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Given the large number of projects that will require a high-integrity transportation chain to deliver 

significant portions of their technical scope to/from Fermilab, a small team was assembled to 

review the current practices associated with transportation activities and their associated design, 

risk, and QA/QC elements and to evaluate the degree to which the relevant laboratory manuals 

and policies offer a clear and thorough description of the required processes, roles, and 

responsibilities.    

 

Committee membership: Giorgio Apollinari (AUP), Paul Czarapata (Deputy CE), Brenna 

Flaugher (DES, chair), David Montanari (LBNF), Greg Derylo (CMS HL-LHC), Tom Page 

(Mu2e), Rich Stanek (LCLS-II), Jeremiah Holzbauer (PIP-II). 

 

Overall the committee found that Fermilab policies and practices have contributed to successful 

transportation of many delicate pieces of equipment (CMS, DECam, Muon g-2….), however there 

is room for improvement.  

 

Responses to the charge questions are below: 

 

1) Do current Fermilab policies address the risks associated with transportation of delicate, 

valuable equipment? 

 

Not directly.  The committee identified several areas for improvement.   

 

The FEM, if followed to the letter, would drive an engineer to assess the risks associated with 

transportation (Step #2 of the FEM) but would not help them figure out what specific issues to 

consider or how to mitigate them. In addition, the level of awareness of the existence of the FEM 

and compliance with the FEM is not uniform across the scientific, engineering and project 

management staff.   

 

Inherited designs, from legacy projects or collaborating institutions, may or may not have followed 

the FEM.   

 

Many projects have successfully shipped equipment.  However, successful practices are not widely 

communicated, assembled or tracked.  In addition, considerable expertise in shipping exists outside 

Fermilab and there are multiple examples of successful outsourcing of transportation (the Muon 

g-2 ring being the most dramatic) in the form of design, implement and transport contracts.  The 

key in all cases (internal and vendor contracts) is development of a complete listing of the 

vulnerabilities of the component, a comprehensive set of requirements and specifications coupled 

with analysis and testing. 

 

2) Does the Engineering Manual (EM) support successful transportation practices?  

 

Not explicitly. An online interface – the Engineering Portal – is under development to make the 

information more accessible and gather links to engineering resources and policies.  Transportation 



has been added to the list of risks engineers and projects should consider.  These are positive steps, 

but additional communication to lab engineers, scientists and project managers will be needed. 

 

3) Do the ES&H and QA/QC policies and documents support successful transportation practices?  

 

The ES&H and QA/QC policies do not specifically address transportation.  Many committee 

members suggested that a new FESHM chapter on transportation would be a useful way to collect 

and communicate best transportation practices.  FESHM has established procedures for 

developing, maintaining, and distributing the contents and was viewed as the most expedient way 

to get the required information in circulation. 

 

4) Do the project management support documents support successful transportation practices?  

 

Project management documents include a complete set of design reviews, but transportation is not 

specifically addressed. The key for project management is:  Assure that transportation is handled 

correctly by the engineering team according to established policies and to allocate resources and 

time to perform testing as necessary.  Depending upon the complexity and risk associated with 

transportation, the project management documents should call out the need for a final 

transportation review before the real object is shipped. 

 

The set of transportation conditions/situations analyzed is dependent on the experience of the 

engineers/scientists involved in a Project and does not benefit from Lab-wide experience in the 

same way as the design of pressure vessels or cryogenic equipment. 

 

In general project management relies on the line management of the engineering departments to 

validate calculations and on the project engineers to ensure that the relevant cross checks have 

been completed.   

 

5) Comment on whether the appropriate expertise, controls, reporting and tracking structures are 

in place and suggest improvements if needed. 

 

Transportation, much like a critical lift, is an important step for any delicate equipment.   

 

The risks associated with transportation can be mitigated with proper design, analysis and testing. 

However, sufficient time, effort and funding are required.  Identifying and allocating sufficient 

resources can be motivated though the risk register however proof of successful transport of a 

production component should be required before the risk is considered low or unlikely to occur. 

 

In the case of an inherited design it is critical that a complete set of design documentation be 

included and independently analyzed. While building on inherited designs is an acceptable and 

cost/schedule saving practice, an abundance of care should be taken to ensure that all aspects of 

the design and assumptions are fully documented and examined. 

 

Transportation testing is an essential step.  There are companies with equipment that can simulate 

the stresses experienced during transportation. Testing with the final production design is critical 

to ensure that the final product can be transported safely.   



Recommendations: 

1) Add a chapter on transportation to FESHM. Information that might be included in the chapter 

would be required analysis that must be performed, a list of suggested type of instrumentation that 

could be used, and references.  Consider including storage requirements as well.  

 

2) Develop a template of transportation requirements (including max shock loads, typical 

frequency spectra, temperature and humidity excursions, etc.) for various transportation options 

such as truck, boat, plane and include in project management support documents, the FEM and/or 

the new FESHM chapter.   

 

3) Consider establishing a lab wide transportation safety board (similar to the Cryogenic Safety 

Subcommittee) possibly named the “Critical Transportation Subcommittee” for delicate 

equipment that would  
i) include transportation experts, including certified transportation contractors, 

ii) help define when the Critical Transportation Subcommittee should be engaged, 

iii) participate in system final design reviews and ensure transportation requirements, specifications, 

and planned transportation risk mitigations have been considered, 

iv) hold a transportation review ~ 6-12 months prior to shipping to review the plans and test results, 

v) communicate effective practices across the lab. 

 

4) Include in the FEM, or an appendix, a list of transportation conditions/situations that should be 

considered when establishing transportation practices for equipment. Require as part of a final 

design review a risk analysis and/or solution for each of those conditions/situations. 

5) Add to the FEM and project risk register a warning about overconfidence that may come from 

adopting an inherited or demonstrated design, particularly if the full design package and analysis 

is unavailable. 

6) Project management support documents could be strengthened by: 
i) including a statement about the use of the FEM and how/who will verify that it is being applied, 

ii) provide guidance for when a transportation review is needed (graded approach) and requiring that a 

transportation specification be developed as part of final design review documentation, 

iii) building in stronger signoff procedures for transportation such as requiring the project engineer to 

document that a knowledgeable laboratory expert has verified critical transportation assumptions and 

calculations, and/or the project has contracted with certified external transportation experts,  

iv) encourage contracting with external transportation companies, either as a cross check or for the design, 

implementation, and testing of transportation fixtures and possibly for the transportation as well. 

 

7) Consider treating transportation in a similar manner to a critical lift in the sense that, depending 

on the value and complexity of the equipment and the associated risks, external division input is 

required (ES&H) to certify that calculations have been cross checked, tests have been successful 

using the final production configurations and that all documentation is complete. 

 

8) Consider ways to improve usage of the FEM:  
i) a name change could better communicate its importance to anyone doing design work,  



ii) evolving to an approach that enhances broader awareness across the lab, including wide spread 

broadcasts of new releases, and reminders that the content is useful for scientists, project managers and 

anyone doing engineering and design work, 

iii) monitor usage through the lab-wide engineering scorecard.   

 

 

Aug. 1, 2019 Review Agenda:   

1) Introductory remarks (10 min) C. Mossey, D. Glenzinski 

2) Summary of the relevant sections of the engineering manual and/or other documents 

(20+10min) P. Czarapata 

3) Review of LCLS-II transportation experience practices, policies and lessons learned 

(30min+15min) R. Stanek 

4) LARP/HL-LHC-AUP transportation experience, practices, policies and lessons learned 

(15min+5min) G. Apollinari   

5) CMS Project transportation experience, practices, policies and lessons learned 

(15min+5min) G. Derylo  

6) Role of ES&H and QA/QC in preparation/certification of shipping and transportation plans 

(15min+5min) T. Digrazia 

7) Executive Session  

 

 


