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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 
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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: 

o 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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o Appendix B – Atlas Cask Railcar Drawing and Description 

o Appendix C – Buffer Railcar Drawing and Description 

o 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 
(SN3) 

Peer review of Atlas railcar cradle attachment interface design and cask/cradle/railcar 
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 
Center, Inc (TTCI) 

Dynamic modeling of Atlas and buffer railcars designs 
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 Role 

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

2) 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. 

3) 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.  

4) 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. 

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

6) 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. 

7) 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. 

8) 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. 

9) 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  

b. Cradle attachment interface revised 

c. Conceptual cradle design revisions not needed 

d. General loading procedures revision not needed 

e. DBRB/FORD revision not needed 

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

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 

Event Description Accomplishment Expected 
Approval 

Status 

1 Delivery of AFS Project Plans and 
DOE Kick-off Meeting 

Plans submitted: 
• Project Management Plan 
• Engineering Work Plan 
• Draft Design Basis Document 
• AAR S-2043 Design Submittal Package  
• Project QA Plan 
• Engineering Oversight Plan 
• DOE Kickoff Meeting Package 

Approved 

2 Cradle Attachment Conceptual 
Design 

Submittal of Conceptual Design for cradle attachment 
(Note: drawing and calculation revised for 12-axle 
configuration change; included in Appendix A.5) 

Approved 

3 Payload/Size Bounding Conditions Documentation showing final payload size bounding 
conditions (Note: bounding conditions submittal revised 
for 12-axle configuration change; included in Appendix 
A.6) 

Approved 

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 
Requirements Document & Phase 1 
Report 

Submittal of FORD & Phase 1 Report FORD Approved, 
Phase 1 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-RFI-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 
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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 III, 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: 

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

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

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

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

• AFS “Quality Assurance Surveillance Plan” as incorporated into DOE contract DE-
NE0008390, Part III, 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 III, Attachment J-A, and as described in contract 
section 2.5.3. The report includes the following:  

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

• Deliverable status; 

• Schedule and cost performance indexes; 

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

• A summary of upcoming activities over the next 90 days; and 

• 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 

Manufacturer 
and Model 

Length 
without 
Impact 

Limiters (in.) 

Length with 
Impact 

Limiters 
(in.) 

Diameter 
without 
Impact 

Limiters (in.) 

Diameter 
with Impact 

Limiters 
(in.) 

Empty 
Weight with 

Impact 
Limiters (lb.) 

Loaded 
Weight with 

Impact 
Limiters (lb.) 

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 128.0 230.8a 96.0 128.0a --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 201.5 308.0 92.5 126.75 190,200 265,100-271,300 

MP197 208.0 281.25 91.5 122.0 176,710 265,100 

MP197HB 210.25 271.25 97.75 126.00 179,000 303,600 

TN-32Bc 184.0 261.0a 97.75 144.0a --d 263,000a 

TN-40 183.75 261.0 99.52 144.00 --d 271,500 

TN40HT 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 94.2 143.5 196,118 285,000 

Source: Contract DE-NE0008390, Modification #3, Part I, 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 TN40HT 
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: 

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

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

• Docket Number 71-9356, MAGNATRAN® RAI Response Package Submittal, Non-
Proprietary Version, Revision 14A, October 2014. 

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

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

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

• Docket Number 71-9255, Safety Analysis Report for the NUHOMS®-MP187 Multi-Purpose 
Cask, Non-Proprietary Version, Revision 17, July 2003. 



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

 
Page 2-6  Atlas Railcar Phase 1 Final Report 
  October 28, 2016 

• Docket Number 71-9302, NUHOMS®-MP197 Transportation Package Safety Analysis 
Report, Non-Proprietary Version, Revision 7, AREVA TN. 

• 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.  

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

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

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

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

• 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. 

• 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. 

• Docket Number 71-9336, Safety Analysis Report on the HI-STAR 60 Transport Package, 
Non-Proprietary Version, Revision 2, May 2009. 

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

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

• 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. 

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

• 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 7.5g/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. 

3.5 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: 

• DWG-3015137, Atlas Railcar Cradle Family 1 Conceptual Drawing 

• CALC-3015133, Atlas Railcar Family 1 Conceptual Cradle Structural Calculation 



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

 
Page 3-3  Atlas Railcar Phase 1 Final Report 
  October 28, 2016 

 

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 lb. and 
20,000 lb., the end stop weight (per railcar end) varies between and 22,600 lb. and 28,600 lb. the 
total cradle weight varies between 54,200 lb. and 70,200 lb.  

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: 

• DWG-3015138, Atlas Railcar Cradle Family 2 (NAC) Conceptual Drawing 

• DWG-3015277, Atlas Railcar Cradle Family 2 (TN-68) Conceptual Drawing  

• 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 I-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 

 
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 lb. and 42,000 lb.  

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: 

• DWG-3015139, Atlas Railcar Cradle Family 3 Conceptual Drawing 

• 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 

 
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 I-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 lb. and 30,000 lb.  

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: 

• DWG-3015140, Atlas Railcar Cradle Family 4 Conceptual Drawing  

• 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 lb.  

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: 

• DWG-3015278, Atlas Railcar Cradle Attachment Components  

• 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 
7.5g/2g/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 100ºF 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 
cradle 

Load on 
Railcar (lb.) 

Horizontal distance from load 
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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4.0 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: 

• 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; 

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

• 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: 

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

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

• Carry HLRM casks as listed in Attachment A of the SOW [3]; 

• Standard off-the-shelf components used to the maximum extent practical; 

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

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

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

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

• 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; 

• The railcar shall be symmetrical in its use; and 

• 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: 

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

• An “empty cask railcar” shall be a Atlas railcar with no payload; 

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

• 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 
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change to a 12-axle cask railcar. 

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

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

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

• The buffer railcar will not carry HLRM; 

• Standard off-the-shelf components used to the maximum extent practical; 

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

• The buffer railcar design shall include a remote monitoring system installed; 

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

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

• The railcar shall be symmetrical in its use; and 

• 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: 

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

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

• 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) 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. 

2) 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. 

3) 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. 

4) 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. 

5) 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.  

6) 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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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). 

7) 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. 

8) 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.  

9) 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: 

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

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

• 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) 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). 

4) 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). 

5) 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). 

6) Secure Cask to Transportation Cradle, including: 

a) Installation of the cask tie-down straps. 

7) 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. 

8) 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.) 

9) 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: 

• Introduction 
• Design Requirements 

o Regulatory Requirements 
o Functional Requirements 
 Cask/Buffer Railcar Functional Requirements 
 Conceptual Cradle Design and Functional Requirements 

o Operational Requirements 
 Cask/Buffer Railcar Operational Requirements 
 Conceptual Cradle Operational Requirements 

o Maintenance Requirements 
o Additional Design Considerations 
 References 

The DOE approved FORD is included as Appendix E of this report. 
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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 

DBRD 
Item No. Requirement Method of Address 

Complies? 
(Y/N) 

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 
Comply with AAR 2043 

For the cradles the AAR 
requirements are called out below 

Y 

2.2 Functional Requirements   

2.2.2 Cradle Functional Requirements   

2.2.2.1 During transport, a transportation cask must 
rest on a cradle on top of the cask railcar deck. 

All cradles interface with the railcar 
attachments that comply with this 
requirement. 

Y 

2.2.2.2 Conceptual cask cradle designs must 
accommodate the cask designs listed above 
and interface with cradle as indicated in the 
cask SARs. 

All casks with their respective 
cradles for the family are evaluated. 

Y 

2.2.2.3 The conceptual cradle designs shall not be 
final designs or prototypes. 

The conceptual design has 
sufficient margin to allow for 
specific design requirements. 

Y 

2.2.2.3.a Conceptual design shall have a plus or minus 
10% weight envelope evaluated. 

The weight envelope evaluated 
allows for refinement of the design 
in the final design 

Y 

2.2.2.3.b Center of gravity for the cradle shall be 
calculated and used to demonstrate the 
combined CG is met for the cask railcar and 
cradle of 98 inches or less. CG and loading 
distributions shall be detailed sufficiently to 
support railcar design and testing. 

The CG for each cask cradle is 
calculated for the family. As shown 
in the Attachment Calculations all 
combined CGs are less than 98 
inches. 

Y 

2.2.2.3.c Cradle shall be capable of handling the loads 
specified in Section 2.2.2.13 ( Rule 88 loads) 

The cradles are demonstrated to 
meet rule 88 loadings for all casks 
within the family. 

Y 

2.2.2.3.d Cradle shall be capable in the final design to 
handle a fatigue evaluation per AAR rules. 

The weight margin allowed for the 
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. 

Y 

2.2.2.3.e Cradle designs shall have hard dimensions for 
interface to railcar to ensure ability to be 
attached to railcar.  

The railcar interface dimensions 
are tolerance to ensure fit up. 

Y 
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DBRD 
Item No. Requirement Method of Address 

Complies? 
(Y/N) 

2.2.2.4 The conceptual cradle design shall determine 
the height of the cask center of gravity above 
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. 

Required parameters for testing the 
railcar are provided in the families 
individual calculations and in the 
attachment design calculations.  

Y 

2.2.2.5 When rotation is necessary, the cradle will 
include the required hardware, such as 
trunnion supports. 

There are provision for the addition 
of a separate cask rotation fixture 
to be placed adjacent to the 
concept cradle in the case where 
cask rotation on the railcar is 
needed. 

Y 

2.2.2.6 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.  

Y 

2.2.2.7 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. 

Y 

2.2.2.8 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. 

The four Holtec casks which have 
impact limiter diameters of 128 
inches cradle designs permit 
compliance with Plate C. 

Y 

2.2.2.9 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. 

Cradles as designed meet the 
combined CG. 

Y 

2.2.2.10 The various cradles will be designed to fit a 
standard attachment mechanism. Tolerance to 
ensure.  

Fits the common attachment 
receivers on the railcar. 

Y 

2.2.2.11 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. 

Y 

2.2.2.12 The cask railcar shall incorporate a 
standardized attachment capability for 
coupling the cask cradle to the railcar. This 

Attachments meet Rule 88 
requirements. 

Y 
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DBRD 
Item No. Requirement Method of Address 

Complies? 
(Y/N) 

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 A16c(3) 
[7]. 

2.2.2.13 AAR Rule 88 A16c(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. Y 

2.2.2.13.b 2g Vertical Met for all cradles and casks. Y 

2.2.2.13.c 2g lateral Met for all cradles and casks. Y 

 Operational Requirements   

 The cradle must accommodate the camber in 
the railcar. 

Interfaces allows for the camber. Y 

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

Clearance provided. Y 

 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 

Y 

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

Complies with loading procedures Y 

 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 

Y 

 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. Y 
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DBRD 
Item No. 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 
mechanism (pin/bolt) should be removable and 
shall be sized for manual handling (less than 
50 lbs.) or provisions should be designed for 
mechanically assisted insertion. 

Attachments pins have 
mechanisms for handling 

Y 

 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 

1Approved calculation performed to DBRD Revision 3; all pertinent calculation references are 
carried forward in Revision 4. 
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Appendix A.2.3 – Compliance Matrix 

REQUIREMENTS FOR CRADLE DESIGN FROM EIR-3014611, "DESIGN BASIS REQUIREMENTS 
DOCUMENT (DBRD) FOR THE DOE ATLAS RAILCAR," REV 41 

DBRD 
Item No. 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 
Comply with AAR 2043 

For the  cradles the  AAR 
requirements are called out below 

Y 

2.2 Functional Requirements   

2.2.2 Cradle Functional Requirements   

2.2.2.1 During transport, a transportation cask must 
rest on a cradle on top of the cask railcar deck. 

All cradles interface with the rail car 
attachments that comply with this 
requirement. 

Y 

2.2.2.2 Conceptual cask cradle designs must 
accommodate the  cask designs listed above 
and interface with cradle as indicated in the 
cask SARs. 

All casks in the family are 
evaluated. 

Y 

2.2.2.3 The conceptual cradle designs shall not be 
final designs or prototypes. 

The conceptual design  has 
sufficient margin to allow for 
specific design requirements. 

Y 

2.2.2.3.a Conceptual design shall have a plus or minus 
10% weight  envelope evaluated. 

The  weight envelope evaluated 
allows for refinement of the design 
in the final design 

Y 

2.2.2.3.b Center of gravity for the cradle shall be 
calculated and used to demonstrate the 
combined CG is met for the cask rail car and 
cradle of 98 inches or less. CG and loading 
distributions shall be detailed sufficiently to 
support railcar design and testing. 

The CG for each cask cradle is 
calculated.  The combined CG for 
the  rail car and loaded cradles are 
shown in the rail car attachment  
calculation CALC-3015276. All are 
less than the 98 inch limit.  

Y 

2.2.2.3.c Cradle shall be capable of handling the loads  
specified in Section 2.2.2.13 ( Rule 88 loads) 

The cradles are demonstrated to 
meet Rule 88 loadings for all casks 
within the family. 

Y 

2.2.2.3.d Cradle  shall be capable in the final design to 
handle a fatigue evaluation per AAR rules. 

The weight margin allowed for the 
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. 

Y 

2.2.2.3.e Cradle designs shall have hard dimensions  for 
interface to rail car to ensure ability to be 
attached to rail car.  

The rail car interface dimensions 
are tolerance  to  ensure fit up. 

Y 
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DBRD 
Item No. Requirement Method of Address 

Complies? 
(Y/N) 

2.2.2.4 The conceptual cradle design shall determine 
the height of the cask center of gravity above 
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. 

Required parameters for testing the 
rail car are provided in the families 
individual calculations and in the 
attachment design calculations.  

Y 

2.2.2.6 When rotation is necessary, the cradle will 
include the required hardware, such as 
trunnion supports. 

The cradles where appropriate  
allow for rotation of the cask  in the 
cradle.  

Y 

2.2.2.7 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.  

Y 

2.2.2.8 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. 

Y 

2.2.2.9 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). 

All cask cradle combinations for the 
family allow Plate C requirements 
to be met except for the TN-68 
cask which has impact limiters of 
144 inches.  

Y 

2.2.2.10 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 CG for each cask cradle is 
calculated.  The combined CG for 
the  rail car and loaded cradles are 
shown in the rail car attachment  
calculation CALC-3015276. All are 
less than the 98 inch limit.  

Y 

2.2.2.11 The various cradles will be designed to fit a 
standard attachment mechanism. Tolerance to 
ensure. 

Fit  the common attachments on 
the rail car. 

Y 

2.2.2.12 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. 

Y 

2.2.2.13 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 

Attachments meet rule 88 load 
requirements. 

Y 
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DBRD 
Item No. Requirement Method of Address 

Complies? 
(Y/N) 

weight and the weight cradle. in accordance 
with the requirements of AAR Rule 88 A16c(3) 
[7]. 

2.2.2.13 AAR Rule 88 A16c(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. Y 

2.2.2.13.b 2g Vertical Met for all cradles and casks. Y 

2.2.2.13.c 2g Lateral Met for all cradles and casks. Y 

 Operational Requirements   

 The cradle must accommodate the camber in 
the rail car. 

Interfaces allows for the camber. Y 

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

Clearance provided. Y 

 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. 

Y 

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

Complies with loading procedures. Y 

 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 

Y 

 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. Y 
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DBRD 
Item No. 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 
mechanism (pin/bolt) should be removable and 
shall be sized for manual handling (less than 
50 lbs.) or provisions should be designed for 
mechanically assisted insertion. 

Attachments pins have 
mechanisms for handling 

Y 

 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 

1Approved 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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Appendix A.3.2 – Structural Calculation 
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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 
Item No. 

Requirement Method of Address Complies? 
(Y/N) 

Family No. 3: TN: MP-197, MP-197HB, Energy Solutions TS125 

2.1 Regulatory Requirements 
Comply with AAR 2043 

For the cradles the AAR 
requirements are called out below 

Y 

2.2 Functional Requirements   

2.2.2 Cradle Functional Requirements   

2.2.2.1 During transport, a transportation cask must 
rest on a cradle on top of the cask railcar deck. 

All cradles interface with the rail car 
attachments that comply with this 
requirement. 

Y 

2.2.2.2 Conceptual cask cradle designs must 
accommodate the cask designs listed above 
and interface with cradle as indicated in the 
cask SARs. 

All casks in the family are 
evaluated. 

Y 

2.2.2.3 The conceptual cradle designs shall not be 
final designs or prototypes. 

The conceptual design has 
sufficient margin to allow for 
specific design requirements. 

Y 

2.2.2.3.a Conceptual design shall have a plus or minus 
10% weight envelope evaluated. 

The weight envelope evaluated 
allows for refinement of the design 
in the final design 

Y 

2.2.2.3.b Center of gravity for the cradle shall be 
calculated and used to demonstrate the 
combined CG is met for the cask rail car and 
cradle of 98 inches or less. CG and loading 
distributions shall be detailed sufficiently to 
support railcar design and testing. 

The CG for each cask cradle is 
calculated. The combined CG for 
the rail car and loaded cradles are 
shown in the rail car attachment 
calculation CALC-3015276. All are 
less than the 98 inch limit.  

Y 

2.2.2.3.c Cradle shall be capable of handling the loads 
specified in Section 2.2.2.13 ( Rule 88 loads) 

The cradles are demonstrated to 
meet rule 88 loadings for all casks 
within the family. 

Y 

2.2.2.3.d Cradle shall be capable in the final design to 
handle a fatigue evaluation per AAR rules. 

The weight margin allowed for the 
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. 

Y 

2.2.2.3.e Cradle designs shall have hard dimensions for 
interface to rail car to ensure ability to be 
attached to rail car.  

The rail car interface dimensions 
are tolerance to ensure fit up. 

Y 
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DBRD 

Item No. 
Requirement Method of Address Complies? 

(Y/N) 

2.2.2.4 The conceptual cradle design shall determine 
the height of the cask center of gravity above 
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. 

Required parameters for testing the 
rail car are provided in the families 
individual calculations and in the 
attachment design calculations.  

Y 

2.2.2.5 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.  

Y 

2.2.2.6 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.  

Y 

2.2.2.7 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. 

Y 

2.2.2.8 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-197 and the MP-197HB 
are compliant to Plate C. Due to the 
larger impact limiter for the TS125 
of 143 inches it is greater than 
Plate C. 

Y 

2.2.2.9 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. 

Cradles as designed meet the 
combined CG.  

Y 

2.2.2.10 The various cradles will be designed to fit a 
standard attachment mechanism. Tolerance to 
ensure. 

Fit the common attachments on the 
rail car. 

Y 

2.2.2.11 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. 

Y 

2.2.2.12 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 

Attachments meet rule 88 load 
requirements. 

Y 
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DBRD 

Item No. 
Requirement Method of Address Complies? 

(Y/N) 
weight and the weight cradle in accordance 
with the requirements of AAR Rule 88 A16c(3) 
[7]. 

2.2.2.13 AAR Rule 88 A16c(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. Y 

2.2.2.13.b 2g Vertical Met for all cradles and casks. Y 

2.2.2.13.c 2g lateral Met for all cradles and casks. Y 

 Operational Requirements   

 The cradle must accommodate the camber in 
the rail car. 

Interfaces allows for the camber. Y 

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

Clearance provided. Y 

 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 

Y 

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

Complies with loading procedures Y 

 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 

Y 

 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. Y 
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DBRD 

Item No. 
Requirement Method of Address Complies? 

(Y/N) 
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 
mechanism (pin/bolt) should be removable and 
shall be sized for manual handling (less than 
50 lbs.) or provisions should be designed for 
mechanically assisted insertion. 

Attachments pins have 
mechanisms for handling 

Y 

 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 

1Approved 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 
Item No. 

Requirement Method of Address Complies? 
(Y/N) 

Family No. 4: TN: MP-187 

2.1 Regulatory Requirements 
Comply with AAR 2043 

For the cradle the AAR 
requirements are called out below. 

Y 

2.2 Functional Requirements   

2.2.2 Cradle Functional Requirements   

2.2.2.1 During transport, a transportation cask must 
rest on a cradle on top of the cask railcar deck. 

The cradle interfaces with the rail 
car attachments that comply with 
this requirement. 

Y 

2.2.2.2 Conceptual cask cradle designs must 
accommodate the cask designs listed above 
and interface with cradle as indicated in the 
cask SARs. 

The cask cradle is evaluated. Y 

2.2.2.3 The conceptual cradle designs shall not be 
final designs or prototypes. 

The conceptual design has 
sufficient margin to allow for 
specific design requirements. 

Y 

2.2.2.3.a Conceptual design shall have a plus or minus 
10% weight envelope evaluated. 

The weight envelope evaluated 
allows for refinement of the design 
in the final design. 

Y 

2.2.2.3.b Center of gravity for the cradle shall be 
calculated and used to demonstrate the 
combined CG is met for the cask rail car and 
cradle of 98 inches or less. CG and loading 
distributions shall be detailed sufficiently to 
support railcar design and testing. 

The CG for the cask cradle is 
calculated. The combined cg for the 
rail car and loaded cradle is shown 
in the rail car attachment 
calculation CALC-3015276. It is 
less than the 98 inch limit.  

Y 

2.2.2.3.c Cradle shall be capable of handling the loads 
specified in Section 2.2.2.13 ( Rule 88 loads) 

The cradle is demonstrated to meet 
Rule 88 loadings for the cask. 

Y 

2.2.2.3.d Cradle shall be capable in the final design to 
handle a fatigue evaluation per AAR rules. 

The weight margin allowed for the 
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. 

Y 

2.2.2.3.e Cradle designs shall have hard dimensions for 
interface to rail car to ensure ability to be 
attached to rail car.  

The rail car interface dimensions 
are tolerance to ensure fit up. 

Y 

2.2.2.4 The conceptual cradle design shall determine 
the height of the cask center of gravity above 

Required parameters for testing the 
rail car are provided in the families 

Y 
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DBRD 

Item No. 
Requirement Method of Address Complies? 

(Y/N) 
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. 

individual calculations and in the 
attachment design calculations.  

2.2.2.5 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.  

Y 

2.2.2.6 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.  

Y 

2.2.2.7 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. 

Y 

2.2.2.8 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.  

Y 

2.2.2.9 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. 

Y 

2.2.2.10 The various cradles will be designed to fit a 
standard attachment mechanism. Tolerance to 
ensure. 

Fit the common attachments on the 
rail car. 

Y 

2.2.2.11 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. 

Y 

2.2.2.12 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 A16c(3) 

Attachments meet rule 88 load 
requirements. 

Y 
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DBRD 

Item No. 
Requirement Method of Address Complies? 

(Y/N) 
[7]. 

2.2.2.13 AAR Rule 88 A16c(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 this cradle a and cask. Y 

2.2.2.13.b 2g Vertical Met for this cradle a and cask. Y 

2.2.2.13.c 2g lateral Met for this cradle a and cask. Y 

 Operational Requirements   

 The cradle must accommodate the camber in 
the rail car. 

Interfaces allows for the camber. Y 

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

Clearance provided. Y 

 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 

Y 

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

Complies with loading procedures. Y 

 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. 

Y 

 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. Y 
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DBRD 

Item No. 
Requirement Method of Address Complies? 

(Y/N) 
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 
mechanism (pin/bolt) should be removable and 
shall be sized for manual handling (less than 
50 lbs.) or provisions should be designed for 
mechanically assisted insertion. 

Attachments pins have 
mechanisms for handling. 

Y 

 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 

1Approved 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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Appendix A.5.1 –Attachment Drawing 
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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 41 

DBRD 
Item No. 

Requirement Method of Address Complies? 
(Y/N) 

Railcar Attachments: Covers attachment of all  families of cradles attached to the Atlas Railcar 

2.1 Regulatory Requirements 
Comply with AAR 2043 

For the  attachments the  AAR 
requirements are called  out below. 

Y 

2.2 Functional Requirements   

2.2.2 Cradle Functional Requirements   

2.2.2.1 During transport, a transportation cask must 
rest on a cradle on top of the cask railcar deck. 

The cradles interfaces with the 
railcar attachments that comply 
with this requirement. 

Y 

2.2.2.2 The attachment design must accommodate  all 
the cradles required for the casks covered in 
Attachment A of the DBRD1.  

The attachment loads for all cradle 
cask combinations are evaluated. 

Y 

2.2.2.3.a Conceptual design of the attachments must 
accommodated the maximum weight of each 
of the cask and cradle combinations . 

The  weight envelope evaluated 
allows for refinement of the design 
in the final design of the cradles. 

Y 

2.2.2.3.b Center of gravity for the cradles shall be 
calculated and used to demonstrate the 
combined CG is met for the cask railcar and 
cradle of 98 inches or less. CG and loading 
distributions shall be detailed sufficiently to 
support railcar design and testing. 

The CG for the cask cradles are 
calculated. The combined cg for the  
railcar and loaded cradles are 
shown in the railcar attachment  
calculation CALC-3015276. It is 
less than the 98 inch limit.  

Y 

2.2.2.3.c Cradle shall be capable of handling the loads  
specified in Section 2.2.2.13 (AAR Field 
Manual Rule 88 loads) 

The attachments are  demonstrated 
to meet Rule 88 loadings for the 
cask. 

Y 

2.2.2.3.d The attachments shall be capable in the final 
design to handle a fatigue evaluation per AAR 
rules. 

The weight margin allowed for the 
cradle and the design loading for 
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. 

Y 

2.2.2.3.e Cradle designs shall have hard dimensions  for 
interface to railcar attachments to ensure 
ability to be attached to railcar.  

The railcar attachment dimensions 
are tolerance  to  ensure fit up. 

Y 

2.2.2.4 The conceptual cradle design combined with 
the attachment  design  shall determine the 
height of the cask center of gravity above the 
railcar deck, the weight on each axle, etc. as 
necessary to perform the analysis and provide 

Required parameters for testing the 
railcar are provided in the families 
individual calculations and in the 
attachment design calculation.  

Y 
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DBRD 

Item No. 
Requirement Method of Address Complies? 

(Y/N) 
simulate cradle test weights and supporting 
information  needed for testing the railcar. 

2.2.2.6 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.  

Y 

2.2.2.7 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. 

Y 

2.2.2.8 The cask car (including a cradle and a cask) 
and buffer car clearances shall fit within AAR 
Plate C [3]1, 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 
requirements1, 2  

Y 

2.2.2.9 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. 

Y 

2.2.2.10 The various cradles will be designed to fit a 
standard attachment mechanism.  

Fit  the common attachments on 
the railcar. 

Y 

2.2.2.11 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. 

Y 

2.2.2.12 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 A16c(3) 
[7]. 

Attachments meet rule 88 load 
requirements. 

Y 

2.2.2.13 AAR Rule 88 A16c(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. 

Y 
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DBRD 

Item No. 
Requirement Method of Address Complies? 

(Y/N) 
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): 

2.2.2.13.a 7.5g Longitudinal Met for the attachments. Y 

2.2.2.13.b 2g Vertical Met for the attachments. Y 

2.2.2.13.c 2g lateral Met for the attachments. Y 

 Operational Requirements   

 The cradle must accommodate the camber in 
the rail car. 

Interfaces allows for the camber. Y 

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

Clearance provided. Y 

 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 

Y 

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

Complies with loading procedures. Y 

 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. 

Y 

 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 lbs.) or provisions should be designed for 
mechanically assisted insertion. 

Attachments pins have 
mechanisms for handling. 

Y 

1Approved calculation performed to DBRD Revision 3; all pertinent calculation references are 
carried forward in Revision 4. 
2Currently meets Plate C; pending contract modification to Plate E. 
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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: 

7.5g longitudinal, 2g vertical, 2g lateral 

Per KASGRO Rail direction, the loads should be applied individually in pure space (not 
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-
16 

Pin Block 17-
20 

axial (+x) 0 593 71 0 

axial (-x) 0 71 593 0 

vertical (+z) 134 1,055 1,055 134 

vertical (-z) 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 lb) 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 lb/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)    Family 1 
Two axial end stops with two saddles  
(removable saddles on a single frame)  

 Casks included in Family 1-A: 
   TN-32B, TN-40, TN-40HT, HI-STAR 180 
 
 
 
 

b)    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 
 
 
 
 

c)     Family 2 
 Captured Rear trunnion with top forging shear 

 key or simple front saddle 
 Casks included in Family 2: 
   NAC-STC, NAC-UMS, MAGNATRAN, TN-68 
 
 
 

d)     Family 3 
 Two saddles with a shear key in the bottom  

center of the neutron shield (similar saddles  
on a single frame) 
Casks included in Family 3: 

   MP198, MP197HB, TS125 
 
 
 

e)     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 
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Appendix A.6.5 – Maximum Railcar Weight 
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Appendic A.6.6 – Nominal Railcar Weight 
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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'-1 1/4” 

Length Over Strikers  73’-5 1/4” 

Truck Centers   38’-6" 

Wheel Size   36" 

Journal Size    6 ½” x 9” 

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 ½” x 9” 

Draft Gear Travel  15” 

Gross Rail Load  286,000 pounds 

Light Weight (Est.)  67,000 pounds 

Load Limit (Est.)  196,000 pounds 
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