5.4-4. The margin of safety is
positive in all cases showing that the section can support the applied loads. No additional build-up of the section
should be required.

Table 5.4-4: Longitudinal Loading Bending Load on Saddle Tower Support

Bending Load, o, Shear Load, t©
Section Margin of Margin of
Package Height (in) | Stress (ksi) safety Stress (ksi) Safety
Simplified Section through Saddle Tower

MP197 153 55.9 0.61 15.5 2.48
MPI19THB 14.2 47.8 0.88 11.8 3.58

TS125 18.6 237 2.80 7.91 583 |

Section with A992 W18X119 built-up Beam"

MP197 42.0 345 0.45 13.8 1.17
MPI197HB 40.0 283 0.77 04 | 188

Ts125 40.0 21.6 1.31 7.93 2..?8

Motes: 1. Based on the maximum moment rather than actual moment at the cross section.

5.4.2 Main Longitudinal Beam Sizing

There are two beams running the longitudinal length of the package that are pinned and transfer cradle loads to
the railcar deck. The beams are resting on pads located at the pin attachment blocks and raised above the railcar
deck and are therefore simply supported. Two reinforced W18x119 structural members are proposed by the
conceptual design to support the expected loads. Conservatively, the analysis omits the reinforcing plates. The
loads on the beam consist of the pin loads described in Section 5.3 and the package loads on the saddles from
Section 5.4.1.1. See Figure 5.4-5 for the free body diagram.

Package weight: W = 265.1 kip

Longitudinal pin separation: Xp = 125in

Longitudinal saddle separation: X = B8.0in

Cask support radius: R =4575in

Maximum rear saddle load: Ag = 1,034 kip (Rp from Section 5.4.1.1),
Maximum front saddle load: Ap = 1,034 kip (Ry from Section 5.4.1.1)

Pin-to-saddle separation:
Maximum rear railcar pin load:
Maximum front railcar pin load:
Maximum moment:

Section moment of inertia:

Section height:

Xp = %(xp —xg) = 185in

Ry = 505.9 kip (Rg from Section 5.3)

Ry = 5059 kip (Rf from Section 5.3)

My = RgXe = 9.370 % 10%in — kip

Iy = 2,190 in* (For AISC W18%119 W section beam)
dy =19.0in (For AISC W18x119 W section beam)
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Cy = 3dy = 950in

MpxC
o= mx-w
IW

= 40.6 ksi

SA = 5!1992 = 50 ksi

MS=3A_1=023

T

For the MP197HB and 'I'S125 the calculation is slightly different due to the pin and saddle positions (see
Figure 5.4-6). Calculating for the MP197HB:

Package weight:

Longitudinal pin separation:

Longitudinal saddle separation:

Cask support radius:
Maximum rear saddle load:

Maximum front saddle load:

Pin-to-saddle separation:

Maximum rear railcar pin load:

Maximum front railcar pin load:

Maximum moment:
Maximum bending stress:

Allowable stress:

Margin of safety:

W = 303.6 kip
¥p = 125in

¥ = 1463 in
R = 48.88 in
Ay = 7610 kip
Ap = 761.0kip

X =2 (% —X,) = 10.6in

Ry = 596.2 kip
Ry = 596.2 kip

(Ry from Section 5.4.1.1),
(Rg from Section 5.4.1.1)

{Rp from Section 5.3)
(Ry from Section 5.3)

My = > Apxo = 4033 X 10%in — kip

Mypyc
g = HmxCw

W

=17.5ksi

Sa = Sages = 50 ksi

MS=2_1=186
a

The results are shown in Table 5.4-5. The margin of safety is positive in all cases showing that the section can

support the applied loads.

Table 5.4-5: Bending Loads on Main Beam

Moment Bending Margin of
Package (in-kip) Stress (ksi) safety
MP197 9,370x10* 40.6 0.23
MPI9THB | 4.033x10° 175 | 186
18125 7.093%10° 30.8 062

5.4.3

Tie-Down Restraint Loading

The bounding load on the tic-down restraint is due to the 7.5g longitudinal load. The tie-down restraint is a steel
band, U-shaped with a constant thickness of 1.0 inches. The tie-down is secured to the frame using two 2.50-inch

diameter fasteners placed in tension.

Tower load:

F = 1,034 kip
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Tensile load: T= ér- =517.0 kip
Width of band: wp = 6.0in
Thickness of plate: t, = 1.0in
Height of cross section: hy = 4.0 in
Tensile area of band: Apg = wphy, — (wy, — 2t,)(hy, — &) = 16.0 in?
Tensile stress: op = L = 323ksi

At

Allowable stress: Sa = Sasier = 90 ksi
Margin of safety: MS = 2—: -1=179

The fastener is calculated from the minimum pitch diameter using the tensile area formula for steels over 100,000
psi in ultimate strength (page1490 of the Machinery’s Handbook [15]). The thread analyzed is for a 2-1/2 inch
bolt with eight threads per inch; but any standard 2-1/2 inch thread size will work.

Fastener minimum pitch diameter: Eemin = 24082 in

Number of threads per inch: n=28

Tensile area of fastener: Ap = 3.1416 (s — @)2 = 4.408 in?
Tensile stress of fastencr: oy = Al, = 1174 ksi

Allowable stress: Sa = Sas4p = 150 ksi

Margin of safety: MS = ;—‘: -1=028

The loads and stress results for the cradle tie-down restraint are shown in Table 5.4-6 for each package. The
margin of safety is positive in all cases showing that the section can support the applied loads.

Since the base metal has a much lower stress limit than the bolting material Tear-out of the threaded hole is
checked. The shear area formula and thread sizing information is from the Machinery’s Handbook [15]. For the
MP197 package the thread tear-out stress is:

Length of thread engagement: Le =2.0in
Bolt thread minimum major diameter': Demin = 24751 in
Hole maximum pitch diameter: Enmax = 2.4294 in
Internal thread shear area: Ag = 3.1416nL,Dgyin ﬁ + 0.57735 # (Dgnin — Enmax}]
Ag = 11.06 in*
Shear stress: T == = 46.7 ksi
Ag
Allowable stress: Sa = Sas147s = 54 ksi

! This case is using the minimum external thread major diameter for unfinished hot-rolled material not including standard
fasteners with rolled threads from the Machinery’s handboaok.
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Margin of safety: MS = -S-Tﬁ -1=016

The positive margin of safety shows that the base material will support the applicd load. An improvement in tear-
out could be mad to increase the margin by adding a backing plate to the threaded hole. Since the tensile load is
much greater on the MP197 cradle this analysis bounds that of the MP197HB and TS125 cradles.

Table 5.4-6: Tie-Down Restraint Loading

Band Fastener
Tensile Tensile
Tensile Load Stress Margin of stress Margin of
Package (kip) (ksi)} Safety (ksi) Safety
MP197 517.0 323 1.79 1174 0.28
MP197HB 380.5 23.8 2,78 86.4 0.74
T8125 289.5 ]R.I. 3.97 65.8 1.28

5.4.4 Longitudinal Restraint Loads

The longitudinal load is directly reacted by the shear key which is connected to the cradle through the cradle shear
box. The longitudinal load on the cradle is supported along the length of the shear box by the railcar attachment
shear block. A couple-moment is applied to the section and the end welds. The load produces a moment on the
shear box and the connecting welds.

5.4.41 Shear Key Bending and Shear Stress

The shear key supports the 7.5g longitudinal cask restraint load near its top end. The bottom end is supported by
the shear key support box. The shear key is modeled as a cantilever beam. The length of this support is equal to
the height of the shear key support box. See Figure 5.4-7 for the free body diagram and Table 5.4-7 for the
variables used for each of the three cradles.

Package weight: W = 265.1 kip
Shear key load: Fg = 7.5W = 1,988 kip
Shear key elevation: h, =22.1in
Shear key restraint height: d, =155in
Shear key width: Y = 22.5in
Sher key thickness: xg = 6.0in
Sum of moments: IM; = hyFgg —dyRy =0
Top plate reaction force: Ry = :_:FSK = 2,835 kip
Sum of forces: IF =Fgy+Ry—Ry; =0
Bottom plate reaction force: R, = Ry = Fgi = 847 kip
Maximum shear force: V=R, = 2,835 kip
Maximum moment: M = (hy — dy)Fg = 13,121 in — kip
Maximum stress distance: Cp = %"k =3.0in
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Section area:

Section moment of inertia:

Shear stress:

Allowable stress:

Margin of safety:

Bending stress:

Allowable stress:

Margin of safety:

ak = kak =135in?
I = Y1 = 405 in?

T = ;"; = 21.0 ksi

Sa = Syxmass = 132 ksi

Sa

MS5==-1=529
Tk

o =% = 972 ksi
T

Sa = Syxmis = 220 ksi

Ms=32_1=126
op

The loads and stress results for the shear key support box stress are shown in Table 5.4-8 for each package. The
margin of safety is positive in all cases showing that the section can support the applied loads. Note that the
margin on the TS125 package is positive, but quite small. The shear key support box could be modified to
increase the margin with minimal weight increase by increasing its elevation and reducing the length of the shear

key.
Table 5.4-7: Shear Key Stress Variables
Restraint Restraint Restraint Shear Key
Elevation, Height, thickness, width, Load,
Package hy (in) dy (in) X (in) yi (in) Fax (Kip)
MP197 22.1 15.5 1,988
MP197THB 21.4 11.1 6.0 225 2,277
TS8125 316 18.5 2,138
Table 5.4-8: Shear Key Stress Results
Shear Bending
Stress, Margin of Stress, Margin of
Package 7y, (ksi) Safety o (ksi} Safety
MP197 21.0 5.29 97.2 1.26
MP19711B 32.5 3.06 174 0.26
TS125 27.1 3.87 207 0.06
5.4.4.2 Shear Key Support Box Stress

The shear key support box is intended to be in contact with the railear shear support block over its full length.

The stresses in the shear key support box are due to the torsional loading from the load applied from the package
to the cradle weldment. See Figure 5.4-8 for the Free Body Diagram.
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Shear key load:

Shear key elevation:

Shear key restraint height:
Shear key restraint beam width:

Shear key restraint beam wall thickness:

Shear key load arm length:
Applied torsion:

Shear load:

Vertical chord distance:
Horizontal chord distance:
Cross sectional area:

Moment of inertia x-x:

Moment of inertia z-z:

Polar Moment of inertia:

Horizontal torsional stress component:
Shear Stress:

Vertical torsional stress component:

Combines shear stress:
Allowable shear stress:

Margin of safety:

Fgg = 1,988 kip {Section 5.4.4.1)

hy =22.1in
dx = 15.5in
by = 35.5in
ty = 3.0in

he = hy, -—%dk = 14.4in

T = Sl Fsg = 14.26 x 10%in - kip

V = Fgy = 1,988 kip

¢, =3di="775in

ox = 3bi = 17.9in

A= dyby = (dy = 2t (by, — 2t) = 270.0in"2
hee = 75 [bid = (i = 26 (dy — 260%]
I = 8909 x 10%in*

Lz = 33 [dib = (dic — 26,) by — 260)%]
L, = 37.464 x 10%in*

] = lyy + I = 46,373 x 10%in*

T, = T]— =238 ksi

"

T =4 =736ksi

T =S5 =548 ki

= J(‘(; +)2 4+ 1% = 11.2 ksi

SA = SASM'I" = 54 ksi

MS=ST“—1-=:3.82

The loads and stress results for the shear key support box stress are shown in Table 5.4-9 for each package. The
margin of safety is positive in all cases showing that the section can support the applied loads.
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Table 5.4-9: Shear Key Support Box Stress
SK SK
Shear Key Restraint Restraint Shear Key Shear
Elevation, Height, Width, Load, Stress, Margin of
Package hy (in) dy (in) by (in) Fax (Kip) T (ksi) Safety
MP197 221 15.5 ] 1,988 ) ll._2 _ 3.82 )
MP197HB 214 11.1 355 2,277 15.5 2.48
TS125 ile 18.5 2,138 13.7 2.94
5.4.4.3 Weld Stress

The minimum weld size connecting the shear key restraint should have an effective throat of 1.0-inches. Since
the load path is from the shear key directly through the shear key support box to the railcar structure these loads
will only be seen if the railcar support is unconnected. The calculation below demonstrates that this size of weld

will support the loads.
Effective throat:
Cross sectional area:

Moment of inertia x-x:

Moment of inertia z-z:

Polar Moment of inertia:
Horizontal torsional stress component:
Shear Stress:

Vertical torsional stress component:

Combines shear stress:

Allowable shear stress:

Margin of safety:

ty = 10in

A = dyby = (dy — 2t )(by — 2t,,) = 98.0in*2
1 e

Tx :E[bkdlj( = (by — 2t,,)(dy — th)a]

L = 4.148 % 10%in*

Iz = ;%rdkbi - (dk = ztw)(bk - th)a-l

I, = 15.493 x 10%in*

] = Ly + Iy = 19.641 x 10%in*

= E'IC— = 5.63 ksi
T =1 = 2029 ki

T, = ﬂr =12.93 ksi

T= ‘(t;+t;; 2 4 1% =290 ksi

Sa = Sasaars = 54 ksi

MS=32_1=086

T

The loads and stress results for the weld are shown in Table 5.4-10 for each package. The margin of safety is
positive in all cases showing that the section can support the applied loads.
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Table 5.4-10: Longitudinal Restraint Weld Stress
Weld
Stress, Margin of
Package 7 (ksi) Safety
MP197 29.0 0.86
MPI197THB ) 389 0.39
TS125 35.0 0.54
54.5 Lifting Points

Lifting is assumed to be performed with a four-point lifting frame. The frame may be lifted from either the four
lift plates of the weldment or an optional bolt-on lift lug. Since all three cradles have the same lifting plate design
the bounding load of the MP197HB and cradle will be used for this analysis. The load is equalized between all
four lift points and completely vertical [4]. A dynamic load factor of 1.15 is used based on CMAA Specification
No. 70-2004 [16]. See Figure 5.4-9 for the free body diagram.

Weight to lift: W = 329.6 kip
Dynamic Load factor DLF =115
Weight per lift point: P= %W x DLF = 94.8 kip

‘The plate is 4,00 inches thick with a 2.88-inch shackle hole. The stresses in the plate duc to the lifting forces
applied by the shackle pins are calculated below. See Figure 5.4-10 for details.

Hole diameter: Dy = 2.88in
Shackle pin diameter: D, =275in (Crosby G-2140, /N 1021174 [17])
Width of plate: wp = 1151in
Plate thickness: t=4.0in
Plate radius/hole offset: R= %w,, =575in
Tensile Load

The tensile load area is perpendicular to the line of action passing through the center of the hole (the minimum
cross sectional area).

Tensile stress arca: Ay = (w, — Dy)t = 34.5 in?
Tensile stress: o = ;—l = 2.75 ki
Allowable stress: Sa = Saguar, = 20 ksi
Margin of safety: MS=3_1=627

Tt

Single Plane Tensile Rupture Load

The tensile stress area for single-plane tensile loading is parallel to the line of action, between the hole and the
outer surface of the plate toward the direction of the load.
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Tensile stress arca: Ay =(R-Dy)t=11.5in?
Rupture stress: oy = Ai = B.24 ksi
T
Allowable stress: Sa = Sas14r = 20 ksi
Margin of safety: MS = i—“— 1=143
r

Double Plane Shear Load

The double plane shear stress is parallel to the line of action, between the hole and the outer surface, but at the pin
diameter of the hole. Phi is the angle used to calculate the length of the shear plane based on the ratio of the pin—
to—hole diameter [18] .

Angle: o= ssg—: =525°

Double shear plane area: Ay =2 [(R ~Dy) + E2‘1(1 - CDS(p)] t= 273 in?
Shear stress: Tas = % = 3.47 ksi

Allowable stress: Sa = Sag1arg = 12 ksi

Margin of safety: MS = fT":— 1=246

Bearing Load
Failure due to bearing load on the lug is conservatively checked against the lifting base metal allowable.

Bearing area: A, =1tD, = 11.0in*
Bearing stress: op = L = g62ksi
Ap
Allowable stress: Sa = Sasyer, = 20 ksi
Margin of safety: MS = z—"‘ —-1=132
P

The margins of safety are positive; therefore the lift lug is adequately sized for the design loads. The MP197HB
analysis bounds the other two cradle designs.

There is a bending load on the lift points due to the ofiset pick-point position. The bending stress in the bolt-on
lugs will bound that of the weldment lugs due to the slightly larger moment-arm and smaller weld. The moment
arm to the weld is the offset length from the lug base to the pick-point minus the base plate thickness of two
inches, The weld connecting the lift lug to its base plate is assumed to be a full penetration weld. The load
stresses will be checked against the base metal stress and combined with the shear allowable stress to account for
the load on the weld.

Moment-arm to lift point from cradle: L, = 8.0 in

Moment-arm to lug weld: Ly =1Ly, —20in=60in
Bending moment: M = L, P = 568.8 in — kip
Plate arca: A= 2Rt = 46.0 in?
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Plate Moment of inertia:
Bending stress:

Shear stress:

Combined stress:

Allowable stress:

Margin of safety:

[ =Zt(2R)? = 507.0in*
op =" = 6.45 ksi

=2 206ksi
T—K—Z, y lesi

. 2 '.1;2
T“:I(%u) +1‘] = 3.83 ksi
Sa = SasaaLs = 12 ksi

MS=34_-1=213
Tas

Note that sizing of the lug plate fasteners shall be accomplished during detailed design. From the drawing [3] the
fastener hole pattern must be at least twice the radius of the lug plate and that the number of fasteners is four. The

loads the fasteners must support are:
Minimum bolt pattern separation:
Number of lasteners:

Summation of moments:

Fastener tensile force:

Fastener shear load:

Minimum fastener stress diameter:

Nominal fastener stress area:
Tensile stress:

Allowable tensile (no shear):
Shear stress:

Allowable shear stress:
Shear margin of safety:
Allowable tensile stress”:

Tensile margin of safety:

¥y =2R=115in

Ilf=4

IM= PLp —XBZRB =0
= e 5 :

Rg = ZxBP = 33.0 kip

Vi = £= 23.7 kip
Dp= 1.50in

Ap = D% = 1.77 in?
4 f

[ i—'; = 18.6 ksi

Fp = 33.0 ksi
VB _ - .
T= vl 13.4 ksi

F, = 0.6F, = 19.8 ksi
MS =T~ 1=10.48
b = \JFF = 2.60t2 = 249 ksi

‘-f
MS="2_1=034
ot

A minimum diameter of 1.50 inches is required for each fastener. Detailed design sizing will require a check of
the thread tear-out to determine the hole depth into the reinforced section of beam.

Shackles

The cask sling shackles connect the cask slings to the cradle. The cask sling shackles are Crosby G-2140 shackles
with a WLL of 85 metric tons. The vendor utilizes a safety factor of 5.4 for this particular shackle which is
accounted for in the allowable load caleulated below.

2 ensile allowable reduced using Equation 3-43 from ASME BTH-1-2014[18] for combined tension and shear on fasteners.
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Shackle load:
Shackle rating:
Allowable load:

Margin of safety:

P = 82.2 kip = 47.4 ton
Fg = 85.0 tonne = 93.7 ton
Fy =Fy =93.7 ton

—Fa_ 4
MS = 3 1=098

The margin of safety is positive; therefore the shackle is adequately sized for the design loads. The MP197HB

analysis bounds the other two cradle designs.

5.4.5.1 Lifting Loads on Saddle Tower

The lifting load is less than the maximum operational load, but provisions are provided for the attachment of
lifting brackets on the outside of the main rail beams. The extension of the lift point of the lifting brackets should
be limited to six inches without further review of the design. See Figure 5.4-11 for a sketch of the lifting section.
The beam properties remain the same as found in Section 5.4.1.1.2. The lifling stresses are compared against an
allowable of one-third yield stress and one-fifth ultimate stress.

Weight to lift (MP197 and Cradle): W = 291.1 kip

Lifting Loads:

Cradle width:

Lift point extension offset:
Lift point separation:

Tower width:

Maximum bending moment [19]%

Bending stress:
Allowable stress:
Margin of safety:
Shear stress:
Allowable stress:

Margin of safety:

F = %w % DLF = 83.7 kip

w. =116in

lp = 6.0in

wip = w + 21, = 128 in

w; = 112in

M = @g"L%?%: 2,846 x 10%in — kip
o :%: 11.0 ksi

Sa = Saszar = 20 ksi

MS = :—:— 1=082

_FB_ - .
tui\xc—l.dﬁ ksi

54 = Sasqars = 12 ksi

Ms=%_1=85

The resultant stresses are shown in Table 5.4-11 for each package. The margin of safety is positive; therefore the
component is adequately sized for the design loads.

® Section 8.1, Beam Diagrams and Formulas, Case 3C.
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Table 5.4-11: Lifting Loads on Saddle Tower Support
Bending Load, gy, Shear Load, t©
Weight Lifting Load Margin of Margin of
Package (kip) (kip) Stress (ksi) safety Stress (ksi) Safety
MP197 291.1 83.7 11.0 0.82 1.26 8.5
MP1971IB 329.6 94.8 14.4 0.39 1.47 7.2
TS125 315.0 90.6 9.0 1.22 1.24 8.7
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Figure 5.4-1: Package Longitudinal Reaction Forces on Cradle
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Figure 5.4-2: Package Vertical forces on Cradle
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Figure 5.4-3: Longitudinal Loading Tower Compressive Stress
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Figure 5.4-4: Longitudinal Load Tower Support Bending Stress
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Figure 5.4-5: MP197 Main Beam Loading FBD
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Figure 5.4-6: MP197HB and TS125 Main Beam Loading FBD
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Figure 5.4-7: Shear Key FBD
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Figure 5.4-8: Shear Key Support Box FBD
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Figure 5.4-9: Lifting Free Body Diagram
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Figure 5.4-11: Lifting Section FBD
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5.5 Fatigue

The cradles are expected to perform service for up to 50 years and not expected to travel more than 3,000,000
miles per Section 7.1.2.1 of M-1001[2]. While this period of performance is not expected to be maintenance free
it is reasonable to assume that the structure would perform its support function without major component failure.
This analysis presents a cursory examination of the fatigue loading over this lifespan. The detailed fatigue
analysis can only be done on the final design of the cradles.

An example of the accepted method for calculating fatigue life is shown in Chapter 7 of the M-1001. From the
example case Table 7-3 it can be seen, for an unspecified car, that 97 percent of the vertical fatigue loading is due
to stress ranges under 0.3g. As this is from an example case it is assumed to be normal in comparison to other
railcar response curves. Since a majority of the fatigue loading is within this range the fatigue life, the cradle is
assumed to be defined by these loads.

The basic cradle structural analysis demonstrates that a bounding acceleration load of 2g in the vertical direction
can be supported compared against yield stress. This is equivalent to using an allowable stress of ¥ yield stress
under normal gravity loading. All of the cradle analyses show that this yield criterion is met.

If we assume that the stress variation due to cyclic loading is no more than +/- 0.2g (or a range of 0.4g), and that
the allowable stress is !4 yield at one gravity, the minimum and maximum stress that will be found in any
component with a yield stress of 50 ksi due to cyclic loading will be due to the variable stress. This stress is:

Mean Stress: S =2 50 ksi = 25 ksi
Variable Stress: Sy = 020, = 5 ksi
Maximum Stress: Smx = 30 ksi
Minimum Stress: Spn = 20 ksi

Stress Ratio: R= zL‘ =2

The siress that produces failure in steel at 2,000,000 cycles can be computed from cases in Table 7.55 of Chapter
7 of M-1001. This table presents values for determining the fatigue properties of the Modified Goodman
Diagram (MGD) for a particular member. As an example, for an A992 beam the allowable stress is 50 ksi. From
Table 7.55, Flg. Mo. 7.4.1.8 the following information is available:

Y intercept of MGD: b = 26 ksi

MGD Slope: m=09

S-N Curve Slope: k=016

Cycles at Fatigue Stress S, No = 2 x 105cycles
The stress at which the beam is expected to fail at two million cycles is:

Fatigue Stress (af Ne): Se = T = 65 ksi

Since the Fatigue Limit is greater than the maximum load the S-N curve slope is half the value above.

Ne =315 x 10%ycles

Cyeles to failure: =
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For a 50 year life the rail car is expected to cover 3,000,000 miles. Assuming a cyclic rate of = 300 cycles per
mile (based on the example of Section 7.2.4.1.1.2 of M-1001") the expected life will be:

N
Life = 3= (31.5 x 107 cycles) /(300 cycles/mile) = 105 x 10° miles

The life prediction for this component is much larger than the required lifespan for the component, therefore it is
reasonable to say that it will support fatigue loading without any modification. Similar analysis performed on an
axially loaded flat plate for material with a 50 ksi yield stress limit shows improved fatigue life in comparison to
the beam section.

Not that these examples correspond to non-welded or rolled sections only and welded or built-up sections will
possess a lower endurance limit resulting in a reduced life expectancy. Therefore, the final design will require a
rigorous fatigue analysis for all welds and built-up sections. Components such as the pinhole liners and
attachments, and the personnel barriers due not significantly contribute to the overall weight of the cradles. The
lifting provisions are not cyclically loaded and will not change. Thercfore the detailed design will remain similar
to the conceptual design and there are no expected changes in the structural components, It can be safely
concluded that there will be no significant change to bounding cradle design weights due to questions about
fatigue.

6.0 COMPUTER SOFTWARE USAGE (IF SOFTWARE IS USED)

6.1 Non-Engineering Application Software

Computer software was limited to use of Microsoft Excel. The computation was run using Microsoft Excel
Version 14.0.7165.5000 (32-bit) on a Lenovo Think Station Model $30, labeled DWICK 1.adom.ad.corp, running
Windows 7 Enterprise with service pack 1 installed. The one file was generated for this calculation to calculate
the cradle weights and the vertical location of the center of gravity is listed in Table 6.1-1.

Table 6.1-1: Computer File Listing

Filename Description Date and Time Size
CALC-3015135-000.xlsx | Weight and CG Spreadsheet 3/7/2016 12:00 PM 46 kB

7.0 RESULTS/CONCLUSIONS

The results of the analyses in this calculation demonstrated that the package cradles are designed to support the
applied loads. The minimum factor of safety is 0.06 due to the bending moment of the shear key in the TS125
package. With additional information on this package this margin could be improved by restructuring the shear
key support. Note that a four-point lilt must be used when lifting the combined package and cradle.

The weight and CG for the package and cradle can be found in Table 5.3-1. The railcar reaction forces are found
in Table 5.3-2 with the maximum values summarized in Table 5.3-3.
71 Include resuits of applicable literature searches or other applicable background data

This analysis was not performed to provide the results of a literature search.

* Note the percent load spectrum is based on an average frequency of 354.6 cycles/mile.
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Appendix A.3.3 — Compliance Matrix

REQUIREMENTS FOR CRADLE DESIGN FROM EIR-3014611, "DESIGN BASIS REQUIREMENTS

DOCUMENT (DBRD) FOR THE DOE ATLAS RAILCAR," REV 41

DBRD Requirement Method of Address Complies?
Family No. 3: TN: MP-197, MP-197HB, Energy Solutions TS125
2.1 Regulatory Requirements For the cradles the AAR Y
Comply with AAR 2043 requirements are called out below
2.2 Functional Requirements
222 Cradle Functional Requirements
2221 During transport, a transportation cask must All cradles interface with the rail car Y
rest on a cradle on top of the cask railcar deck. | attachments that comply with this
requirement.
2222 Conceptual cask cradle designs must All casks in the family are Y
accommodate the cask designs listed above evaluated.
and interface with cradle as indicated in the
cask SARs.
2.2.2.3 The conceptual cradle designs shall not be The conceptual design has Y
final designs or prototypes. sufficient margin to allow for
specific design requirements.
22.23a Conceptual design shall have a plus or minus The weight envelope evaluated Y
10% weight envelope evaluated. allows for refinement of the design
in the final design
2.22.3b Center of gravity for the cradle shall be The CG for each cask cradle is Y
calculated and used to demonstrate the calculated. The combined CG for
combined CG is met for the cask rail car and the rail car and loaded cradles are
cradle of 98 inches or less. CG and loading shown in the rail car attachment
distributions shall be detailed sufficiently to calculation CALC-3015276. All are
support railcar design and testing. less than the 98 inch limit.
2.2.2.3¢ Cradle shall be capable of handling the loads The cradles are demonstrated to Y
specified in Section 2.2.2.13 ( Rule 88 loads) meet rule 88 loadings for all casks
within the family.
2.2.2.3d Cradle shall be capable in the final design to The weight margin allowed for the Y
handle a fatigue evaluation per AAR rules. cradle and the design loading for
compliance with Rule 88 ensures
that here is sufficient margin for the
detailed design to comply with the
fatigue evaluation require by AAR-
2043 which references AAR M-
1001.
2223e Cradle designs shall have hard dimensions for | The rail car interface dimensions Y
interface to rail car to ensure ability to be are tolerance to ensure fit up.
attached to rail car.
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DBRD Requirement Method of Address Complies?
2224 The conceptual cradle design shall determine Required parameters for testing the Y
the height of the cask center of gravity above rail car are provided in the families

the railcar deck, the weight on each axle, etc. individual calculations and in the
as necessary to perform the analysis and attachment design calculations.
provide simulate cradle test weights and
supporting information needed for testing the
railcar.

2225 When rotation is necessary, the cradle will None of these casks require Y
include the required hardware, such as rotational capability in the cradle.
trunnion supports.

2.2.2.6 The cradles will be tall enough and open- The cradle design allows Y
ended so that the impact limiters can be installation of impact limiters after
attached to a cask after the cask is secured to | the cask is secured to the cradle.
the cradle.

22.2.7 Each cask design will need a cradle designed Adequate clearance is allowed for Y
to position the center of gravity low for stability | installation of the impact limiters.
during transport, but the cradle design will
position the impact limiter with a clearance of
at least one inch above the cask car deck.

2.2.2.8 The cask car (including a cradle and a cask) The MP-197 and the MP-197HB Y
and buffer car clearances shall fit within AAR are compliant to Plate C. Due to the
Plate C [3], except when loaded with the casks | larger impact limiter for the TS125
that are more than 128 inches wide (Same as of 143 inches it is greater than
Requirement 2.2.1.12 above). Plate C.

2.2.2.9 Demonstrate that bonding weights both min Cradles as designed meet the Y
and max meet a combined CG of 98 inches for | combined CG.
the railcar, skid and fully loaded and empty
cask.(personnel shield, impact limiters etc.) An
alternative to adding ballast weight to the
railcar may include requiring that the transport
cradle for the lighter cask be designed to
provide the ballast.

2.2.2.10 The various cradles will be designed to fit a Fit the common attachments on the Y
standard attachment mechanism. Tolerance to | rail car.
ensure.

22211 During loading operations, the cradle may be Designs permit loading separately Y
attached to the railcar first, followed by putting | or with the cask on the cradle.
the cask on the cradle, but sometimes the
cask will be on the cradle first. In that case,
both the cradle and cask together will be
hoisted onto the railcar deck. Lifting points
permit this handling of the cask

2.2.2.12 The cask railcar shall incorporate a Attachments meet rule 88 load Y
standardized attachment capability for requirements.
coupling the cask cradle to the railcar. This
attachment must be capable of securely
attaching loads of up to the maximum cask
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DBRD
Item No.

Requirement

weight and the weight cradle in accordance
with the requirements of AAR Rule 88 A16¢(3)

[71.

Method of Address

Complies?
(Y/N)

2.2.2.13

AAR Rule 88 A16¢(3) does not specify if the
securement system loading requirements are
to be applied separately or simultaneously. Per
direction from KASGRO (via the AAR EEC)
transportation loading is not simultaneous and
is applied separately. Also gravity is not
applied in the vertical up or down
accelerations, so +/- 2 g vertical only. Rule 88
A.16.C requires the following tie down loads (g
force to yield):

Analyzed according to the direction
of the AAR.

22213.a

7.5g Longitudinal

Met for all cradles and casks.

22213b

29 Vertical

Met for all cradles and casks.

22213.c

2g lateral

Met for all cradles and casks.

Operational Requirements

The cradle must accommodate the camber in
the rail car.

Interfaces allows for the camber.

Have clearances to install and remove impact
limiters on the rail car.

Clearance provided.

Features and clearances to load the cask into
the cradle on and off the railcar and to be able
to load the cradle with the impact limiters and
personnel shield if required in place, on rail
car.

Features and clearances permits
loading with or without the
personnel barrier in place to allow
for intermodal transfers

Operational Steps. Can it be used and how?
The loading and unloading steps requested
should address that.

Complies with loading procedures

Maintenance Requirements

Since none of the designs use corrosion
resistance material, the life expectancy would
be dependent on corrosion control by the use
of “high quality weather resistant coatings”.

Strip and repaint as required. Use wear pads
to minimize loss of coatings.

Wear pads and coatings
adequately applied

Additional Design Considerations

The cask cradles should be designed to
support the cask for lifting on and off the railcar
(with or without the cask impact limiters
installed) as specified in Section 2.2.2.11
above. Lifting attachments shall be designed in
accordance with ANSI N14.6 (i.e. the
combined maximum tensile stress or the

Lifting meets ANSI N14.6.
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DBRD
Item No.

Requirement

maximum shear stress of all members in the
load path shall not exceed smaller of Sy/3 or
Su/5). A vertical lift is assumed (requiring the
use of a spreader beam/frame). All lift points
are assumed to support the load equally for
the conceptual design. The lift points should
be designed such that the personnel barrier is
not removed to lift the cradle when loaded with
a package. A dynamic load factor of 1.15 shall
be included per the recommendations of
CMAA Specification No. 70 [12].

Method of Address Complies?

(YIN)

For cradle attachment points, the attachment Attachments pins have Y
mechanism (pin/bolt) should be removable and | mechanisms for handling

shall be sized for manual handling (less than

50 Ibs.) or provisions should be designed for

mechanically assisted insertion.

The bottom of the cradle shall be flat to Cradle can sit on flat surface. Y

facilitate placement on a flat surface or
intermodal transfer.

'Approved calculation performed to DBRD Revision 3; all pertinent calculation references are
carried forward in Revision 4.
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APPENDIX A.4 - FAMILY 4 CRADLE
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Appendix A.4.1 - Conceptual Drawings
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Appendix A.2.4 — Structural Calculation
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Appendix A.4.3 — Compliance Matrix

REQUIREMENTS FOR CRADLE DESIGN FROM EIR-3014611, "DESIGN BASIS REQUIREMENTS

DOCUMENT (DBRD) FOR THE DOE ATLAS RAILCAR," REV 41

DBRD Requirement Method of Address Complies?
Family No. 4: TN: MP-187
2.1 Regulatory Requirements For the cradle the AAR Y
Comply with AAR 2043 requirements are called out below.
2.2 Functional Requirements
222 Cradle Functional Requirements
2221 During transport, a transportation cask must The cradle interfaces with the ralil Y
rest on a cradle on top of the cask railcar deck. | car attachments that comply with
this requirement.
2222 Conceptual cask cradle designs must The cask cradle is evaluated. Y
accommodate the cask designs listed above
and interface with cradle as indicated in the
cask SARs.
2.2.2.3 The conceptual cradle designs shall not be The conceptual design has Y
final designs or prototypes. sufficient margin to allow for
specific design requirements.
22.23a Conceptual design shall have a plus or minus The weight envelope evaluated Y
10% weight envelope evaluated. allows for refinement of the design
in the final design.
2.22.3b Center of gravity for the cradle shall be The CG for the cask cradle is Y
calculated and used to demonstrate the calculated. The combined cg for the
combined CG is met for the cask rail car and rail car and loaded cradle is shown
cradle of 98 inches or less. CG and loading in the rail car attachment
distributions shall be detailed sufficiently to calculation CALC-3015276. It is
support railcar design and testing. less than the 98 inch limit.
2.2.2.3¢ Cradle shall be capable of handling the loads The cradle is demonstrated to meet Y
specified in Section 2.2.2.13 ( Rule 88 loads) Rule 88 loadings for the cask.
2.2.2.3d Cradle shall be capable in the final design to The weight margin allowed for the Y
handle a fatigue evaluation per AAR rules. cradle and the design loading for
compliance with Rule 88 ensures
that here is sufficient margin for the
detailed design to comply with the
fatigue evaluation require by AAR-
2043 which references AAR M-
1001.
2.2.23.¢e Cradle designs shall have hard dimensions for | The rail car interface dimensions Y
interface to rail car to ensure ability to be are tolerance to ensure fit up.
attached to rail car.
2224 The conceptual cradle design shall determine Required parameters for testing the Y
the height of the cask center of gravity above rail car are provided in the families
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DBRD
Item No.

Requirement

the railcar deck, the weight on each axle, etc.
as necessary to perform the analysis and
provide simulate cradle test weights and
supporting information needed for testing the
railcar.

Method of Address

individual calculations and in the
attachment design calculations.

Complies?
(Y/N)

2225

When rotation is necessary, the cradle will
include the required hardware, such as
trunnion supports.

None of these casks require
rotational capability in the cradle.

2226

The cradles will be tall enough and open-
ended so that the impact limiters can be
attached to a cask after the cask is secured to
the cradle.

The cradle design allows
installation of impact limiters after
the cask is secured to the cradle.

2227

Each cask design will need a cradle designed
to position the center of gravity low for stability
during transport, but the cradle design will
position the impact limiter with a clearance of
at least one inch above the cask car deck.

Adequate clearance is allowed for
installation of the impact limiters.

2228

The cask car (including a cradle and a cask)
and buffer car clearances shall fit within AAR
Plate C [3], except when loaded with the casks
that are more than 128 inches wide (Same as
Requirement 2.2.1.12 above).

The MP-187 is compliant to Plate
C.

2229

Demonstrate that bonding weights both min
and max meet a combined CG of 98 inches for
the railcar, skid and fully loaded and empty
cask.(personnel shield, impact limiters etc.) An
alternative to adding ballast weight to the
railcar may include requiring that the transport
cradle for the lighter cask be designed to
provide the ballast.

The cradle is designed to meet the
combined CG.

22210

The various cradles will be designed to fit a
standard attachment mechanism. Tolerance to
ensure.

Fit the common attachments on the
rail car.

22211

During loading operations, the cradle may be
attached to the railcar first, followed by putting
the cask on the cradle, but sometimes the
cask will be on the cradle first. In that case,
both the cradle and cask together will be
hoisted onto the railcar deck. Lifting points
permit this handling of the cask

Designs permit loading separately
or with the cask on the cradle.

22212

The cask railcar shall incorporate a
standardized attachment capability for
coupling the cask cradle to the railcar. This
attachment must be capable of securely
attaching loads of up to the maximum cask
weight and the weight cradle in accordance
with the requirements of AAR Rule 88 A16¢(3)

Attachments meet rule 88 load
requirements.

Page A.4-32

Atlas Railcar Phase 1 Final Report

September 30, 2016



Atlas Railcar Phase 1 Final Report
Report No.: DE-NE0008390

DBRD
Item No.

Requirement

[7].

Method of Address

Complies?
(Y/N)

22213

AAR Rule 88 A16¢(3) does not specify if the
securement system loading requirements are
to be applied separately or simultaneously. Per
direction from KASGRO (via the AAR EEC)
transportation loading is not simultaneous and
is applied separately. Also gravity is not
applied in the vertical up or down
accelerations, so +/- 2 g vertical only. Rule 88
A.16.C requires the following tie down loads (g
force to yield):

Analyzed according to the direction
of the AAR.

22.213a

7.5g Longitudinal

Met for this cradle a and cask.

2.2.2.13Db

2g Vertical

Met for this cradle a and cask.

2.2.2.13.¢

2g lateral

Met for this cradle a and cask.

Operational Requirements

The cradle must accommodate the camber in
the rail car.

Interfaces allows for the camber.

Have clearances to install and remove impact
limiters on the rail car.

Clearance provided.

Features and clearances to load the cask into
the cradle on and off the railcar and to be able
to load the cradle with the impact limiters and
personnel shield if required in place, on rail
car.

Features and clearances permits
loading with or without the
personnel barrier in place to allow
for intermodal transfers

Operational Steps. Can it be used and how?
The loading and unloading steps requested
should address that.

Complies with loading procedures.

Maintenance Requirements

Since none of the designs use corrosion
resistance material, the life expectancy would
be dependent on corrosion control by the use
of “high quality weather resistant coatings”.

Strip and repaint as required. Use wear pads
to minimize loss of coatings.

Wear pads and coatings
adequately applied.

Additional Design Considerations

The cask cradles should be designed to
support the cask for lifting on and off the railcar
(with or without the cask impact limiters
installed) as specified in Section 2.2.2.11
above. Lifting attachments shall be designed in
accordance with ANSI N14.6 (i.e. the
combined maximum tensile stress or the
maximum shear stress of all members in the
load path shall not exceed smaller of Sy/3 or

Lifting meets ANSI N14.6.
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DBRD
Item No.

Requirement

Su/5). A vertical lift is assumed (requiring the
use of a spreader beam/frame). All lift points
are assumed to support the load equally for
the conceptual design. The lift points should
be designed such that the personnel barrier is
not removed to lift the cradle when loaded with
a package. A dynamic load factor of 1.15 shall
be included per the recommendations of
CMAA Specification No. 70 [12].

Method of Address Complies?

(YIN)

For cradle attachment points, the attachment Attachments pins have Y
mechanism (pin/bolt) should be removable and | mechanisms for handling.

shall be sized for manual handling (less than

50 Ibs.) or provisions should be designed for

mechanically assisted insertion.

The bottom of the cradle shall be flat to Cradle can sit on flat surface. Y

facilitate placement on a flat surface or
intermodal transfer.

'Approved calculation performed to DBRD revision 3; all pertinent calculation references are
carried forward in revision 4.
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APPENDIX A.5 - CRADLE TO RAILCAR INTERFACE
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DWG-3015278-001

Appendix A. Pege 1of7

8 | 7 6 " 4 3 | P01 ¥ %1 | 1
NOTES, UNLESS OTHERWISE SPECIFIED HETOFMATERILS
' : ary | &Y | memno PART NO DESCRIPTION SPECIFICATION
1. FABRICATE PER AWS D15.1. Al CRADLE ATTACHMENT COMPONENTS
2. ALL LUG AND SHEAR KEY WELDS ARE CRITICAL WELDS AS DEFINED BY AAR $-2043, A2 CONCEPTUAL PIN LOADING WELDMENT
3. VISUALLY INSPECT (VT) ALL WELDS PER AWS D15.1, CLAUSE 17.2 AND USE CLASS 1
D ACCEPTANCE CRITERIA. ALL INSPECTIONS MUST BE PERFORMED BY AN 1 1 ATLAS RAILCAR D
AWS CERTIFIED INSPECTOR, 12 2 BAR, .25 THKX 9.0 X 1.5 ASTM A278, TYPE 304
4. MAGNETIC PARTICLE (MT) DYE PENETRANT OR ULTRASONIC INSPECTION SHALL BE 12 " 3 PLATE, .25 THK X 8 X 19.2 ASTM A240, TYPE 304
PERFORMED ON ALL WELDS BETWEEN RAILCAR DECK AND CRADLE ATTACHMENT COMPONENTS B T 40 TYPE
(EXCEPT ITEM 5 AND 6) PER AWS D15.1 CLAUSE 17.66, 17.5 OR 17.4 RESPECTIVELY.USE CLASS A i $ BATG 29 THIEX 40 R 10 ATl ol TYER S0
ACCEPTANGE CRITERIA. ALL INSPECTIONS MUST BE PERFORMED BY AN AWS CERTIFIED INSPECTOR. 2 5 PLATE, .38 THK X 12. X 12 ASTM A240, TYPE 304
5. ALTERNATE WELD DETAILS ARE ACCEPTABLE IF THEY MEET OR EXCEED THE 4 - PLATE, .60 THA XG0 X 12 ASTM A240, TYPE 304
STRENGTH OF THOSE SPECIFIED. 4 7 PLATE, 4.0 THK X 12 X 18 ASTM A572, GR 50
== 6. PERFORM WELD INSPECTIONS SPECIFIED IN NOTE 4 ON 10% OF WELDS BETWEEN THE 4 8 PLATE, 4.0 THKX 12 X 18 ASTM A572, GR 80 —
RAIL CAR DECK AND ITEM 3. USE ACCEPTANCE CRITERIA FOR CLASS 2 WELDS. 2 9 PLATE, 4.0 THK X 21 X 90 ASTM A572, GR 50
ALL INSPECTIONS MUST BE PERFORMED BY AN AWS CERTIFIED INSPECTOR.
4 10 PLATE, 11 THK X 16 X 18 ASTM A572, GR 50
APPLY ALL HOLES AND THREADED HOLE LOCATIONS AFTER WELDING. 7 " PLATE, 11 THKX 16 X 18 ASTM A572, GR 50
APPLY A STAINLESS STEEL FACING TO THESE SURFAGES. THE FACING MAY BE CLADDING OR 2 12 PLATE, LEFT 11.0 THK X 24 X 18 ASTM A572, GR 50
WELD OVERLAY THAT IS AT LEAST .05 INCHES THICK AND NO GREATER THAN .13 INCHES THICK.
THE DIMENSIONS OF OPENINGS AND LOGATIONS MUST BE MET AFTER THE FACING IS APPLIED. z g PLATE, RIGHT 11 THK X 24 X 18 ASIMASTE, DR 50
FOR PIN HOLES/SLOTS STAINLESS STEEL SHIM STOGK MAY BE USED AND TAGKED IN PLACE. 4 14 PLATE, 11 THK X 24 X 18 ASTM A572, GR 50
c (9> FABRICATE FROM THREE PIECES USING FULL PENETRATION WELDS. PERFORM VT AND MT # 18 ROUND, £4:0.X.20.7 ASTM AS64, TYPE 630, CONDITION H1100| C
PER GENERAL NOTE 3 AND 4. 8 16 ROUND, 24.0 X 37.2 ASTM AS64, TYPE 630, CONDITION H1100
CONCEPTIONAL PIN LOADING COMPONENTS. 2| - 7 PIPE, 5.0 SCHEDULE 40 X 40.0 ASTM A312, TYPE 304
36 18 SHCS, 5/8-11 UNC X 1.25 ss
[A1> PIN AND INSIDE SURFACE OF PIN HOLES SHALL BE CLEANED AND COATED WITH PURE NICKEL
NUGLEAR GRADE 'NEVER SEEZ' GREASE.
> _ -
B B
AREVA
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Appendix A.5.2 — Supporting Calculation
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Appendix A.5.3- Compliance Matrix

REQUIREMENTS FOR CRADLE ATTACHMENT DESIGN FROM EIR-3014611, "DESIGN BASIS

REQUIREMENTS DOCUMENT (DBRD) FOR THE DOE ATLAS RAILCAR," REV 4!

DBRD Requirement Method of Address Complies?
Railcar Attachments: Covers attachment of all families of cradles attached to the Atlas Railcar
2.1 Regulatory Requirements For the attachments the AAR Y
Comply with AAR 2043 requirements are called out below.
2.2 Functional Requirements
2.2.2 Cradle Functional Requirements
22.2.1 During transport, a transportation cask must The cradles interfaces with the Y
rest on a cradle on top of the cask railcar deck. | railcar attachments that comply
with this requirement.
2.2.2.2 The attachment design must accommodate all | The attachment loads for all cradle Y
the cradles required for the casks covered in cask combinations are evaluated.
Attachment A of the DBRD!.
22.23a Conceptual design of the attachments must The weight envelope evaluated Y
accommodated the maximum weight of each allows for refinement of the design
of the cask and cradle combinations . in the final design of the cradles.
2.22.3b Center of gravity for the cradles shall be The CG for the cask cradles are Y
calculated and used to demonstrate the calculated. The combined cg for the
combined CG is met for the cask railcar and railcar and loaded cradles are
cradle of 98 inches or less. CG and loading shown in the railcar attachment
distributions shall be detailed sufficiently to calculation CALC-3015276. It is
support railcar design and testing. less than the 98 inch limit.
2.2.2.3.¢C Cradle shall be capable of handling the loads The attachments are demonstrated Y
specified in Section 2.2.2.13 (AAR Field to meet Rule 88 loadings for the
Manual Rule 88 loads) cask.
2.2.2.3d The attachments shall be capable in the final The weight margin allowed for the Y
design to handle a fatigue evaluation per AAR | cradle and the design loading for
rules. compliance with Rule 88 ensures
that here is sufficient margin for
the detailed design of the
attachments to comply with the
fatigue evaluation require by AAR-
2043 which references AAR M-
1001.
2223e Cradle designs shall have hard dimensions for | The railcar attachment dimensions Y
interface to railcar attachments to ensure are tolerance to ensure fit up.
ability to be attached to railcar.
2.2.2.4 The conceptual cradle design combined with Required parameters for testing the Y
the attachment design shall determine the railcar are provided in the families
height of the cask center of gravity above the individual calculations and in the
railcar deck, the weight on each axle, etc. as attachment design calculation.
necessary to perform the analysis and provide
Page A.5-52 Atlas Railcar Phase 1 Final Report
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DBRD
Item No.

Requirement

simulate cradle test weights and supporting
information needed for testing the railcar.

Method of Address

Complies?
(Y/N)

2226

The cradles will be tall enough and open-
ended so that the impact limiters can be
attached to a cask after the cask is secured to
the cradle.

The cradle design allows
installation of impact limiters after
the cask is secured to the cradle.

2227

Each cask design will need a cradle designed
to position the center of gravity low for stability
during transport, but the cradle design
combined with the attachment design will
position the impact limiter with a clearance of
at least one inch above the cask car deck.

Adequate clearance is allowed for
installation of the impact limiters.

2228

The cask car (including a cradle and a cask)
and buffer car clearances shall fit within AAR
Plate C [3]%, except when loaded with the
casks that are more than 128 inches wide
(Same as Requirement 2.2.1.12 above)

The attachment design allows for
the cradles for the casks with
impact limiters with a diameter of
128 inches or less to meet Plate C
requirements? 2

2229

Demonstrate that bonding weights both min
and max meet a combined CG of 98 inches for
the railcar, skid and fully loaded and empty
cask.(personnel shield, impact limiters etc.)An
alternative to adding ballast weight to the
railcar may include requiring that the transport
cradle for the lighter cask be designed to
provide the ballast.

The cradle is designed to meet the
combined CG.

2.2.2.10

The various cradles will be designed to fit a
standard attachment mechanism.

Fit the common attachments on
the railcar.

22211

During loading operations, the cradle may be
attached to the railcar first, followed by putting
the cask on the cradle, but sometimes the
cask will be on the cradle first. In that case,
both the cradle and cask together will be
hoisted onto the railcar deck. Lifting points
permit this handling of the cask

Designs permit loading separately
or with the cask on the cradle.

22212

The cask railcar shall incorporate a
standardized attachment capability for
coupling the cask cradle to the railcar. This
attachment must be capable of securely
attaching loads of up to the maximum cask
weight and the weight cradle. in accordance
with the requirements of AAR Rule 88 A16¢(3)

[7].

Attachments meet rule 88 load
requirements.

22213

AAR Rule 88 A16¢(3) does not specify if the
securement system loading requirements are
to be applied separately or simultaneously. Per
direction from KASGRO (via the AAR EEC)
transportation loading is not simultaneous and
is applied separately. Also gravity is not

Analyzed according to the direction
of the AAR.
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DBRD
Item No.

Requirement

Method of Address

Complies?

applied in the vertical up or down
accelerations, so +/- 2 g vertical only. Rule 88
A.16.C requires the following tie down loads (g
force to yield):

(YIN)

22.213a

7.5g Longitudinal

Met for the attachments.

222130

2g Vertical

Met for the attachments.

2.2.2.13.¢

2g lateral

Met for the attachments.

Operational Requirements

The cradle must accommodate the camber in
the rail car.

Interfaces allows for the camber.

Have clearances to install and remove impact
limiters on the rail car.

Clearance provided.

Features and clearances to load the cask into
the cradle on and off the railcar and to be able
to load the cradle with the impact limiters and
personnel shield if required in place, on rail
car.

Features and clearances permits
loading with or without the
personnel barrier in place to allow
for intermodal transfers

Operational Steps. Can it be used and how?
The loading and unloading steps requested
should address that.

Complies with loading procedures.

Maintenance Requirements

Since none of the designs use corrosion
resistance material, the life expectancy would
be dependent on corrosion control by the use
of “high quality weather resistant coatings”.

Strip and repaint as required. Use wear pads
to minimize loss of coatings.

Wear pads and coatings
adequately applied.

Additional Design Considerations

For cradle attachment points, the attachment
mechanism (pin/bolt) should be removable and
shall be sized for manual handling (less than
50 Ibs.) or provisions should be designed for
mechanically assisted insertion.

Attachments pins have
mechanisms for handling.

'Approved calculation performed to DBRD Revision 3; all pertinent calculation references are
carried forward in Revision 4.

“Currently meets Plate C; pending contract modification to Plate E.
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APPENDIX A.6 — BOUNDING CONDITIONS
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A.6.1 - Summary of Transportation Loads and Size Limits on Atlas Railcar

This document provides the maximum attachment point loading, railcar weight limits, and
maximum vertical load on the railcar.

Railcar Transportation Loads

The Atlas Railcar cargo is subjected to transportation loads per Rule 88 A.16.c(3) of the Field
Manual of the AAR Interchange Rules. This loading is listed as:

7.5¢ longitudinal, 2g vertical, 2g lateral

Per KASGRO Rail direction, the loads should be applied individually in pure space (nhot
including gravity).

There are 15 cask designs that must be accommodated by the Atlas railcar. Many of the casks
can be supported in similar ways; therefore, the casks were sorted into four families based on
their required cradle design. This allowed a minimized number of required cradle designs with
each cradle family containing configurations for each cask. The four cradle families were
designed to use standardized attachment points to the railcar. These are shown in the below
sketch (Section A.6.3). Loadings were calculated at the standardized attachment points and are as
follows.

TABLE A.6-1: MAXIMUM ATTACHMENT POINT LOADING (VALUES ARE KIPS)

‘ Pin Block 1 Pin block 2 Pin Block 3 Pin Block 4
vertical (+z) 1,101 1,128 1,133 1,101
vertical (-z) 1,231 1,163 1,167 1,238
lateral (y) 381 381 446 446

‘ Shear Block

axial (x) 2,945
Pin Block 5-8 Pin Block 9-12 Pin Block 13- Pin Block 17-
16 20
axial (+x) 0 593 71 0
axial (-x) 0 71 593 0
vertical (+2) 134 1,055 1,055 134
vertical (-2) 1,033 157 151 1,033
lateral (y) 22 22 22 22
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Railcar Weight

AFS has determined bounding conceptual cradle weights and center of gravity (CG) locations in
order to determine the required railcar weight. The railcar weight includes the cradle attachment
features. The railcar weight also includes hard points or other features to accommodate
stabilizing features for cask placement and rotation. With the change to a 12-axle Atlas railcar,
the weight of the railcar has increased which reduced the overall CG. The railcar weight range
was provided by KASGRO rail and is listed below:

Minimum Railcar Weight = 195,000 pounds
Maximum Railcar Weight = 205,000 pounds

The highest CG of the railcar was determined using the minimum railcar weight (195,000 Ib) and
the margin on the combined CG limit of 98 inches (see “Center of Gravity Limit” discussion
below) is 3.39 inches (see Section A.6.4). Using the maximum railcar weight, the margin on the
total weight (railcar + cradle + cask) limit of 789,000 pounds (see “Weight Limit” discussion
below) is 215,733 pounds (see Section A.6.5). A midpoint railcar weight of 200,000 pounds
(220,733-pound margin to weight limit and 3.99 inches to CG limit) is shown in Section A.6.6 -
Nominal Railcar Weight.

Center of Gravity Limit

Per Rule 89.C.1.e of Field Manual of the AAR Interchange Rules, the maximum combined center
of gravity of the car and load must be less than 98 inches from the top of the rail. Originally, a
calculated railcar weight of 190,000 pounds was needed for the 8-axle railcar design to meet the
CG requirement due to the TN-40 (and TN-40HT) and TN-68 cask designs. These designs use
tie-rods to attach their impact limiters which require additional clearance below the cask body to
install. However, after working with the cask vendor to develop a refined conceptual cradle
design and operational steps, the CG of the cask was moved down thus lowering the needed 8-
axle railcar weight. Note that the CG of the TN-68 is higher than the TN-40 (and TN-40HT)
because additional clearance is required in the conceptual cradle design to accommodate rotation
of the TN-68 cask on the cradle. With the change to a 12-axle railcar, the railcar weight has
increased helping to reduce the overall CG.

Weight Limit

AFS selected an axle weight limit of 65,750 pounds per axle; therefore, the maximum weight
limit for the railcar + cradle + cask is 789,000 pounds (65,750 Ib/axle X 12 axle). This load limit
was determined in discussions with KASGRO and TTCI. (The AAR EEC utilized the 65,750-
pound load limit in the acceptance review of the M-290 railcar during its dynamic modeling and
it is assumed that the same limit will be applied to the review of the Atlas cask railcar.)

Maximum Vertical Load

The maximum vertical load is shown below. This load was determined after development of the
conceptual cradle designs. This load is the maximum cask + cradle weight that the railcar will
need to support. The maximum vertical load is due to the HI-STAR 180 and cradle (values are
rounded).

Maximum Vertical Load (maximum cask + cradle) = 380,000 pounds
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A.6.2 — Cradle Families

a)

TN-40, TN-40HT & TN-32B

Family 1
Two axial end stops with two saddles
(removable saddles on a single frame)

Casks included in Family 1-A: CERSONNEL BARRIER
TN-32B, TN-40, TN-40HT, HI-STAR 180 TYPICAL FOR ALL

CONFIGURATIONS

HI-STAR 100HB
__(¢128.0)

Family 1
Two axial end stops with a full length saddle

Casks included in Family 1-B:
HI-STAR 60, HI-STAR 100, HI-STAR 100HB

Family 2
Captured Rear trunnion with top forging shear — zusr e
key or simple front saddle

Casks included in Family 2:
NAC-STC, NAC-UMS, MAGNATRAN, TN-68

Family 3 /

n—
Two saddles with a shear key in the bottom IERN,;

center of the neutron shield (similar saddles Q i
on a single frame) \ :

Casks included in Family 3: ——d
MP198, MP197HB, TS125

Family 4
Unique design including many SAR features

Casks included in Family 4
MP187
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A.6.3 — Railcar Attachment Points and Sizing
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Appendix A.6.4 — Minimum Railcar Weight

Vertical CG Math
Assumptions

Railcar Deck Height 60 inches 60.00 unloaded, 55.875 loaded (from the top of the rail)
Railcar CG 35.1 inches 35.1 unloaded, 33.80 loaded
Railcar weight 195,000 |b range of 195,000 to 205,000 65750 per axle
12 axle
Loaded Condition max cask min cradle caskecradlesrailcar max cradle caskecradlesrailcar
Family Cask cask cg cask weight |cradlecg |[cradle weight |total weight |totalcg |cgallow |cg margin [cradle weight |max weight wallow |w margin
2 NAC-STC 128.00 254,600 87.50 37,800 487 400 87.69 98 10.31 46,200 495,800 789000| 293,200
2 NAC-UMS UTC 128,00 256,000 87.50 37,800 488,800 87.81 98 10,19 46,200 497,200] 789000] 291,800
2 MAGNATRAN 128,00 312,000 87.50 37,800 544,800 91.94 98 6.06 46,200 553,200 789000 235,800
1 HI-STAR 100 130.25 279,893 112.00 60,480 535,373 93.53 98 447 73,920 548,813 789000| 240,187
1 HI-STAR HB 130.25 187,200 118.80 61,920 444120 86.88 98 11.12 75,680 457,880 789000 331,120
1 HI-STAR 180 125.00 308,647 115.10 48,780 552427 92.39 98 5.61 59,620 563,267 789000 225,733
1 HI-STAR 60 120,13 164,000 114,00 54,900 413,900 79.26 98 18.74 67,100 426,100] 789000] 362,900
4 MP187 129,50 271,300 87.70 33,120 499,420 89.87 98 8.13 40,480 506,780 789000 282,220
3 MP197 122.50 265,100 77.50 23,400 483 500 85.07 98 12.93 28,600 488,700 789000| 300,300
3 MP197HB 124.50 303,600 78.00 23,400 522,000 89.02 98 8.98 28,600 527,200 789000 261,800
1 TN-32B 133.00 263,000 107.50 63,180 521,180 93.28 98 4.72 77,220 535,220 789000 253,780
1 TN-40 133,00 271,500 107.00 63,180 529,680 93.86 98 4,14 77,220 543,720 789000 245,280
1 TN4OHT 133,00 242,343 107.00 63,180 500,523 91.58 98 642 77,220 514,563] 789000 274,437
2 TN-68 138.00 272,000 86.50 24,300 491,300 94.61 98 3.39 29,700 496,700 789000| 292,300
3 TS125 133.30 285,000 85.00 27,000 507,000 92.96 98 5.04 33,000 513,000 789000| 276,000
max 94.61 min 3.39 max 563,267 min 225,733
Unverified and Assumed Information - For Information Purposes Only
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Appendix A.6.5 — Maximum Railcar Weight

Vertical CG Math

Assumptions

Railcar Deck Height 60 inches 60.00 unloaded, 55.875 loaded (from the top of the rail)
Railcar CG 35.1 inches 35.1 unloaded, 33.80 loaded
Railcar weight 205,000 Ib range of 195,000 to 205,000 65750 peraxle
12 axle
Loaded Condition max cask min cradle casktaradletrailcar max cradle casktcradletrailcar
Family Cask caskcg cask weight |cradle cg |cradle weight |total weight |totalcg |cgallow |cg margin |cradle weight |max weight |wallow |w margin
2 NAC-STC 128.00 254,600 87.50 37,800 497,400 86.63 98 11.37 46,200 505,800 789000] 283,200
2 NAC-UMS UTC 128.00 256,000 87.50 37,800 498,800 86.75 98 11.25 46,200 507,200 789000] 281,800
2 MAGNATRAN 128.00 312,000 87.50 37,800 554,800 90,91 98 7.09 46,200 563,200 789000] 225,800
1 HI-STAR 100 130.25 279,893 112.00 60,480 545,373 92.46 98 5.54 73,920 558,813 789000] 230,187
1 HI-STAR HB 130.25 187,200 118.80 61920 454,120 85.74 98 12.26 75,680 467,880 789000] 321,120
1 HI-STAR 180 125.00 308,647 115.10 438,780 562,427 91.37 98 6.63 59,620 573,267 789000] 215,733
1 HI-STAR 60 120.13 164,000 114.00 54,900 423,900 78.22 98 19.78 67,100 436,100 789000 352,900
4 MP187 129.50 271,300 87.70 33,120 509,420 88.79 98 9.21 40,480 516,780 789000] 272,220
3 MP197 122.50 265,100 77.50 23,400 493,500 84.06 98 13.94 28,600 498,700 789000] 290,300
3 MP197HB 124.50 303,600 78.00 23,400 532,000 88.01 98 9.99 28,600 537,200] 789000] 251,800
1 TN-32B 133.00 263,000 107.50 63,180 531,180 92.18 98 5.82 77,220 545,220 789000] 243,780
1 TN-40 133.00 271,500 107.00 63,180 539,680 92.77 98 5.23 77,220 553,720 789000] 235,280
1 TNAOHT 133.00 242,343 107.00 63,180 510,523 90.47 98 7.53 77,220 524,563 789000] 264,437
2 TN-68 138.00 272,000 86.50 24,300 501,300 93.42 98 4.58 29,700 506,700 789000] 282,300
3 T5125 133.30 285,000 85.00 27,000 517,000 91.84 98 6.16 33,000 523,000] 789000] 266,000
max 93.42 min 4.58 max 573,267 min 215,733
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Appendic A.6.6 — Nominal Railcar Weight

Vertical CG Math

Assumptions

Railcar Deck Height 60 inches 60.00 unloaded, 55.875 loaded {from the top of the rail}
Railcar CG 35.1 inches 35.1 unloaded, 33.80 loaded
Railcar weight 200,000 |b range of 195,000 to 205,000 65750 per axle
12 axle
Loaded Condition max cask rin cradle cask+cradletrallcar ra cradle cask+cradle +raflcar
Family Cask caskcg cask weight |cradle cg |cradle weight [total weight [totalcg |cgallow |cgmargin |cradle weight |maxweight |wallow |w margin
2 NAC-STC 128.00 254,600 87.50 37,800 492,400 87.16 98 10.84 46,200 500,800 789000] 288,200
2 NAC-UMS UTC 128.00 256,000 87.50 37,800 493,800 87.27 98 10.73 46,200 502,200 789000] 286,800
2 MAGNATRAN 128.00 312,000 87.50 37,800 549,800 91.42 9§ 6.58 46,200 558,200 7890001 230,800
1 HI-STAR 100 130.25 279,893 112.00 60,480 540,373 92.99 9§ 5.01 73,920 553,813 7890001 235187
1 HI-STAR HB 130.25 187,200 118.80 61,920 449,120 86.30 98 11.70 75,680 462,880 789000] 326,120
1 HI-STAR 180 125.00 308,647 115.10 48,780 557,427 91.88 98 6.12 59,620 568,267 789000 220,733
1 HI-STAR B0 120.13 164,000 114.00 54,900 418,900 78.73 28 1927 87,100 431,100 789000 357,900
4 MP187 129,50 271,300 87.70 33,120 504,420 89.33 98 867 40,480 511,780 789000] 277,220
3 MP197 122.50 265,100 77.50 23,400 488,500 84,56 98 13.44 28,600 493,700 789000 295,300
3 MP197HB 124.50 303,600 78.00 23,400 527,000 88.51 98 9.49 28,600 532,200 789000] 256,800
1 TN-32B 133.00 263,000 107.50 63,180 526,180 92.73 98 527 77,220 540,220 789000] 248,780
1 TN-40 133.00 271,500 107.00 63,180 534,680 93.31 98 469 77,220 548,720 789000] 240,280
1 TNAQOHT 133.00 242,343 107.00 63,180 505,523 91.02 98 6.98 77,220 519,563 789000] 269,437
2 TN-68 138.00 272,000 86.50 24,300 496,300 94.01 98 3.99 29,700 501,700 789000 287,300
3 TS125 133.30 285,000 85.00 27,000 512,000 92.39 98 561 33,000 518,000 789000 271,000
max 94.01 min 3.99 max 568,267 min 220,733
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Appendix B — Cask Railcar Concept
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APPENDIX B.1 - CASK RAILCAR ILLUSTRATION
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APPENDIX B.2 - CASK RAILCAR DESCRIPTION

The 12-axle cask railcar is designed to transport Department of Energy shipments of spent
nuclear fuel using casks transported in cradles and/or saddles. Car design is symmetrical, end to
end. The railcar’s design, including its trucks, brakes and their components, wheel sets, and
safety monitoring system have previously been tested and approved to AAR’s EEC to S-2043
Standard.

Extreme Width 10°-8”

Loading Deck Length 48'-0"

Coupled Length 78'-11/4”
Length Over Strikers 73’-51/4”
Truck Centers 38’-6"

Wheel Size 36"

Journal Size 6 %" x9”

Draft Gear Travel 15"

Gross Rail Load 858,000 pounds
Light Weight (Est.) 200,000 pounds
Load Limit (Est.) 589,000 pounds
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Appendix C — Buffer Railcar Concept
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APPENDIX C.1 - BUFFER RAILCAR ILLUSTRATION
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APPENDIX C.2 - BUFFER SUPPORTING DESCRIPTION

The 4-axle buffer FM Flatcar is designed for use in conjunction with 12-axle cask railcars
utilized by the Department of Energy for movement of shipments of spent nuclear fuels. The
flatcar structural design is symmetrical, end-to-end. Railcar is designed with major components
that have previously been tested to AAR S-2043 Standard.

Extreme Width 10'-8"

Loading Deck Length 60'-0"

Coupled Length 66'-4 5/8"
Length Over Strikers 61'-8 5/8"
Truck Centers 44'-6"

Wheel Size 36"

Journal Size 6%” x9”

Draft Gear Travel 15”7

Gross Rail Load 286,000 pounds
Light Weight (Est.) 67,000 pounds
Load Limit (Est.) 196,000 pounds
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Appendix D — General Loading Procedures
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Appendix E - CASK & BUFFER RAILCAR
FUNCTIONAL & OPERATIONAL REQUIREMENTS
DOCUMENT
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