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General Information
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Title 10 Code of Federal Regulations (CFR) Part 851 - Worker Safety and Health Program (10 CFR 851) 

10 CFR 851 is a law. 
It is a regulation issued by the United States Department of Energy (DOE) under Title 10 of the Code of Federal 
Regulations (CFR).
This regulation specifically addresses worker safety and health requirements for DOE contractors and subcontractors 
involved in the operation of DOE-owned or -leased facilities. 
It establishes the safety standards and procedures that must be followed to ensure the protection of workers at these 
facilities. 

Violations of 10 CFR 851 can result in penalties and other enforcement actions by the DOE.
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Bottom Line Up Front (BLUF)

• FRA is requesting a permanent pressure variance for a process to 
accept:
• International Codes/Standards for pressure equipment,

• FRA has developed a process that will confirm a level of safety 
equivalent to or greater than that required by the ASME BPVC

• The Office of Science’s mission includes International Partnerships that 
do not follow ASME

• 10 CFR Part 851 currently limits the lab’s ability to utilize non-ASME 
pressure equipment with equivalent protection
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Why

• The current 10 CFR Part 851 requires adherence to the set of codes under ASME 
BPVC and does not recognize the use of international codes in the design 
and construction of pressure equipment

• Fermilab is upgrading its accelerator complex to provide a minimum one-
megawatt proton beam to develop and support a world-class neutrino program

• One-of-a-kind accelerator and experimental detectors are required

• Development of such equipment with international partners necessitates the 
use of international design and safety codes

• Several international partners have already received funding to begin the 
process of upgrading the Fermilab accelerator complex
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How (Acceptance of Internationally Compliant Equipment)

• Utilizing FESHM Chapter 2110 titled Ensuring “As Safe and Healthful As” Performance 
when Using International Codes or Standard for Equipment

• Development of an International code evaluation (White Paper)
• Identify gaps which will require further engineering analysis
• Shall incorporate the seven (7) equivalency attributes including the sub-attributes in the 

review process:
(A) material
(B) code design
(C) fabrication
(D) examination 
(E) testing
(F) over-pressure protection
(G) inspections and certifications

• Development of an Engineering Note that will document International Compliance and 
reference the white paper which will be reviewed and accepted by qualified engineer

• This will allow FRA to accept/operate International pressure equipment
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How (Acceptance of non-Code compliant, Fermilab & In-Kind-
Contribution legacy pressure equipment)
• Utilize FESHM Chapters 5031 Pressure Vessel and 5031.1 Pressure Piping processes to 

validate compliance with “As Safe and Healthful As”
• Complete an extended Engineering Note

• Incorporate the seven (7) equivalency attributes, the sub-attributes
• Supplemental engineering analysis shall be completed:

• Reason for Exception
• What-if Analysis
• Hazard Analysis
• Failure Mode Effects Analysis
• Compensatory Measures

• Mechanical Safety Subcommittee (MSS) Chair and Cryogenic Safety Subcommittee 
(CSS) Chair shall convene a panel of qualified engineers to review and approve the 
Engineering Note

• The Associated Laboratory Director or Project Manager shall ensure that required 
corrective, preventive, and remedial actions are implemented and tracked.



• 10 CFR Part 851 references ASME BPVC 2015 version

• Review of Fermi Research Alliance “FRA Permanent Pressure Variance 
Request for 10 CFR 851” Rev. 23 May 2023 Report Number PRE-L-01 
Rev.0 Report: 

• Paragraph 4.2.1, page 8, entitled “ASME Boiler & Pressure Vessel Code” and 
the Appendix A, page 24, entitled “Overview of ASME Boiler and Pressure 
Vessel Codes (BPVC)” includes a reference to ASME XIII titled “Overpressure 
Protection”

• ASME XIII is currently not identified in 10 CFR Part 851
• ASME XIII was first published in 2021

• What version of ASME should be utilized in reference to this variance?
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Code Clarification



Oct. 19, 2022 – No Procurements are Authorized 
for non-US Codes Manufactured Pressure Safety Equipment.
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…lead to a variance 
request in accordance 
with 10 CFR 851, Worker 
Safety and Health 
Program, for non-U.S. 
code manufactured 
pressure safety 
equipment.



Memo to all engineers 11.14.2022.

2/19/2024 Engineering Week 2024 – 10 CFR 851 Variance for Pressure Equipment  R. Doubnik and L. Kokoska10



Fermi Research Alliance, LLC (FRA) has requested a Title 10 Code of 
Federal Regulations (CFR) Part 851 - Worker Safety and Health 
Program - Pressure Systems Variance – 2.13.2024 FRA Notification.
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Reason for variance: 

The Department of Energy (DOE) Worker Safety and Health Program (10 CFR 851) requires contractors to 
comply with codes and standards incorporated by reference, including the American Society of Mechanical 
Engineers (ASME) Boiler and Pressure Vessel and Piping Codes. 

Unlike other national consensus codes, ASME does not include an explicit process for the Authority Having 
Jurisdiction (AHJ) and local engineering judgment to determine an equivalent level of safety when 
constructing pressure equipment to non-ASME Codes. 

This combined with the narrow exception process in §851.27 Materials incorporated by reference, portion (d) 
and Appendix A Worker Safety and Health Functional Areas, portion 4 Pressure Safety to Part 851 resulted in 
Fermilab seeking a variance to accept pressure systems that do not fully comply with ASME codes. 

These systems are increasingly important for working with international partners who contribute significantly to 
scientific experiments and vendors that provide specialized capabilities and equipment. 



NOTICE OF REQUEST FOR VARIANCE FROM SAFETY
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NOTICE OF REQUEST FOR VARIANCE FROM SAFETY (continue)
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The variance has been formally submitted to the Fermi Site Office – 01.19.2024.
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Several versions were submitted by FRA:

a. December 2022 
b. May 2023
c. July 2023
d. August 2023
e. November 2023
f. January 2024

This Time it was the common effort from FRA, FSO, and EHSS-11.

The extended timeframe was partly a result of the Department of 
Energy (DOE) seeking a comprehensive legal solution for the 
entire facility complex, rather than requiring individual sites to 
potentially apply for variances separately.



The Pressure Variance is limited to Five Countries
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This variance request is based on FRA demonstrating that the following international codes are As Safe and Healthful As (ASAHA)
equipment constructed to the ASME Codes.

Qualified persons1 (Subject Matter Experts) will review the international code the equipment is constructed2 to and determine if the codes are
ASAHA to the ASME codes.

Their conclusion could be the codes are ASAHA (no further action is needed) or a recommendation for compensatory measures to achieve
ASAHA.

If compensatory measures cannot be used to achieve ASAHA, either because there is no compensatory measure or it is infeasible, then the
code and equipment constructed to that code, will not be utilized.

This review will be documented by a White Paper.

Once the White Paper is approved by FRA’s subject matter experts (SMEs) they will submit the White Paper to the Chief Safety Officer for
approval and subsequent submittal to the DOE Fermi Site Office (FSO) for notification.



FRA Permanent Pressure Variance Request for 10 CFR 851 (cont)
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Background

Safety and hazard evaluations of pressure systems need to consider the consequences of a failure. Complete pressure vessel ruptures can
be categorized as:

(1) blast effect due to the sudden expansion of the pressurized fluid

(2) consequential damage and injury caused by fragments if a fragmentation-type rupture occurs.

A leak failure can include a wide range of consequences, from no effect to very serious depending on the medium contained in the vessel or
system (National Institute of Standards & Technology, 1990).

10 CFR 851.27(d)(1) and (2) incorporates by reference sections of the ASME BPVC and ASME B31 codes for pressure piping and does not
allow conformance to an international code.

FRA has developed a process to evaluate and verify the international construction code ASAHA the requirements in 10 CFR Part 851 and
provides pressure equipment in the workplace that is ASAHA workplaces with pressure equipment that is designed, fabricated, tested, and
inspected by applicable ASME standards.

This variance request is based on FRA demonstrating that the following international codes are ASAHA to the ASME codes.



FRA Permanent Pressure Variance Request for 10 CFR 851 (cont)
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Process

FRA will ensure ASAHA through the utilization of the steps outlined
below.

The Fermilab Cryogenics and Mechanical Safety Subcommittees are
comprised of SMEs in pressure safety. This ASAHA process utilizes the
Cryogenics and Mechanical Safety Subcommittees to create and review
a White Paper, see Figure 1 for additional details of the process.

The White Paper is a technical analysis of the ASME codes and
international codes evaluating the seven attributes and sub-attributes
listed below. The White Paper will include a conclusion by SMEs for each
attribute and sub-attribute. When there are differences between attributes
the SME will provide technical reasoning behind their conclusions and
provide recommendations if needed. Their conclusion could be no further
action is needed because the codes are ASAHA or a recommendation for
compensatory measures.

A compensatory measure is used to correct a deficiency in the
international code to ensure the equipment is ASAHA.

If compensatory measures cannot be used to achieve ASAHA, either
because there is no compensatory measure or it is infeasible, then the
code and equipment constructed to that code, will not be utilized.



FRA Permanent Pressure Variance Request for 10 CFR 851 (cont)
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A White Paper will include:

(1) Abstract including the international code or standard being evaluated

(2) Placeholder for concurrence and approval signatures

(3) List of Cryogenics and Mechanical Safety subcommittee members and consultants (SMEs) and their roles

(4) Goals

(5) Technical Analysis

(6) Findings & Recommendations

(7) Conclusions

(8) References and supporting documents

(9) Period of Review

The White Paper will provide recommendations to the Chief Safety Officer and will be signed by all SMEs.

The White Paper will identify the next period of review. The review will evaluate changes to the ASME codes and the international codes.

A technical analysis will be reperformed by the SMEs commensurate with the identified impact and rerouted for approval.

The White Paper will be retained in the ES&H internal document management system.



FRA Permanent Pressure Variance Request for 10 CFR 851 (cont)
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ASME Seven Attributes for Construction of Pressure Equipment

The following seven attributes will be included in the technical analysis of the White Paper.

A. Materials

B. Code Design

C. Fabrication

D. Examination

E. Testing

F. Over-Pressure Protection

G. Inspection and Certifications

The White Paper is a technical analysis of the codes utilizing the seven attributes and sub-attributes.

The following scenarios could result from the White Paper:

1) ASAHA is established between codes on all seven attributes and sub-attributes without any meaningful differences.

2) ASAHA is established between codes on all seven attributes and sub-attributes with differences addressed with a written conclusion based on technical reasoning.

3) Compensatory measures are established and implemented to address the differences between attributes and sub-attributes to achieve ASAHA.

4) ASAHA cannot be established between the codes, equipment will not be accepted or constructed, and codes will not be utilized.



FRA Permanent Pressure Variance Request for 10 CFR 851 (cont)
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Compensatory measures, related to item 3, will be determined by completing additional risk analysis, such as What-if-Analysis or Failure Mode Effects Analysis.

The following is a list of potential compensatory measures:

 Proof test per ASME BPVC VIII Div. 1 UG-101.

 Borescope examination.

 Helium leak testing.

 Certified Mill Test Reports and Certificates of Conformance per published industry consensus standards.

 Material verification (e.g., X-ray fluorescence).

 Material thickness verification (e.g., ultrasonic measurement).

 Finite Element Analysis per ASME BPVC VIII Div. 2 Part 5.

 Reduced basic allowable stress or increased load factor.

o Note: Design margin ≥ 10 against ultimate tensile strength to be applied to brittle or potentially brittle materials.

o Note: Brittle materials exhibit elongation before rupture at less than 14% over the design temperature range.

 Reduced component pressure-temperature ratings.

 Reduced weld joint efficiency.

 Increased weld joint inspection and examination.

 Liquid Nitrogen (LN2) thermal shocking.

 Destructive testing of base material, heat-affected zones, and weld joints (e.g., Charpy impact testing).

 Non-destructive testing of material properties (e.g., measuring ferrite to ensure toughness at low temperatures in austenitic stainless steels).

 Increased failure probability included in Oxygen Deficient Hazard (ODH) analysis.

 Oxygen deficiency monitoring, activated ventilation, activated alarms, and Fermilab fire department response.

 Smoke and/or flammable gas detection monitoring and activated alarms, and Fermilab fire department response.

 Secondary barrier and/or containment (e.g., insulating vacuum jacket).

 Following American Petroleum Institute (API) Standard 510 procedure for existing vessels with minimal documentation.

 Strain gauge monitoring during testing.

 Safety Instrumented System as an additional layer of protection to pressure relief device(s).

 Locating equipment in unmanned controlled access areas.



White Paper Status and the Next Steps
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The Department of Energy (DOE) enlisted the support of an ASME expert to assist with the
EN White Papers.

EHSS is furnishing the initial code comparisons for the EN piping and EN vessel codes, which
will serve as a benchmark for our acceptance procedures.

FRA has received draft copies of the White Paper for code comparison.

One has been evaluated and returned regarding Pressure Piping, while another is under
review until February 28 for Pressure Vessels.

The following actions should entail crafting an implementation plan, detailing the required
updates to FESHM Chapters.

The Variance Once Approved is Law.



Backup Slides
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One – Pager Side 1
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One – Pager Side 2



FESHCom Subcommittee – 8 Working Panels
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1. Vacuum Windows
2. Relief Devices
3. Lifting and Material Handling Equipment
4. Pressure and Vacuum Systems
5. Welding and Brazing
6. Structures
7. Transportation
8. Prevention through design



FRA Permanent Pressure Variance Request for 10 CFR 851
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The United States (US) Department of Energy’s (DOE) Fermi National Accelerator Laboratory (Fermilab) is upgrading its accelerator complex
to provide a minimum one-megawatt proton beam to develop and support a world-class neutrino program. The program’s flagship project is
the Long-Baseline Neutrino Facility and Deep Underground Neutrino Experiment (LBNF/DUNE), which, to reach its ambitious physics goals,
requires completion of the Proton Improvement Plan II (PIP-II). Fermi Research Alliance (FRA), with the DOE, continues to foster the
international collaboration and partnerships required to support the design and construction of LBNF/DUNE and PIP-II.

The DOE’s Office of High Energy Physics (HEP) and the Particle Physics Project Prioritization Panel (P5), a subcommittee of the DOE Office
of Science’s HEP Advisory Panel (HEPAP), have endorsed a global particle physics program. The DOE Office of International Science &
Technology Cooperation and Trusted Research guides the overall Office of Science international cooperation and facilitates collaboration
with international partners. Several international partners have already received funding to begin the process of upgrading the Fermilab
accelerator complex.

For this type of world-class global science, specialized/custom pressure equipment for superconducting accelerators and one-of-a-kind
experimental detectors is required. Development of such equipment with international partners necessitates the use of international design
and safety codes. Title 10 Code Federal Regulation (CFR) Part 851 requires adherence to the set of codes under the American Society of
Mechanical Engineers (ASME) which includes the Boiler and Pressure Vessel Code (BPVC) and ASME B31 codes for pressure piping and
does not recognize the use of international codes in the design and construction of pressure equipment. FRA therefore requests a permanent
variance from portions of 10 CFR Part 851, as outlined in this application, by 10 CFR Part 851 Subpart D. This variance application seeks
approval for FRA’s process to ensure pressure equipment constructed to international codes is As Safe and Healthful As (ASAHA) equipment
constructed to the ASME codes.

FRA has begun constructing the portion of the LBNF/DUNE project at Sanford Underground Research Facility (SURF) in Lead, South Dakota
to house the future DUNE detector modules. FRA has also begun constructing the PIP-II project, starting with the Cryogenics Plant, and soon
will begin construction of a new LINAC facility and enclosure. These facilities propose to use non-ASME pressure equipment, that is
constructed and provided as in-kind contributions by international partners.

FRA has developed a review and approval process to accept non-ASME pressure equipment.


